DESCRI PTI ON EPOXY RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI NG
USE, AND SEM CONDUCTCR DEVI CE Technical Field The present invention
relates to an epoxy resin conposition for sem conductor

encapsul ati ng use, and a sem conductor device encapsulated wth the
resin. In particular, the present invention relates to the epoxy
resin conposition for sem conductor encapsul ating use, excellent in

the flowability, curability, nol dgkd EELQ sol der refl ow
resi stance. Background Art Recent ﬁe‘%%%ig}e‘e ing a highly

sophi sti cat ed el ectEBOKY RESIN € OMPOSITIOdKFOE SEMICONDEICTORI nner ,
shorter and snaller el ectronic device pronote higher integration

t echnol ogy and surENCARFIRATING (R MANDGYEMICOMENUOTOR DEVICEVI ces.
Wth the devel opnents of such a technol ogy, a requirenent for epoxy
resin conposition for sem conductor encapsul ating use becones
severer fromday to day. Particularly, in low profiled type

sem conduct or devi ces, a stress aritebni@abFiedd an i nsufficient rel ease
of a cured epoxy resin conposition froma nold for an encapsul ati ng
process. This stress nmay cause a crack in sem conductor elenents in
t he sem conduct or ,,devi ces, .or may |-owered adhesi on between the cured
epoxy resin conposSPEi Bﬁeseﬁfldmf"?{&l%’eﬁie Fdet BF HOXFeFRSin sfomppsition for
i nterfaces. Furthe re, in surface noynted t sem conduct or

devi ces, | eSATrTRRUE o ePEDRNE smEndr Soiqhdpgigy divice encapsulated
| ead- cont ai nj: S, 1. J of. .ecol oqi.cal .requir nts. These .
| ad-free sl AREReRaT ol hrbie e e B B O SRR oo apoienmn
hi gher t e”B@ﬁl%Béirtﬁm Br YESHonTLUES Snbsh RS LYE | X cldri A 1Y S1nhis,

vaporescence o
curability, moldability, and solder reflow resistance.

Background Art

Recent trends seeking a highly sophisticated electronic device while
seeking the lighter, thinner, shorte.r and smaller electronic device promote
higher integration technology and surface mounting technology of
semiconductor devices. With the developments of such a technology, a
requirement for epoxy resin composition for semiconductor encapsulating use
becomes severer from day to day.  Particularly, in low profiled type
semiconductor devices, a stress arises due to an insufficient release of a cured
epoxy resin composition from a mold for an encapsulating process. This
stress may cause a crack in semiconductor elements in the semiconductor
devices, or may lowered adhesion between the cured epoxy resin composition
and the semiconductor elements at their interfaces. Furthermore, in surface

mounted type semiconductor devices, lead-free solders become dominant



t he nmoisture contained in the sem conductor device. The sol der refl ow

resi stance capable of resisting such a great stress becones a nore

serious concern than ever. Additionally, there is a need also for

| ead-free lead franmes. Fromthis viewpoint, in sem conductor

devices, external plating wwth |ead-containing solder is being

repl aced by a nethod using a pre-plating frame obtained by nickel

plating, or igefedldRif 3dDebrRsini a ' LloQVeqy The . Bl ati ng.pf

pre-plating frane has remar kab%cglﬁ{iél\%/ %ﬁ%@?@n&\?\}oﬁcﬁﬁ%q%g%antsepgﬁﬁse

resin conpodédd-fae stlfer€ ByuiseRanat Lan ndt Whe hntgriace

between the pre-plating %ﬁarre a%d t he %%E%u gﬁ%g@?@% h %:5‘3@*381&‘% ighet

during thetempbaaardiougidadGstrekBas %&Bfogivellwﬁfige @ feesd ngﬁ:[or?ﬁgl:ence of
p e

i nproving the solder reflow resistance. I'n order to preve

rel i abil ity the anviseireq comtatiedd ib epausemRbndi@or SRR | Mihe %hld%?%%ﬂé&
of the sem conductor device using the pre-plating frane, there is
proposed a regstange eaphivle ofi mpistingssuttl & efretebirodd hEHSEARGRIY serious
maki ng an epoxy resin conposition with | ow hygroscopicity, high

strength aneondepwthireeved Adpitisiatly, thicopsy s Hedalsh E6EIREH FobeABa BRI,
of an inorganic filler in the resin conposition, and which maintains

hi gh 1 owabFremy this tviewpast,nin cespivshdnaor adewdedspventeeals plativl g
mol di ng by using the epoxy resin conposition having | ow nelt
vi scosity (]é’?étcog'éaﬁﬁ%@l tig heinggeplaced bpa méthind -uShmna Nee-pBidig frame
64- 65116, pages %o 7),. .By this technique, although the solder
refl ow resi Qm?é Ykl platipecar igeldl platmek on espkeladetdjumsalloy.  The
i mproved, tlgg fl oiwabi lia% is sacrificed by increasing an anount
(content ratto)eof PHeP %@a PR np§ gpmaziAlly dewy afbesion eviabtthe cuyed
generated i ckage...In view qf 2 thi,s, there is proposed a
techni que y\ﬂ)loc %8_ erp SOSF%?HNB:T%EJ&%W’ EPRE ARG be jausedl atdhagnigrface
filler havipgeyas %Ré'fyréiﬁﬁ&ﬁ}%efrgﬁrétén(a fheShbed eﬁgﬁgi"es‘gg%gr%%ggtiggf EuTing
the surface mounting. Therefore, there is a need for Improving the solder
reflow resistance.

In order to prevent the reliability from being lowered because of the
soldering, or because of the semiconductor device using the pre-plating frame,
there is proposed a technique which improves solder reflow resistance by
making an epoxy resin composition with low hygroscopicity, high strength and
low thermal expansion property by Increasing an amount of an inorganic filler
in the resin composition, and which maintains high flowability of the resin
composition at a low viscosity during molding by using the epoxy resin
composition having low melt viscosity (e.g. J apanese Patent Application
Laid-Open No. Shou 64-65116, pages 210 7). By this technique, although the
solder reflow resistance (may also be called "crack resistance") is improved,

the flowability is sacrificed by increasing an amount {content ratio) of the

organic filler, so that voids are apt to be generated in the package. In view of



Application Laid-Open No. Hei 8-20673, pages 2 to 6). However, this
met hod cannot provide an epoxy resin conposition for sem conductor
encapsul ating use which has a good val ance of the flowability and
the solder reflow resistance. Disclosure of Invention Problens to
be solved by the Invention The present invention has been
acconplished in view of the above problens for exanple. It is
therefore a j : s i ravide: -1
rosi n compositT bt dr Pratee B iEaRah AT RlerhBre B AULE A SRb iy
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sem conduct or device having an excellent™ s e resi st ance.
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resin conposition for sem conductor encapsul ating use conprising: an

epoxy resinceAhét pravidenah epol$ir8sihBlompbshitl RE AGEIRHEABLSY chlpsubitfhe

an inorganic filler (D), wherein the 1inorganic filler (D) contains a
spherical fusedwhidh has(all gocdbvalanes diytieSioRGbility! head WY eblder reflow
contains: netal or seminetal other than silicon; and/or an inorganic
conpound comgsistanng the nmetal or seminetal other than silicon. In the
present invention, the netal or sem netal other than silicon; 3

and/ or an inorgani c conpound conprising the netal or sem netal other
than silicon are contained in the spherical fused silica, so that a
chem cal structure or nature obDitdiesuzpbinweatiohused silica is
changed. Thereby, it is possible to provide an epoxy resin
conposition for sem conductor encapsul ati ng use having an excell ent

flowability_a an excel] e sol der refl ow resi stance. First
Enbodi nent glPrfr)-'bqems £6 be soiveatby e Tnvention (

The present invention has been accomplished in view of the above
problems for example. It is therefore an object of the present invention to
provide an epoxy resin composition for semiconductor encapsulating use
having an excellent flowability and an excellent moldability, and provide a

semiconductor device having an excellent solder reflow resistance.

Means for solving the Problems

The above object is solved by an epoxy resin composition for
semiconductor encapsulating use comprising: an epoxy resin (A); a phenol
resin (B); a curing accelerator (C); and an inorganic filler (D), wherein the
inorganic filler (D) contains a spherical fused silica (d1) obtained by fusing
silica which contains: metal or semimetal other than silicon; and/or an
Inorganic compound comprising the metal or semimetal other than silicon.

In the present invention, the metal or semimetal other than silicon;



In the first enbodi nent of the present invention, the epoxy resin
conposition for sem conductor encapsul ating use are characterized in
that an extract of the spherical fused silica (dl) has a pH value no
| ess than 3 and no nore than 5. In the epoxy resin conposition for
sem conduct or encapsul ati ng use according to the first enbodi nent,
preferably, a netal ion or a semnetal ion in the nmetal or sem neta

ot her than S‘Jth ﬁ-{b%g tcgﬁlpb&ﬁ& g&ﬂbﬁls&%%%gtal GBI 509 o%;ﬂer than

met al or sem rret Ran“siTi1 con-has™®an 1°0n charge  nunbe
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encapsul ating’ use according to Fivst e ment
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the metal or sem netal other than SI icon. Al'so int epoxy resin

conposi ti on grevids esm %fmsiycmrn RBRPBSitbAL § fo@gserﬁﬁﬁnaﬁ&ef cuﬂagpéﬂaﬁﬂg use
first enbodinment, preferably, the inorganic conpound having t

metal or s emmﬁigaén ekde8ent Newability ena ah%x@éﬂéﬁt%ﬂﬁ?lr@ﬂmtraém%bge
conprising an oxide of netal or seminetal other than silicon. Also in
t he epoxy res(Hirgtdimbsditiep) f or sem conduct or encapsul ating use
according to the first enbodi nent, preferably, a content ratio of the
spherical fused sld itba fiigt )enmlwdiatnt ef shé haesdit weieghionpehe @pbx@rdsin
not nore 4 than 94 wei ght percent relative to the epoxy resin
conposi t i oncempesitinlfer senticendiator maepuimymlgeﬁmaﬂmmtemm inothat an
sem conduct or encapsul ati ng use according to the first enbodi nent,

pr ef er abl y, e&traen? sphemigaldusedheilica (&Y drasi & pH value nodpss thanol andsg

than 78 wei ght percent and not nore than 94 wei ght percent.
inore than 5.

In the epoxy resin composition for semiconductor encapsulating use
according to the first embodiment, preferably, a metal ion or a semimetal ion
in the metal or semimetal other than silicon and/or the inorganic compound
comprising the metal or semimetal other than silicon has an ion charge
number no more than 3.

Also in the epoxy resin composition for semiconductor encapsulating
use according to the first embodiment, preferably, the spherical fused silica
(d1) contains the inorganic compound having the metal or semimetal other
than silicon.

Also in the epoxy resin composition for semiconductor encapsulating
use according to the first embodiment, preferably, the inorganic compound
having the metal or semimetal other than silicon is an inorganic metal oxide
comprising an oxide of metal or semimetal other than silicon.

Also in the epoxy resin composition for semiconductor éncapsulating
use according to the first embodiment, preferably, a content ratio of the

spherical fused silica (d1) is not less than 40 weight percent and not more



The above object is achieved al so by a sem conductor device
conprising a sem conductor el enent encapsul ated with the epoxy resin
conposition for sem conductor encapsul ating use according to the
first enbodinment. (Second Enbodinment) In the second enbodi nent of
the present invention, the epoxy resin conposition for sem conductor
encapsul ating use is characterized in that the inorganic conpound

conpri sing tl;ﬁﬁn @Etv@églgg ]ﬁé? | o Ee g&){ﬂﬁ?g&'ﬂl ic&?lgcélﬁontabtaav@h&@

oxi de, and the spher I'c mxture (d2)

of ~silicon dioxi gdgoapdid é}ﬁ&'_y%bﬁ?(bcgﬁposkﬂoﬁ In Eé?ﬁ&'n&%ﬁbf‘emapshlatmg

conposi tion for sem conductor encapsulating use according to

second enbodisBedtcordhefer Rl sz@eﬁ&@&ﬁﬂéntr HrbRrlyt Beedtltbhe ®Btio of the
dioxide in the eutectic m xture (d2) si I'i con dioxide and titanium

oxi de i s notnorggfite filanNTH0isWRitabds ﬁﬁﬁacwhve@gﬁt PérerPigd hoan 28 tﬁan 94
wei ght percent, and a content ratio of the titaniumoxide in the

eutectic m xdeigle: dedt@gntof silicon dioxide and titani umoxide is not

| ess than 0.2 weight percent and not nore than 80 wei ght percent.

Al so in the epoxyThesaboweombistt isorachisved emlsoriguct asencioeahstidatdenite
use according to the second enbodi ment, preferably, a content ratio
of the eut ewhprisigxpusemialuctor nelemens sertdapsuldteteivghh fher epoty aesin
not nore than 93 weight percent relative to the epoxy resin

conposi t i oncemspesitipol gbl’ serniocgpditetor hencapoxdatings uge casepodingi tn ther first
sem conduct or encapsul ating use according to the second enbodi nent,

preferably, eBbedweentt ratio of the inorganic filler (D) containing

the eutectic (%le ﬁ@@déﬁﬁ' s.not less than 78 wei ght percent and not
nore than 93 F‘@’H pEEREY el ative to the epoxy

In the second embodiment of the present invention, the epoxy resin
composition for semiconductor encapsulating use is characterized in that the
inorganic compound comprising the metal or semimetal other than silicon is
titanium oxide, and the spherical fused silica (d1) is a eutectic mixture (d2) of
silicon dioxide and titanium oxide.

In the epoxy resin composition for semiconductor encapsulating use
according to the second embodiment, preferably, a content ratio of the silicon
dioxide in the eutectic mixture (d2) of silicon dioxide and titanium oxide is not
less than 20 weight percent and not more than 99.8 weight percent, and a
content ratio of the titanium oxide in the eutectic mixture (d2) of silicon

| dioxide and titanium oxide is not less than 0.2 weight percent and not more
than 80 weight percent.

Also in the epoxy resin composition for semiconductor encapsulating
use according to the second embodiment, preferably, a content ratio of the
eutectic mixture (d2) is not less than 8 weight percent and not more than 93

weight percent relative to the epoxy resin composition as a whole.



resin conposition as a whole. The above object is achieved also by a
sem conductor device conprising a sem conductor el enent encapsul ated
with the epoxy resin conposition for sem conductor encapsul ati ng use
according to the second enbodinment. (Third Enbodinment) In the third
enbodi nent of the present invention, the epoxy resin conposition for
sem conductor encapsul ating use is characterized in that the
i hor gani ¢ conpoun 0 i S| : . ] I r. than .
silicon is alum %%1&3 gﬁ?}&? hg&gé%gﬁrg%ﬁ?sﬁégg%@ i cao?gﬁs%l%f éen(éapsu}atmg
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percent. In the epoxy resin conposition for sem conductor

encapsul at i ngsidsempasiindadgwheld he third enbodi nent, preferably, a
content ratio of the eutectic mxture (d3) is not less than 8 wei ght

percent and not nBhe tbave Ibhjvwi ghtachp@redenilsd ehyatd veerhizohMecteP odevice
resin conposition as a whole. Also in the epoxy resin conposition for
sem conduct epmenisaps @ aeimgndus®raelenteit ngndapstilaged hiitd e egoxe ntsin
preferably, a content ratio of the inorganic filler (D) containing

t he eut ect i comprsitice {od3jermisomdictdre spcapratati®y 1wei givbrdiegcenthasecondt
nore than 93 weight percent relative to the epoxy 6 resin

conposi ti on eabodimpf. e. The above obj ect is achieved also by a

sem conduct or _devj ce (Cﬁ)npri sing a sem conductor el enment encapsul at ed
with the epoxgﬂﬁ‘%%ﬁﬁlbo ment)

In the third embodiment of the present invention, the epoxy resin
composition for semiconductor encapsulating use is characterized in that the
inorganic compound comprising the metal or semimetal other than silicon is
alumina, and the spherical fused silica (d1) is a eutectic mixture (d3) of silicon
dioxide and alumina, wherein a content ratio of the silicon dioxide in the
eutectic mixture (d3) is not les-s than 80 weight percent and not more than
99.8 weight percent, and a content ratio of the alumina in the eutectic mixture
(d3) is not less than 0.2 weight percent and not more than 20 weight percent.

In the epoxy resin composition for semiconductor encapsulating use
according to the third embodiment, preferably, a content ratio of the eutectic
mixture (d3) is not less than 8 weight percent and not more than 93 weight
percent relative to the epoxy resin composition as a whole.

Also in the epoxy resin composition for semiconductor encapsulating
use according to the third embodiment, preferably, a content ratio of the
inorganic filler (D) containing the eutectic mixture (d3) is not less than 78

weight percent and not more than 93 weight percent relative to the epoxy



conposition for sem conductor encapsul ating use according to the
third enbodinent. Effect of the Invention According to the present
invention, there is provided an epoxy resin conposition for

sem conduct or encapsul ati ng use having an excellent flowability and
an excellent noldability, as well as a sem conductor device having
an excell ent solder reflow resistance. The nature, utility, and

further feat r‘gﬁc&fnggmiﬁ?iag\é%&gp wll be nore clearly apparent
e

fromthe follow ng detal description with reference to preferred

enbodi ments of t her HvaNkLonLiBesk MR EST ARAr byl 1Y s(ég{ei%cgﬁctofh device

I nvention Now, the present 1nvention 1s explainedin e
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an excellent solder reflow resistance, by an epoxy resin conposition
for sem condambedimegnricapsul ati ng use conprising: an epoxy resin (A);
a phenol resin (B); a curing accelerator (C); and an inorganic
filler (D), wherein the inorganic filler (D) contains a spherical
fused silica (dl) obtained by fusing silica which contains: 7 netal

or sem nmetal other than silicon; Egeel sfithaMnvésigani ¢ conpound
conprising the nmetal or sem netal other than silicon. The epoxy resin

(A) to be used for the present invention nmeans nononers, oligoners
and polyners in general, haviﬂg 2 Or nore epoxy groups _in one )
mol ecul e. These nHYWEPRERE t3)[bhe; presert Apventiiny there isrerovisted) amiepew resin

any speci al nol ecyl ar ight.or nmol ecul ar s{ructure, but may be
bi pheny! composition for Semiconductor encapsulating use having an excellent

flowability and an excellent moldability, as well as a semiconductor device
having an excellent solder reflow resistance.

The nature, utility, and further features of this invention will be more
clearly apparent from the following detailed description with reference to

preferred embodiments of the invention.

Best Mode for carrying out the Invention

Now, the present invention is explained in detail.

The present invention provides an epoxy resin composition for
semiconductor encapsulating use having an excellent flowability and an
excellent moldability, as well as a semiconductor device having an excellent
solder reflow resistance, by an epoxy resin composition for semiconductor
encapsulating use comprising: an epoxy resin (A); a phenol resin (B); a curing
accelerator (C); and an inorganic filler (D), wherein the inorganic filler (D)

contains a spherical fused silica (d1) obtained by fusing silica which contains:



type epoxy resins, bisphenol type epoxy resins, stilbene type epoxy
resins, phenol novol ac type epoxy resins, cresol novolac type epoxy
resins, triphenol nethane type epoxy resins, alkyl nodified

tri phenol nethane type epoxy resins, triazine nucleus-containing
epoxy resins, dicyclopentadiene nodified phenol type epoxy resins,
phenol aral kyl type epoxy resins (having a phenol skeleton,

bi pheny! ene kil es0seatitheiile okhdee han dsifien@N andR8SEn ' B éuHHébn?ﬁound
used solely, or nay be used as a m xture or blend. The phenol resin

(B) to be usethpiiing tiee predentsemimed] ictier®ansilisgnoners, ol i goners
and polyners in general having 2 or nore phenolic hydroxy groups in

one nol ecul e. TheThenepuxyerain i) gones suseddfarotheTRresendl Bvastiol imédned
to any special nol ecul ar weight or nolecular structure, but nay be
phenol novolmaenonesispsligunescindnmlpinars negrmrsal kivdyg Ropanbadiere groups
modi fi ed phenol resins, terpene nodified phenol resins, triphenol
met hane  t y e crestaleculph dRatseanendnyérsy cligomsers hand pody mepshemeyos hienited to
skel et on, blphenylene skel eton and the |ike) and so on. These resins
may be used 285 wiegial grolegylapeveighiedr asolaculix strastare, Hiuénday et biphenyl
regard to content ratiqQs of epoxy resins and phenol resins, a ratio
of the nunbéYP%ﬁP@ﬁbX%m@%olﬂﬁBh?W tthBe @POKY FeEPBx §iIDEDR T¥DE SPOXY Vesinn
t he nunber ﬁ (Bheno |c hydr oxy gr.oups |n the entire phenol resins is
preferably PRBROIRAY %%%Wecﬁwxxaﬁam%tcrﬁm VARG 7P EPURY KR firiphenol
range, it is ssihle to Rpreven urahidity.of the epoxy resin
conposi ti onqﬁgﬁ?ﬁl% 7RG e]p%%r P@V nfnodiiegy g‘é AP Wpe epoxy
tenperature, reS|n .conpasi tion from | ower ed,
prevent a vva ngr@sﬁ gfe ﬁ%éfﬂ%% ey ?Pﬁ%rﬁﬁﬁgd}cgfi@i‘) adieng IBP‘g&Bﬂt
a sol der i i el tor
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skeleton, biphenylene skeleton and the like) and so on. These resins may be
used solely, or may be used as a mixture or blend.

The phenol resin (B) to be used for the present invention means
monomers, oligomers and polymers in general having 2 or more phenolic
hydroxy groups in one molecule. These monomers, cligomers and polymers
are not limited to any special molecular weight or molecular structure, but
may be phenol novolac resins, cresol novolac resins, dicyclopentadiene
modified phenol resins, terpene modified phenol resins, triphenol methane
type resins, phenol éralkyl resins (having a phenylene skeleton, biphenylene
skeleton and the like) and so on. These resins may be used solely, or may be

- used as a mixture or blend.

With regard to content ratios of epoxy resins and phenol resins, a ratio
of the number of epoxy groups in the entire epoxy resins relative to the
number of phenolic hydroxy groups in the entire phenol resins is preferably

not less than 0.7 and not more than 1.3. Within this range, it is possible to



limted to any special accelerator insofar as pronoting a reaction
bet ween the epoxy group and the phenolic hydroxy group, but may be:
di azabi cycl oal kenes and derivatives thereof such as 1, 8-diazabicyclo
(5,4,0) undecene-7; am ne-based conpounds such as tributyl am ne or
benzyl di ret hyl am ne; i m dazole conpounds such as 2-nethyl

i m dazol e; organi ¢ phosphi nes such as triphenyl phosphine or

hyl di ph L ne: p _ F
Subst | ¢ ut ed Hherar e R ey of ook a8k e A P A prevent
borate, tetraghenplanRIOFPRAMTHEIFS %ﬁg%%ﬁﬁxy A c%ﬁ@%@ﬁlﬁfﬁ% Being

phenyl phosphoniumtetra naphthoi c aci rate, tetra p

phosphoni umidwéred, prsvBhbaYtateXYedd@hat falidbilityetd:d HeRe M Mwered, and prevent
phosphoni umtetra nhaphtyl oxy borate; and s0 on. These corrpounops may

be used sola&lojderqefloRrebigtdteedrads baing Isivdi&]. or bl end. Al so an adduct
of a phosphi ne conpound and a qui none conpound may be used as the

curing accel er at oThé Chring deeclefstdr (O td beupéd &Rnthei preedtt iBRenticABist R
phosphi ne conpound, it is possible to use triphenyl phosphi ne,

tri-p-tri phémitedptrosphipeialdicpglerntbr msofarheprormpliasnhidaetion between the
tricycl ohexyl phosphine, tributyl phosphine and so on. As the

qui none conpperyigroup srsl thegswinplie hiydraxyezrbyd, bhennay bendineabicycloalkenes
met hyl - 1, 4- benzoqui none, et hoxy- 1, 4- benzoqui none,

phenyl - 1, 4- pedz clggivadives therepbpbudhoqes ndrkdiaaabicydo o5, 4Monupdetane-7;
adducts of these phosphi ne conpounds and qui none conpounds, an
adduct of tAPBReRaFed KeRPATRES sHeh Betilarybquminerner benzyddispashil amine;
used. A nethod. of, maki ng the adduct of hosphi ne ,coppoynd and

the qui none BEREBIEFIMRIURGE Sp ﬁ@d?@%witﬂ:@icfﬁée » GFEATHF PRASHANSS, such as
react  on i noaRRERsg HieePERey ot PECBITEREKE. PHOSbHo (et ot tisHed
the qui nonepﬁgg&%ﬂpﬂn-tetra substituted borate such as tétraphenyl
phosphonium-tetraphenyl borate, tetraphenyl phosphonium-tetra benzoic
acid borate, tetra phenyl phosphonium-tetra naphthoic acid borate, tetra
phenyl phosphonium-tetra naphthoyl oxy borate, or tetra phenyl
phosphonium-tetra naphtyl oxy borate; and so on. These compounds may be

used solely, or may be used as a mixture or blend.
Also an adduect of a phosphine compound and a quincne compound
may be used as the curing accelerator (C) to be used for the present invention.
As the phosphine cémpound, it i1s possible to use triphenyl phosphine,
tri-p-triphenyl phosphine, diphenyl cyclohexyl phosphine, tricyclohexyl
phosphine, tributyl phosphine and so on. As the gquinone compound, it is
possible to use 1,4-benzoquinone, methyl-1,4-benzoguinone,
methoxy-1,4-benzoquinone, phenyl-1,4-benzoquinone, 1,4-naphthoquinone
and so on. Among the adducts of these phosphine compounds and quinone

compounds, an adduct of triphenyl phosphine and 1,4-benzoquinone is



material are dissolved, and then separating the product. The adduct
of the phosphine conmpound and the qui none conpound may be used
solely, or may be used as a m xture or blend. In the epoxy resin
conposition of the present invention, a coupling agent nmaybe added
if necessary. In this context, the coupling agent neans a coupling
agent typically used for a surface treatnment of inorganic materials.

5 fZﬁ'eis 22@%{9%%%1’&“ el %é?%%ﬁﬁé?gfa{faﬁ%ﬁhga%t%i tﬁ%ﬁﬁgsp‘ﬁ‘weffoa@ound
Zggﬁ? o al ki fe SR, candEe s 310&%:5{#‘ o e t%ﬁﬁivﬁiu R oPale s
coupi i ng aganre égﬁgﬁcﬁé?ﬁd@ R e b%ﬁ%ﬁ o 1B Hironde o
silanes, urgl gé)nlﬁ'sbﬁr@ﬁt?l wBEH {?ecp}ﬁéﬁﬂeec% uhﬁ% g oney conﬁ)_o%zd

-anlnopropyl et hoxy &'t ane, oprop R e

(am noet hyl ) Yoy AN PORE QBN 4 ttﬂme@%@ﬁﬁg thbF ré,&uétamgeattdﬁﬁhg Hthe

- am nopr opyl net hyl di net hoxy silane pheny - am nopropyltrie oxy

silane, N-p %y]hhme-campeeﬁ&%m' {He hbﬂéxozﬁb{;?&?ma& bEuSELAE! BY {?)a;y

-ami nopropyltriethoxy silane, N 6-(am nohexy am nopr opy trlnet y

silane, N (3=ised #Btaheitatd ¥ Beply! ) - 1, 3- benzenedi net hanane,
-gl yci doxypropyltriethoxy silane, y egC|doxypropyItr|nethoxy

silane, -r -glyclnlekyppopy resih ihdioaRidhoxd tisd badient Idver(tibnd :eeMling
cycl ohexyl)ethyltrimethoxy silane, 'r -nercaptopropyltrlnethoxy
silane, -r agmiemdg@remﬂﬁbﬂnﬁxﬁchmysdzﬂﬂﬁs cdmxatyeh dyduhilsigl azan meansa
so on. These 10 conpounds used in the present invention may be one
kind, or mayouwdig agelt tykically usaii dor atdwefaee doagshieny ofigenriganivapatzeials.
hydrolyzed in advance by adding _water, if necessary acid or alkali
t her et 0. Examples of them include silane coupling agents such as amino silanes, epoxy
silanes, mercapto silanes, alkyl silanes, ureido silanes, vinyl silanes or
silazanes, otherwise titanate coupling agents, aluminum coupling agents,
aluminum/zirconium coupling agents and so on. Ameng them, the most
preferable one is the silane coupling agents, especially amino silanes, epoxy
silanes, mercapto silanes, ureido silanes. Specific examples of them include
7 -aminopropyltriethoxy silane, 7 -aminopropyltrimethoxy silane, N- 8
(aminoethyl) 7 -aminopropyltrimethoxy silane, N- S (amincethyl) 7
-aminopropylmethyldimethoxy silane, N-phenyl 7 -aminopropyltriethoxy
silane, N-phenyl v -aminopropyltrimethoxy silane, N- § (aminoethyl) 7
-aminopropyliriethoxy silane, N-6-(aminohexyl)3-aminopropyltrimethoxy
silane, N-(8-(trimethoxysilylpropyl)-1,3-benzenedimethanane, T
-glycidoxypropyltriethoxy silane, 7 -glycidoxypropyltrimethoxy silane, 7
-glycidoxypropylmethyldimethoxy silane, B (3,4 epoxXy
cyclohexyljethyltrimethoxy silane, 7 -mercaptopropylirimethoxy silane, 7

-ureidopropyliriethoxy silane, hexamethyldisilazane and so on. These
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The inorganic filler (D) of the present invention contains the
spherical fused silica (dl). The spherical silica (dl) further
contains the netal or semnetal other than silicon and/or the
i norgani ¢ conpound conprising the nmnetal or sem nmetal other than
silicon. Thereby, the chem cal structure and the nature of the
spherical fused silica are changed. Therefore, it is possible to

provide the BRA%ANHE s 50 RO HldedR i Un kGO CL BN GARMY B bRl

use having an excell ent Ity an

resistance. }ihgs deAmb) tHebe LhGIPL SR (in%si g%@ggfog}ézeﬁ'sﬁ ﬁgﬁ%n@ %gylmﬁ&

| ater in each case of the first to thir n e epo

resi n conposidteRnf RécdsbByHcRB eI RUBBEdtON contai ns  conponents (A)
to (D) as essential conponents, and further contains the coupling

agent as an opti oThk iterFaaneillerd (D) REERS prdsknt iivehfibn REAGEN the spherical
i nvention, various additives as other optional conponents may be

further addeskd siliche(dpoxThe ephericalmpitizht {dah fuithee cRasany . thExaar] as
of such various additives include a colorant such as carbon bl ack, a

rel ease agestmsmetalaghenahan ailicoararalforsyirt mesgadd compouh®d voBbriehs the
addi tives such as rubber, flame retardant such as brom nated epoxy
resin, anti mgigl or soxinetal ather tham siliyar. o XFhbecbyabea ehemimah gtinottird end
zinc borate, zinc nolybdate or phosphazene, and so on. The epoxy
resin conpodhe natirsfofithe sphedendtfuse sitich ere crangsd. oFharefexs, ithy possibleg
honobgeneously the conpponents (A) to (D), and the optional additives
whi ch may bé& RErfede dbpeparngesn mpostiasioseemigo gicapsiakiag user
the |ike, then nelting/knegdi by ans of _a hot. rol] or kneader,
then 11 cod8f¥ii§ %%ﬂ%ﬁ@ﬂt ?‘ﬁgﬁﬂlﬁ@ AR AehRORMAT RIS TaloT GBS BiEnehe
present inventi Ly He%)agl oﬁgg iﬁ)c}éganic filler (D) will be discussed later in each case
of the first to third embodiments.

The epoxy resin composition of the present invention contains
components (A) to (D) as essential components, and further contains the
coupling agent as an optional component if necessary. In the present
invention, various additives as other optional components may be further
added to the epoxy resin composition if necessary. Examples of such various
additives include a colorant such as carbon black, a release agent such as
natural wax or synthesized wax, low stress additives such as rubber, flame
retardant such as brominated epoxy resin, antimony trioxide, aluminum
hydroxide, magnesium hydroxide, zinc borate, zinc molybdate or phosphazene,
and so on.

The epoxy resin composition of the present invention can be obtained
by mixzing homogeneously the components (A) to (D), and the optional

additives which may be added depending on the occasion, by means of a mixer

or the like, then melting/kneading by means of a hot roll or kneader, then
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encapsul ating various el ectronic conmponents such as sem conduct or
elements wth the epoxy resin conposition of the present invention
through a conventional nolding nethod such as transfer nol ding,
conpression nolding or injection nolding, Now, the first to third
enbodi ments are specifically described. (First Enbodinent) The first
enbodi nent of the present invention is an epoxy resin conposition
for sem condugt.or_engapsul afi ng use conprising: an epoxy resin (A);
a phenol regP?ﬁ%n(gB??é@‘eg]u?riuﬁémﬁgcel erator (C); and an inorganic filler

D) , ha: i zed_ i n he, i ic filler. (D),. t ai
(D) St 280 AR G e B GPILALRS e by
conLai ! 8hel SR LG\ e SO0 RO RO DAL

an extract Qfitd NgeS Qﬁgﬁ# %%E%;L% oSitionC 3¢ (Eﬂ/&g p?%@e ) %ﬁgﬁ%{nﬁ%ﬂggﬂl €8S

than 3 and no nore t e conmponent's

conponent s Whivehthel A%08Hs HSReALLPY o8 @réxﬁ?%rgﬁlﬁﬁﬁhg Nofpe &t Hding

descri bed above. In the present Invention, exttact™ nmeans an

el uat e obt apPgfjedion SBREkLHY 30g of silica as sanple in 120g of ion
exchange water for 1 mnute at a roomtenperature, and "the pH val ue

of the extract"” nienstha fiat uetiohl anhedimdits BRASHICHMGIF REL e of
such an eluate with a pH neter or the Like. Generally, exanples of

t he i nor gani qFiist Emtibcgliinkeat) y used for the resin conposition for
sem conduct or encapsul ating use include a silica filler such as a
spherical fused SIhé dasbletdiodedenhoéuhh pleeenmbivsimdivn & aa splxgT Fain
silica obtained by reacting netallic silicon with oxygen. .
Par ti cul ar | gompasétien ey sexaiconditey sechpsilating wse wirdptigingsa epoxw rasim
of theflow(ability, the .gold wire sweep and )
A); a phenol resin (B); a curing accelerator (C); and an inorganic filler (D),
characterized in that the inorganic filler (D) contains a spherical fused silica
(d1) obtained by fusing silica which contains: metal or semimetal other than
silicon; and/or an inorganic compound comprising the metal or semimetal
other than silicon, and an extract of the spherical fused silica (d1) has a pH
value no less than 3 and no more than 5.
The components (A) to (D) and other components which are added
depending on the occasion are already described above.
In the present invention, the "extract" means an eluate obtained by
shaking 30g of silica as sample in 120g of ion exchange water for 1 minute at a
room temperature, and "the pH value of the extract" means a value obtained
by measuring a pH value of such an eluate with a pH meter or the like.
Generally, examples of the inorganic filler suitably used for the resin
composition for semiconductor encapsulating use include a silica filler such as

a spherical fused silica obtained through thermofusion, or a spherical silica

obtained by reacting metallic silicon with oxygen. Particularly, the spherieal

12



the sol der refl ow resistance of the conmposition. Usually, the extract
of such a spherical fused silica has a pH value no less than 5 and
no nore than 6.5. In the present invention, however, the spherical
silica (di) contains the nmetal or sem netal other than silicon

and/ or the inorganic conpound conprising the netal or sem netal

ot her than silicon. Thereby, the chem cal structure and the nature

of the sphefisedlsifistsRdvilely Goedifviehestund floWMaiBlOHSe golitwive sReSShRA e
to provide the epoxy resin conposition for sem conduc?or

encapsul at i tige sidéetmflongreaistenealftR torhbesteibh | | U¥ualng tladeaxsRldrenidh a
solder reflow resistance. In the case that the pH value of the

extract is sphericadfigedfsilion Bagt 0 pH v{laenbéss thhars Sndne rvge tresshan
5) by changing the chem cal structure and the nature of the
spherical fused din theaprdsent snyposiind heweoenp theisghetibs Shexydl)e®nbains
conposi tion for sem conductor encapsul ating use having an renarkably
excel | ent fthenwawital oy samdmetalr etiner khbh ysibsarebhéfor thel hergarsé lcompound
resi stance. As the netal or sem netal other than silicon and/or the
i norgani ¢ eSRPAting the matebohepmineetabetiler thaw eilicmet aTherehwrthe khemical
silicon (thereinafter —may be sinply called "inpurities") to be
cont ai ned i Hru¢fere pRe thenpturg 9t thespherigal fused gilivaraye shanged) oliberaforea
pH val ue of. the extract to a ar&ge from3 to 5 it is referable to
use the met¥l ISOIP"%Séﬂ;il\e dJIrOB’t‘féeF § HRPAXE | 16SHO SOBNEFIbIon: e FeBicgRAREor

o1 ovi di ng S RCRBRUREBE G EROIS 2Pt RBR TP ACHA el AumBRRIPe: Apider

nore t han . ferably the inorganic conpound conprising the
efIdR fsis rﬁce. . o
metal or seminetal other than silicon providing the netal or

cem et on ek £ ABUARIWIN it ROh R N3 R By B

providing t@g 188 Man0f aBRHI B2 thaD 5\ $H2h S R B8 midk? structure and
the nature of the spherical fused silica, it is possible to provide the epoxy resin
composition for semiconductor encapsulating use having an remarkably
excellent flowability and an remarkably excellent solder reflow resistance.

As the metal or semimetal other than silicon and/or the inorganic
compound comprising the metal or semimetal other than silicon (thereinafter
may be-simply called "impurities”) to be contained in the spherical fused silica
for a purpose of lowering a pH value of the extract to a range from 3 to 5, it is
referable to use the metal or semimetal other than silicon and/or the inorganic
compound comprising the metal or semimetal other than silicon providing a
metal or semimetal ion whose ion charge number is not more than 3, more
preferably the inorganic compound comprising the metal or semimetal other
than silicon providing the metal or semimetal ion whose ion charge number is

not more than 3, still more preferably an oxide of the metal or semimetal

other than silicon providing the metal or semimetal ion whose ion charge
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nunber is not nore than 3. The nmetal or sem netal other than silicon
providing the netal or sem netal ion whose ion charge nunber is not
nore than 3 is not limted to any special netal or sem netal, but
may be Al, Zn, Ga, In, Cu, Ag, Co, Ni, B, Zr, Ti and so on. Anong
them A, Zn, Ga, Zr, B and Ti are preferable, from the viewpoint of
ion mgration or magnetism The content ratio of the netal or

sem net al Hﬂﬁ:ﬁbéﬂ@%o%'nﬁdr@cﬁﬂaﬁ%d/ or the inorganic conmpound

conprising t metal or semnetal other than silicon in the silica

filler such as thq‘h%pﬂl%’éélcé}! séMBRetad dthER tRAD s%?coﬂe Wﬁdtgl;g euorl o

exanpl e by measuring a solution of a sanple disso

acid wth gehigRtdIriBAUERGY iBh 28BS REMbEL TEASY mo thd8ns ?xﬂ*: Gdiaddl 139

the nmeasured value. In the first enbodi nent of e present

i nvention, wWagnspaciaHnehler Sminidtal, Hilthags b@iA]tZk? GReY UﬁaAgf EReR, B,
silicais in arange from3 to 5, preferably from4 to

i ntentional Zy, Thahdisoiong ARtordgMhisn tAlegn| Gal Be ISRAGITiGHe ﬂrh!ﬁz@&ble from
silica, it is possible to provide the epoxy resin conposition for

sem conduct ohe vengapstbfdon ngerstorhayvinagnetisigmar kabl y excel | ent
flowability and a remarkably excellent solder reflow resistance. It
i s considered t haThekentenéaetio of tle mdthl ar saminestbbothepfthidheilidbhiadior
especially with a basic surfactant is inproved, because that the pH
val ue of théh%mgmalcomgdd§pmpmm§theometaltohaamamlaml otfiertthen silicon
conventi onal 1plherl cal _fused silica. It is considered thereby that

the conpati Bt [the piliea en suple asi thecepheniral Resedesitioa icani e detgariinadofor

be- obt ai ned STHPHI® BRGBHBAPER SEBTITS S FBMBlE domR dnl Bifvofiaoric acia

SRR R S DA A L MR ITI
see the differ Sﬂfed\;élﬁg] t he conventional fused silica whose

In the first embodiment of the present invention, when a pH value of

the extract of the spherical fused silica is in a range from 3 to 5, preferably

from 4 to 5 by intentionally containing the impurities in the spherical fused

silica, it is possible to provide the epoxy resin composition for semiconductor

encapsulating use having a remarkably excellent flowability and a

remarkably excellent solder reflow resistance. It 1s considered that the

reactivity with a surfactant of the silica, especially with a basic surfactant is

improved, because that the pH value of the spherical fused silica is lower than

that of the conventional spherical fused silica. It is considered thereby that

the compatibility between the silica and the resin is improved, so that the

resin composition for semiconductor encapsulating use can be obtained with

excellent properties such as an excellent flowability or an excellent solder

reflow resistance. If the pH value of the exfract exceeds the upper limit 5, it

is difficult to see the difference from the conventional fused silica whose
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14 extract has a pH value nore than 5, in view of the effect of
inmproving the flowability and the solder reflow resistance. If the
pH value of the extract is less than the lower Iimt 3, the
reactivity with a coupling agent or the |like becones

di sadvant ageously strong because of its strong acidity. The netal or
sem netal other than silicon and/or the inorganic conpound conprising
the netal gt il izC 3 i ) t
nventi o aracn e P Foromahdt "B SpithE Srel ptEp R ERE e
can be used foHdisphaid 08 sAUSCAMRY hhikdld 1OaRGMSAd OF plhGuldf &'
enbodi nent of the present invention is not limt to any speci Al
size. Howev@bss fHan the RivRirChiabl 8, 2 MSeLVAS wiher &&%ﬂinfguéé'e%t%élﬁh‘é"iike
(dl') having an average particle size no less than 0.2 u m and no
nore than 5®etores fisaliientagesadesiond bedafiss bZ s shonPatigity. t Mhe 3RQYEy
range, it is possible to prevent the solder reflow resistance from
bei ng | ower edmititi athyr bleas ailiven dnd/dr faCinotdiatic dorhpbined c6@pSising the
the resin remarkably decreases, or prevent the particles from

aggr egat i ng negieh or sehemetdhethey ahagesiliend tebe wedeinofhd PeeseRo ig@Mitien
filler to be used in the present invention can be determ ned by
means of a kagerngdimited éo sie Eivahhy pbrral kindg.of $Ad:DcZ00R wedi | abl e
from SH MADZU CORPORATION). As the inorganic filler (D) to be used
for the first enbbaespheriesl fuped sificaddhx to beyused Hm thetfhret eirbodipasritoof
fillers generally used for the conventional epoxy resin conposition
for sem condiR (BESERCHYSHIER| gnels Emted e anvegpedal asigei t However tihas

spherical fus Lljca (dl 0S hem cal structure is changed by

i nt enti onal Pyeﬁdwﬁ%ll—%wgﬂ}%ﬁ@%ﬁﬁ%ﬁﬁ? liex(dihheymean ayerage pastieasize

fillers whighymy.,he ed with the spherigcal fus silica (dl).. X

i ncl ude co?ﬁ%?ﬁsit(})lﬁgldﬁ u%élaag ﬁ%&o{%ﬂ?@ é@t‘f’ Bt ?ﬂﬁ? %?eﬁﬁgélﬁﬁ%fédﬁﬂz%

gggnsg gf‘_ u urr@{r%}dmt ﬁ%%ﬁo?ﬁg’aﬂge,%t ké ﬁ:oassibtié"‘Lonre%leH hneasdrfe'rl reflow r%'szis&{n%g '
from being lowered which may be caused by a fact that a filler density in the

resin remarkably decreases, or prevent the particles from aggregating each
other. The average particle size of the inorganic filler to be used in the
present invention can be determined by means of a laser particle size analyzer
(e.g. SALD-7000 available from SHIMADZU CORPORATION).

As the morganie filler (D) to be used for the first embodiment of the
present invention, other inorganic fillers generally used for the conventional
epoxy resin composition for semiconductor encapsulating use may be used in
addition to the spherical fused silica (d1) whose chemical structure is changed
by intentionally containing the impurities. Examples of other inorganic
fillers which may be used with the spherical fused silica (d1) include
conventional fused silica whose extract has a pH value more than 5 as usual,
erystalline silica, tale, alumina, silicon nitride, and so on. Among them, the

most preferable one is the conventional spherical fused silica whose extract
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nost preferable one is the conventional spherical fused silica whose
extract 15 has a pH value nore than 5 as usual. These ot her

inorganic fillers used wwth the spherical fused filler (dl) of the
present invention nay be only one kind, or nay be plural kinds . In
the case that the conventional spherical fused silica whose extract
has a pH value nore than 5 is used with the spherical fused silica

(31" shose” gl s 58830l 66, 00 =l IR IS, LB
at least 6:4pg ‘sp]?eri(ﬂaé o Bl @3 6ﬂh8fpfé%§t tfzﬁ%ﬁﬁ%ﬁ%%{r }r% Sﬁlgsdrle'tlﬁg%, qr

(dl') whose extract s a pH val ue no a re

I's not | ess gifiahe BluralGRRt et fRldaCe AlatlthE csRRBRIEAL %ﬁl’:b?cﬁ‘ll %Qg&i%@}'cgc}

(dl') in the first® enbodi nent of the present 1nvention Is pre

not |ess thathedl eweiadhthasREPEEMIuE o005 s LA with V& GfHerRBY G&RE,
nore preferably not |ess than 60 weight percent and not nore than 93

wei ght per ceflica (81) Whod®éx@rat &fae i Yaludato lesSthahhBind Bo WairgBhan 5, the
percent and not nore than 93 weight percent, relative to the epoxy

resi n conposbttent raiso af shedheter kélative t€ thy ohmer & hrefirabW 4t lessttdie G.e. a
above range, the effect of inproving the flowability and the sol der
refl ow reststtanteatt@of the sphbfical fsed yiliobi(di)neldoseAxtrant kad a pdf vduoho
the inorganic filler (D) containing the spherical fused silica (dl)
in the firslesetbaniBrand nomorhshan 3enet leavEdmn @n is preferably not

| ess than 78 wei ght percent and not nore than 94 wei ght percent,

relative to the 2&pesiterbsyatiacsipbld tipberigsl fusgiolsdlica f(diheinc ghe efirst

ratio is within_the ve range, the effect of_ jnproving the .
f1 owabi | it ye%‘:kiad’tnﬁ@tsgﬁb g’é‘-‘r Presenbonvensionsisaprederahly pet lags ?ﬂh@%le‘m pgight

obtai ned. (Second, Eqbodirent) Noyy anexpl anat on, s mads o 808 e
60 weight percent and not more than 93 weight percent, still more preferably
not less than 75 weight percent and not more than 93 weight percent, relative
to the epoxy resin composition as a whole. If the content ratio is within the
above range, the effect of improving the flowability and the solder reflow
resistance can be sufficiently obtained.

A content ratio of the inorganic filler (D) containing the spherical
fused silica (d1) in the first embodiment of the present invention is preferably
not less than 78 weight percent and not more than 94 weight percent, relative
to the epoxy resin composition as a whole. If the content ratio is within the
above range, the effect of improving the flowability and the solder reflow
resistance can be sufficiently obtained.

(Second Embodiment)

Now, an explanation is made on the second embodiment of the present

invention. Many parts of the second embodiment are common with the first

embodiment. Therefore, the following explanation is mainly focused on the
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i nvention. Many parts of the second enbodi mrent are conmon with the
first enbodinment. Therefore, the follow ng explanation is mainly
focused on the 16 parts of the second enbodi nent different fromthe
first enbodi nent. The second enbodi nent of the present invention is
an epoxy resin conposition for sem conductor encapsul ating use
conprising: an epoxy resin (A); a phenol resin (B); a curing
accel erat or oS ofthd s8Bod OmBeMikdent idif&en{ Bbm th\mﬁfs%ﬁxbbbagnélgpf gani c
') obtalne y fusing

filler (D) contains a spherical fused silica (d 0

silica which cont ghessecoRd amiydisment SELRE &L ihPafic kd ﬁﬁﬂépo%g%ﬂh
an i norgani c conpound conprising the metal or sem netal other than

silicon, ardmpbeitiRet foriszadcinduttiat erchpsil rhe Ak CoFHMRAMN GrCOIRE184iR0
the netal or semnetal other than silicon is titanium oxide, and the
spheri cal f§Apda phendarespl(B); isscwieg hecdlératon (@) aad (@2no@fasi 1AlRenD),
di oxi de and titanium oxide. Thereby, there is provided an epoxy
resi n conposiherem therinseganiofitlar (I0) ceeriaimp sudpdteiriegl fused silaai (df) ebitained
excellent flowability and an excellent noldability, as well as a
semi conduct &v fdsinigolitrwhigh eontelnsemesaltorsehderetalefthenthassitican ead/or
The epoxy resin (A), phenol resin (B) and curing accelerator (C) to
be used foRNtIBErEAREHERMBBHIGTEPISIHE the engsalberseminmmsiehethen tharesilinen,
sane as in the first enbqodi pent. The content ratios of the_epoxy
resin (A afBdphesasteriged an (tBpt fhe mopganicaspmpaidycamerisingsthe metal or
enbodi nent. I n.the.second emhqdi nent, of the present inyention, a ..
eutectic m §?1E?F’Beta(ld%‘ero a4 §ERh ISP PR YR %‘geftﬁﬁda“h?elﬁﬂ )‘Zlicﬂlegﬁsgd gdica
as the inor i.c filler (D). described in the first enhodi pent,
exanpl es of gf]ﬁés Fneélrt%%hcl %”%tluf"? @) 3&@%‘? 10"31‘2%‘6‘1 Granigm pxgdpy, Thereby,
conposition . 1 tor |l ati. se include a silica,.
FriTer suchiude 1% BEASREUE'Bbrf REMRTBLRS KRCeemiEriiifinds alpaniitpe.
use having an excellent flowability and an excellent moldability, as well as a
semiconductor device having an excellent solder reflow resistance.

The epoxy resin (A), phenol resin (B) and curing accelerator (C) to be
used for the second embodiment of the present invention are the same as in
the first embodiment.

The content ratios of the epoxy resin (A) and phenol resin (B) are the
same as in the first embodiment.

In the second embodiment of the present invention, a eutectic mixture
(d2) of silicon dioxide and titanium oxide is used as the inorganic filler (D).
As described in the first embodiment, examples of the inorganic filler suitably
used for the resin composition for semiconductor encapsulating use include a
silica filler such as a spherical silica obtained through thermofusion, or a
spherical silica obtained by reacting metallic silicon with oxygen. The

conventional silica filler usually contains silicon dioxide at a content ratio

more than 99.8 weight percent.
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spherical silica obtained by reacting netallic silicon with oxygen.
The conventional silica filler usually contains silicon dioxide at a
content ratio nore than 99.8 wei ght percent. 17 The spherical fused
silicais widely used in view of the flowability, the gold wire
sweep and the solder reflow resistance of the conposition. This
conventional spherical silica also contains a snmall anount of

i iti h |lum:na.. |ty i. d d that. the j it

urILl o8 sueh e IO by bR R0t I AT
whi ch i . fa the | i 14 f t. fidaSt,
SNICh Cont ALk S ATELL TR Shob)CATDNL 1 65 Lo s, i

However, SuE&%n%Péf%ﬁ%ﬁ il Hﬂgzgﬁxs acglg%giﬁa ?LBRG?,%H 'ﬁ%dt}éses%ch

such as al um na on a content ra €ss

percent. Thggefighfinal Ne GONURRLLRAE! thfagSﬁl% | {:ﬁﬁaeé Ssudhf £§ra§€%d%% QA

the eutectic mxture of silicon dioxide an I tani um oxI de

used in theoRERSRE frd e ihed silde nBUERET itSelMwHitl @oh il U564 dflall
the present invention is obtained by thernmofusing silica matefia

i ntenti onal hhowht loftthbampivinsd BRn0lthe ik UM fm@sated BOMALSurse of
titaniumoxide at a content ratio no less than 0.2 weight percent.

I n the presgakindwenbhehing peoespl abiie?r, | Suchog UsRretionill hialtdUsilica
di oxide (Ti @) having the oxidation nunber IV as the "titanium

oxi de", butcddteidsttheampnrities deh of alilhenproagent a iconentiratio ilo! thde .2
ot her various phases of "titanium oxide" such as Magneli phase

Ti n@2n- 1( n=weight Peyrcent. sThereforei thd gonyewiioidl dnsdd siica ongifferehtTrdbher
T12C8, a substantially non-stoichionetric conpound Ti O (Ti1+x0O,

x=- 0. 23/- +CetBytic gighasef gilicpn dioxide ®)d titrriumrpxade/tpdve atedninithe present
positioned in an octaghedron constituting a hexagonal closest packed
structure ofRveghar| dbe; %%Fﬂ%maﬁﬂr%ﬁﬁg?e pReh 8 thy poesent Joventigrois A

content T atc;b(%al%fedtli)j; t?hneirr%%]ﬁ?sgg %ﬂa%%ymggerfaﬁ] %rllt%%gloggllﬁ with titanium oxide or
titanium so as to contain titanium oxide at a content ratio no less than 0.2
weight percent. In the present invention, the explanation is focused on
titanium dioxide (TiO2) having the oxidation number IV as the "titanium
oxide", but the "titanium oxide" of the present invention includes other
various phases of "titanium oxide" such as Magneli phase TinOgn.1 (0=4 to 9}, a
substantially stoichiometric compound Tis0s or TizOs, a substantially
non-stoichiometric compound TiO (Ti1+x0, x=—0.28~+0.25), a phase TiO«
(x<0.5) that an oxygen atom is positioned in an octahedron constituting a
hexagonal closest packed structure of metallic titanium, and other phases
TieO, Tis0, Tiz0. A content ratio of titanium oxide may be changed by a
method of mixing the silica material with titanium oxide before thermofusing
the silica material, or a method of thermofusing the silica material containing

a relatively larger amount of titanium oxide as an impurity from the first.

The eutectic mixture of silicon dioxide and titanium oxide can be obtained not
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met hod of mxing the silica material with titani um oxi de before
thermofusing the silica material, or a nethod of thernofusing the
silica material containing a relatively |arger anount of titanium
oxide as an inpurity fromthe first. The eutectic m xture of silicon
di oxi de and titani um oxi de can be obtained not 18 only by
theranusing the silica material, but also by reacting netallic

silicon yajcﬂér otfh§ Q'tH gﬂdchﬁngﬁwrbut?lsé‘ﬁ%%a&i}% A6t ‘sff:c

m xture Of SI i con OXI ean t1tani um oxl e reactivity wt

the surfact gng riellicgtalibANRithc@yBbL NORAYSR W &ﬁeétﬁceﬁﬁﬂu(félof ¥1hcon

added to the conposition can be inproved. Thereb resin

conposi ti ongio@ideSand ¢RAEHGh OkideN P St Bl ith Gvivs €h e @ﬁrﬂa@ean@ et B8 dilNhd N
an excellent flowability and an excell ent sol der ref resi st ance.
Pr ef er abl y, couplinyeagut achick igitysivaldy afldsd td ﬂmcdﬂmﬁasiﬁﬁl 3l bk iiboppbwed)
oxi de according to the second enbodi nent of the present invention, a
content raTherebf, thrersdihicomposition fte desniceidubtsSerichpsuldfingaisghdan be
percent and not nore than 99.8 weight percent, and a content ratio
of the tit ashtameoxivighi annekcdlleas flowalnlify 2awki ght expellaentsobled neftow
more than 80 wei ght percent. Furthernmore, the lower limt of the
content rat¥egistéineehe silicon dioxide is nore preferably 80 weight

percent, still nmore preferably 95 wei ght percent. The upper limt of
the content rati dreferahly, intidiei enteohs deixiurenefr siligrrfdiewbe yarzh titenight
percent, still nore preferably 5 weight percent. If the content
ratio of tHEde Pp%ﬁmgdﬁo&%rew%éc@@h@d%wt @ﬁy@ DY§SRRE I0vieptips, a content
difficult to, ,see g ren efro t he venqg]honal therrégfused
silica, in S0Pk e s P10 AR LHeVORPEBEBsaE t3RdaRef R

| d fl th he sil
i oxi de. | 5 TERSThATEH bR aﬁﬁ%‘ﬁ%% =P At e oHE s pat e

ng?? IS IO;IEJ) Iq;)l/l, %2 %ﬂ]&%y&{togmfﬂ&%§% . 'n% x”gl%hgmgrc% deﬁlr%ﬁgﬁnore

the lower limit of the content ratio of the silicon dioxide is more preferably 80
weight percent, still more preferably 95 weight percent. The upper limit of
the content ratio of the titanium oxide is more preferably 20 weight percent,
still more preferably 5 weight percent. If the content ratio of the silicon
dioxide exceeds the upper limit, it is difficult to see the difference from the
conventional thermofused silica, in view of the effect of improving the
flowability and the solder reflow resistance. If the content ratio of the silicon
dioxide is less than the lower limit, the flowability of the resin composition for
semiconductor encapsulating use may be decreased. Additionally, the
eutectic mixture of sihicon dioxide and titanium oxide may contain alumina
(Al20y3), zircomia (ZrQg), ferric oxide (FegOg) and so on. A content ratio of
titanium oxide in the eutectic mixture or in the thermofused silica can be
determined by measuring a solution of a sample dissolved in hydrofluoric acid

with a high frequency plasma spectrometer, and then ecalculating the
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eutectic mxture of silicon dioxide and titani um oxi de may contain
alum na (A1203), zirconia (ZrQ2), ferric oxide (Fe233) and so on. A
content ratio of titaniumoxide in the eutectic mxture or in the

t hernof used silica can be determ ned by neasuring a solution of a
sanpl e dissolved in hydrofluoric acid wth a high frequency plasm
spectroneter, and then calculating the 19 neasured value. The
average particle size of the eutectic mxture (d2) of silicon dioxide
and titani utPe3aUEd X816 di ng to the second embodi nent of the present

R 2 e SO b e L i

mbodi t. Lf; the . ti.cl i ds,t imt

FiTver densiil i@ FORRE Safdiie ReoRas efblc PRrbd NSt thp ciipiedte

sol der ref| %gﬁ&éﬁ%%mwoe N e%?a{l%gzt%t, gd ptleffertagg' 2Y8L89%8an 0.2 4
e rmt, |% may econe

particle size is Tess than _ _
A sadvant agepUnhddhbiethan 50 PREUETH thOBaOALH (el Bi3: bRBBNANGICIR 420

og
each ot her. The average particle $ize offl t?‘le i'norgani c

used in the TRV, L t i
particle si z&l g@%a%%ﬁjﬁgﬂ’é ?gé Sﬂé%%%%%a}%ﬁ ggﬁlgi)%ﬂs g%n%g%} B&D%ﬁﬁﬁﬁ&

CORPORATI ONyebrkd By | H&@eadtS AhE theSARKE ddlddrehefdd) ALLEPLMNIP be

t he second enbodi nent of the present invention, other inorganic
fillers gendemdrioratigied If gie herago puetidle afalis 18R YN tHE IGwEORRES it Hdp
for sem conductor encapsul ating use may be used in addition to the
eut ectic m keemee Qi@fivahiegebislpdifficaki epranehtt thiegmirtioleg Xidde aggregating
Exanpl es of other inorganic fillers which may be used with the
eutectic nexthupthet.d2The average rootiviersizeoofahefineednsi filleate Wy ysidainl thee
silica, talc, alumna, silicon nitride, and so on. Anong them the
nmost pr ef er Ripsenbmensiontien heglejenmined &y reeansrdf @dhsdrymseticleisizecanalyzer

These other inarganic fillers used with
(e.g. S -7000 available from SHIMADZU CORPORATION) or the like.

As the inorganic filler (D) according to the second embodiment of the
present invention, other inorganic fillers generally used for the conventional
epoxy resin composition for semiconductor encapsulating use may be used in
addition to the eutectic mixture (d2) of silicon dioxide and titanium oxide.
Examples of other inorganic fillers which may be used with the eutectic
mixture (d2) include conventional fused silica, crystalline silica, tale, alumina,
silicon nitride, and so on. Among them, the most preferable one is the
conventional spherical fused silica. These other inorganic fillers used with
the eutectic mixture {d2) of the present invention may be only one kind, or
may be plural kinds.

Preferably, a content ratio of the eutectic mixture (d2) of silicon
dioxide and titanium oxide in the second embodiment of the present invention
is not less than 8 weight percent and not more than 93 weight percent relative

to the epoxy resin composition as a whole, more preferably not leas than 40
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the eutectic mxture (d2) of the present invention nmay be only one
kind, or may be plural kinds. Preferably, a content ratio of the
eutectic mxture (d2) of silicon dioxide and titaniumoxide in the
second enbodi nent of the present invention is not |ess than 8 weight
percent and not nore. than 93 weight percent relative to the epoxy
resin conposition as a whole, nore preferably not | ess than 40 20

wei ght per C%igﬂ?geﬁgﬁ%mﬂ §g£ BRRe ﬁ?an\é% g:g%h@gk?&% sl Hoh% Egé%‘&gfly not

pref erably not ss than wei g nd not nore

vei ght per cqpds (1R8P6F bRk pdieint SREndNABrSH HEHY Q&ei@ﬂ{ ﬁe‘:‘rgéntﬁg%%aﬁagly

nore than 90 weight percent. If the content ratio I ess th
lower |imt nokhessahbAco Rbighs b@ﬁ:e?klt‘ﬁn@‘ﬁ'b?ﬁ{dr@ thath éb%@igﬂ;p%’géﬂiﬁo'ﬂfthe

di oxi de and titani um oxi de i s weakened, so that an efféc

i nprovi ng t kenfdn@waltid id Yesnhahhthes Wvler liked 1B &Rst SFaNsss TRY dlbcthe
obt ai ned sufficiently. If the content ratio exceeds the upper limt,

the suffi cineixtuife cfviiddn digxideyanidostahe: A kikalienedvedRieab&r Mithyt ad effect of
content ratio of the inorganic filler (D) containing the eutectic

m xture (d2ymprownki ten fibwebildly and thd apidem efiotle resistdiee SE@ONHot be
enbodi nent of the present invention is not |ess than 78 wei ght

per cent and obtranedrondfitiantiy93 Iivshehtonparic emiio rexdcaddsy eéhd aitpee Bmit(ythe
resin conposition as a_whole, nore preferably not |ess than 83

wei ght per c&nfficignt firstabibitsemaliawet 9¢ obtedietht percent. |If the content
ratio is less than the lower limt, the sufficient solder reflow
resi stance nay nobreferabiy 4 Gewtent ratinef ¢batinpnganig fider (B sotainiag the

upper limt, the sufficie flowability may not be obtained. (Third
Embodi ment ) SRERREC HERES a{Hé)t o sihcon digsidsn e p diteRive SRgbdnnila seend

Eg%;es\f? Lepkgggﬂéllgt? o thl\éalgl}é’segtalrntvgnggn tlshgo% eisg gthgnnb!%d\;vmrrgﬂ% pgzgc%nt and
not more than 93 weight percent relative to the epoxy resin composition as a
whole, more preferably not less than 83 weight percent and not more than 91
weight percent. If the content ratio is less than the lower limit, the sufficient
solder reflow resistance may not be obtained. If the content ratio exceeds the

~ upper limit, the sufficient flowability may not be obtained.
(Third Embodiment)

Now, an explanation is made on the third embodiment of the present
mvention. Many: parts of the third embodiment are common with the first
and second embodiments. Therefore, the following explanation is mainly
focused on the parts of the third embodiment different from the first and
second embodiments.

The third embodiment of the present invention is an epoxy resin
composition for semiconductor encapsulating use comprising: an epoxy resin

(A); a phenol resin (B); a curing accelerator (C); and an inorganic filler (D),

wherein the inorganic filler (D) contains a spherical fused silica (d1) obtained
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and second enbodi nents. Therefore, the foll ow ng explanation is
mainly focused on the parts of the third enbodinent different from
the first and second enbodi nents. The third enbodi nent of the
present invention is an epoxy resin conposition for sem conductor
encapsul ati ng use conprising: an epoxy resin (A); a phenol resin
(B); a curing accelerator (C); and an inorganic filler (D), wherein
t he i norgani i 3 'Hﬁa er.l . fuse Ll ca £dl).

obt ai ned Zf)grbfg/l%#dg%l%égglﬁ%é&{t e hmcszeggr;l\tdgi s%@lmr?g%aqdch%; lChsaenmS r’rlg?%ilandjor
ot her than gili.ePMni i 03Nk IS s
Tetal or Senrravay s harOpyd Bk PESATLE AR 0 AT Uef th e Sicey,
| norgani ¢ ROt ERIRN Shithat e ThEAn® cordSi s?ré - h
silicon is alum na,a and the sgher?ca‘fﬂ%] use?j0 S |r{:E§E P?El?l?t}% fetal or

eutectic m xbpietaADehed lt}jf‘eiﬂ ifiedh i QbR M Bl SPHARcalRREE IS (g)l) is_
|

content ratio of the silicon dioxide in the eutectic mxture (d

not |ess thandBctiemitiure RE3)GEBilicoR didd@de 5B alirhiR, SheBei ditent ratio
percent, and a content ratio of the alumna in the eutectic mxture

(d3) is not of €lss silivan dloRdwahghe dugsdiRnniznde (dB)tis Fdt GedshBian280 WeigHit
percent. Thereby, there is provided an epoxy resin conposition for
sem conduct perent apsuhat imge dhen [EME ngight percent, @nid a febnvahi faitioyolathe
an excellent noldability, as well as a sem conductor device having
an excel | enelwoingem thsf botechie siistiedd3) Fheotdpexihare82rnwéight pehentland
resin (B) and curing accelerator (C) to be wused for the third

enmbodi nent 8Pt pHwe ﬁgé% eftweighenercent. arBharpey; shene igprovidedan groxytresind
second enbodi nent,s. The content_ratios of the epoxy resin (A and
phenol resi FPRYSIHPR {9f semigundyetor, angapsylptipg anee shevng an excellent

enmbodi nents,. In e third enbodi men f..the present invention, .
eutectic m Qp'fjpbltlﬂﬁy and an exceﬁent moida%lht . as pwe as a sem?conductor aaewce

having an excellent solder reflow resistance.

The epoxy resin (4), phenol resin (B) and curing accelerator (C) to be
used for the third embodiment of the present invention are the same as in the
first and second emhodiments.

The content ratios of the epoxy resin (A) and phenol resin (B) are the
same as in the first and second embodiments.

In the third embodiment of the present invention, a eutectic mixture
(d3) of silicon dioxide (Si02) and alumina (AlsQ3) is used as the inorganic filler
(D). As described in the first and second embodiments, examples of the
morganic filler suitably used for the resin composition for semiconductor
encapsulating use include a silica filler such as a spherical silica cbtained
through thermofusion, or a spherical silica obtained by reacting metallic
silicon with oxygen. The conventional silica filler usually contains silicon
dioxide at a content ratio more than 99.8 weight percent.

The spherical fused silica is widely used, in view of the flowability, the
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(d3) of silicon dioxide (Si02) and alum na (A1203) is used as the
inorganic filler (D). As described in the first and second

enbodi nents, exanples of the inorganic filler suitably used for the
resin composition for sem conductor encapsul ating use include a
silica filler such as a spherical silica obtained through

t her nof usi on, or a spherical silica obtained by reacting netallic

silicon wi t hgedd Y@ eNswaddiat®@ NEMIAaNoH debizburdce! | The BetAk¥na PRSI
silicon dioxide at a content ratio nore than 99.8 wel ght percent.

The spheri causéd sless ialdoC doritainy dedmialll sBount) off i@Wuskick NRich as alumina
flowability, the 22 gold wire sweep and the sol der refl ow

resi stance. (AigOgonitastirgleadtosptietithalimpupiig suich isg@lams0n 6ENLALMS ted
smal | amount of inpurities such as alumna (A1203). It is understood
t hat the i nfooitd sensdisiiicasnatievial itaelfrhids c@itanisedverdyranalh amored of the
silica material itself which contains a very small anount of the

i mpurities fimgmnties fromgthe fiyst, contreaimingted inrthe beurse of sealihg oakivshing
crushing process. However, such a conventional fused silica contains
the i npuri t irFgcessucho@ever, wicha emivpntipnal Had edicar eintainsete nmarities?
wei ght percent. Therefore, the conventional fused silica is

di fferent fregsht#e adupdes | enlii st @r eonterB)ragio sk dem @ dxveisht Sieampt.

R WO TR LTS O -
e o o AR R T B bl s
cranged 2o 88l oA BT 0B LT LEMASEL Sl o
ti f al ym 0 . ] hed .of m.xi t he.
2 I, IR Ny B, O
material, OinnEBhARd vAlh Eﬁ@;o?ig%ﬁﬁa@i% drRgurmidd n%g%ﬁ);{j%teﬁ{g‘ HarBBR! & 4 39

a relatively larger anount o umna as an |
contain alumina at a content ratio no less than 0.2 weight percent and no

more than 20 weight percent. A content ratio of alumina (Al;03) may be
changed by a method of mixing the silica material with alumina before
thermofusing the silica material, or a method of thermofusing the silica
material containing a relatively larger amount of alumina as an impurity
from the first. The eutectic mizture (d3) of silicon dioxide and alumina can
be obtained not only by thermofusing the silica material, but also by reacting
metallic silicon and metallic aluminum with oxygen. By using the eutectic
mixture (d3) of silicom dioxide and alumina, the surface pH or surface
reactivity of the inorganic filler changes. Thereby, the resin composition for
semiconductor encapsulating use can be obtained with an excellent flowability
and an excellent solder reflow resistance, as well as an excellent reliability in
a high temperature environment or in a moisture environment.

Preferably, in the eutectic mixture (d3) of silicon dioxide and alumina
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fromthe first. The eutectic mxture (d3) of silicon dioxide and

al um na can be obtained not only by thernofusing the silica
material, but also by reacting netallic silicon and netallic

al umi num wi th oxygen. By using the eutectic mxture (d3) of silicon
di oxi de and alum na, the surface pH or surface reactivity of the
inorganic filler changes. Thereby, the resin conposition for

sem conductor._e ul),at bt ai ned with an excel |l ent
(Towabi iy 3??3'“%% LA P B Bint ot Bt Sreresy HivanHan. & congent ratio of,
excel | ent % nt, or

noi sture envi ?% Eﬁf”B?Sf‘SeP&%%ﬁs h?é?ﬁﬁgéeg%ﬁeﬁ%\é%{ﬁﬁﬁwem@ﬁ%?h% 99.8
The prosent “quh@’?. B Bl cohitp R Blobrdfle Wiyl ool e R (L Peies,
| ess_than 80, %@%&ogssﬁmreaenqn%m b2, Pth%%!i.@&hﬂg 1% 3 the

and a conte ratio o alumnals esst

percent and¢1QbnMELAL @ﬁ&aeﬁ% tf;[i\ﬁhﬁﬂér 1IXRHE ﬁﬂ% diffleufths sgg @% Hfﬁfe%@lﬁdecfrﬁ;l

the silicon dioxide excee pper fimt, 1t is 0 See

the differ et chhPdRtidrhe HEAMEREEORA cal METARG Lb?@ﬂess%%a'c‘& A i r&iziﬁg' b
the effect of inproving the flowability and the so

resi st ance. flbivabllty ot @Rtsoldl ir8lek rédistaiibd.| dPBhe shzﬂéwﬁaﬂosoﬂ tﬁ%%xﬁcﬁﬁn
the lower Iimt, the flowability of the resin conposition f

sem conduct droxﬁch;:ﬂrlssd AiannhelUs®er Bmil, SieclflanbiBlice Ubthe @esy wﬁlﬁatmn for
Additionally, the eutectic m xture (d3) of silicon dioxide and

al um na naysemoondiciori t emdapsulatinge (Ee O2)s, disaivansadedusy) , deerenbal.
oxi de (Fe2@3) and so on. A content ratio of alumna in the eutectic
m xture or Pdditienadlye thefusesticsiniitoze (@Bnothslidet diovide dodyalmpsisarinay
a solution of a sanple dissolved in hydrofluoric acid with a high

frequency pfads Shavimaride(TiQahdziraeain (Zrileb fewi¢ pxide KEezﬁa&smdeaﬂ on.

val ue. The vera%e partlcie size of the eutectic mxture (d3
silicon di okicggtent ratio of alumma in the eutectic mixture or n the thermo sed silica

can be determined by measuring a solution of a sample dissolved in
hydrofluoric acid with a high frequency plasma spectrometer, and then
calculating the measured value.

The average particle size of the eutectic mixture (d3) of silicon dioxide
and alumina according to the third embodiment of the present invention is not
limited to any special size, but preferably not less than 0.2 ©m and not more
than 50 wm, as in the case of the first and second embodiments. If the
average particle size exceeds the upper limit, a filler density in the resin may
remarkably decrease, and thereby the solder reflow resistance may be
deteriorated. If the average particle size is less than the lower limit, it may
become disadvantageously difficult to prevent the particles from aggregating
each other. The average particle size of the inorganic filler to be used in the
present invention can be determined by means of a laser particle size analyzer

(e.g. SALD-7000 available from SHIMADZU CORPORATION) or the like.
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and al um na according to the third enbodi nent of the present
invention is not |imted to any special size, but preferably not

|l ess than 0.2 u mand not nore than 50 am as in the case of the
first and second enbodi nents. If the average particle size exceeds
the upper Iimt, a filler density in the resin may renarkably
decrease, and thereby the solder reflow resistance nmay be

deteriorated. |f tAetlaviiagmipdiler (DP a8ed#BirpStd B6StHIBRRMEMAIMONE DS the
limt, it may beconme di sadvantageously difficult to prevent the
particl es fnoesaggnegatiomgptheniivrgsmierfilleth gererailggsefdbt tigd eorSicacionil
the inorganic filler to be used in the present invention can be

det er mi ned lepporpraasnobrmosa®er fopaemimhdustor eneamhiwts uée gy be used in
SALD- 7000 avail abl e from SH MADZU CORPCRATION) or the |ike.. 24 As the
i norgani c figddgdon Do gbeopudtentjct mixtuee t @i3) dofesblodnnenxidé ave alumina.
present invention, other inorganic fillers generally used for the
convent i onalixagppigy ofeather doeigsnia fiblars srhidemanmeunsat vaite dhs iudedtieg
use may be used in _addition to the eutectic mxture (d3) of silicon
di oxi de and TardwienE3) mledanoayerioral fused siipay srystakline) silica, falccrumaya,
be used wth, the eutectic, mxture £d3) i ncl ude conventional fused
silica, crySHEPR Bl 40k S0 PRy 3 nFhfmtass of the seeqnd pbedimentandmase

o o abl'e Bt e pmokt e RES Ahoomm i Sapvenreod! spbebkel Arsuglica
Ot teent °f 99t bird-8h SRR e S RS Eulser B e (87 bt e r2ent
Preferably, %&Qﬁh%ﬁﬂ%@toh?y gger %ﬁaghgggfa%ﬂefplg}fﬁm&sf d3) of silicon

di oxide and alumna 1nh thet n present invention

is not less thanp&ueight ; RELESR! rA0 o?%eh@ﬁt%cﬁ@%i;&%%‘?%@hh%rs(ialicon

percent relative to the epoxy resin conposition as a
preferably apkidessd ihanidbinVBldtivd BALESMerANE tAOtHrBRR thiaRid?SBis not

wei ght percent, still nore preferably not |ess

less than 8 weight percent and not more than 93 weight percent relative to the
epoxy resin composit‘ion as a whole, more preferably not less than 35 weight
percent and not more than 93 weight percent, still more preferably not less
than 65 weight percent and not more than 93 weight percent, especially not
less than 75 weight percent and not more than 98 weight percent. If the
content ratio is less than the lower limit, the effect of using the eutectic
mixture (d3) of silicon dioxide and alumina is weakened, so that an effect of
improving the flowability and the solder reflow resistance may not be
obtained sufficiently If the content ratio exceeds the upper limit, the
sufficient flowability may not be obtained.

Preferably, a content ratio of the inorganic filler (D) containing the
eutectic mixture (d3) of silicon dioxide and alumina in the third embodiment

of the present invention is not less than 78 weight percent and not more than

93 weight percent relative to the epoxy resin composition as a whole. If the
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t han 65 wei ght percent and not nore than 93 wei ght percent,
especially not I|ess than 75 wei ght percent and not nore than 93

wei ght percent. |If the content ratio is less than the lower limt,
the effect of using the eutectic mxture (d3) of silicon dioxide and
alum na i s weakened, so that an effect of inproving the flowability
and the solder reflow resistance may not be obtained sufficiently.

f th Lo Limit, Lh fici .

1 owalni |11y ORoroseS SEE s e 1BPRF Sribithe ufnbtame Shider aefity sesivaace
i ity al'T ably,;a tor ATTY Or
i oxae and BRImabe PRBE | SaF coR IRt e keSS i
s not Tess &hfflcdBdehoilly BRLGERnAREAE More than 93 velght

;
percent relative to e epoxy-“resin conpoSition as a whole. If the
25 content ratio is less than the lower Iimt, the sufficient sol der
reflow resistance may not be obtained. If the content ratio exceeds
the upper |iggdmplefe sufficient flowability may not be obtained.
Exanpl es The present invention will be nore apparent fromthe

foll owing Exanples corresponding to the first to third enbodi nents.
The followi ng exanples are not intended to limt the scope of the

i nvention, but pré¥enpeagenimapednticnowilnbe [therst papixemtplropodke foHowing
fol |l owi ng Eﬁgﬁpl els, a content ratio is expressed in weight part
unl ess speci¥52EHpley cABtesponding (e the. first tpt thivdrembodimentisbr Ehe dollewing

unit "w. % neans "weight percent’., L (Exanples of First Epbodi nent)
The i nor ganiPE2FPI§%71 ﬁ%@&tgﬁ%@éﬁm&%ﬂwm theainwgatipnghpt Bresented
according to the first embodi.nent are listed ow. H val ue of the
extract of tHE®S] F‘?rcﬁnfﬁuf’@?h%cm‘ré’gsef'h nsﬁ“r?e?‘i g @E?dnples’ a content
ratio 1s expressed- in weight part unless specifically noted otherwise.

Furthermore, an abbreviation unit "wt. %" means "weight percent".

(Examples of First Embodiment)

The inorganic fillers used in Examples and Comparative Examples
according to the first embodiment are listed below.

A pH value of the extract of the silica filler such as the spherical fused
silica, the spherical silica and the crushed silica was determined by measuring
with a pH-meter ("HM-30S" available from TOA) the extract which was
obtained by shaking the silica sample 30g in ion exchange water 120g for 1
minute at a room temperature.

A content of impurities in the silica filler was determined by
measuring a solution of a sample dissolved in hydrofluoric acid with a high
frequency plasma spectrometer ("ICPS-1000IV" available from Shimadzu
Corporation), and then calculating the measured value.

(List of Inorganic Fillexr)
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silica, the spherical silica and the crushed silica was determ ned by
measuring wth a pHneter ("HM 30S' available from TOA) the extract
whi ch was obtai ned by shaking the silica sanple 30g in ion exchange
water 120g for 1 mnute at a roomtenperature. A content of
inmpurities in the silica filler was determ ned by neasuring a
solution of a sanple dissolved in hydrofluoric acid with a high

f | "] OPS, 100 | abl e f d
Cor porat 1 on) - andOHERELaFUEl 0¥ o, TRESEndtreRy ipucoe( PREpco P S
| Fiy) RO 1kl Sod n
the. extr act "Sreprrar kS sS4yl Rhoafls o0 ARARL G e BRETERS W7

surface=1. 6&&? 431”3 2799. 6 Wt . % A1203=0.4 wt. % Inorganic filler
2a: a spherical” fuse S|I|ca t he extract pH=4.1; average particle

size=32.3 um Spﬁfo‘r AkicSHNEAGRT! 5 f’lg? use%% ﬁmﬁ Yhe e@tra?%lﬁ%?—'ifll'ﬁ

w. % Inorganlc fillTer 3a: a spher ca Ica;, the ex

pH=4.9;  avavalgePsirtictd 8iz8-3R53ImA shdcifld sﬁﬁﬁ@ééw rﬁ#éfSR?szaﬁQt R/ %
Si 02=99.4 w . % n0=0.6 wt. % Inorganic filler 4a:-'a spheri_cal

fused silical,Ope extrgct pH=4.3; average particle size= 29 2,u m
specific surface=l.8 n/g; Si02=88.7 wt. % Zn0=11.3 wt. %

Inorganic filler Bwrgaispfiker Gal o wpherisdll feRd thiRaethe asttrid-4HELY;
average particle size=33.9 /t m specific surface=l.7 n2/g; Si 02=99.4

W. % B208v&xagewartivle bimerdjndiions spdefic arface=dphend/saBi090d wt. %;
silica; the extract pH=4.6;

Zn(0=0.6 wt. %.

Inorganic filler 4a: a spherical fused silica; the extract pH=4.3;
average particle size=29.2 4 m; specific surface=1.8 m%g; Si02=88.7 wt. %:
Zn0=11.3 wt. %.

Inorganic filler 5a: a spherical fused silica; the extract pH=4.7
average particle size=33.9 1t m; specific surface=1.7 m?%g; Si02=99.4 wt. %;
B:202=0.6 wt. %.

Inorganic filler 6a: a spherical fused silica; the extract pH=4.6;
average particle size=33.9 4 m; specific surface=1.7 m?g; Si0:=98.4 wt. %;
Al203=0.9 wt. %; B2035=0.7 wt. %.

Inoxganic filler 7a: a spherical fused silica; the extract pH=5.5;
average particle size=32.1 1 m; specific surface=1.5 m%g; Si02=99.99 wt. %.

Inorganic filler 8a: a spherical silica obtained by reacting metallic
silicon with oxygen; the extract pH=5.3; average particle size=0.6 1t m; specific
surface=6.2 m¥yg; 5102=99.9 wt. %; impurities =0.1 wt. %.

Inorganic filler 9a: a crushed silica; the extract pH=5.8; average
particle size=30.5 1 m; specific surface=1.8 m?/g; Si02=99.9 wt. %; impurities
=0.1 wt. %.
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average particle size=33.911 m specific surface=l.7 nR/g; Si02=98.4
w. % A1203=0.9 wt. % B203=0.7 wt. % Inorganic filler 7a: a
spherical fused silica; the extract pH=5.5; average particle
size=32.1 is m specific surface=1.5 n2/g; Si02=99.99 wt. %
Inorganic filler 8a: a spherical silica obtained by reacting netallic
silicon with oxygen; the extract pH=5.3; average particle size=0.6 tt
m specific Bghifipterh. 2 n2/g; Si02=99.9 wt. % inpurities =0.1 w.

% Inorganic filler 9a: a crushed silica; the extract pH=5.8; average

particle size=30.%ha MBllowRRCIgredissts’ A6 miSedByImethdZFWLOnds W 30 8
inmpurities =0.1 w. % 27 Exanple la The follow ng ingredients were

m xed by neafisueds at BBtCr olThehOtheBmikbunel 88 dabledSand tH&eBrushBe, so that
m xture was cool ed and then crushed, so that the epoxy resin
conposi ti onthwsepmixyairesdn. cothposhfidrai wad dhpapdr esThe deapedi tpedy Wasn
eval uated as descri bed below. The result of evaluation is shown in
Tabl e la. (rcompesitiont®ds eFgoated esidesdribedsbalow. pEhe sesudt plesylusdtiopes
epoxy resin "YX-4000" avail able from Japan Epoxy Resins Co., Ltd.;
epoxy equi vahemmzdeblyky; nel ting poi nt =105 C. Phenol resin 1a=48
wt. parts: phenol aral kyl resin having a phenylene skeleton "XLC LL"
avai | abl e frddntedigntsicheni cal's, Inc.: hydr oxy equi val ent =165 g/ eq;
softening point--79C. Curing accelerator |a=3 wt. parts:

1, 8- di azabi cycl of ,%fmy%ﬁ%%ﬁé-% Pa%isr akhpeyk fimeeppory=repin WY X-4000"

parts. available from Japan Epoxy Resins Co.Ltd.; epoxy equivalent=190 gleq;
melting point=105 C.

Phenol resin 1a=48 wt. parts: phenol aralkyl resin having a ﬁhenylene
skeleton "XLC-LL" available from Mitsui Chemicals, Inc.; hydroxy
equivalent=166 g/eq; softening point=79C.

Curing accelerator 1a=3 wt. parts: 1,8-diazabicyclo(5,4,0)undecene-7.

Inoxganic filler 1la=770 wt. parts.

Inorganic filler 8a=100 wt. parts.

Coupling agent 1a=3 parts: N-phenyl 7 -aminopropyltriethoxy silane.

Carbon black=3 wt. parts.

Carnauba wax=5 wt. parts.

(Evaluation)
(Spiral Flow)
The epoxy resin composition to be evaluated was injected into a mold
for a spiral flow measurement compatible with EMMI-1-66, through a low
pressure transfer molding machine ("KTS-15" available from KOHTAKI

Corporation), under such a condition that the mold temperature was 175C,
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Inorganic filler 8a=100 wt. parts. Coupling agent l1la=3 parts:

N- phenyl ? -am nopropyltriethoxy silane. Carbon black=3 w. parts.
Carnauba wax=5 wt. parts. (Evaluation) (Spiral Flow) The epoxy resin
conposition to be evaluated was injected into a nold for a spiral

fl ow measurenment conpatible with EMM -1-66, through a | ow pressure
transfer nol ding machine ("KTS-15" avail abl e from KOHTAKI

Corpor 2L 40GEeUEOLB,C AN 4 L0eAMShsLE RIS, KEIGRE AP ey

1750, 28 thé'i N pressure was Nant

120 seconds ?ﬁgﬁ—?% abherdh _&a%%g%é}é?%ggfﬁtéé@?giﬁ ﬁg'ﬁé{"euﬁ%?i 'fhé’fr%sri]%n

"cm' unit. esin conpgosition h™no | ess

100 cm was gyabyatied Bsidd e &8 ' éhg%eﬁala%éstgh%g J@%&%{g@&%goas ihe

flowability. (Gold wire sweep ere was no

Low Profi | er&igdoinbaditibaHakinP @08 floWaphlitgh @ PPF frame (pre-plated
frame) was used, the package size was 24nm by 24mm by 1.4mm the

chi p size wasGolOmpdywveepPm the gold wire thickness was 25 tt m
and the gold wire Iength was 3nm through a | ow pressure transfer

mol di ng machi ne (TK#ReFkds'maldatllabdop-LQOM (D80 pirt Nbw okl QA4 Fl4f Padk)
under such a condition that the nolding tenperature was 1759C, the
pressur e wapackaghRa whihke acBPF dgarhé (Rrevisiateli20amer aad isedhidenpctiege size
package was observed by nmeans of a soft X-ray transm ssion m croscope
(" PRO- TEST w86'24avaibyalreny by hiB8CRTEX €ap piveay 20 A )0mmdst Afmrhhthe gold
deformation of the gold wre was evaluated as a ratio of "flow
| engt h" t o Wijsltarickness was 25 11 m, and the gold wire length was 8mm, through a low
pressure transfer molding machine (*GP-ELF* available from Dai-ichi Seiko
Co., Litd.), under such a condition that the molding temperature was 175C,
the pressure was 9.3MPa, the curing time was 120 seconds. The molded
package was observed by means of a soft X-ray transmission microscope
(PRO-TEST 100" available from SOFTEX Corporation), so that the
deformation of the gold wire was evaluated as a ratio of "flow length" to "gold
wire length" (i.e. "flow length"/'gold wire length") with percent basis. The
epoxy resin composition having the deformation no more than 4 % was
evaluated as the composition suitable for semiconductor encapsulating use
with less gold wire sweep. |
(Solder Reflow Deformation)

There was molded a 160p-LQPF package in which a PPF frame was
used, the package size was 24mm by 24mm by 1.4mm, the chip size was
7.0mm by 7.0mm, through a low pressure transfer molding machine
("GP-ELF" available from Dai-ichi Seiko Co., Ltd.), under such a condition
that the molding temperature was 175C, the pressure was 8.3MPa, the

curing fime was 120 seconds. The molded package was subjected to the
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wire length" (i.e. "flowlength"/"gold wire length") with percent
basis. The epoxy resin conposition having the deformation no nore
than 4 % was evaluated as the conposition suitable for sem conductor
encapsul ating use with less gold wire sweep. (Sol der Reflow

Def ormati on) There was nol ded a 160p- LQPF package in which a PPF
frame was used, the package size was 24mm by 24mm by 1.4nm the chip

e ne. (/SRR Tt SR Bl T TGS e e
vae g anmn. Sibited Bt HmIREh PARIDRIAL Rl G 60AREDIEISNS
subj ect ed t%ﬁ&?dit%? afileg! ﬂ?@g%gigaegg %Ef%bﬁ%éecﬁt@fﬂglé w&éﬂ&? racklé Dor

t he after-baked package was umi yi1 ng process” for

120 hours atheBf, af OMRHC( RebAdw v Brachiid di8YAEXTIem, R;gﬁ m%cgﬁsrs? ¥Wafer
(% ?r ef [ ow

subjected to the IR reflow process for hours at 26(
machi ne " 18I3EXbtries’ wakahdeal! eSé}{}é%HﬁbE'éﬁ cradkdushiad @F M{%Sgb.'ﬁ%)a were

Separation and crack inside of the package were observed by neans of

an ul trasonicbsé&bl @5t a6ReNE o' Wkr=860R A tofdpk ('aBlRohE 20" atdil-dtMrom
Kenki FineTech Co., Ltd.). The nunber of the packages havi ng any

separ at i on ditadhd dkenld FindTueheCo.Aahy Thaaekdee st thhgackiages havirpamy
was zero, the epoxy resin conposition was eval uated as the

conposi t i on skpadahignar cyacddwas baerted afony Ilesickhgac e Whxa tipk esundsertwns
14a, Conparative Exanples la to 5a Epoxy resin conpositions were

obt ai ned al Aee: the eppy tesie composition Framnpiadudtad asxtbepbnifvattion having a
i ngredi ents of each conposition were varied as shown in Tables la to
3a. The obt &Peroepldevidlon resisdaness e eval uated in the sane

Examples 2a to 14a, Comparative Examples 1a to 5a

Epoxy resin compositions were obtained almost in the same way as
Example 1a, except that ingredients of each composition were varied as shown
in Tables la to 3a. The obtained compositions were evaluated in the same
way as Example 1a. The results were shown in Tables 1a to 3a.

Ingredients which were different from ingredients used in Example 1a
are shown below.

(Ingredients different from Example 1a)

Epoxy resin 2a: phenol aralkyl type epoxy resin having biphenylene
skeleton "NC3000P" available from NIPPON KAYAKU.CO.JP; softening
point=58T; epoxy equivalent=273.

Phenol resin 2a: phenol aralkyl resin having biphenylene skeleton
"MEH-7851S8" available from MEIWA PLASTIC INDUSTRIES, LTD;
softening point=107C; hydroxy equivalent=204.

Curing accelerator 2a: triphenyl phosphine-1,4-benzoquinone.
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way as Exanple la. The results were shown in Tables la to 3a.

I ngredients which were different fromingredients used in Exanple |a
are shown below. (lIngredients different from Exanple |a) Epoxy resin
2a: phenol aral kyl type epoxy resin having bi phenyl ene skeleton
"NC3000P" avail abl e from Nl PPON KAYAKU. CO. JP; softening point=58 C
epoxy equi val ent=273. Phenol resin 2a: phenol aral kyl resin having
bi phenyl ene skel eMpﬁh@’ageﬁsﬁéssp".aﬁz\ﬁ@dgr@ﬁj’leﬁém@Mﬁbﬂ\é PLASTI C

| NDUSTRI ES, LTD.; softening point=107C, hydroxy equival ent =204.
Curing accel erator 2a: triphenyl phosphine-1, 4-benzoqui none. 30
Coupling agent 2a: r -am nopropyltriethoxy silane. Table 1 a
Exanples la 2a 3a 4a 5a 6a 7a Epoxyabiesian 1 a 68 Epoxy resin2a 72

72 72 72 72 f2—Phenot—resta—ta—48Pherot—restRz2a—44—44—44444444
Curing accelleratorl a 3 Curing accelenator2a 3 3 Fxam@es3 | norganic
fillerl a 770 770 870 770 Inorganic fit+er2a—HMO ret-gar-e—H--er3a
770 Inorgamic fillerda 770 la | 2a | 3 4a | Ba | ba | 7a
Epoxy resinla 68
Epoxy resin2a 72 72 72 72 72 72
Phenol resin1a 48
Phenol resin2a 44 44 a4 44 44 44
Curing acceleratorla 3
Curing accelerator2a 3 3 3 3 3 3
Inorganic filler1a 710 776 | 870 770
Inorganic filler2a 770
Inorganic filler3a 770
Inorganic fillerda 770
Inorganic filler8a 100§ 100 100 ] 100| 100{ 1Q0
Coupling agent1a 3 3 3 3 3 3 3
Carbon black 3 3 3 3 3 3 3
Carnauba wax 5 5 5 5 5 5 5
Spiral flow(em) 172 | 103 | 102 | 121 | 1156 | 128 | 104
Gold wire sweep (%4) 2 4 4 3 4 9 4
Solder reflow resistance
0 0 0 0 0 0 0
(Defect lot in ten lots)
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Inorganic filler8a 100 100 100 100 100 100 Coupling agentla 3 3 3 3
3 33 Carbon black 3 3 3 3 333 Carnauba wax 5555555 Spiral
flow(cn) 172 103 102 121 115 128 104 Cold wire sweep (%9 2 4 4 3 4 2
4 Solder reflowresistance 0 0 0 0 O 0O O (Defect lot in ten |lots)
31 Table 2a Exanples 8a 9a 10a l1lla 12a 13a 14a Epoxy resin2a 72 72
72 41 90 116 72 Phenol resin2a 44 44 44 25 56 70 44
Curingaccelerator2a 3 3 3 3 33 3 1Inorganic fillerl a 770 820 740
700 450 |Inorganic filler5a 770 Inorganic filler6a 770 | norganic
filler7a 320 |Inorganic filler8a 100T3p0 2100 100 100 100 100

Coup| i ng ag i gent.2a-3-Car bon hlack 3 3 3

3333 Cafnauba wax 5555555 Spiral flow (CAampkd 115 108 106
131 155 109

8a | Ba [ 10a | 11a | 12a { 13a | 14a
Epoxy resinZa 724 72| 72| 4141 90 116| 72
Phenol resinZa 44| 44| 44 25| 56| 701 44
Curing accelerator2a 3 3 3 3 3 3 3
Inorganic filler1a 770 | 820 | 740 | 700 | 450
Inorganic fillerSa 770
Inorganic fillerGa 770
Inorganic filler7a 320
Inorganic filler8a 100 | 100 100§ 100 | 100 | 100 | 100
Coupling agentla 3 3 3 3 3 3
Coupling agent2a 3
Carbon black 3 3 3 3 3 3 3
Carnauba wax ] 5 5 5 5 5 5
Spiral flow(om) 117 | 115 | 108 | 106 | 131 | 155 | 109
Gold wire sweep (%) 3 3 | 4 3 2 1 3
Solder reflow resistance

0 0 0 0 0 0 0
{Defect lot in ten lots)
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Gold wire sweep (%9 3 343213 Solder reflowresistance 0 0 0 00
O O (Defect lot inten lots) 32 Table 3a Conparative Exanples |la 2a
3a 4a 5a Epoxy resin2a 72 72 23 72 72 Phenol resin2a 44 44 13 44 44
Curing accelerator2a 3 3 3 3 3 Inorganic filler7a 870 950 770 770
Inorganic filler8a 100 100 Inorganic filler9a 870 Coupling agentl a
3 3 33 Coupling agent2a 3 Carbon black 3 3 3 3 3 Carnauba wax 5 5
555 Spiral flow(cn) 16 68 7 86 81 GCold wire sweep (% Failure 9
Failure 7 8 Solder reflow resistance Failure 10 Failure 10 6

(Defect lot in.ten lots) (Result ofrjfyagpation for Resin Conposition

of First Enbodinent)..As apparent fromTables |la to 3a,  the epo
resin conposgitions in Exanples accqrding t@on‘iﬂé?aﬁ@é%ﬁi[}ltesi nvent ijon
exhi bited the good val ues of
‘ 1a Z2a da 4a 5a
Epoxy resin2a 72 72 23 72 72
Phencl resin2a 44 44 13 44 44
Curing accelerator2a 3 3 3 3 3
Inorganic filler7a 8710 950G 770 770
Inorganic filler8a 100 100
Inorganic filler@a 870
Coupling agentla 3 3 3 3
GCoupling agent2a 3
Carbon black 3 3 3 3 3
Carnauba wax 5 5 5 5 5
Spiral flow(em) 16 68 7 86 81
Gold wire sweep (%) Failure 8 Failure 7 8
Sclder reflow resistance
Failure 10 Failure 10 6
(Defect lot in ten lots)

(Result of Evaluation for Resin Composition of First Embodiment)

As apparent from Tables 1a to 3a, the epoxy resin compositions in
Examples according to the present invention exhibited the good values of
spiral flow test which are indicators of the flowability, and exhibited the low
values of the gold wire sweep test which are indicators of the flowability or the

indicators of molding defect which may cause an electric failure of the package.
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spiral flow test which are indicators of the flowability, and
exhibited the low values of the gold wire sweep test which are
indicators of the flowability or the indicators of nolding defect
whi ch nmay cause an electric failure of the package. 33 Furthernore,
no defect package was found anong the sanples, which neans that the
sol der reflow resistance is good. On the other hand, the epoxy resin

COMPoST L1 o0y S 34 e, BASTRAS CANLE 0L % 00 SRASEL il

silica whosée extract has p ess no' nor an

5 exhi bi t ed ¢}, herneal s @?a&@e&i@h&:k?&é"g&oﬂst | ower than that of

Exanpl es by one or two gures. epoxy resin conpositions in

Conpar ative Exanppesthd o@ék Band! %?E%V W £ EHﬁﬁQ?iﬁPgsv H?fgé\:&%? Itive

refl ow resi stance could not be eval ua because o ty.

As for the FRpeled 654 HRIGAIRRSITHRRA] hlkeBURA! FHb¥E cBI2IPhES 2 3 vARe
and 5a, the evaluated values of the gold wire sweep test were out of

the al | owabhe léarilian 3 @@ hlore tharf exhibytefthe 3ARIQf Bpida Rd v 6dst lower
whi ch neans the | ow sol der reflow resistance. (Exanples of Second

Enbodi ment ) tHéae thatwfdExaintples bl ens of Byo Ggates. N AforBh&Sy @BHh compositions
Conpar ati ve Exanples according to the second enbodi nent are listed
bel ow. A coin diumpatiivecExdmphesi lunandi 8kg the goldi Wireasvwedd end athei solder
eutectic mxture of silicon dioxide and titanium di oxi de was

det er mi ned bsflaveassisiamge caukiohoit be evaluated drephescdofsoot Rewability. As for
hydrofluoric acid with a high frequency plasma spectroneter

(" | CPS- 1000tha/epexparesim | cortnositiosssi iradempam s Bxamyples 2andsa tamdnba, the
cal cul ating the neasyred | ue.. (List of Inorganic Filler) I|norganic
filTer 1b: Vet Yaups o theesdd v8re Prerp tRSSHAIE ok the allpwable Tange,

and all or majority of samples had defects, which means the low solder reflow
resistance.
(Examples of Second Embodiment)

The morganic fillers (D) used in Examples and Comparative Examples
according to the second embodiment are listed below.

A content ratio of titanium oxide in a silica filler or In a eutectic
mixture of silicon dioxide and titanium dioxide was determined by measuring
a solution of a sample dissolved in hydrofluoric acid with a high frequency
plasma spectrometer ("ICPS-1000 IV" available from Shimadzu Corporation),
and then calculating the measured value.

(List of Inorganic Filler)

Inorganie filler 1b: a eutectic mixture of silicon dioxide and titanium
oxide which is a spherical inorganic filler obtained by adding titanium oxide
powder- to silica material and then thermofusing them; average particle
size=30.4 & m; specific surface=1.6 m?/g; Si0:=99 wt. %; titanium oxide=1

wt. %.
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oxi de which is a spherical inorganic filler obtained by adding
titani um oxide powder to silica material and then thernofusing them
average particle size=30.4 u m specific surface=l.6 nRlg; Si O2=99
w. % titaniumoxide--1 wt. % 34 Inorganic filler 2b: a eutectic
m xture of silicon dioxide and titanium oxide which is a spheri cal
inorganic filler obtained by adding titanium oxide powder to silica

t i al dth th f i th t.i.cl . Si =26.2 .
s e
nor ganl c | . X u N . Xt U 1L | | . .

L naat s o whid b € ShEE st e Sheife e it by oxide
ddi tit i  de.. . 40 t ial. th ]
?rg/elr Prgfs _ulsoiz ﬁ@%@&%xfjag%e%%gﬁfaﬁé%fe?g ’c;e?’z gﬁ%%?éfﬁﬁm%gggﬁf %:sllff{ggraaae@%@s

- Si z= M i = o i i Ah:
eut gcti cm %? %%ebiﬁlsﬁlsﬁg%ﬂg%@%c Er‘gnﬁlzg tségr??ﬁr}r’éq%@gi}éeﬁt |1% ?%lég—%a

spherical ingreanic filler obtained by adding titanium oxide powder
to silica material and then thernofusing them average particle

si ze=26. 4m speci iﬁ&rgaﬂcfﬁ?é_;%zgar B%{)e_gﬁ% i o ¥iticol) d%ois;fd%”éﬁmﬁanium

oxide=75 wt. % lInorganic fi eutectic mxture of silicon

di oxi de and gddeithith is QX kteeridill Ghorgink SIMICSHtER edl WYP HAERE tifahnlid A oxide
obt ai ned by adding titanium oxide powder to silicda material and then

t her mof usi n@otien toaxiticagdMaperill ghe thbnZ eici8actibingPHeh] ﬁvéﬂé?éaﬁeﬁf@lel

n2/g; SiR=10 wt. % titaniumoxide=90 wt. % Inorganic filler 6b: a

eut ecti c m xizer86.4dfi mi Isbecific diuafbcde2. 8nel?/| SaDi=H0 wt. %; titanium oxide=50
wt. %.

Inorganic filler 4b: a eutectic mixture of silicon dioxide and titanium
oxide which is a spherical inorganic filler obtained by adding titanium oxide
powder to silica material and then thermofusing them; average particle
size=26.4 1 m; specific surface=2.8 m%g; Si0=25 wt, %; titanium oxide=75
wi. %.

Inorganie filler 5b: a eutectic mixture of silicon dioxide and titanium
oxide which is a spherical inorganic filler obtained by adding titanium oxide
powder to silica material and then thermofusing them; average particle
s1ze=26.2 1L m; specific surface=3.1 m?%yg; Si0:=10 wt. %; titanium oxide=90
wt. %.

Inorganic filler 6b: a eutectic mixture of silicon dioxide and titanium
oxide which is a spherical inorganic filler obtained by mixing metallic silicon
with metallic titanium, and then reacting them with oxygen; average particle
size=1.6 it m; specific surface=4.6 m?g; Si02=99.0 wt. %; titanium oxide=1.0
wt. %.

Inorganic filler 7b: a -eutectic mixture of silicon dioxide and titanium
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oxi de which is a spherical inorganic filler obtained by m xing
metallic silicon with netallic titanium and then reacting themwth
oxygen; average particle size=1.6 m specific surface=4.6 nt/g;
SiR2=99.0 wt. % titaniumoxide=1.0 wW. % Inorganic filler 7b: a
eutectic mxture of silicon dioxide and titanium 35 oxide which is a
spherical inorganic filler obtained by mxing netallic silicon wth

11 i i . ot it h Y . C
particle oMb 4 SR He Rl MR BRI B S Ao sigon
titani i.de= . W | i id | - 1] i .
of o111 con dr i Faeillictitanite BOAGH fedcbins Bhefitiish GEEE difbrdbdlifle.

fi11er obtalnadoby, i shedfiiRhAbbids 2 I EBI028 D Webaldiabil Bl 0
and then reacting themiwth oxygen; average particle’ size=2. .t m
specific surfpge=6.8 n/g; Si02=50.0 wt. % titaniumoxide =50.0 w.

% Inorganic filler 9b: a spherical fused silica; average particle

size=28.8 ,u m BnehhicHili $inGeahtebtifidiure 2TRInIdivkideBnd %ﬁﬁﬂfhxﬁm

oxide =0.00 wt. % Inorganic filler 10b: a spherical fused silica
whi ch i s anoidilerwhithGsfd sdleficabidirp@sic TillereRedihag ihi eneéthllicGelfbon
w th oxygen; average particle size=l.5 g m specitic surface=4.2
m2/ g; Si 2=98tiD mwtallfotitanivan] aimd exdrdteaslin@Ghwdn. with oxlyget;gaRidgel pdrticle
11b: a crushed silica; average particle size=30.5 u m specific

sur f ace=| . 8size#8.7 Lomd) padfi®swface®p. & m2ian Bile=30itet=-%; ttanitun 8ide =50.0
Example I'b The follow ng ingredients were m xed by neans of a hot
roll for 8 % Hutes at 95 C. Then, the mi xture was cool ed and then

crushed, so that _the epoxy resin conposition _was obtained. The
obt ai ned epoxy reldjogganic filler 9b: a spherical fused silica; average particle size=28.8

4 m; specific surface=1.5 m2/g; 8i02=99.9 wt. %; titanium oxide =0.00 wt. %.
Inorganic filler 10b: a spherical fused silica which is an inorganic filler
obtained by reacting metallic silicon with oxygen; average particle size=1.54
m; specific surface=4.2 m2/g; 510:=99.9 wt. %: titanium oxide =0.00 wt. %.
Inorganic filler 11b: a crushed silica; average particle size=30.5 1 m;
specific surface=1.8 m2/g; 3i05=99.9 wt. %; titanium oxide =0.00 wt. %.
Example 1b
The following ingredients were mixed by means of a hot roll for 8
minutes at 95 C. Then, the mixture was cooled and then crushed, so that
the epoxy resin composition was obtained. The obtained epoxy resin
composition was evaluated in the same way as Example 1la. The result of
evaluation is shown in Table 1b.
(Ingredients)
Epoxy resin 1b=68 wt. parts: biphenyl type epoxy resin "YX-4000"
available from Japan Epoxy Resins Co., Ltd.; epoxy equivalent=190 gleq;

melting point=105 .
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conposition was evaluated in the sane way as Exanple la. The result
of evaluation is shown in Table I'b. (Ingredients) Epoxy resin |b=68
wt. parts: biphenyl type epoxy resin "YX-4000" available from Japan
Epoxy Resins Co., Ltd.; epoxy equival ent=190 g/eq; nelting point=105
C. 36 Phenol resin 1b=48 wt. parts: phenol aral kyl resin having a
phenyl ene skeleton "XLC- LL" available fromMtsui Chem cals, Inc.

hydroxy equi val ePheAéioregireTli=480kt. @arRIpROL T 0dy] réaih hﬁﬁm%%ﬁ‘léfy@éﬂér
| b=3 wt. parts: 1, 8-diazabicycl o(5, 4, 0)undecene- Inorganic filler

1b=770 Wt . pheleson | HEL.GeDLt fidilshle 1@hred 0Mbui p@htamzcatr@umnbng 13g ey
1b=3 parts: Y -glycidoxypropyltrinethoxy silane. Car bon bl ack=3 wt .
parts. Carnagbivalent=565k/eqpaofteningwenp+=88C2b to 17b and Conparative
Exanples | b to 5b Epoxy resin conmpositions were obtained alnost in
the same way as Ewaimglaecdbratex tbpt wihpdrtsnigseihmbicychb(5,¢8pmdecene-7.
conposition were varied as shown in Tables Ib to 3b. The obtai ned
conposi tions wer elevaruistdlerilb=Vhewiapartsway as Exanple 1b. The
results were shown in Tables |Ib to 3b. Ingredients which were

di fferent from i nblcegeatBlendOb=100 Whamgst® | b are shown bel ow
(I'ngredients diff from Exarrpl e I b) Epoxy resin 2b:_ phenol

aral kyl type epox@mﬂgﬁ%agﬁi’&l maﬁ%ﬁyg]@ﬁléoxgk@mt@me’ch@gomﬁm

avai l able from NI aPr(ggnl%A %{Klﬁ S’?ﬁjalzés sof t eni ng

Carnauba wax=5 wt. parts.

Examples 2b to 17b and Comparative Examples 1b to 5b

Epoxy resin compositions were obtained almost in the same way as
Example 1b, except that ingredients of each composition were varied as shown
in Tables 1b to 3b. The obtained compositions were evaluated in the same
way as Example 1b. The results were shown in Tables 1b to 3b.

Ingredients which were different from ingredients used in Example 1b
are shown below.

(Ingredients different from Example 1b)

Epoxy resin 2b: phenol aralkyl type epoxy resin having biphenylene
skeleton "NC3000P" available flfom NIPPON KAYAKU.CO.JP; softening
point=58'C; epoxy equivalent=273.

Phenol resin 2b: phenol aralkyl resin having biphenylene skeleton
"MEH-785155" available from MEIWA PLASTIC INDUSTRIES, LTD;
softening point=107T; hydroxy equivalent=204).

Curing accelerator 2b: triphenyl phosphine-1,4-benzoquinone.

Coupling agent 2b: N-phenyl 7 -aminopropyliriethoxy silane.

Coupling agent 3b: 7 -mercaptopropyltrimethoxy silane.
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poi nt =58C; epoxy equi val ent =273. Phenol resin 2b: phenol aral kyl
resin having bi phenyl ene skel eton "MEH 7851SS" avail able from MEl WA
PLASTI C I NDUSTRI ES, LTD.; softening point=1071; hydroxy

equi val ent =204) . Curing accel erator 2b: tri phenyl

phosphi ne-1, 4- benzoqui none. Coupling agent 2b: N-phenyl Y

-am nopropyl triethoxy silane. Coupling agent 3b: r

-mercaptopropyl trinmethoxy silane. 37 Table I b Exanples 11) 2b 3b 4h
5b 6b 7b 8b 9b Epoxy resin 1b 68 Epoxy resin 2b 72 72 72 72 72 72 72
72 Phenol resin 1 b 48 Phenol resigdég g4 44 44 44 44 44 44 44
Curing 3 Accelerator 1b Quring 3 3 3°3 33 Accelerator 2b

I norgan|c filler I bl770 770 870 770 770 770 norganic filler 2b 770
Inorganjc filler 3b; 770 lngrganic filler APF70 [ norganic filler 10(

100 100} 100 100 100} 1QQ 100, 1pb.Coypl jng|agent} | b 3 3.8 S 38b3 3 9

Epoxy resin 1b 68
Epoxy resin 2b 12 72 72 72 72 72 72 72
Phenol resin  1b 48
Phenol resin 2b 44 44 44 44 44 44 44 44
Curing 3
Accelerator 1b

Curing
Accelerator 2b 3 3 8 3 3 3 3 3

Inorganic filler 1b 770 770 870 770 770 770
Inorganic filler 2b 770
Inorganic filler 3b 170
Inorganic filler 4b 770

Inorganic  fil
e T 100 | 100 100 | 100 | 100 | 100 | 100 | 100

Coupling agent 1b 3 3 3 3 3 3 3
Coupling agent 2b

Coupling agent 3b
Carbon black 3 3 3 3 3 3 3 3 3
Carnauba wax 5 5 5 5 5 5 5 5 5
Spiral flow {cm) 181 131 108 127 123 121 107 135 133
Goid wire sweep
(%)

Bolder reflow

resistance
(Defect lot in ten 0 o | 0 0 0 0 0 0 0

lots)
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gent 3b 3 Carbon black 3 3 3 33 33

Coupling agent 2b 3 Coupling a
555 Spiral flow (cm 181 131 108 127
0

pl1ng
3 3 Carnauba wax 5 5555 5
123 121 107 135 133 Cold wire sweep 2 343 33422 (% Solder
reflow resistance 0 0 0 0 00 O O (Defect lot in ten lots) 38
Tabl e 2b Exanples 10b 11b 12b 13b 14b 15b 16b 17b Epoxyresin2b 41
90 116 72 72 72 72 72 Phenol resin2b 25 56 70 44 44 44 44 44 Curing
Accelerator2b 3 3 3 3 3 3 3 3 1lnorganic fillerl b 820 740 700 370
770 Inorganic filler6b 100 Inorganic filler7b 100 100 Inorganic
filler8b 100 Inorganic filler9b 400 770 770 770 1Inorganic fillerl
Gb 100 100 100 100 Coupling agentlb 3 3 3 3 3 3 3 3 Carbon black 3 3
333333 Table 2b

Examples

10b | 11b { 12b | 13b | 14b | 15b | 16b | 17b

Epoxy resin2b 41 90| 116 72 72 72 72 72
Phenol resin2b 25| 56| 70| 44| 44| 44| a4 44
Guring Accelerator2b s| 3| 3| 3| s 3 3| 3
Inorganic filler1b 820y 740 7003 370 770
Inorganic filler6b 100

Inorganic filler7b 100 100
Inorganic filler8b 100
Inorganic filler8b 400| 770 770 770
Inorganic filer10b 100 100( 100 100

Goupling agent1b 3 3 3 3 3 3 3 3
Carbon black 3 3 3 3 3 3 3 3
Carnauba wax 5 5 5 5 5 5 5 §
Spirat flow(em} - 104 | 138 | 155 | 122 § 116 | 116 | 112 | 126
Gold wire sweep (%) 4 2 1 3 4 3 4 2

Solder reflow resistance

(Defact lot in ten lots)
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Carnauba wax 55 55 5555 Spir aI Iow( cm) 104 138 155 122 115 116
112 126 Cold wire sweep ( 2134342 Solder reflow
resistance 0 0 0 0 0O 0 0O 0O (Defect lot inten lots) 39 Table 3b
Conpar ative Exanples I'b 2b 3b 4b 5b Epoxy resin2b 72 72 72 72 72
Phenol resin2b 44 44 44 44 44 Curi nq Accel erator2b 3 3 3 3 3

Bis,

Inorganic filler9b 870 770 770 770 ®dganic filler? Cb 100 100 100

Inorganic fiillerl 1 b 8/0 Couplingjagentl b 3 3 3 Coupl I ng agent2b 3
Coupl i ng agent3b 3 Carbon black 3 3 3 3 3 C@@Hﬁ%&%&?@ 55 5 5
Spiral flomcm 26 81 111 113 108 [Go]d wr%s (P9 Faijflure 4 4
4 Sol der feflow resistance Failure 3'%2 2 (Def3 ct| 188 ijn t®n | ot s)

Epoxy resin2b 712 72 72 72 72

Pherol resin2b 44 44 44 a4 44

Curing Accelerator2b 3 3 3 3 3

Inorganic filler@b 870 770 770 70

Inorganic filler10b 100 100 100

Inorganic filler11b 870

Coupling agentb 3 3 3

Coupling agentZb 3

Coupling agent3b 3

Carbon black 3 3 3 3 3

Carnauba wax 5 5 5 B 5

Spiral flow{em) 26 81 111 113 108

Gold wire sweep (%6) Faiture 7 4 4 4

Solder reflow resistance

Failure 3 2 2 3
{Defect lot in ten lots)

(Result of Evaluation for Resin Composition of Second Embodiment)
As apparent from Tables 1b to 3b, the epoxy resin compositions in
Examples according to the present invention exhibited the good values of
spiral flow test which are indicators of the flowability, and exhibited the low

values of the gold wire sweep test which are indicators of the flowability or the
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(Result of Evaluation for Resin Conposition of Second Enbodi nent) As
apparent from Tables | b to 3b, the epoxy resin conpositions in
Exanpl es according to the present invention exhibited the good val ues
of spiral flowtest which are indicators of the flowability, and
exhibited the low values of the gold wire sweep test which are
indicators of the flowability or the 40 indicators of nolding defect

ot o bk BB PR R WS Boo B S LAY LR et
oo ond PHEBITHATSS el Bt Bttt s e it SE
eutectic m )&13{ ]?n%?%ol&éxj ﬂe‘ﬂ?@r r%%’los)éél%d‘%&%%g%datl E)?nl um oxi de exhibited the

val ues of spira OW t'est "|'ower Exanpl es by one

LU 10 (SDBRY GO SURISEL okl SOIP ALY Bon AL Sl

the gold wire sweep and the so resi s

eval uat ed, %E%g?%@s o, 08 ofy! %ﬁgjﬂtx%%%m 3&%::89%?%1;&12%9 E{‘ ﬁfgﬁ%| !g:!rihg'éﬂd”

Conparative l'e 2b exhibite Wor se resu

f . . T .
reflow resigLangh J:idd cSRDILd! 8% DakQRUNASIHitA Sov %eﬁg@rggxaméﬁf

the epoxy resin conpositions in Conparative Exanples

al t hough t h@xeaples B ond Meus r AL Hhi Cé\ﬂ!lofrﬁ%siﬁngoﬂnﬁ@siﬁi&ﬁ YBSCOphRRive

gold wire sweep test were within the allowable ranges, the eval uated

val ues of tmxasallddb, fiaf dddwiessweé tiesdold el o@iesidgtaridd@ould not be
al | owabl e range. (Exanples of Third Enbodi ment) The inorganic fillers

(D) used i neExlanpdd shentis€Cosfpdovat floealikianpl Ehe acuxgr dédig tanpdttiddiind
enbodi ment are listed below. A content ratio of alumna (AlI2Q3) in a
silica fill Gomparativa Bxaneplei 8b exhibited thé worse amsulli ofk tlde spidieOXpflawd
alum na (A1203) was determ ned by )
resistance than epoxy resin compositions in Examples. As for the epoxy resin
compositions in Comparative Examples 8b, 4b and 5b, although the values of
the spiral flow test and the values of the gold wire sweep test were within the
allowable ranges, the evaluated values of the solder reflow resistance test
were out of the allowable range.
(Examples of Third Embodiment)

The inorganic fillers (D) used in Examples and Comparative Examples
according to the third embodiment are listed below.

A content ratio of alumina (A1303) in a silica filler or in a eutectic
mixture of silicon dioxide (810 and alumina (AlsO3) was determined by
measuring a solution of a sample dissolved in hydrofluoric acid with a high
frequency plasma spectrometer ("ICPS-1000 IV" available from Shimadzu
Corporation), and then calculating the measured value.

(List of Inorganic Filler)

Inorganie filler le: a eutectic mixture of silicon dioxide and alumina

which 1s a spherical inorganic filler obtained by adding alumina powder to
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measuring a solution of a sanple dissolved in hydrofluoric acid with
a high frequency plasma spectroneter ("I1CPS-1000 |IV' avail able from
Shi madzu Corporation), and then cal culating the neasured val ue.
(List of Inorganic Filler) Inorganic filler 1c: a eutectic m xture of
silicon dioxide and alumna which is a spherical inorganic filler
obt ai ned by addi ng al um na pomder to 41 silica material and then

B
2e =, o b P b SRR PR B 1 |5

HEY Bitiet e i e S b
% ror 9o i 4 e RaP s Mot WSl LB S GNACH P

al ui Mma powdgfeqtBatetidli aﬁﬂi E@érpm&m%ﬁgingnﬁ@mt %%g&_ﬁzeugéﬂ d 8882262 4 m;

average particle size=26 specifrc suffac Si'd?=82"

WL % AlZngé&zd\éurf%eﬂl@ﬁﬂ%“BR} S5l BE. B A1,0,-84E8051 ¢ m Xt ure of
silicon dioxide and alumna Wwhich is a spherical inorganic filler

obt ai ned by m Xi Meho¥RAmike!fillers3d: iaCAitellid ixfbalf! dikconl SiakiNeramndldnian
reacting themw th oxygen; average particle size=0.6,u m specific
surface=6. 6wiidlgis &i §RrePBaDimdrgatife MlCShtaindd W adbling Qﬁﬂiﬂl@ﬁl ﬁovﬁddﬂt@r
5c: a spherical fused silica; average particle size=28.8

speci fi ¢ susilizg embteFialRing tlﬁufﬂ:@&o@umhg thernt moegagei particld azeﬂﬁ 4 @am;
spherical silica which is a spherical inorganic filler obtained by
reacting nesedcificswificessrd nlighStarg8nwt. S edzde18avt Pel e  si ze--0.6, u

m speC|f| c surface=6.2 nR/g; Si02=99.9 wt. %
Inorganic filler 4c: a eutectic mixture of silicon dioxide and alumina

which is a spherical inorganic filler obtained by mixing metallic silicon with
metallic aluminum and then reacting them with oxygen; average particle
size=0.6 1 m; specific surface=6.6 m2/g; Si0:=99.0 wt. %; Al203 =1.0 wt. %.

Imorganic filler 5c: a spherical fused silica; average particle size=28.8
L m; specific surface=1.5 m?/g; S102=99.9 wt. %.

Inorganic filler 6¢: a spherical silica which is a spherical inorganic
filler obtained by reacting metallic silicon with oxygen; average particle
size=0.6 1 m; specific surface=6.2 m?/g; Si0:=99.9 wt. %.

Inorganic filler 7c: a crushed silica; average particle size=30.51 m;
specific surface=1.8 m2/g; Si0s=99.9 wt. %.

Example 1c

The following ingredients were mixed by means of a hot roll for 8
minutes at 95 C. Then, the mixture was cooled and then crushed, so that
the epoxy resin composition was obtained. The obtained epoxy resin

composition was evaluated in the same way as Example 1a. The result of
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Inorganic filler 7c: a crushed silica; average particle size=30.5 it
m specific surface=l.8 n2/g; Si2=99.9 wt. % Exanple 1c The
follow ng ingredients were m xed by neans of a hot roll for 8

m nutes at 95 'C. Then, the m xture was cool ed and then crushed, so
that the epoxy resin conposition was obtai ned. The obtai ned epoxy
resin conposition was evaluated in the sanme way as Exanple la. The
result of 42 luati-on i in Table 1c. (Ingredients) Epoxy
resin 1c=68%\ PX§8965?‘§F%%é§€ﬁﬂQ¥be epoxy resin "YX-4000" avail able

from Japan Ep@ﬁ%‘?ﬁ%ﬂ s Co., Ltd.; epoxy equival ent=190 g/ eq;
mel ting point= . Phenol resin 1c=48 w. parts: phenol aral kyl

i h i T t " - '3 i 4 1y i n
Chont car o Ine. P ERHs Resin SRR 8, pairke bipheRYP LYkt P rUka00
Curing accel,gs; =3 : 8= g hC : d
I nolr ggni c f%ﬁ%m%cfi%oﬂvéén %0%(23%%%? ;tgs%z%l? 1 ?/e;bé?}(' 7%(?:1‘%&\{/{% ?QG[;}??%.

Coupl i ng agﬁ-{glﬁﬂmgﬁgjlﬁa1@§?c] - gl yci doxypropyl tri met hoxy sil ane.
Car bon bl ack=3 . parts. Carnauba wax=5 wt. parts. Exanples 2c to

14c and Conpar at i MigerfoX 288h 68~48 witOpHes: N1 ARTkA 1CeIPRS/hE AFheWolcBe
obtained al nost in the sane way as Exanple 1c, except that
i ngr edi ent sgledletdac h"XJaPPdL tavnlably efroad | BUitad Clowmicalsh Tad eByd@wxi0
3c. The obtai ned conpositions were evaluated in the sane
equivalent=165 g/eq; softening point=797C.
Curing accelerator 1¢=3 wt. parts: 1,8-diazabicyclo(5,4,0)undecene-7.
Inorganic filler 1¢=770 wt. parts.
Inorganic filler 7¢=100 wt. parts.
Coupling agent 1¢=3 parts: 7 -glycidoxypropyltrimethoxy silane.
Carbon black=3 wt. parts.
Carnauba wax=5 wt. parts.
Examples 2¢ to 14¢c and Comparative Examples 1¢ to 5¢
Bpoxy resin compositions were obtained almost in the same way as
Example lc, except that ingredients of each composition were varied as shown
in Tables 1c to 3c. The obtained compositions were evaluated in the same
way as Example le. The results were shown in Tables lc to 3ec.
Ingredients which were different from ingredients used in Example le
are shown below.
(Ingredients different from Example 1¢)
Epoxy resin 2¢: phenol aralkyl type epoxy resin having biphenylene
skeleton "NC3000P" available from NIPPON KAYAKU.CO.JP; softening
point=58C; epoxy equivalent=273.

Phenol resin 2¢: phenol aralkyl resin having biphenylene skeleton
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way as Exanmple |c. The results were shown in Tables Ic to 3c.

I ngredients which were different fromingredients used in Exanple |Ic
are shown below. (Ingredients different from Exanple |c) Epoxy resin
2c: phenol aral kyl type epoxy resin having bi phenyl ene skel eton
"NC3000P" avail able from Nl PPON KAYAKU. CO. JP; softening point=58C,
epoxy equi val ent =273. Phenol resin 2c: phenol aral kyl resin having

bi phenyl ene skel eton 43 "MEH 7851SS" available from MEIWA PLASTI C

| NDUSTRI ES, "VH#31-7854 881 eﬁvfﬁbﬁb&@l frpmldwi@mome&@mauiwmm LTD,;
Curing accel erator 2¢: triph phosphi ne- 1, 4- benzoqui none.

Coupl i ng agé ewm%héw% ;Ydé?ﬁyn%%l 911?73 ét hoxy silane. Coupling

agent 3c: 7 nerc toprop tri thox ne. 44 Tahle 1 ¢ Exanpl es

1c 2c 3c 4c 5¢ 6c Eﬁ&éﬁrﬁf ek £ hingsl.4dienzequipone 7o 72
72 Phenol resinl Phen |n2c 44 44 44 44 44 44 ring

accel eratorl ¢ 3 E?JVP ?’gl?@r&s]&}?%lg "3MA0PIGP tn‘f"%?‘}jﬁﬁ‘] f| | lerl

¢ 770 770 870 770031zglmg| Qé)err& cI CT fnlmlaxlcgﬁtzopropy(itnmethoxy silane.
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Inorganic filler3c 770 Inorganic flller7c 100 100 100 100 100 100
Coupling agentl ¢ 3 3 3 3 3 3 Coupling agent2c 3 Carbon black 3 3 3
3333 Carnauba wax 5555555 Spiral flow(cm 187 102 103 121
116 113 131 GCold wire sweep (%9 2 4 4 3 3 4 2 Solder reflow
resistance 0 0 0 0 0 0 O (Defect lot in ten lots) 45 Table 2c
Examples 8c 9c 10c 11c 12c 13c 14c Epoxy resin2c 72 41 90 116 72 72
72 Phenol resin2c 44 25 56 70 44 44 44 Curing accelerator2c 3 3 3 3
333 Inorganic fillerl ¢ 770 820 740 700 370 770 |Inorganic
fillerdc 100 100 Inorganic filler5c 400 770 Inorganic filler7c 100
100 100 100 100 Coupling agent! ¢ 3 3188 ¥ 3 Coupling agent3c 3

Carbon black 3 3 3 3 3 33 Carnaubdg WaX 5 5 5 5 5 5 5
Examples

1o 2c dc 4c 5c 6c To
Epoxy resintc 68
Epoxy resinZc 72 72 72 72 72 72
Phenol resinlc 48
Phenol resin2¢ 44 44 44 44 44 44
Curing acceleratorlc 3
Curing accelerator2c 3 3 3 3 3 3
Inorganic filler1c 770 770 870 770 770
Inorganic filler2e 770
Inorganic filler3c 770
Inorganic filler7c 100 100 100 100 100 100
Coupling agent1c ' 3 3 3 3 3 3
Goupling agent2c¢ 3
Carbon black 3 3 3 3 3 3 3
Carnauba wax 5 5 5 5 5 5 5
Spiral flow{cm) 187 | 102 | 103 121 116 | 113 1§ 13t
Gold wire sweep (96) 2 4 4 3 3 4 2
Solder reflow resistance

0 1] 0 0 0 0 0
(Defect lot in ten lots)
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Spiral flow (cnm 128 102 103 138 112 108 126 Cold wire sweep(% 3 4
21342 Solder reflowresistance 0 0 0 0 0 0 0O (Defect lot in ten
| ots) 46 Table 3c Conparative Exanples 10 2c 3c 4c Sc Epoxy resin2c
72 72 72 72 72 Phenol resin2c 44 44 44 44 44 Curing accel erator2c 3
3333 1Inorganic filler5c 870 770 770 770 Inorganic filler6c 100
100 100 Inorganic filler7c 870 Coupling agentl ¢ 3 3 3 Coupling
agent 2c 3 Coupling agent3c 3 Carbon black 3 3 3 3 3 Carnauba wax 5 5
555 Spiral flowmcm 21 71 105 101 76 GCold wire sweep (% Failure
8 446 Solder reflowresistance Failyre 10 10 6 :7] (Defect lot in
ten lots) (Result of Evaluation for ﬁE@Pnzﬁbnposition of Third

Enbodi nent)
Examples

8¢ [ 9% | 10c | 11 | 12¢ | 13c | 14c
Epoxy resinZc 72 41 90| 116 72 72 72
Phenol resin2c 441 25| 56 70 441 44) 44
Curing accelerator2c¢ 3 3 3 3 3 3 3
Incrganic filleric 770 Bz20: 740 700 | 370 770
Inorganic fillerde 100 100
inorganic fillerBeo 400 770
Inorganic filler7c 100 1007 00| 100 100
Coupling agentTc 3 3 3 3 3 3
Coupling agent3c 3
Carbon black 3 3 3 3 3 3 3
Carnauba wax 5 5 5 5 5 5 5
Spiral low{cm) 128 | 102 | 103 | 138 § 112 | 108 | 126
Gold wire sweep (%) 3 4 2 1 3 4 2
Solder reflow resistance |

0 0 0 0 0 0 0
(Defect lot in ten lots)
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As apparent from Tables is to 3c, the epoxy resin conpositions in
Exanpl es according to the present invention exhibited the good val ues
of spiral flowtest which are indicators of the flowability, and
exhibited the low values of the gold wire sweep test which are
indicators of the flowability or the 47 indicators of nolding defect
whi ch may cause an electric failure of the package. Furthernore, no
def ect package was found anong the sanples, which neans that the

sol der reflow resistance is good. On the other hand, the epoxy resin
conpositions in Conparative Exanples Ic, 2c and 5c containing no
eutectic nixture of silicon dioxi (R'"af@ al umina exhibited the val ues
of spiral f]ow test Tower than That of EXanpl €s_ by one figuje. As
for epoxy resin conposition in Conparat Coarastpprarlee, the ¢gold wire
sweep and the sol der refl ow res{stancp coulld not [bé evaluated,
because of OM/f|OMﬂbi|ity As {or'the €poxy Pesiin #onposidi ons in
Conpar ati vel Exanples 2c and 5c, [the_eyval uatled valfues off the gold wire
sweep test|ZREFEeHOLC of the al | pwabl%| ranfe, ar|al| %8f mejdfity of
sanpl es had cts, which neaphs the T'ow Slol der [refT ow r esi $t ance.
As for the é%ﬁ&@ 2&en  conposifi on® j n Hhpar &ijve Eddnpl &4 |3c and
4c, al though.the vqlues of the |spiral fTow test fand the val lies of
the gol d mnﬁ%m§ﬁ€§ﬁ8F8§?°mere w thirf the 23| owdhl e ranges, 3{he

eval uat ed vjal ues he solder fteflowre |stan were oput of

t he allomahq@”$ﬁﬁ Q%Fndustrial Applicab?? %@c d%ﬂq td’? he
present invientiondn Iudlng the|first{to thlrd odl nment t here
can be presqnvgﬂméﬁegpoxv resi nf conpoisi tion fdwo ﬁﬁhonddﬁ?)r
encapsulatlgﬂﬁéé e th an excel engﬂjlomabillty and an| excell ent

nmol dabi | ity 15 Suitable fpr slem conduct or] devi ¢e reqpired a
Coupling agentic 3 3 3
Coupling agent2c . 3
Coupling agent3¢ 3
Carbon black 3 3 3 3 3
Carnauba wax 5 5 5 5 5
Spiral low(cm) 21 71 105 101 76
Gold wire sweep (%6) Failure 8 4 4 6

Solder reflow resistance
Failure i0 10 8 7
{Defect lot in ten Jots)

(Result of Evaluation for Resin Composition of Third Embodiment)
As apparent from Tables 1c to 8c, the epoxy resin compositions in
Examples according to the present invention exhibited the good values of
spiral flow test which are indicators of the flowability, and exhibited the low

values of the gold wire sweep test which are indicators of the flowability or the
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hi gher | evel solder reflow resistance. The entire disclosure of
Japanese Patent Application Nos. 2005-005863 filed on January 13,
2005, 2005-066379 filed on March 9, 2005 48 and 2005-096569 fil ed on
March 29, 2005 each including the specification, clains, draw ngs
and summary is incorporated herein by reference inits entirety. 49
CLAIM5 1. An epoxy resin conposition for use in sem conductor

féﬂ??ﬁ;“;i?fe_ﬂ%dri‘&%’ et ﬁgﬂ%‘ﬁsﬁ‘c’%&hé%h?eﬁv% ane?l'gde %!}Eﬁ%s%ﬁlnﬂhg%%gkage
i oxtde and %{%@aﬂﬁ? BLeRE BB o o e 5 el whERheasy.
(a) adding %%@%ﬁ%ﬁ?w%@ﬂs chggﬁ%erl al and then thernofusing

them or (b) mXing nmetallic siTicon metallic alum num and then

reacting them wi t oMy IeRh e ASHE! giég <pBRY GBLin' BihBodt Ig%?nsbr!ninﬁ?ﬂtive

dioxide in the eutectic m xture S ‘not

percent andER@mMmJIBY €c,!N2mmPBe %oﬂl%hz%’g RPEGRRe ndxGRB? %Ulcroﬁtdlﬁ’mﬂé ahfe

alunina in the éutectic mxture (d3) is not |ess than 0.2 weig

percent andaREhinEDédibiad tRE viRied B sPRET S6, te@tﬂl@;w%? {RxhrAGE opﬁxm les

eutectic mxture (d3) has a pH value no less than 3 and no nore han
5. 2. The eppxyerfogire. CARIOS ichbHN réie @oAipasitiod &l BbMphratMEERhMpd: 1c,

content ratio of the eutectic mxture (d3) is not |less than 8 wei ght

per cent andthengsldmoire stwleep Ol el ghifleypeflbenicsisthindd somld ot be cwplityed,

resin conposition as a whole. 3. The epoxy resin conposition

accordi ng thechae nofl lowhdilwvability,. As for the epoxy resin compositions in

Comparative Examples 2¢ and 5c, the evaluated values of the gold wire sweep
test were out of the allowable range, and all or majority of samples had defects,
which means the low solder reflow resistance. As for the epoxy resin
compositions in Comparative Examples 3¢ and 4c¢, although the values of the
spiral flow test and the values of the gold wire sweep test were within the
allowable ranges, the evaluated values of the solder reflow resistance test

were out of the allowable range.

Industrial Applicability

According to the present invention including the first to third
embodiments, there can be presented an epoxy resin composition for
semiconductor encapsulating use with an excellent flowability and an
excellent moldability which is suitable for a semiconductor device required a
higher level solder reflow resistance.

The entire disclosure of Japanese Patent Application Nos.

2005-005863 filed on January 13, 2005, 2005-066379 filed on. Mazrch 9, 2005
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a content ratio of the inorganic filler (D) containing the eutectic
m xture (d3) is not |less than 78 wei ght percent and not nore than 93
wei ght percent relative to the epoxy resin conposition as a whole.

4. A sem conductor device conprising a sem conductor el enent

encapsul ated with the epoxy resin conposition according to claim1.
50

and 2005-096569 filed on March 29, 2005 each including the specification,
claims, drawings and summary is incorporated herein by reference in its

entirety.
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CLAIMS

1. An epoxy resin composition for use in semiconductor encapsulating
comprising: an epoxy resin (A); a phenol resin (B); a curing accelerator (C); and an
inorganic filler (D), wherein

the inorganic filler (D) contains a eutectic mixture (d3) of silicon dioxide and
alumina which is a spherical inorganic filler formed by: (a) adding aluminum powder to
silica material and then thermofusing them; or (b) mixing metallic silicon with metallic
aluminum and then reacting them with oxygen, wherein

a content ratio of the silicon dioxide in the eutectic mixture (d3) is not less than 80
weight percent and not more than 99.8 weight percent,

a content ratio of the alumina in the eutectic mixture (d3) is not less than 0.2
weight percent and not more than 20 weight percent, and

an extract of the eutectic mixture (d3) has a pH value no less than 3 and no more

than 5.

2. The epoxy resin composition according to claim 1, wherein
a content ratio of the eutectic mixture (d3) is not less than 8 weight percent and

not more than 93 weight percent relative to the epoxy resin composition as a whole.

3. The epoxy resin composition according to claim 1, wherein
a content ratio of the inorganic filler (D) containing the eutectic mixture (d3) is
not less than 78 weight percent and not more than 93 weight percent relative to the epoxy

resin composition as a whole.

4. A semiconductor device comprising a semiconductor clement

encapsulated with the epoxy resin composition according to claim 1.
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