DESCRI PTI ON EPOXY RESI N COVPCSI 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 conductpi ting use, excellent in
the flowability, «curability, noldability, and sol der refl ow

resi stance. BackgriEROXYARESRNcEOMPOSTTRONERERRBER TGN CTOR

sophi sticated el ectronic device while seeking the lighter, thinner,
shorter and snal |ENCARSTTLARIE ESE, ANDGEDBVE CONDUE TOR BEVATEN

t echnol ogy and surface nounting technol ogy of sem conductor devices.
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. Particul ambyhnicsl ey profiled type

sem conductor devices, a stress arises due to an insufficient 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 offhedpvéseas, inventiay relatesedo agihespoxy besine eomipbsitionr &t
epoxy resin conposition and the sem conductor elenments at their

i nt er f aces sefflconvercher encapsulktiigmaee, andnd eemigopeustm devide ehoapsulated
devi ces, |ead-free sol ders becone dom nant 1 instead of

| ead- cont amntnthe vésier sIn partidudar, dhe gresagiinubntiayuelateett the Soayeaesin
| ead-free solders require higher tenperature for soldering. At such a
hi gher composition for semiconductor encapsulating use, excellent in the flowability,

curability, moldability, and solder reflow resistance.

Background Art

Recent trends seeking a highly sophisticated electronic device while
seeking the lighter, thinner, shortef 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



tenperature, a great stress is explosively arisen due to the
vaporescence of the noisture contained in the sem conductor device.
The sol der reflow resistance capable of resisting such a great
stress becones a nore serious concern than ever. Additionally, there
is a need also for lead-free lead franes. Fromthis viewpoint, in
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of an inorganic filler in the resin conposition, al'ns
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vi scosi ty dheained) Bpatiekel BRItRIY, AMOPbIICHLdt ahfd
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generated in the package. In view o
between the pre-plating frame and the cured epoxy resin composition, during
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. Japanese Patent Application
Laid-Open No. Shou 64-65116, pages 2 to 7). By this technique, although the
solder reflow resistance (may also be called "crack resistance") is improved,

the flowability 1s 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



this, there is proposed a technique which attenpts to naintain the
flowability by using a filler having various average particle sizes
(e.g. Japanese Patent Application Laid-Open No. Hei 8-20673, pages 2
to 6). However, this nethod cannot provide an epoxy resin
conposition for sem conductor encapsul ating use which has a good

val ance of thﬁetﬁé&%?)hbbééédailébchﬂﬁ%@o‘}vﬁf‘dh SRV td ﬁﬁlﬁfﬁﬂ GRe flowability

Di scl osure of I nvention Prob 0 be solved by the Invention
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probl ens fof exanple herefore an object of the
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encapsul ating use having an excel | ent ity a an excel |l ent
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sol der refl ow reS| st ance. ans I'ving the Problens The above

obj ect is gk vgHidly 138 §PEINM rx?a%ﬂcé:%m tﬂo%bm{y ﬁﬁmtﬁgngﬂlﬂép reflow

encapsul ating use conprising: an epoxy resin eno resin
(B); a curingsiageel erator (C); and an |norgan|c fi IIer (D), wherein
the inorganic filler (D) contains a spherical fused silica (dl)
obtained by fusing silica which contains: netal or sem netal other
than silicon; and/or an inorganic conpound conprising the netal or

sem netal other than silicon. | ention, the metal or
sem netal other than silicon; glsé:ﬂ%}lgé Sgﬁweﬁgir})\gﬁam C corrpound

conprising the netal or sem netal other than silicon are contained
in the spherical fused silica, so that a chem cal structure or

nature of PhshisiRebibedoldd®Bftisd IhFehtionh changed. Thereby, it is
possible to

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 prdvide 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;



provi de an epoxy resin conposition for sem conductor encapsul ating
use having an excellent flowability and an excellent solder reflow
resistance. (First Enbodinent) In the first enbodi nent of the
present invention, the epoxy resin conposition for sem conductor
encapsul ati ng use are characterized in that an extract of the
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not nore 4 than 94 wei ght percent tive t he epoxy resin
conposi ti oRoas tgaMiol €.

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 1n 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



Al so in the epoxy resin conposition for sem conductor encapsul ating
use according to the first enbodi ment, preferably, a content ratio of
the inorganic filler (D) is not less than 78 wei ght percent and not
nore than 94 weight percent. The above object is achieved also by a
sem conductor device conprising a sem conductor el enent encapsul ated
with the epoxy9glesdibht ﬁ&%@ﬁ@g&hﬁ%&@%é%ﬁb AL OR SR RRSAY Atk Use

according to the first™ enbodi nent. (Second Enbodinent) In the second
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epoxy resin conposition for sem conductor enc I ng use
accor di ng @idfig,sp66aNd enbodi nent, preferably, a content ratio of
the silicon dioxide in the eutectic mxture (d2) of silicon dioxide
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is not less than 0.2 wei ght percent and not than 80 wei'g
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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.



5 Also in the epoxy resin conposition for sem conductor encapsul ating
use according to the second enbodi nent, preferably, a content ratio
of the inorganic filler (D) containing the eutectic mxture (d2) is
not | ess than 78 weight percent and not nore than 93 wei ght percent
relative to the epoxy resin conposition as a whole. The above object
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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 lesé 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



inorganic filler (D) containing the eutectic mxture (d3) is not |ess
than 78 weight percent and not nore than 93 wei ght percent relative
to the epoxy 6 resin conposition as a whole. The above object is
achi eved al so by a sem conduct or device conprising a sem conduct or
el enent encapsul ated with the epoxy resin conposition for

sem conduct fisire BEARSskRdL 430 Wigléiccording to the third embodi ment.
Ef fect of the Invention According to the present invention, there is
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use having an excellent flowability and an excell ty, as
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resi stance. The nature, utility, and further Teatures o
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description with reference to preferre ments of t

invention. BgeédiNpds for carrying out the Invention Now, the present
invention is explained in detail. The present invention provides an
epoxy resin conposition for sem conductor encapsul ati ng use havi ng
an excellent flowability and an excellent noldability, as well as a

sem conduct or devi ce having an I | der. refl ow resistance,
by an epoxy resin conposition f?ﬁgégnq?@%ﬁéﬁg?lgtﬁmencapsul ating use

conprising: an epoxy resin (A); a phenol resin (B); a curing
accelerator (C); and an inorganic filler (D), wherein the inorganic
filler (D) cont adasrdingRbethieCitesbhi @ eitidr: ahesd 1s BRIGASE Gnb¥pdxySicdfh

silica which contains:
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:



7 metal or sem netal other than silicon; and/or an inorganic conpound
conprising the netal or sem nmetal other than silicon. The epoxy resin
(A) to be used for the present invention neans nononers, oligoners
and polyners in general having 2 or nore epoxy groups in one

nol ecul e. These nononers, oligoners and polyners are not limted to

any speci amedtal estl simivedtghtotBer MH AL WiBkorst bHElH n BHbrgdRic R8mpound
bi phenyl type epoxy resins, bisphenol type epoxy resins, stil bene

type epoxyco@pirizsng thdeitah]l aosdhRfethY BehaPXW JiB&MS, cresol novol ac
type epoxy resins, triphenol nethane type epoxy resins, alkyl

nodi fied tri phenThemgdigneediPCALREe sl ftf theé Iebé® invention means
nucl eus- cont ai ni ng epoxy resins, dicyclopentadi ene nodified phenol

type epoxynici®iniérs, Phgnakrsiad kslyrhRenaReeral Baving 4 BAMI0PE efoRP BRRIps
skel et on, bi phenyl ene skeleton and the I1ke) and so on. These resins

may be usados@h@dl¥culel ThYOSMeROhedS, lighntdrdlPpolphRRE ard A6t RRSRA to
resin (B) to be used for the present invention neans nononers,

ol i gonmers ang fHrkienhsldeilaeftight faidlfeal stAtardNenOhs bBHR1
groups in one nolecule. These nononers, oligoners and polyners are

not |im tegyge0epiy $0SiAEAbisHRea6H tAie \WBOSN treSinsMREBSEH ALy PH EMGEUF&InsS,

but rmay be phenol novol ac resins, cresol novol ac resins,

di cycl openphghsingovoldstipedpdiiending, @ebdt ndvelRenPeadixl i redinRh eAghenol

resins, triphenol nethane type resins, phenol aral kyl resins (having

a phenyl enpietkehett9pe pdxyeredieaealkskehsliifvdantphbeoll idethaR@dype Qoxy

These resins may be used solely, or may be wused as a mxture or
bl end. W t Fesiwgatrihzive eaitl &t cohdbindsg @pofP We¥inse didelayeatadiene modified

resins, a ratio of the nunber of epoxy groups in the entire epoxy

resins relpliémd tiypetdp@xy resins, phenol aralkyl type epoxy resins (having a phenol
skeleton, biphenylene skeleton and thg 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, oligomers 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



nunber of phenolic hydroxy groups in the entire phenol resins is
preferably not less than 0.7 and not nore than 1.3. Wthin this
range, it is possible to 8 prevent curability of the epoxy resin
conposition frombeing | owered, prevent a glass transition
tenperature of a cured epoxy resin conposition from being | owered,

prevent a yalwht/@ShBHRYLS tEL kALY kdsin }‘caﬁmoeﬁmgfrb%éiﬁgloﬁ@fbdog@wﬁ
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met hyl di phenyl phosphine; tetra substituted osphoniumtetra
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borate, tetrapheny osp lumtetra benzoic orate, tetra

phenyl  phogplgnitsmot &1d enélgﬂéﬁélfﬂ Bydokd g?)‘rgﬁ?t Kut ﬁlﬁk%%: AReBYdycloalkenes

phosphoni untt etta napht hoyl oxy borat e, etra phenyl
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curing accelerator (C) to be used for the " present 1nvention.

phosphi ne GRRRASHRGomMBoUrtlsRIRS! & 2l &hY$ SmiddBNE RYEaBRYHRBpRBes such as
tri-p-triphenyl phosphine, diphenyl cycl ohexyl phosphi ne,

tricycl Oheﬁfﬁherg}lomsﬂﬁiné I bPUtYAthRGSRBHYE BRGsIANEN. tA$a t REbstituted
qui none conpound, it i5s
phosphonium-tetra substituted borate such as tetraphenyl
phosphonium-tetraphenyl borate, tetraphenyl phosphonium-tetra benzoic
acid borate, tetra phenyl phosphonium-tetra naphthoic acid borate, tetra
phenyl phosphonium-tetra mnaphthoyl 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 adduct of a phosphine compound and a quinone compound
may be used as the curing accelerator (C) to be used for the present invention.
As the phosphine cdmpound, it 1s possible to use triphenyl phosphine,
tri-p-triphenyl! phosphine, diphenyl cyclohexyl phosphine, tricyclohexyl
phosphine, tributyl phosphine and so on. As the quinone compound, it is
possible to use 1,4-benzoquinone, methyl-1,4-benzogquinone,
methoxy-1,4-benzoquinone, phenyl-1,4-benzoquinone, 1,4-naphthoquinone
and so on. Among the adducts of these phosphine compounds and guinone

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



possi ble to use 1, 4-benzoqui none, nethyl -1, 4-benzoqui none,

met hoxy- 1, 4- benzoqui none, phenyl -1, 4- benzoqui none, 1, 4-napht hoqui none
and so on. Anong the adducts of these phosphi ne conpounds and qui none
conpounds, an adduct of triphenyl phosphine and 1, 4-benzoqui none is

9 preferably used. A nethod of naking the adduct of the phosphi ne

d thod. F
S R A L
addi tion reaat on in an . ]512’% 1sSoI vgg V\{(])I %h thet pﬁ le,
corrpoutnd aﬁ?h &glm?}% ¢ dd i } ho ﬁlyf\g)& oun?jrdaefr:g@fhe
separatin e produc u
gijipngnel cg?‘ﬁ?fﬁﬂ 46 by 2l R Bey%ft%}ﬁfﬁfbfnﬁé%@aaﬁéqﬁn{ﬁ%wmﬁn

end. In e e sin c ositio e sent .,i nvention
counting SREEne S Bt i ReS phgiuBe compcRhf T B‘mwonﬁﬁempound

[ cat mont - BTACPHE] BRR ARl PR CsEnesBRE Gre BN Fhe R QT FeA G the

G hnes. aPRIDRF ARG ou ARG fgé%&?ﬁ@le (o e e gfoed SpIeLE ey

ot herw se |ta te couplin g al um num coupl i ng agents,
al um num z ?88?1 g8 Frﬁg geéﬁs and so on. Anpng them the nost

el N BT R T G
stk T NI PSR o4 o e
-2 nopr opy R P RIS hedih i RSTlaf o oRtmantf ipgpaanie mathRle
?' | ane, Nﬁggn%hes of t%ré]ﬂ ALk 51tlar1rllerrgglp qn'}/g aséel s shcﬁl_as/a:;’m ) sﬂgggt he)f)l gxy
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. Among 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- B (aminoethyl) 7
-aminopropylmethyldimethoxy silane, N-phenyl 7 -aminopropyltriethoxy
silane, N-pheny! 7 -aminopropyltrimethoxy silane, N- 8 (aminoethyl) 7
-aminopropyliriethoxy silane, N-6-(aminohexyl)3-aminopropyltrimethoxy
silane, N-(3-(trimethoxysilylpropyl)-1,3-benzenedimethanane, Y
-glycidoxypropyltriethoxy silane, 7 -glycidoxypropyltrimethoxy silane, 7
-glycidoxypropylmethyldimethoxy silane, B -(3,4 epoxy
cyclohexylethyltrimethoxy silane, 7 -mercaptopropylirimethoxy silane, 7

-ureidopropyltriethoxy silane, hexamethyldisilazane and so on. These
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-am nopropyl triethoxy silane, N 6-(am nohexyl) 3-am nopropyltrimethoxy
silane, N (3-(trinethoxysilylpropyl)-1, 3-benzenedi net hanane, 7

-gl yci doxypropyltriethoxy silane, 7 -glycidoxypropyltrimnmethoxy
silane, 7 -glycidoxypropyl nethyl di methoxy silane, /3 -(3,4 epoxy
cycl ohexyl)ethyltrinmethoxy silane, 7 -nercaptopropyltrimethoxy

silane, 7 compBiiHannRRY A thetfes¥n Sidvntionexs Rt sd Wi, |o@'21ﬁ9? hanshisa
on. These 10 conpounds used in the present invention may be one

kKind, or nahde Qil'dbaiheslélcﬂdﬁhnéda%@nté Wb@ﬁ?&fdl?%@ﬁ?ﬁ&%ﬂ@b)bﬁddmg
hydrolyzed in advance by adding  water, if neCessary acid or alkal

thereto. Thetbef BadtisSarly édl&brﬁ@al?i;héﬂé%o present invention contains
the spherical fused silica (dl). The spherical silica (dl) further

contains the nmetaheqhorgs@it BEAY D})Bﬂ"ﬁ{e ]iglk@l@nﬁiﬂwﬂeﬁ%@n%ﬁ/tﬁhsttﬂé spherical
i norgani c_conpound conprising the or sem nmetal other than

silicon. Tﬂﬁfeﬁb&’ﬂlchh@il()he’l‘h‘éaépﬁéﬂééﬂt é«i!h@aa(rcl(i) fhbghepatdHigirkf tﬁ@@netal or
spherical fused silica are changed. Therefore, it is possible

provi de th@erﬁﬁﬁéﬁfalr&ﬁw tEQHR‘i’ﬁécIﬂ SRR the b FeRHE b Alp o%ﬂﬁmﬁélhg(lhe
use having an excellent flowability and an excell ent sol der refl

resi st anCEmeﬂI‘Poﬂ@éﬁhllneﬁﬂ 6tﬁ@r AR 3. f ITHeRELE Phe WhiehmiP8 d-eGussafld

| ater in each case of the first to third enbodi nents. The epoxy

resin conpgid hhffreff thBphlsiR8NtudedVERtd Qe BIRMMAINS TI%BT&?@%'Btisgp&s@ble
to (D) as essential conponents, and further contains the coupli

agent as af pRIVIAEahe CHIRONRRIN b&mﬁ@&%ﬁﬁlafo)f sehﬂc@%&ﬁﬁ%ﬁ@ﬁpsulatmg use
i nvention, various additives as other optional conponents nay be

further aHgee gt LARIRAOKSWaBSHEy SUTBASLENhE SolAGCRTHH Yosiderarm! es

of such various additives include a colorant such as carbon bl ack, a

rel ease agent sUTRKe @8tail of the inorganic 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, zinec molybdate or phosphazene,
and so on.

The epoxy resin composition of the present invention can be obtained
by mixing 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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natural wax or synthesized wax, |ow stress additives such as rubber,
flame retardant such as brom nated epoxy resin, antinony trioxide,

al um num hydr oxi de, magnesi um hydr oxi de, zinc borate, zinc nol ybdate
or phosphazene, and so on. The epoxy resin conposition of the
present invention can be obtained by m xing honbgeneously the

conponent Sc&dﬁnﬁt&émen é‘ﬂ%h%ﬂg optional additives which may be added

dependi ng on e occasion, by®neans of a mxer or the |like, then

and then cr ushi . St eanaudies i ahe o, thel bar W Slypabiiilca her BB
cem conaucear ospENEAF 24bGhp Rt @i Koy B G h CTRRARN e Pl Bltsfehes
[ anter nird e vy oty SRBBGRHGE B ) Rl il Wdlneh v
Embodi mont PR R ERL PR B 55K R et B B corml bRl malting

resin conposi:t | .sem conduct or encapsul ati ng use conpri sing: an
epoxy resingr}fﬁ"(“&A'J)t?dill ltn%?fh%g resin (B); a curing accelerator (C; and

an inorganic fil . h terjz in that the inorganic.filler
(D) contains a slgﬁ&e”r §@a€1rq‘t&8 géﬁ.?l efliﬂ%%&g?e&%g aS%tsg?ﬂ'ﬁ‘&a%d%ﬁlibﬁ& silica
whi ch cont ai s, . m nmetal other than silicon; and/or an

i norganic céﬁéﬁﬁﬁd&%ﬁ@ ng the netal or semnetal other than

si 11 con. “and an Bt 1961 AL, SRIGE el 48P bAG (4 dn "B Pl
composition for semiconductor encapsulating use comprising: an epoxy resin
(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 spherical

12



The conponents (A) to (D) and other conmponents which are added
dependi ng on the occasion are already descri bed above. In the present
I nvention, the "extract" neans an el uate obtained by shaking 30g of
silica as sanple in 120g of ion exchange water for 1 mnute at a
roomtenperature, and "the pH value of the extract"” neans a val ue

obt ai ned Imgedwilicy isngidelphsedlitierion ofubb flvwAlile) ehvigbll aiHbwedeand
or the like. Generally, exanples of the inorganic filler suitably

used for tihe siddémrefloonpasithinog of the canpedtichCt Usuangahs ekatdchof dst a
include a silica filler such as a spherical fused silica obtained

t hrough t hephrerioad fused gilic@haphesi calushb e thabt Rane tobioreaehi 815,
metallic silicon with oxygen. Particularly, the spherical 12 fused
silica is w del Minutiad presevitewvehtibhehbwevedbithbtgphetfeal gidicd q&uy ROBWERH
and the solder reflow resistance of the conposition. Usually, the

extract oftheuntetal o pheetintahbl otbed thih i dhcdyaand/@Hhainegagic esdpbinad
5 and no nore than 6.5. In the present invention, however, the

spheri cal @®mprsingdhy ool ai R8mibde@alndthat tB4n sHidoet Sheeddiethd Hddmical
silicon and/or the inorganic conmpound conprising the net al or

sem net al sttietrs had the hiaters of iherghbyrichhiseh eilicdre dlahbed.Ur Thérgore,
the nature of the spherical fused silica are changed. Therefore, it

i s possi blie is0 ppssibledeo t v Xther @poky GRBIIO HolmRitied 5L NiceDoshidi @by
encapsul ati ng use having an excellent flowability and an excel |l ent

sol der r ehlcapsulasingt ane chavingtdie exaskkerithdbwhbdifgHaral ate egtelldit solder
extract is in arange from3 to 5 (no less than 3 and no nore than

5) by changfloy tebstatheri cal structure and the nature of the

spherical fused silica, it is possible to provide the epoxy resin

conposi tion for Inahiecasduhhothepdhpalicadl the: siseabinis IN0a angefdnk3bb)ys
(no less than 3 and no more than 5) by changing the chemical 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

13



excellent flowability and an remarkably excellent sol der reflow
resi stance. As the netal or sem netal other than silicon and/or the
I norgani ¢ conpound conprising the netal or sem netal other than
silicon (thereinafter nay be sinply called "inpurities") to be
contained in the spherical fused silica for a purpose of lowering a

pH val ue o s RGholcthdn@#nge from3 to 5, it is referable to
use the netal or seminetal other than silicon and/or the inorganic

conpound conpri SiTRg tR€a 1B} AenAimaieMAELA kL AL @?&ccﬁh g?%\aiﬁi)ﬂg (Bili'% rﬁ%ftal or

providing a mnetal or sem netal 1on whose ion arg

nore than Zemieeal BhEFROGPI0h LG cNOL B8P} s g%%&‘ﬁ%&ﬂ @{si FoEmifAA to
I t the metal or

nmetal or sem netal other an silicon providlng

. | : i h '
o of or abl y o S as TR RESLRRLPHDY Bt ki PERIER G B Co. B QT

preferably an e met of “sem al 7’ other i con

provi di ng Zhernetdlso ¥n. Sgﬁﬁﬁé%hefnomﬂg?ﬁs@ai ??,t%%rdgﬁ allegﬁfﬁf%% e, 'fom

not nore than 3. The met or-sem rret bt hé an siTrcoh providing

the et al ﬂ{evﬁ%oﬁﬁ{@fiohqﬂgyﬁgjﬁﬁ 494 &Q@ﬁ&ﬁ nunber is not nore than

3isnot lImted'to any spec Bt Al = or sem netal, but maybe A,

Zn, Ga, In, Cu, ffge cg:ﬁter#}!i ratid of e mgkalft?}gseﬁﬂirﬂ&al f‘)ﬂ?&gt}{alﬁeﬁlicéaﬁ an@fdy

Ga, Zr, Band Ti are preferable, from vi ewpol nt of 1on mgration

or ragneti g inmgaﬁf&%ﬁmodrﬁ écﬁnﬁfpisfr%et}{%@{al% s%ﬁﬂk{eé%%rlgt%tg% @‘r?én &80

silicon and/ or he i norgani ¢ cohpounnd conprising t

sem netal pf PRE A fiflel | GRR ad Bhb r&ﬁ;\l‘éﬂgbf?ugédl ki%ea ngbésdettg'ﬁmned for
rm ned for

spherical fused silica can be dete exanpl e by neasuring a

£, %, By Bl sl a0 e et By o
val ue. with a high frequency plasma spectrometer, and then calculating the
measured value,

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 is considered that the
reactivity with a surfactant of the silica, especially with a basic surfactant is
1improved, 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 extract exceeds the upper limit 5, it

is difficult to see the difference from the conventional fused silica whose
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In the first enbodi nent of the present invention, when a pH val ue of
the extract of the spherical fused silicais in a range from3 to 5,
preferably from4 to 5 by intentionally containing the inpurities in
the spherical fused silica, it is possible to provide the epoxy
resin conposition for sem conductor encapsul ating use having a

remar kabl yegttget hasta pibwakid indreahdnas, 1R abltte Offeet be it fg@hﬁgrthe
reflow resistance. It is considered that the reactivi ty wit

sur f act ant flefvabligtySdid €lde s6I9RE SefdW Yelistdhc@, PaBiHe ﬁHeraflﬁé 6flthé Sxtract is
I nproved, because that the pH val ue of the spherical fused silica is

| over t hanlesk itanothd hv@ONUEN G ehalreaREL) GAkh fushlsid agéht bt tlh@ hke
consi dered thereby that the corrpatl bility between the silica and

resin is i bpdodva@ddiss@viiiieebifly stRTgb&eaUBOST itk AtroheackBHY. C@F}Elélﬁﬁa@él or
encapsul ati ng use. can be obtained wth excellent properties such as

an excel | esémithewluthet Yhan siicX 88808 theSAbABMIc %@&b@ﬁh&%hﬁﬁﬁﬁg the
If the pH value of the extract exceeds the upper limt 5

difficult ttsesr tseﬁumeftépbametﬁanpmﬁdaﬁ £ B¥ 8iMelORAkhd @@&Iﬁl iﬂv%ﬁtmn
whose 14 extract has a pH value nore than 5, in view of the effect

of i mprovi ggeAshtot 1fithivealb |ohb)k1ﬁﬂ%ﬁﬂ§lu§91 Elﬁfdsro%fth&w daﬁ%esﬁééape I f
the pH value of the extract is less than the lower Iimt 3, the

reactivity with Bheephbribgl AGeAtsiBia (B i EusQEERBR first embodiment of
di sadvant ageously strong because of its strong acidity. The netal or

sem netal (He@reddhdNirBieniteAn i Mt hmiftd b QEARbECIEP BPRUNAHERERE St N8
the netal or semnetal other than silicon to be used in the present

i nventi on pwf@lable tiotisd the §sitbrical G dkiiliga (PUthaWing ah avePslse Sirtidiesy
can be used. The spheri cal Ifﬁgased silica (dl(%)Hto be used for I?:Se fi rs(t3

enbodi mentn®iesstthan@.2s@nh dndvesnide theano & 1 tIeehé avaitbeSRatich size

size. However, it is preferable to use the spherical fused silica

(dl') having vamhﬁyﬁreagﬁawwmg@l & i8ipod8sible to prevent the solder reflow resistance
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 morganic 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,

crystalline silica, talc, alumina, silicon nitride, and so on. Among them, the

most preferable one is the conventional spherical fused silica whose extract
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no less than 0.2 g mand no nore than 50 u m If the average particle
size is within the above range, it is possible to prevent the sol der
refl ow resistance frombeing | owered which may be caused by a fact
that a filler density in the resin remarkably decreases, or prevent
the particles from aggregati ng each other. The average particle size

of the 'nohﬁéﬁ';ﬂ-{f‘v'an\i@fnotr@ th&n B3R ddhIt heheps @&ﬁ@tmb@éﬁm flnarsC@sréd%th

determ ned by neans of a |aser particle size analyzer

SALD- 7000 gyaspipdticl rasen SHbMEE s GRRBEEAME MNentfh ﬁlﬁ? HerH?ﬂﬁ aﬂb %ind, or

filler (D) to be used for the first emnbodi nent of the” present

i nvention, nQiheL phRAl RAUL. | T LSE 823881k 3hb Yorwedidn s#)ﬁ@rlcal fus dslhca
convent i onal epoxy resin conposition for sem conducto encapsu at i ng

use may beyhsed okfrachdistd YM HAldd Faotl fmhcsﬂlsr ygé&@vﬂ lkh6 %pﬁ@h):a)"ﬁf%%&

chem cal structure is changed by intentional contalning 't

i mpuri ti esgjliEX 3P| WRo&Y ez&tr!i'@tr hdd® b%@élﬁe o les A LAR nWo#@tHJcﬁleg the

with the spherical fused silica (dl) 1nclude conventl onal

silica whosgtext +456 ofafe Bithld f@éﬂf@e fEPﬂ% foPARy P f at least 6:4 (. L (e 0

crystalline silica, talc, alumna, silicon nitride, SO on.

them the comsht RIS 6F ol @M@Cﬂm&#ﬂﬁ%(&ﬂtwﬁ&@ ex%fﬁh‘%'ﬁa‘ég ﬁtbsa@ge no

silica whose extract 15 has a pH value nore than 5 as usu These

ot her 'nOfl@@é‘tEaﬁB'a{rﬁifﬁo&ﬁcﬁ‘étWah%1stﬁlﬁléﬁ‘ﬁ{dxﬁ@)| fused filler (dl) of
the present invention may be only one kind, or “ may be plural kinds .

In the case thatat @B eakib OBRl (sPRghbARkl fAUSEE Silibh C11Wa9SEhe first
extract has a pH value nore than 5 is used with the spherical fused

silica (dlgmhb@sgerfixéf 5 gRaserd MVeMAbHEsNGHESDIY RBD 1852k 20 RERht

than 5, the content ratio of the latter relative to the forner is
pref er abl y;),ékeﬂl@aﬁa fot4mble hard 94C@Qitgﬁ'ﬂtpe'i'@éﬂt0 ng;fretﬂ}@fe%am%r hé@lesk YRLM

silica (dlI') whose extract has a pH value no [ess than 3 and no nore

than 5 is gpivel@spdroamt fhd 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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A content ratio of the spherical fused silica (dl) in the first
enbodi mrent of the present invention is preferably not |ess than 40
wei ght percent and not nore than 94 wei ght percent, nore preferably
not | ess than 60 weight percent and not nore than 93 wei ght percent,
still nore preferably not |ess than 75 wei ght percent and not nore

than 93 weipghts gfeheadtond elmtloltaent QiffdrenLRONYtHLRIHN etiiidRMicht.ON as a
whole. |If the content ratio is within the above range, the effect of

i mproving the fl Ghebiddohi @nbodingerioblietie HebdedW inkEA1iSH 3Bt %ﬁqub@esm
sufficiently obtained. A content ratio of the inorganic filler

cont ai ni ngcdigosigiver e alemicosdctst |eh@§ps(1ﬂ£t)m€ msb%xﬁﬁﬁéhgeﬁﬁ@%bﬂ?@&sm

of the present invention is preferably not Tess than 78 wei

percent angAyiaf phenél tman (B4, weughig Redelaator (G} ahidvan 1f19rgta|ﬁ?c apexyD),
resin conposition as a whole. If the content ratio is within the

above rangesheirbie #id Rorgohicl iPrOD)NGntdias fal ymbidal fyseandlitd el BUbighed

refl ow resistance can be sufficiently obtained. (Second Enbodi nent)

Now, an exby &nsinigQiilibs WwHHE contding mesing s@&ﬁﬁmtap@&le@fthhﬁ%uwo@ls %ﬁH/or
i nvention. Many parts of the second enbodi nent are comon wit

first enbgdiifBranid Bemeban cohliRidinl tR¥EaBAP AR b otﬁemiamﬂ éﬂlcon
focused on the 16 parts of the second enbodi nent different fromthe

first emboghd®itiaradieeizzdcenthantladintebnf cdmifoli® e6mpristyE Bhé Gheta$ or
an epoxy resin conposition for sem conduct or encapsulating use

conpri si ngseraimerdotheLshan s{itbn i8 tHaeneh ¢:88éaiPBile 8pketi¢dlFused silica
accelerator (C; and an inorganic filler (D), wherein the inorganic

filler (D)(d0n4 aidigectis plirtureali2) uSsiticon Hickadd ghd tRhhaimediddy Thesbhg

silica which contains: netal or sem netal other than silicon; and/or
there is provided 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.

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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an inorgani c conpound conprising the metal or sem netal other than
silicon, and characterized in that the inorganic conpound conprising
the netal or semnetal other than silicon is titanium oxide, and the
spherical fused silica (dl) is a eutectic mxture (d2) of silicon

di oxi de and titanium oxide. Thereby, there is provided an epoxy
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such as aliydRAA" © The eutectic mixture to be used in the present invention is
obtained by thermofusing silica material intentionally 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 TinOzn1 (n=4 t0 9), a
substantially stoichiometric compound Ti:Os or TizOs, a substantially
non-stoichiometric compound TiO (Ti1+x0, x=—0.23~+0.25), a phase TiOx
(x<0.5) that an oxygen atom is positioned in an octahedron constituting a
hexagonal closest packed structure of metallic titanium, and other phases
Ti60, Tis0, TizO. 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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originated froma mned silica material itself which contains a very
small anmount of the inpurities fromthe first, or contam nated in
the course of making or crushing process. However, such a
conventional fused silica contains the inpurities such as alum na
only at a content ratio less than 0.2 weight percent. Therefore, the
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content ratio of titani'um oxide may be changed by a nethod of m xing
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silica material, but also by reacting netallic silicon and netallic

titani um whikh mzw@ght B¥rdest RAdiR BoteefanC8TiveightSe@terst. | Il@Bhermore,
the lower limit of the content ratio of the silicon dioxide is more préferably 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 silicon dioxide and titanium oxide may contain alumina
(Al2O3), zirconia (ZrQOg), ferric oxide (Fe203) 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 calculating the
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di oxide and titanium oxide, the reactivity with the surfactant such
as silane coupling agent which is typically added to the conposition
can be inproved. Thereby, the resin conposition for sem conductor
encapsul ati ng use can be obtained with an excellent flowability and
an excellent solder reflow resistance. Preferably, in the eutectic

m xture of g ide and titanium oxide according to the
second enbg?jéiﬁ%l%?@v hﬁ%e present invention, a content ratio of the
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{e.g. SALD—7000 available from SHIMADZU CORPORATION) or the like.

As the 1norganic 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
1s 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 less than 40
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measured val ue. The average particle size of the eutectic mxture
(d2) of silicon dioxide and titanium oxide according to the second
enbodi nent of the present invention is not limted to any speci al
size, but preferably not less than 0.2 p. mand not nore than 50 p.
m as in the case of the first enbodinment. If the average particle
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silicon nitride, and so on. Anong them the nost preferable one is
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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
welght 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
invention. 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 (ID) contains a spherical fused silica (d1) obtained
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to the epoxy resin conposition as a whole, nore preferably not |ess
than 40 20 weight percent and not nore than 93 weight percent, stil
nore preferably not |ess than 65 wei ght percent and not nore than 91
wei ght percent, especially not |ess than 80 wei ght percent and not
nore than 90 wei ght percent. If the content ratio is less than the
over 11 by thbfLilies yigkh Wohink R ebH B SehAmdthIStHe? tHhn Sitidd0Bnd/or
di oxide and"titant um oxi de is weakened, so that an effect o
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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 third embodiment of the present invention are the same as in the
first and second embodiments.

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 (AlsO3) 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 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.

The spherical fused silica is widely used, in view of the flowability, the
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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 the inorganic filler (D) contains a
spherical fused silica (dl) obtained 21 by fusing silica which
contains: netal or semnetal other than silicon; and/or an inorganic

conpound ceoji stegvedeandttht soldes eeflamtradisprieer ThaRofvénenal sphBsical
characterized in that the inorgani c conpound conprising the netal or

sem net al dudet silian addd icommpins akutilhamant bheémpRiRidsCahcH ugedlumina
silica (dl) is a eutectic mxture (d3) of silicon dioxide and

al um na, wiAl€sn altdenirel¥rstoatlithat elie iApusitics GRRh disaludEnhhreiginated
eutectic mxture (d3) is not |less than 80 wei ght percent and not
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the eutectic mxture (d3) is not |less than 0.2 weight percent and
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resin conposition for sem conductor encapsul ati ng use having an
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sem conductor device having an excellent solder reflow resistance.

The epoxy sash nad Alunfihenehly’ @si & doBte@ndatiar 138 Aaae!®L akeigHtChet@nt.
be wused for the third enbodi nent of the present invention are the

same as i nTheeefofd, thle @ndentionildiuestd@ilident diffeddit foort 1R etREHO$niREure
t he epoxy resin (A and phenol resin (B) are the sane as in the
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I nvention, a eutectic mxture (d3) of silicon dioxide (SiQ2) and

al um na (AltR@R)ions ([Eedeatectibanixtar«gaib)coflid Lissd i Bhe thE-ddesbbdiesht of

the first and second enbodi nents, exanples of the inorganic filler

suitably utiedl peesenlte ineshtionoriposbtaimeds diy Sehéreesfieicior silica material
intentionally with the content ratio of alumina (AlsO3) being changed, so as to
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;O3) 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 mixture (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 silicon 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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encapsul ating use include a silica filler such as a spherical silica
obtained through thernofusion, or a 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. The spherical fused silica is widely used, in
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al so by reachhiht ratio of alumina 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
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 4 m and not more
than 50 ©m, 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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metallic silicon and netallic alum numw th oxygen. By using the
eutectic mxture (d3) of silicon dioxide and alum na, the surface pH
or surface reactivity of the inorganic filler changes. Thereby, the
resin conmposition for sem conductor encapsul ating use can be
obtained with an excellent flowability and an excellent sol der

refl ow resistancés de Wwsrkanis Alereddehtendingetd tie thirg émbodinisrghof the
tenperature environnment or in a noisture environnment. Preferably, in
t he eut ect presenttinven{idd) othfer shorgamnc fillexs denenatlyaksedi foa th23onventional
according to the third enbodi nent of the present invention, a content
rati o of ehexsiésinownmpaiticde forssemicohdsdot kacaBMlaknghise pray detusaddn
not nore than 99.8 weight percent, and a content ratio of the

al umi na i sadditidres® tthan edt&ticeimixtureed8entf anlicomotdinxide tahdn a?@mina.
wei ght percent. If the content ratio of the silicon dioxide exceeds
t he upper Examples tofi sthairfiniocgrnict fillssewhieh dndy drecneed fwithn theheutectic
conventional thernofused silica, in view of the effect of inproving
the fl owabiikiure @dB)iridieds cordentioahl fvsedeshict, @npstallirfe sihea ctabt, ebtimina,
ratio of the silicon dioxide is less than the lower limt, the

f1 owabi | i t silwbn tiiéridesamd commo sistinothef case of e cenchd borhodnmans.ul Atvong
use i s disadvant ageously decreased. Additionally, the eutectic

m xture (d@erof thel inoeh mieferable and ial the wenvantiorcd nédiaridal tfmsed neilica.
oxi de (7402), zirconia (ZrQ2), ferric oxide (Fe2®3) and so on. A
cont ent r alhesoétheranprganinfitlhs esddeeithctheiedtert mixture {d2) of the present
thernofused silica can be determ ned by neasuring a solution of a
sanpl e di sevlensidn may tedmdy lone kind ami mawibetplardlilghdér equency pl asma
spectronmeter, and then calculating the measured val ue. The average
particle size ofPraferahlyeat cantenkinatie ofi3heobuteictic coixtdirex{d®® ofardicon
al um na according to the third enbodi nent of the present invention is
not dioxide and alumina in the third embodiment of the present invention is not

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 93 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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limted to any special size, but preferably not less than 0.2 p, m
and not nore than 50 Rt, m 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 remarkably decrease, and thereby the
sol der reflow resistance nay be deteriorated. If the average
particle si | -1 M I .
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article siize: (8. ai l abl e from SH MADZU
ECRPCRATICﬁ?ﬁg?&?kﬁéﬁgkgﬁgéﬁa%é%%ﬁ%ZB%%?%%nic filler (D) according to
the third enbodi mrent of the present invention, other inorganic
fillers generally used for the conventional epoxy resin conposition
for senicogg% l@g encapsul ating use may be used in addition to the
eutectic mXxtu d3) of silicon dioxide and alum na. Exanples of
other inorganic fillers which may be used with the eutectic mxture
(d3) include conventional fused silica, crystalline silica, talc,
alum na, silicoThei prédd@t @YEnEON ORill dse iMotd @ppasentOfrdiieilie ¢odving
enbodi nent. Anong them the nost preferable one is the conventi onal
spherical Hxaathles |dogespod@RSetthe firsh @b e ehitddemsnus edTié tHlidwiag
eutectic mxture (d3) of the present invention may be only one kind,

or may be pkamplekardsot Rieheedhb Yimi endcept of ahé nedntidig Rt w&kbSted
m xture (d3) of silicon dioxide and alumna in the third enbodi nent

of the pressirtly fivveahi Hhusteatitdl pulrgsse. t Tantlde 6ll@hingPBRERIHleiNgl daftent
nore than 93 wei ght percent relative to the epoxy resin conposition
as a whol eratior s pxpiessedl yn neleidles pdrbaunBes Wwep@hificalper saell ankewdte.
nore than 93 wei ght percent, still nore preferably not |ess
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-308" 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 Filler)
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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 sol der rgflow fegifhange MyLaak Pe, opta;ned eUféc:th-c%nink-PééLS;
S e upper |mP, he "sSu

If the content rati excee i ci'en

] ovab 1 gy BB o s, b LESA0L OB il 191200l Hhcog

i norganic cont al ni ng icmX Sil'ico
di oxi de an LI i the third enbodi ment of the present invention
i s not Iesglgﬁagr?'d‘;glt\/\%i'ght percent and not nore than 93 wei ght

| i ] esi iaf i : le. 1f the, ..
25 content rati ot QepiE, FIRLY2ATY HgHEHPR" chodl oo WY et bt

refl ow resj a i e | f Loptent. raH.Q ceeds,.
t he upper %?%11%%@ 9?%12?@1% &?%%Jg'?é‘%?@l %ﬁ‘%bfll(# |E']f1%/ijarg}%t_)clf)go'([‘?1 }ﬁe %ptza?ﬁgd%% ;
Exanpl es ar te,i nvention will be nore apparent fromthe

fol |l ow ng Ag?én%ﬁazge'céfrespondi ng to the first to third enbodi nents.

The foll ow - o to limt.:th f the, ..
T Yol Lov 10 " gl A% ol LOCGRASERS Rl ke R, b
fol | owi Q. i eight _ t or.
oF L0010 E¥GARL s S0 4 ) MRSt P IR e

unit "w. 440 "apei ght percent”. (Exanples of First Enbodi nent)
The inorga%gapiéq?gr%@used i n Exanpl es and Conparative Exanpl es

according to the[nfol&*éﬁiceﬁﬁgfli@nﬁ @f)ﬁexliéaﬁt %eﬁelsﬁi/g'a; the extract pH=4.3;
average particle size=29.2 4 m; specific surface=1.8 m?2/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 1 m; specific surface=1.7 m?/g; Si02=99.4 wt. %;
B203=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; Si02=98.4 wt. %;
Alx03=0.9 wt. %; B203=0.7 wt. %.

Inorganic 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 /£ m; specific
surface=6.2 m%/g; Si02=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; Si0:=99.9 wt. %; impurities

=0.1 wt. %.
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A pH value of the extract of the silica filler such as the spherical
fused silica, the spherical silica and the crushed silica was

determ ned by neasuring wth a pHneter ("HwW30S" available from
TOA) the extract which was obtained by shaking the silica sanple 30g
inion exchange water 120g for 1 mnute at a roomtenperature. A
content of iRpamiplées in the silica filler was determ ned by
nmeasuring a solution of a sanple dissolved in hydrofluoric acid with

a high frequencThpl RHEWISDCREFANEH G whrd %&WﬂéaﬁV@ﬂ ha}béteréu %5 8
Shi madzu Corporation), and then cal cul ating the neasured val ue.

(Li st of |pdngesy st Bl Cer )T}i’e@l Ithergaitiise Mdsl @oldBand theheushéd, fd6satht
silica; the extract pH=4.8 average particle size=33.4 u m specific

sur face=1. ﬁ;eﬂ?é;g)xyslréan%o@p%mo% wasl ZB8ahed. W The0 oh B ARNfox bgh
2a. a spherical fused silica; the extract pH=4.1; average particle

si ze=32. 3 tbifposiPiesi Whe vliAe8 =l Qedreitad @1%951‘11@ Wsult’sf eHia&Riof- 8

w. % Inorganic filler 3a: a spherical fused silica; the extract
pH=4.9; ayledwaaen Tahld the size=31.4 u m specific surface=l.6 n2/g;
Si02=99.4 w. % 2Zn0C=0.6 wt. % Inorganic filler 4a: a spherical
fused silicalngdientky act pH=4.3; average particle size=292 u m
specific surface=l.8 n/g; Si2=88.7 wt. % ZnO=11.3 wt. %

I norganic fill erEpgiy @esiphes+6&!wi lﬁﬁ@s Slbl&)h%ﬁyl § %Bﬁﬁ%siﬁi"mﬂfxﬁoom

average particle size=33.9 u m specific Surface= n?/ g; Si 02=99.4

w. % available from Japan Epoxy Resins Co.,Ltd.; epoxy equivalent=190 g/eq;
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=165 g/eq; softening point=79C.

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

Inorganic filler 1a=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 1757,
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B233=0.6 wt. % Inorganic filler 6a: a spherical fused silica; the
extract pH=4.6; average particle size=33.9um specific surface=l.7
n2/g; Si02=98.4 wt. % A1203=0.9 wt. % B2B=0.7 wt. % Inorganic
filler 7a: a spherical fused silica; the extract pH=5.5; average
particle size=32.1 u m specific surface=l.5 n2/g; Si02=99.99 wt. %

ST1T Con i b el sApRRIGIVER 6. S NERZaRY e TRl e Io0RRs
% 1 hor gant o PIEFPTalengTe das BPERRH ol the Yl BE UL BRiG. Thiteoin
w1 ox B g heAng BREHELCRRIH RETE il o HaF Sl adhne
i xtur o waeoipar aRoadn e e gbod MBHARY™ 12 Cony Tesin

conposition | The obt ai ned epoxy resin conposition was
eval uat ed as(%zdsg’?lf%éevgg%gl ow. The result of evaluation is shown in

rabte 12, U1t ool ERY 180 RTS8 POV i RO P
R S e Y R
avai | abl e 5 08uMh 3 2406THGA Smn e cHIY YA ¥as 7.0mm by 7.0mm, the gold
wire thickness was 25 14 m, and the gold wire length was 3mm, 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 8.3MDPa, the

curing time was 120 seconds. The molded package was subjected to the
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equi val ent =165 g/ eq; softening point--79C. Curing accel erator 1la=3
wt. parts: 1, 8-diazabicyclo(5,4,0)undecene-7. Inorganic filler
1a=770 wt. parts. Inorganic filler 8a=100 w. parts. Coupling agent

| a=3 parts: N-phenyl 7 -am nopropyltriethoxy silane. Carbon black=3
wt. parts. Carnauba wax=5 wt. parts. (Evaluation) (Spiral Flow) The

o S S D S
S R A GRS

175G, Tﬂﬁnﬁkﬁﬁ "I"i‘{énprtﬁé %v@s %uM;%tecF‘ tthltfﬁ%g .éfo’i@ﬁss""?osr

120 seconds the flow eng sure

"cnf unit. r%lz&; € Wﬁ%ﬂbw %aaﬁﬁbnglémﬂw" p%bw ﬁgﬁﬁ HOaR

100 cm was ev uat resin conpositiron having

f1 owabil i tYn%J%ie Wa%eu§%§6p§ggg?a[t?onv%&m&%%d I%Ség Of H%D F?ﬁ%gg? gi%rt-gé}g

Low Profile | at P ackage 1n frarre(

chi p 51 6 GnRtyed b BbAG B0 Bl Bsork PR RATNBY CHEL B TP from
ol di g nachiRG ?‘Féa%ﬁ%iﬂe‘f%%la.@ﬁ‘“&rﬂ ¢ GHS R otuBY 0P HES pHEER s HRGE puy
under  suchs g, £A8hIdrWalid@astcBinff 4nBH 1 RRLALN. © WRSnthP humber was

zero, the epoxy resin composition was evaluated as the composition having a

good solder reflow resistance.

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-78515S" available from MEIWA PLASTIC INDUSTRIES, LTD;
softening point=107C; hydroxy equivalent=204.

Curing accelerator 2a: triphenyl phosphine-1,4-benzoquinone.
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the pressure was 9.3MPa, the curing tine was 120 seconds. The nol ded
package was observed by nmeans of a soft X-ray transm ssion m croscope
("PRO TEST 100" avail able from SOFTEX Corporation), so that the
deformation of the gold wire was evaluated as a ratio of "flow

| ength” to "gold wre length” (i.e. "flowlength"/"gold wire

| ength") w th peGoamplingasient 2bher -apopropdiriexpeslianeon having the
deformation no nore than 4 % was evaluated as the conposition
suitabl e for sem conductor encapsulating use wth less gold wire
sweep. (Solder Reflow Deformation) There was nol ded a 160p- LQPF

package in which a PPF frame was us®&shle ttae package size was 24nm by
24r‘n’n by 1 Aiaon  +t ha ohi o ol =20 \AAS 7 ﬂ h\l 7 nmn fhrnllnh & |n\Al

LILLRLE ] vrre wIiTl I.l [y = vy VALY T Tl T

pressure tfansfer nolding machine (" @GP- ELF" avai I@lalnglegrom Dai -i chi
Sei ko Co.,|Ltd.), under such a conditjon—that_ the nolding

tenperaturg was 175C, the pressure was 8 3Mpa, | the @Jrirgg i e |wWas
120 second] vwas subjedted to the 29 after-haking

5.—The nol ded package
process fof Eﬁ,x Al zat 175C. Then, the afﬁtger-baked package was
subj ect ed e hum difying process 20 hpours|at G0t  H0%RIH
(Rel ative tw]',ﬂésm Then, the packa;e was sibj estedotio $he LR| 79
refl ow pro"pqq or hours at 260 C (refl ow machine!"1812EXI S ™
avai | abl e ﬁspemﬂl;lgé,llg I ndustries was|usggd). Separatior and| cracgk
i nside of phe package were observed by neans |of an ultirasopic
refl ect oscoﬁ% gl"r%%cope 10" availabl e from,H taghi gankj, Fi ngTech

)

Co., Ltd.) he "nu of the packagef having {any |sepdgratipn of

crack was C@M%%ch?e@@ﬁ .10 packages en (t his nurﬂ3_er “Vlas gero, the

epoxy resi osition was evaluated|as the clonpositiagn havingia
Curing accelerator2a 3 3 3 3 3 3
Inorganic fillerTa 710 | 770 810! 770
Inorganic filler2a 770
Inorganic filler3a 770
Inorganic filler4a 770
Inorganic filler8a i00{ 100 100 | 100 | 100| 100
Coupling agentla 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(cm) 172 | 103 | 102 | 121 | 115 | 128 | 104
Gold wire sweep (%) 2 4 4 3 4 2 4

Solder reflow resistance

(Defect lot in ten lots)
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good sol der reflow resi stance. Exanples 2a to 14a, Conparative
Exanples |la to 5a Epoxy resin conpositions were obtained alnost in
the same way as Exanple la, except that ingredients of each
conposition were varied as shown in Tables la to 3a. The obtai ned
conpositions were evaluated in the sanme way as Exanple la. The
results were shown in Tables la to 3a. Ingredients which were
different fromingredients used in Exanple la are shown bel ow.

(I'ngredients different from Exanpl e t4&)e BRoxy resin 2a: phenol
ar al ky| typ,g_e_p_gx_%_pe_sm_h_a\n ng hi nhpn\ll ene  skel et on "NC3000P"

avai |l abl e from NI PPON KAYAKU. CO, JP softenlng p0|nkx§ﬁ§&5epoxy
equi val ent[=273. PhenoI"reS|n 2a: Pheno! dralkyl resin having
S U B LIRS (I e - e e
Cou Py P e, oA R ]
e I ol P e e i
Curing accelerator2a 3 3 3 3 3 3 3
Inorganic fillerTa 770 | 820 | 740 | 700 | 450
Inorganic fillerba 770
Inorganic fillerBa 770
Inorganic filler7a 320
Inorganic filler8a 100 | 100 1001 100 100 | 100 | 100
Coupling agentl1a 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 5
Spiral flow(cm) 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)

32



Curing acceleratorl a 3 Curing accelerator2a 3 3 3 3 3 3 Inorganic
fillerl a 770 770 870 770 Inorganic filler2a 770 1Inorganic filler3a
770 Inorganic fillerd4a 770 Inorganic filler8a 100 100 100 100 100
100 Coupling agentl a 3 3 3 3 3 33 Carbon black 3 3 333 3 3
Carnauba wax 55 5 5 555 Spiral flomcm 172 103 102 121 115 128
104 Cold wire sweep (%9 2 4 4 3 42 4 Solder reflowresistance 0 O
000O0O0 (Defect Iot inten lots) 31 Table 2a Exanples 8a 9a 10a
1la 12a 13a 14a Epoxy resin2a 72 #2nydZsA4l 90 116 72 Phenol resin2a

44 44 44 25 56 70 44 QCuring accelerator?2a 3 3 3 3 3 3 3 Ingrganic
fillerl a [f70 820 740 700 450 | nor gbani c fi bér%a?aqivzgg)anllp%%r ganic
filler6a 7[70
‘ 1a 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 agentla 3 3 3 3
Coupling agent2a 3
Carbon black 3 3 3 3 3
Carnauba wax 5 5 5 5 5
Spiral low{cm) 16 68 7 86 81
Gold wire sweep (%) Failure 9 Failure 7 8
Solder 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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Inorganic filler7a 320 Inorganic filler8a 100 100 100 100 100 100
100 Coupling agentl a 3 3 3 3 3 3 Coupling agent2a 3 Carbon bl ack 3
333333 Carnauba wax 5555555 Spiral flow (cn) 117 115 108
106 131 155 109 Gold wire sweep (%9 3 3 4 3 2 1 3 Solder reflow
resistance 0 0 0 0 0 0 O (Defect lot in ten lots) 32 Table 3a

Conpar at i veuERSFR ’
Phenol res;Fr?Za 44 (%2 11% dé%ﬁe cﬁ? aﬁ%ﬁ?ﬁ"&‘ Eggg%dﬁ?ﬂc}gr?%géaﬁﬁﬁ wificH faeans

| nor gani ¢ g 44 @eTRIE0-cH FRKiAAE: id Rigoani c fillersa 100 100
Inorganic flller9a 870 Coupling agentT a 3 3 3 3 Coupling agent2a 3

Carbon bl ack 3 303 #he othef NBHRR WRXepoxy Tesin® compositions in Comparative

Examples containing no spherical fused silica whose extract has a pH value
no less than 3 and no more than 5 exhibited the values of spiral flow test lower
than that of Examples by one or two figures. As for epoxy resin compositions
in Comparative Examples 1a and 3a, the gold wire sweep and the solder
reflow resistance could not be evaluated, because of low flowability. As for
the epoxy resin compositions in Comparative Examples 2a, 4a and 5a, 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.
(Examples of Second Embodiment)

The inorganic 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)

Inorganic filler 1b: a eutectic mixture of silicon dioxide and titanium
oxide which 1s a spherical inorganic filler obtained by adding titanium oxide
powder  to silica material and then thermofusing them; average particle
size=30.4 1 m; specific surface=1.6 m2/g; Si02=99 wt. %; titanium oxide=1

wt. %.
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Spiral flowm(cm 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 of Evaluation for Resin Conposition of First

Enbodi nent) As apparent from Tables la to 3a, the epoxy resin
conpositions in Exanples according to the present invention

of 'the 11 owabi || SoARHE SR EF B egﬁf S8 ol sl BB Phum
of bl o ng THERERIR %%%@%Ewg b A Pt 9B ﬁﬁgﬁéﬁﬁf&%i ;
o rurther gt ceﬂfé?ﬁfae&}kﬁgiﬁ@’a@w%é’%ﬁ%rrﬁl&%ﬁﬁﬁ "Bishage irile

Spher | cal %USLQ PRGBS shlteP et 0 e S T e S SR 000

‘and no nor t%a;m 5 exhi bited the values of spiral flow test |ower
than that of " EXanples by one or two figures. As for epoxy resin

comositions MR RIS P ARG h AN o b5, R

i S-S G R A I L

e g A U R i P e LS

of Second %Qgéw}r}, specific surface=2.8 m?/g; Si0:=50 wt. %; titanium oxide=50
wt. %. |

Inorganic filler 4b: a eutectic mixture of silicon dioxide and titanium
oxide which 1s a spherical inorganic filler obtained by adding titanium oxide
powder to silica material and then thermofusing them; average particle
size=26.4 1t m; specific surface=2.8 m?%g; Si0:=25 wt. %; titanium oxide=7
wt. %.

Inorganic 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 ;£ m; specific surface=3.1 m?/g; Si0z=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 1 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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The inorganic fillers (D) used in Exanples and Conparative Exanpl es
according to the second enbodi nent are |listed below. A content ratio
of titaniumoxide in a silica filler or in a eutectic mxture of
silicon dioxide and titanium di oxi de was determ ned by nmeasuring a
solution of a sanple dissolved in hydrofluoric acid with a high

frequency oRlqaSHRIHPRCY SARBALEN ihotddie %1@.@9 db¥ainR¥ay Alk® gf I'il@fﬁlhc silicon

Shi madzu Corporation), ‘and then calculating the neasured val ue.

(List of |pepoatalfd ditBfihnd %ﬁﬂg@lghcrefabﬁhg Ehbhy Wﬁ;ﬁml | vdlla g’é x:ra?tlate

silicon dioxide and titani um oxide which“is a sp I nor

filler obtgiped iy Addeasictal-pRug0X2Le 3199%90 WO °/§' dltaqauﬁ%ﬁabaﬂzs 0

and then thernmofusing them average partic si ze=3 m specific
surface=l . ?, g; SiOR=99 wt. % titanium oxide--| vvt. % 34
Inorganic fillér 2b: a eutectic mixture of silicon dioxide and

titanium oxide YﬁHranic;%He BhE4 It cticnﬂﬁﬂﬁﬂb%fféﬂlléogf dﬁm@é 888 tR¥nium

addlngt|tan|umOX| er to silica material an

t her nof usi 69‘39 n% R@H;c ée;{ %gﬁ‘ep?@gﬂtyﬁ} nid FIRT %@t%ﬂ@% g@pﬁﬁiﬁgcmetalhc silicon

surface=1. tanl um oxi I'norgani c
filler 3b: Maolha oty fihsh! |
which is a""?‘ ieﬁﬁe?%lgccﬁl norg%lln?gaf héiu feﬁg@;g égdgltﬁr%g%h%a??t e%’é&ﬁl@le

oxi de IOOV\‘A% ﬁqéﬂn' Eﬁ@cﬁ%ﬁﬂa@é é‘@%ﬁlge&(ﬁzﬁ%@fﬁjws%ﬂ%t&ﬁ% od¥de] @Q?o
particle size=2 m specific surf nm2/g; Si02=50 wt .

titani um oxkd=50 w. % Inorganic filler 4b: a eutectic mxture of
silicon dioxide and titanium
Inorganic filler 9b: a spherical fused silica; average particle size=28.8
u m; specific surface=1.5 m?/g; S102=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=1.5u
m; specific surface=4.2 m2/g; S102=99.9 wt. %; titanium oxide =0.00 wt. %.
Inorganic filler 11b: a crushed silica; average particle size=30.5/ m;
specific surface=1.8 m2/g; Si02=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 1a. The result of
evaluation is shown in Table 1b.
(Ingredients)
Epoxy resin 1b=68 wt. parts: biphenyl type epoxy resin "YX-4000"
avallable from Japan Epoxy Resins Co., Ltd.; epoxy equivalent=190 gleq;

melting point=105 C.
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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=26.4 g m specific surface=2.8 nR/g; Si Q2=25
w. % titaniumoxide=75 w. % Inorganic filler 5b: a eutectic

m xture of silicon dioxide and titanium oxide which is a spheri cal

i norganic fill er Phlehal feth by=ag8itngattst pRendd @alled refioViiRAing @ pdniylehe
mat eri al and then thernofusing them average particle size=26.2 am

speci fic sgkéleear3 "XIMRLE" SivaZabl Wirortd Mitbah CReXicAR=9Mnc M hyllroxy
Inorganic filler 6b: a eutectic mxture of silicon dioxide and

titani um efuleleMt=1B5i8eq sefteainepdintapyganic filler obtained by
mxing netallic silicon with netallic titanium and then reacting

them wi th oxygenCuaitfy a@eldqatdr 1463 wsi gath: BS-dihzaRefdd(6d,Gunldacad7.6
n2/g; SiR=99.0 wt. % titaniumoxide=l.0 w. % Inorganic filler

7b: a -eutectic Morgaht lles1b+TaNwe] Pasitdle and titanium 35 oxide
which is a spherical inorganic filler obtained by mxing netallic

silicon wth nelmdrbhfidfillanioke10net.thads r eacting them with oxygen;
average particle size=2.5 u m specific surface=6.2 n2/g; Si02=75.0

w. % titani um O¥hgBRZ2g6nt Wh=3 YarisnPrgdidoxibldBiltrBRetioxgHiRGel C
m xture of silicon dioxide and titanium oxide which is a spheri cal

inorganic fillerCaiic PREkEY wi. papgs, metallic silicon with nmetallic
titanium and then reacting themw th oxygen; average particle

size=2.7,u m spEairidtbswakaser p8ri/ g; Si 02=50.0 wt. % titanium
oxide =50.0 w. %
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 from NIPPON KAYAKU.CO.JP; softening
point=58C; epoxy equivalent=273.

Phenol resin 2h: phenol aralkyl resin having biphenylene skeleton
"MEH-78518S5" available from MEIWA PLASTIC INDUSTRIES, LTD.;
softening point=107C; hydroxy equivalent=204).

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

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

Coupling agent 3b: 7 -mercaptopropyltrimethoxy silane.
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Inorganic filler 9b: a spherical fused silica;, average particle
size=28.8 |t m specific surface=1.5 nR/g; Si02=99.9 wt. % titanium
oxide =0.00 wt. % Inorganic filler 10b: a spherical fused silica
which is an inorganic filler obtained by reacting netallic silicon

Wi th oxygen; average particle size=1.5 u m specific surface=4.2
n2/g; Si02=99.9 wt. % titaniumoxide =0.00 wt. % Inorganic filler
11b: a crushed silica; average particle size=30.5 am specific
surface=l.8 n2/g; Si02=99.9 wt. % 1ti aq'un1oxide =0.00 mt. %
Exanpl e | b _The follow ng ingredient&™Weré ni xed by neans of a hot

roll flor 8 mnutes at 95 C. Then, the m tur was cool ed and then

crushdd, so that {he epoxy resin conposi tf¥®'S%as obt ai ned. The
obt ai ned epoxy res conposi tfi on was eva uate In the same way as
Exanplle | a. The re;uﬂP of “Rval uion Ps shdhn §i n®brapl e’P1b b
(I'ngrd din 1-POKY gges n TbF68 Wi'{ partp: DI ghenyl [Type EpOXy |[f€esin
"YX-4(qh$ﬂL§Jz.Fau G?r rFapan—Epoxy—Resths—Co——Ltd——ep V%

equi va ﬁ&yliﬂﬂ)zﬁlpq; nel t g pa L1308 ' € 786 |phéholl Rsip B=ds W .

part s:| Pbrehadsinaridl Kyl8r gsi n havi ng @ phenyl ene | skel ¢ton "XLC LL"

avai | algnd FRMAM tsul Clemygalls, 44 NE. aghyOraxy | egui YalANTFIGR g7 egy

o

sof t eri ICI(A ornt=—=7p€C. g—accetrerator—bH=3 th. patts:
1, 8-di ? gc%/cl o( 5} 4, 0) undacene-7. {lnorgpnic fliller |l b=770 wt.

parts. AR fi1ler 110b=100 wt parts. Coupling jagpnf h=3 parts:

-gI)é@d@¥ypropyltruﬁethoxy $ilagne| 4 3 3 3 3 3
Accelerator 2b
Inorganic filler 1b 770 770 870 770 770 770
Inorganic filler 2b 770
Inorganic filler 3b 770
Inorganic filler 4b 770
I{gga""’ filer 1 400 | 100 100 | 100 | 100 | 100 | 100 | 100
Coupling agent 1b 3 3 3 3 3 3 3
Coupling agent 2b 3
Coupling agent 3b 3
Carbon black 3 3 3 3 3 3 3 3
Carnauba wax 5 5} 5 5 5 5 5 5

Spiral flow (cm} 181 131 108 127 123 121 107 135 133

Gold wire sweep

(%) 2 3 4 3 3 3 4 2 2
Solder reflow
resistance 0 0 0 0 0 0 0 0 0

{Defect lot in ten
lots)

38



Carbon bl ack=3 w. parts. Carnauba wax=5 wt. parts. Exanples 2b to
17b and Conparative Exanples |Ib to 5b Epoxy resin conpositions were
obtai ned alnobst in the sane way as Exanple |b, except that

i ngredi ents of each conposition were varied as shown in Tables Ib to
3b. The obtai ned conpositions were evaluated in the sane way as
Example I'b. The results were shown in Tables Ib to 3b. Ingredients
~which were different fromingredients used in Exanple |b are shown
bel ow. (I ngredients different from Exanple |b) Epoxy resin 2b: phenol
aral kyl type epoxy resin having bi phenyl ene skel eton "NC3000P"
avai |l abl e from NI PPON KAYAKU. CO.Jthggfégnlng poi nt =58C; epoxy

equi valent =273 Phenal resin 2h: nh
bi phenlyl ene skel eton "MEH 7851§S" avail abl e fr agddsWA PLASTI C
| NDUSTRI ES, LTD.; softening point=107C hydroxy—equ-val-ent-+204}
Curing accel erator 2b: triphenyl| piosphbne-1bs 4- tnzogesli Nnose.| 16b | 17b
Coupl ilng _agent 2h: N phenyl y -gmino tr 3'5 hox¥—si-Hare——Couphe
agent %%b hesitBy capt opropyl tri ngt haxy sbd pneis |37 77abl & || b 7BExanpd es 72
b 2b 13 b-5bh 6b 7b 8h 9bh FEpoxy resin 1ph-68 Epexy—+esi-n—2p—F2—F2—717
72 72 (Bheddkrebd2b o5| 56| 70| 44| 44| 44| 44| 44
Guring Accelerator2b 3 3 3 3 3 3 3 3
Inorganic filler1b 820 740 700 370 770
Inorganic filler6b 100
Inorganic filler7b 100 100
Inorganic filler8b 100
Inorganic filier8b 400 770 | 770 770
Inorganic filler10b 100 100 100 100
Coupling agentib 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 5
Spiral flow{cm) - 104 138 155 122 115 116 112 126
Gold wire sweep (%) 4 2 1 3 4 3 4 2
Solder reflow resistance
0 0 0 0 0 0 0 0
(Defect lot in ten lots)

39



Phenol resin | b 48 Phenol

Accelerator Ib Curing 3 3 3 33 3 3 3 Accelerator 2b Inorganic
I norganic filler

filler I'b 770 770 870 770 770 770
filler 3b 770 Inorganic filler 4
100 100 100 100 100 10b Coupling

b].e?é7 0

norganic filler

resin 2b 44 44 44 44 44 44 44 44 Curing 3

2b 770 I norganic

100 100 100

1b3333333 Coupl i ng

agent 2b B Coupling agent 3b 3 Carbon bl t %% 3333
Carnauba Wax 555555555 Spjral ro °'(‘Barﬁ'vf a“& P 108 127
121 107 1B5 133 Gold wire sweep (pff) 2 E 4 % Sol er
reflow resistance 00 0 0 0 0 0 0 p 'PDef e@P Iat3 el o s)
Epoxy resin2b 72 72 72 72 72
Phenol resin2b 44 44 44 44 44
Curing Accelerator2hb 3 3 3 3 3
Inorganic filler@b 870 770 770 770
Inorganic filler10b 100 100 100
Inorganic filler11b 870
Coupling agent1b 3 3 3
Coupling agent2b 3
Coupling agent3b 3
Carbon black 3 3 3 3 3
Carnauba wax 5 5 5 5 5
Spiral flow(cm) 26 81 111 113 108
Gold wire sweep (%6) Failure 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)

123

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

40



Tabl e 2b Exanples 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 44 44 Curing
Accelerator2b 3 3 3 3 33 33 1Inorganic 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

5333 3 Pogamrgb T due: @%gﬁr%ﬁ%hgngysau%w sfecHriniality of Joa Padipes
rofl ow r esP U BEEIG oG d5TRSt Baglage Ma Bund astonh hERAFEBIE WhcH s
3b Conpar a%lllg./teth%xsab érere OQV IzebSIS %né‘é’léé’oo -poxy resin2b 72 72 72 72 72

On the other hand, the epoxy resin compositions in Comparative
Examples 1b and 2b containing no eutectic mixture of silicon dioxide and
titanium oxide exhibited the values of spiral flow test lower than that of
Examples by one figure. As for epoxy resin composition in Comparative
Example 1b, the gold wire sweep and the solder reflow resistance could not be
evaluated, because of low flowability = The epoxy resin composition in
Comparative Example 2b exhibited the worse result of the solder reflow
resistance than epoxy resin compositions in Examples. As for the epoxy resin
compositions in Comparative Examples 3b, 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 (Al3O3) in a silica filler or in a eutectic
mixture of silicon dioxide (Si0gz) and alumina (AlzO3) 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)

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

which is a spherical inorganic filler obtained by adding alumina powder to
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Phenol resin2b 44 44 44 44 44 Curing Accelerator2b 3 3 3 3 3
Inorganic filler9b 870 770 770 770 Inorganic fillerl Cb 100 100 100
I norganic fillerl 1 b 870 Coupling agentl b 3 3 3 Coupling agent2b 3
Coupling agent3b 3 Carbon black 3 3 3 3 3 Carnauba wax 555 5 5
Spiral flomcm 26 81 111 113 108 GCold wire sweep (%9 Failure 7 4 4

£ 01T Lt SR LR e s RELESH g 0 40
Ecaml os oo Rgteethh TEauChE Rt SrALDHEBEEE % ne good val ues
o SPLral [1on st ML g1 ave koot o BL e arabi it ol
a0 B MR W0 LB i8] RGBS
et ot backRgE 3R 00 R SeReRERL B R W B
conposi ti Osnpsec%_f?c &?{}‘ngzalt_é\ﬁ]ez/g; S102=95 wt. %; Al:0s=5 wt. %.

Inorganic filler 3c: a eutectic mixture of silicon dioxide and alumina
which is a spherical inorganic filler obtained by adding aluimna powder to
silica material and then thermofusing them; average particle size=26.4 1t m;
specific surface=2.8 m?/g; Si02=82 wt. %; AloO3=18 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 [ m; specific surface=6.6 m2/g; S102=99.0 wt. %; Al20s =1.0 wt. %.

Inorganic filler 5c: a spherical fused silica; average particle s1ze=28.8
1 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 1t m; specific surface=6.2 m?/g; S102=99.9 wt. %.

Inorganic filler 7c: a crushed silica; average particle size=30.5 1 m;
specific surface=1.8 m2/g; Si0:=99.9 wt. %.

Example 1¢

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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Exanples | b and 2b containing no eutectic m xture of silicon dioxide
and titanium oxide exhibited the values of spiral flow test |ower
than that of Exanples by one figure. As for epoxy resin conposition
in Conparative Exanple Ib, the gold wire sweep and the sol der refl ow
resi stance could not be evaluated, because of low flowability. The

epoxy resi %ﬁagﬁpﬁlé Eﬂ‘f}‘a’mﬂrﬁ ar,: ative Exanple 2b exhibited the

WOor se resu e SO resi stance than epoxy resin

conpositi ons( I§1>1< As for the epoxy resin conpositions in
Conmparative &%ﬁp es b 4b and 5b although t he val ues of the

Wthin the  ali cianre Ef?%ﬁgZé”@? " dilirioRiniely] Gul¥ 3B dR GL- 4000
Third Enboli HEs e PREFRaEPerY (e b %@ELB%O%?%%%% hf v
Conparati v ﬁfgﬁ%’%?ﬁﬁ_lago}@ d| ng to the third enbodi rent are |listed

a

below. A cO 1 0 of aIumna(AlZCB)|naS|I|caf|IIer or in a
t ect t | d
Getorm nea by eSS ot P&legéhﬁraﬂkai 4EhF Bebi Phelftene

¥\ ops. Tootteieng, B %3?&%‘%%”“%%9’ T SRR e e hydrosy
cal cul atl n ulpg Hgglf%g%gg;/ fggmp %_g;r?cdénorgam c Fl | er) Inorganic

filler eu]te i oxi de and alum na which

Is a Sphe” cal Gﬂggﬂg Httoﬁ 109§’f 2 pa gtsb%e n{i’.x%'z&ﬁlc 1%[%&‘% &cﬂi&ﬁe

41 silica materl erno aver

a'lt-ze%SO. 4 am %%%?égﬂlﬁflﬁféQfl%§$7bv&. gg{"& Si2=99.5 wt. % A1208=0.5

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¢ and Comparative Examples 1c to 5¢
Epoxy resin compositions were obtained almost in the same way as
Example 1¢, except that ingredients of each composition were varied as shown
in Tables lc to 3c. The obtained compositions were evaluated in the same
way as Example 1lc. The results were shown in Tables 1c to 3c.
Ingredients which were different from ingredients used in Example 1c
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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Inorganic filler 2c: a eutectic mxture of silicon dioxide and
alumna which is a spherical inorganic filler obtained by adding
al um na powder to silica material and then thernofusing them
average particle size=26.2 u m specific surface=l.9 n2/g; Si02=95
w. % Al203=5 wt. % Inorganic filler 3c: a eutectic mxture of

silicon di |, um [ ' N e fille
obt ai ned by LRI ISeL AR ﬁ‘mﬁugwm@ﬁ&ﬁé@hﬁtbaﬁ&ﬁ&é&m& LtD;
t her mof usi ng., t hem aver icle size=26.41.1 m specific
sur f ace=2. FIFPYGE REIBL= _]g}%e% XX el en 204y % lInorganic filler 4c:
a eutectic mxture of siljcon dioxid d.alumna, whichis a

spheri cal i nor ganHéE¥s 3qCg ratﬁraacnéﬁpﬁwﬁaswg Bt henzoppiname. wi t h
metallic alumnu then r g themw. th oxyge aver.age
particle size= OE]BEP nﬁﬁggl&%é@:]ﬁ}tf@rf@@yrgc%m@l@rﬁpy @i%‘?’ W, %
A1203 =1.0 w. & n]ééamcflller 5c: asph%rlcal fuse silica;
average particl eveypergagant geipy %&@PQO@T A rameth S O2=99. 9
w. % Inorganic filler 6¢c: a spherical silica whi ch is a spherical
inorganic filler obtained by reacting nmetallic silicon with oxygen;
average particle size=0.6 4a m specific surface=6.2 nR/g; Si02=99.9
w. % Inorganic filler 7c: a crushed silica; average particle
size=30.5 it m specific surface=l.8 nR/g; Si02=99.9 wt. % Exanple
1c The follow ng ingredients were m xed by nmeans 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 obtained. The obtai ned epoxy
resin conposition was evaluated in the sane way as Exanple |la. The
result of 42
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evaluation is shown in Table It. (lngredients) Epoxy resin 1c=68 w.
parts: biphenyl type epoxy resin "YX-4000" available from Japan
Epoxy Resins Co., Ltd.; epoxy equivalent=190 g/eq; nelting point=105
C. Phenol resin 1c=48 wt. parts: phenol aral kyl resin having a

phenyl ene skeleton "XLC-LL" available fromMtsui Chemcals, Inc.;
hydr oxy equival ent =165 g/ eq; softening point=79C. Curing accel erator
1c=3 wt. parts: 1, 8-diazabicycl o(5, 4, Oundecene-7. Inorganic filler
1c=770 wt. parts. Inorganic filler 7c= 0 vvt parts. Coupling agent
1c=3 parts: 7 egC|doxypropyItr|neth6 si® ane. Carbon bl ack=3 wt.

parts. Carpauba wax=5 Wi. parts. EXpmpl€s Z2c¢ to I4C and Conparative
Exanpl es Ikt to 5¢c Epoxy resin conpopitions were obanies aInDst in
t he sane y as Exanple |Ic, except{that]ingrjedi ents of] eact
conposition were varied as shown ip ab) e ijs dco0 [3cde Thdcoht &ienad 7c
conposi ti ons were evaruated I rhe gane | way jas cxanpteg—ftt—The
resul ts werkposhesainicn Tables |c to:&;ﬁangredients whi ch werje
di fferent i i i ¢ shrownr—betrow:
(1 ngr edi entEporli febieent from Exanpl e | c) |[Epoy| rééln 22:| phénol 72 72
aral kyl ty ' ' phenytene—sketeton—INC3696P
avai | abl e [fRtene/XedP@GN KAYAKU. CO. JP;| sof8tleni ng poi[nt =58C; epoxy
equi val ent=273:
Phenol resinZc 44 44 44 44 44 44
Curing accelerator1c 3
Curing accelerator2c 3 3 3 3 3 3
Inorganic filler1c 770 770 870 770 770
Inorganic filler2c 770
Inorganic filler3e 770
Inorganic filler7c 100 100 100 100 100 100
GCoupling agentic A 3 3 3 3 3 3
Coupling agent2¢ 3
Carbon black 3 3 3 3 3 3 3
Garnauba wax 5 5 5 5 5 5 5
Spiral flow{cm) 187 102 103 121 116 113 131
Gold wire sweep (%) 2 4 4 3 3 4 2
Solder reflow resistance
0 0 0 0 0 0 0
(Defect lot in ten lots)
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Phenol resin 2c: phenol aral kyl resin having biphenyl ene skel eton 43
"MEH- 7851SS" avail abl e from MEl WA PLASTI C | NDUSTRI ES, LTD.;

sof teni ng poi nt =107C; hydr oxy equi val ent =204. Curing accel erator 2c:
tri phenyl phosphi ne-1, 4-benzoqui none. Coupling agent 2c: N-phenyl 7
-am nopropyl triethoxy silane. Coupling agent 3c: Y

-mer capt opropyl trimet hoxy silane. 44 Table | ¢ Exanples 1c 2c 3c 4c
5¢c 6¢c 7c Epoxy resinl c 68 Epoxy resin2c 72 72 72 72 72 72 Phenol
resin 1 ¢ 48 Phenol resin2c 44 44 44 44 44 44 Curing acceleratorl c
3 Curing accelerator2c 3 3 3 3 3 3 I"AYPg&Ric fillerl ¢ 770 770 870

770 770 Ifnorganic filler2c 770 Inorgahic filTer3c 770 Tnorganic
filler7c 3100 100 100 100 100 100 Coup|ing agent| &xamess 3 3 3
Coupling agent2c 3 Carbon black 3 3 3[3 373 3] Carphaubd waxf 5 5[5
555 8c 9¢ | H0c | 11e | 12c | 13c | 14¢
Epoxy resin2c 72 41 90 | 116 72 72 72
Phenol resinZ¢ 44 25 56 70 44 44 44
Curing accelerator2¢ 3 3 3 3 3 3 3
Inorganic filleric 770 820 | 740 | 700 | 370 770
Inorganic fillerdc 100{ 100
Inorganic fillerbe 400 | 770
Inorganic filler7c 1004 100{ 100 | 100 | 100
Coupling agent1c 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 flow(cm) 128 [ 102 | 103 | 138 | 112 | 108 | 126
Gold wire sweep (%) 3 4 2 1 3 4 2
Solder reflow resistance
0 0 1] 0 0 4] 0
(Defect lot in ten lots)
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Spiral flomcm 187 102 103 121 116 113 131 Cold wire sweep (% 2 4
4 3342 Solder reflowresistance 0 0 0 0 0 00 (Defect lot in ten
| ots) 45 Table 2c Exanples 8c 9c 10c 1l1lc 12c 13c 14c Epoxy resin2c
72 41 90 116 72 72 72 Phenol resin2c 44 25 56 70 44 44 44 Curing
accelerator2c 3 3 333 33 Ilnorganic fillerl ¢ 770 820 740 700 370
770 Inorganic filler4c 100 100 Inorganic filler5c 400 770

I norganic filler7c 100 100 100 100 100 Coupling agentl ¢ 3 3 3 3 3 3
Coupling agent3c 3 Carbon black 3 3 3 3 3 3 3 Carnauba wax 55 5 5 5
55 Spiral flow (cm 128 102 10321883412 108 126 Gold wire sweep(%

34213 Z Solder reffowrgsistance 0 O 0 0 O 0 O (Defect lot in
ten lots) Comparative Examples
lc 2c 3c 4c 5¢
Epoxy resinZc 72 72 72 72 72
Phenol resin2¢ 44 44 44 44 44
Curing accelerator2c 3 3 3 3 3
Inorganic fillerSe 870 770 770 770
Inorganic fillerGc 100 100 100
Inorganic filler7c 870
Coupling agentlc 3 3 3
Coupling agent2c¢ : 3
Coupling agent3c 3
Carbon black 3 3 3 3 3
Carnauba wax 5 5 5 5 5
Spiral flow(cm) 21 71 105 101 76
Gold wire sweep (%) Failure 8 4 4 6
Solder reflow resistance
Failure 10 10 6 7
(Defect lot in ten lots)

(Result of Evaluation for Resin Composition of Third Embodiment)
As apparent from Tables ic to 3c, 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

47



46 Tabl e 3c Conparative Exanples 10 2c 3c 4c 5¢c Epoxy resin2c 72 72
72 72 72 Phenol resin2c 44 44 44 44 44 Curing accelerator2c 3 3 3 3
3 Inorganic filler5c 870 770 770 770 1Inorganic filler6c 100 100 100
Inorganic filler7c 870 Coupling agentl ¢ 3 3 3 Coupling agent2c 3
Coupling agent3c 3 Carbon black 3 3 3 3 3 Carnauba wax 5555 5

il vor ¢ or PGRPNGESof kBBt B G ERE k8 npfi
Sppar ent 1 o eiRidr8" b AesdE Yl RUTRAS LR atori Hce B, WRRH nféins

Exanpl es aﬁfﬁrtﬂie%lt%é}véle?ﬁwpfe%ﬁ%%%% %\gd%hi_ on exhi bited the good val ues

of spiral ow tes ch arern ors of the flowability, and

?ﬁg: tg;z g?st gfe ![ﬁfgnf ?ﬂgémlbglﬁ?ﬂl‘i/a% f?x%legpw %e&iwg&nbgﬁﬁoﬂ@iﬁh Qrfparative
Examples lc, 2¢ and 5c containing no eutectic mixture of silicon dioxide and
alumina exhibited the values of spiral flow test lower than that of Examples
by one figure. As for epoxy resin composition in Comparative Example 1c,
the gold wire sweep and the solder reflow resistance could not be evaluated,
because of low flowability. @ As for the epoxy resin compositions in
Comparative Examples 2¢ and 5¢, 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 3c 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 March 9, 2005
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47 indi cators of nolding defect which may cause an electric failure
of the package. Furthernore, no defect package was found anong the
sanpl es, which neans that the solder reflow resistance is good. On
t he other hand, the epoxy resin conpositions in Conparative Exanples
|l c, 2c and 5c¢c containing no eutectic m xture of silicon dioxide and

al um na exhi i | ues of _spiral fl]ow test n that

Exanpl es %ﬁ&f b§g§é8 fﬂ@a v29.e4500p caek d%i%\i,-\‘ﬁﬂg hﬁe spec:.ficatlon
Cowparative Exanp e 1c, the gold wire sweep ang t he sql der, refl ow .
resi st ance CRaMSH HEF1BES apd @apéaary B dnerrpomater oherein b refergnceasn its
for the epoxy, resin conpositions in Conparative Exanples 2c and 5c,
the eval uafBHY¢%t ues of the gold wire sweep test were out of the

al l owabl e range, and all or majority of sanples had defects, which
means the | ow solder reflow resistance. As for the epoxy resin
conpositions in Conparative Exanples Sc and 4c, although the val ues
of the spiral flow test and the values of the gold wire sweep test
were within the allowable ranges, the eval uated val ues of the sol der
reflow resistance test were out of the allowabl e range. |ndustri al
Applicability According to the present invention including the first
to third enbodinents, there can be presented an epoxy resin
conposition for sem conduct or encapsul ati ng use with an excel | ent
flowability and an excellent noldability which is suitable for a
sem conductor device required a higher |evel solder reflow

resi stance. The entire disclosure of Japanese Patent Application Nos.
2005- 005863 filed on January 13, 2005, 2005-066379 filed on March 9,
2005
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48 and 2005-096569 filed on March 29, 2005 each including the
specification, clains, drawi'ngs and sunmary is incorporated herein
by reference inits entirety. 49 CLAMS 1. An epoxy resin
conposition for sem conductor encapsul ating use conprising: an epoxy
resin (A); a phenol resin (B); a curing accelerator (C; and an
inorganic filler (D), wherein the inq& jc filler (D) contains a
spherical fused silica (dl) obtained gggkﬁ%ing silica which

contains: netal or seminetal other than silicon; and/or an inorganic
conmpound conprising the netal or sem netal other than silicon. 2.

The epoxy resin conposition for sem,condyctor encapsul ating usge.

accor di ng de cl af¥h EPORHcFesln ¢oMmBogikgRt losf S@woggﬁe?qrcancamﬁatmg use
silica (dl) has.a pH value no less than 3 and ng nore than 5. 3. The
epoxy resi RORPYHIRET 2 EPPEY 68 ok dubhenolaicsipEB) & rugngsaccelerator (C);
according toclaim1l or 2 mh%rein a netal ion or a semnetal ion in
the netal 28f aemrgenic fHierdD) WASTeM i con and/or the i nor gani ¢
conpound conprising.the npetal or semnetal other_than sjlicon has, an
i on charge nunbeth¢#nergpria HHar (B) contaipe agpheyicabiysedcshpndd i) ohtamsd
sem conduct or, encapsul ating use  according to any_of clainms 1 to 3,
wher ei n t hBY B sidra mhiel centaing melyl orssemymeiphethasthansiiheonsandder
whi ch contains the .inorganic¢ conpound conprising the netal or .
sem nmetal BRABPTEAHA cemmp%a.comprm@g dhemetrber seradngked othemthegy silicon.
sem conduct or encapsul ati ng use

2. The epoxy resin composition for semiconductor encapsulating use
according to claim 1, wherein an extract of the spherical fused silica (d1) has a

pH value no less than 3 and no more than 5.

3. The epoxy resin composition for semiconductor encapsulating use
according to claim 1 or 2, wherein 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.

4. The epoxy resin composition for semiconductor encapsulating use
according to any of claims 1 to 3, wherein the spherical fused silica {(d1) is
obtained by fusing silica which contains the inorganic compound comprising

the metal or semimetal other than silicon.

5. The epoxy resin composition for semiconductor encapsulating use

according to any of claims 1 to 4, wherein the inorganic compound comprising
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according to any of clains 1 to 4, wherein the inorganic conpound
conprising 50 the netal or sem netal other than silicon is an

i norgani c netal oxide conprising an oxide of netal or sem netal

ot her than silicon. 6. The epoxy resin conposition for sem conductor
encapsul ating use according to any of clains 1 to 5, wherein a
content ratio of the spherical fused_ silica (dl) is not |ess than 40
wei ght per Eemtmghal ot sershectalapther thanmilicoveigetn inerganioemetal paide
epoxy resin conposition _as a whole. 7. The epoxy resin conposition
for sem cofRUBrGING AL HFIde off metplirseminasaliothgr thansilicoh. claims 1 to
6, wherein a content ratio of the inorganic filler (D) is not |ess
than 78 wei ght percent and not nore than 94 wei ght percent. 8. The
epoxy resin conposition for sem conductor encapsul ating use )
accordi ng fo cl alhelepasieresin eorappsibiogafirc sewmsodudtoropmeapsitating aise
metal or seminetal other than silicon is titaniumoxide, and the
spheri cal f¢posding {9 any plelums 140 dumderein atontentratdepf dre syherisahfused
di oxi de and_titani umoxide. 9. The epoxy resin conposition for _
seni conducsidiea dddips moitlpsry thare 40awetghdi prycent ahdinntsmowhshan Pdaweight
content ratio of the silicon dioxide in the eutectic mxture (d2) of
silicon dibstcgat selativettarthaepoxy desinsommositiessas aarhade wei ght per cent
and not nore than 99.8 weight percent, and a content ratio of the
titaniumoxide in the eutectic mxture (d2) of silicon dioxide and

titaniumoxide is not |ess than 0.2 weight percent and not 51
7. he epoxy resin composition for semiconductor encapsulating use

according to any of claims 1 to 6, wherein a content ratio of the inorganic filler

(D) 1s not less than 78 weight percent and not more than 94 weight percent.

8. The epoxy resin composition for semiconciuctor encapsulating use
according to claxm 1, wherein

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

droxide and titanium oxide.

9. The epoxy resin composition for semiconductor encapsulating use
according to claim 8, wherein

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
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nore than 80 wei ght percent. 10. The epoxy resin conposition for

sem conductor encapsul ating use according to claim8 or 9, wherein a
content ratio of the eutectic mxture (d2) is not |less than 8 wei ght
percent and not nore than 93 wei ght percent relative to the epoxy
resin conposition as a whole. 11. The epoxy resin conposition for

sem conduciyr.8RGABI VeI PeliShit, according to any of claims 8 to 10,

wherein a content ratio of ‘the 1norganic filler (D) containing the
eutectic mxture (d2) is not |less than 78 wei ght percent and not
nore than 93 weight percent relative to the epoxy resin conposition

as a whol eygl2. The Y rb&i) Ebrﬁﬁﬁélﬁ%iit fo?”séﬁicoﬁﬁﬁkﬁ?n&%@%ﬂaﬁng use

encapsul ating use according to cfaim whereln the 1no

conmpound ¢ [ nmetal other than silicon is
AREELL A0 B0, RS0

al um na, an ica (dl) is a eutectic mxture

(d3) of silicon a%ﬂﬁéxfkera%ﬂﬁoﬂmlﬁ‘ﬁecti\é‘}ﬁg%w? gdg?gtgtr?c{{tleéﬁtthé?n%( g%ﬂg%t

silicon dioxide 1n the eutectic mxture ess than 8

22 51 PGSR bR g 07 R YA 00, GO

ratio of t alumnaint €ess han

0.2 wei ghtco‘?ﬁgﬁﬁ{% and, peldrore than 20 wei ght percent. 13. The epoxy
resin conposition ?or sem conduct or encapsul ati ng use 52 according

to claim 12, wherein a content ratio of the eutectic mxture (d3) is
not |ess than 8 wei ght

11. The epoxy resin composition for semiconductor encapsulating use
according to any of claims 8 to 10, wherein

a content ratio of the inorganic filler (D) containing the eutectic
mixture (d2) is not less than 78 weight percent and not more than 93 weight

percent relative to the epoxy resin composition as a whole.

12. The epoxy resin composition for semiconductor encapsulating use
according to claim 1, wherein

the morganic compound comprising the metal or semimetal other than
silicon i1s 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
less 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.

13. The epoxy resin composition for semiconductor encapsulating use
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percent and not nore than 93 wei ght percent relative to the epoxy
resin conposition as a whole. 14. The epoxy resin conposition for
sem conduct or encapsul ating use according to claim12 or 13, wherein
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 peacmrtingtoadlaire 120 wtheeermpoxy resin conposition as a whol e.
15. A sem conductor device conprising a sem conductor el enent
encapsul at ed w té cohéergpmtyo o sha eaterpioshidtane (@3) seamiclessthsnr8 weight
encapsul ati ng use according to any of clainms 1 to 14. 53

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

composition as a whole.

14. The epoxy resin composition for semiconductor encapsulating use
according to claim 12 or 13, 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.
15. A semiconductor device comprising a semiconductor element

encapsulated with the epoxy resin composition for semiconductor

encapsulating use according to any of claims 1 to 14.
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