' EPOXY RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON,
COVPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON, AND SEM
TECHNI CAL FI ELD The present invention relates to a process fu#$roduci ng an

epoxy resin conposition for sem conductor encapsul ation m@ %mﬂﬁﬂ used in

5 encapsul ation of a sem conductor chip, can mnimze v gin
t he sem conduct or devi ce obtai ned; an eboxy resin conpo ed by
usi ng the above process; and a seni conduct or devi ce pr oducedG¥82*'usi ng t he

above epoxy pRE-EESCAGR PROBICTION b Wﬁ%&%ﬁwm&m:mﬁ ons,
whi ch can be gReAHBEAPION ORECK®NRESIN COMPESRErONAFGR isiM

encapsul at i om,@ipmdmﬁ grMcoNbgcerctevase! C, LSl and the I | ke, fromthe
vi ewpoi nts of their rellablllty 15 and productivity. Epoxy resin

conpositions are conposed of an epoxy resin, a phenolic resin, a curing
accel erator, pfrimfeFgandEeihller, a releasing agent, a flame retardant, a
coupling agent, etc. The conpositions are ordinarily 20 produced by

wei ghing required amuntige Obr& S el BFét Son PFEDAXeN0 b e Rycalss Ng a m xer
such as Henschel mxer or the like, then nelt-kneading the resulting prem x

by using a hegéedhki@adiig Salf hepexyon@axh atopeattet on bf éxi al kneader,
heated roll, continuous kneader or the
semiconductor encapsulation which, when used in
5 encapsulation of a semiconductor chip, can minimize
voids appearing in the semiconductor device obtained;
an epoxy resin composition produced by using the above

process; and a semiconductor device produced by using

the above epoxy resin composition.

10 BACKGROUND ART

Epoxy resin compositions, which can be
subjected to transfer molding, are in wide use for
encapsulation of semiconductor chips such as IC, LSI
and the like, from the viewpoints of their reliability

15 and productivity.

Epoxy resin compositions are composed of an
epoxy resin, a phenolic resin, a curing accelerator, an
inorganic filler, a releasing agent, a flame retardant,
a coupling agent, etc. The compositions are ordinarily

20 produced by weighing required amounts of raw materials,
premixing them by using a mixer such as Henschel mixer
or the like, then melt-kneading the resulting premix by
using a heated kneader such as monoaxial kneader,

biaxial kneader, heated roll, continuous kneader or the



1, -2 like, to mx and disperse the individual raw materials uniformy.
As el ectronic appliances have becone snaller, lighter and nore functional,
t he sem conduct or packages 5 used therein have becone increasingly snaller
thi nner and narrower in pitch. In such a situation, epoxy resin
conpositions used for sem conductor encapsul ation are strongly required to
have hi gher sol dering heat resistance a gd hi gher noi sture resistance,
because the 10 heat resistance and noisture resistance have an influence on
e retnanll il thepseniaanduehor (Rackaoesaehialned, by focapsu gl on
usi ng the epoxy ré5|n o Si't T esi n Conmpositions
have come 15 t ftn an i ncreased anount of an inorganic flller so t hat
t he senlconduc or pa ages obtai ned therewith can have | ower interna

stress and |over hygrOsﬁgpé§éE¥roﬁbbsabB§i§ﬁ§lu|§a%er@EBM8tsH511Q§

inorganic filler used owever, has reduce Ity 20 during

encapSU|at'Onlﬁgﬂtéﬁsahacﬁ8§éeEuH@Ef@ﬁél'ntHE'HéﬁQcoﬁ&ﬁBt§§ bgakagEaTE
def ormati on d wire deformation, voids generation and the |ike. Against

t he above fpr Oﬁ)béﬂsthéieiﬁ heivagbtebrd tAckespihbUidbhyl0Er ANtRPAAYY T €SI N
conposition and 25 inprove the filling characteristic thereof by optim zing
the particl e ashapeasnewear ihcbetdhaneirer sdekt &ai butuanieh, t Bpokpor gani c
filler used or by mnimzing the viscosities of the used epoxy resin, C7
- 3 phenolicressnncompasitforncapsdl dbrosentoprdattoe. ehioapsetatibe t ask
of decreasing voids is difficult to achieve and is draw ng increasing
attention. Thargostsonglanrepokyedesdnhavapbsgheonspsdsrinashedated to be
reduci bl e by increasing the degree of kneading of the conposition in the
mel t - kneadi ngrSeépteancenprdveigher weelabirpt yopeeheeAet heefFedrn EbAponent s
and the |nor anic filler and the dispersibility of the inorganic filler.
However , SPRRE cBeBLSEABCENRPEaRRTIBUF R Fﬁélﬁﬁéﬁﬁﬁnﬁaﬁég? e in the

nEIt-kneadlnglg%f egég on the reliability of the semiconductor

packages obtained by encapsulation using the epoxy
resin compositions.
Therefore, epoxy resin compositions have come
15 to contain an increased amount of an inorganic filler
so that the semiconductor packages obtained therewith
can have lower internal stress and lower
hygroscopicity. This increase in the amount of the
inorganic filler used, however, has reduced fluidity
20 during encapsulation and has increased defects in
molding, such as lead frame deformation, gold wire
deformation, voids generation and the like.
Against the above problems, it is being tried
to keep fluidity of an epoxy resin composition and
25 improve the filling characteristic thereof by
optimizing the particle shape and particle diameter
distribution of the inorganic filler used or by

minimizing the viscosities of the used epoxy resin,



causes a curing reaction of the conposition by the thermal history added in
‘the 'step and consequently inpairs the fluidity of the conposi tion. Hence,
there have been used, for exanple, 15 processes which conprise combining
only those raw material s which cause no curing reaction at the premn xing
step, anong all materials, and nelt-m xing the conbined raw materials at a
t enperat ure hi gher than the tenperature_at which they nelt or soften, and

t hen 20 conducting nelt-kneadi ng for al? the raw material s (e. 0.

JP- A- 56- 149454bhe}lP c4 1%%%@13 aeq:cé JPgAe%CJa 7%‘)"-15& 3291%} hgv ag%o_ been

proposed, for exanple, processes Whl I ST Se ti mum heat ed

kneader and empl/¥idHd pld %@}é(gﬁzne g%%%gt 'v%'l%stcisz%lr? uazt:althe curing

reaction occurri ng In t he heate nprove

bet ween the resi cRTRERENLS @Rt il %Qfe%%rl' t't' ?ft %%d “th
di spersibility of the inorganic #lgEln : g SHEFOI 4 52228).

However, in conducting mﬂé&wﬁrﬂsn@fagnaé@dg@ E%@H%T%kH&%s 1%%3 1Rrem xi ng
st ep, the raw materials usabl e therein have been restricte Further only
5 with thessekeakiidered an GRl irddtditeadey, andhe iwse ok degree of
kneading of the composition in the melt-kneading step
to improve the wettability between the resin components
and the inorganic filler and the dispersibility of the
inorganic filler. However, in some cases the increase

10 in the kneading degree in the melt-kneading step alone
causes a curing reaction of the composition by the
thermal history added in the step and consequently
impairs the fluidity of the composition.

Hence, there have been used, for example,

15 processes which comprise combining only those raw
materials which cause no curing reaction at the
premixing step, among all materials, and melt-mixing
the combined raw materials at a temperature higher than
the temperature at which they melt or soften, and then

20 conducting melt-kneading for all the raw materials
(e.g. JP-A-56-149454, JP-A-4-59863 and JP-A-3-195764).

There have also been proposed, for example,
processes which comprise selecting an optimum heated
kneader and employing optimum kneading conditions to

25 minimize the curing reaction occurring in the heated
kneader and improve the wettability between the resin
components and the inorganic filler and the

dispersibility of the inorganic filer (e.g. JP-A-9-



n

opti mum kneadi ng conditions, it has been difficult to reduce the generation
of voids stably. For solution thereof, it is considered to nake finer and
nore honogeneous the prem x of raw 10 materials prior to their melt-m xing,
to reduce the generation of voids. However, it has been found that only

wi th making finer and nore honobgeneous the prem x of raw materials prior to
their nelt-m xing, remarkable 15 reductjon in voids generation is difficult
and further inprovenent is necessary, ih a resin conposition wherein a

| ow vi scosi tyg4 ép, particularly a crystalline epoxy resin and a

| ow vi scosity phenolic curing agent are used and thereby the content of an

20 inorganic filler is gncseased;hn-Qrsese i fﬁ%iE*ﬁiiﬂﬁ%ﬁ?@@at i$ol dering
heat resistance of the conposition. DI SCLOSURE OF THE | NVENTI ON The present

i nvention rel@d@SetHdrOT DECSISe Q&éxﬁ){xﬂﬁvﬁd@@éﬂg e OPOX Ynd €S b LHNPOSi ti on
for sem conduct or encapsul ati on whi ch, en used in encapsul ation of a

seni conduct orugdb e G MiHAZE bedn Trestricved ds PpPEst NoATY t he
sem conduct or devi ce obtai ned. The present invention al so provides an epoxy

resin conposiwitin flog SehecohshicdHrarene@pwimt kesdaerand ovhe nisoi s
generation, and a sem conductor device
optimum kneading conditions, it has been difficult to
reduce the generation of voids stably.

For solution thereof, it is considered to
make finer and more homogeneous the premix of raw

10 materials prior to their melt-mixing, to reduce the
generation of voids.

However, it has been found that only with
making finer and more homogeneous the premix of raw
materials prior to their melt-mixing, remarkable

15 reduction in voids generation is difficult and further
improvement is necessary, in a resin composition
wherein a low-viscosity resin, particularly a
crystalline epoxy resin and a low-viscosity phenolic
curing agent are used and thereby the content of an

20 inorganic filler is increased in order to further
increase the soldering heat resistance of the

composition.

DISCLOSURE OF THE INVENTION
The present invention relates to a process
25 for producing an epoxy resin composition for
semiconductor encapsulation which, when used in

encapsulation of a semiconductor chip, can minimize



5 produced by encapsul ation with the conposition. The present inventors
made a study in view of the above-nentioned situation. As a result, the
present inventors found out newy that the voids generation in an
encapsul ated material produced with an 10 epoxy resin conposition can be
remar kably reduced by making finer and nore honbgeneous a prem x of raw
materials prior to their nelt-kneading, then neltkneading the resulting
mat eri al under a reduced pressure usfna a kneader, or nelt-kneading the

material 15 PEEHQ a Qﬁégﬁéh%ﬁokh8“@9m9¥onﬁﬂEt8§aﬁ8b ucegﬁﬁbﬂﬂe&he

resulting nolten mater: a ough "an appar at us of pressure. The

present I nveqtod, 538, beenyeRTRbA! £d;0asedy 90eL e abgusy iagding. The

present invention [fes in a process 20 producing an” epoxy resin

conposi tion ggh é@ﬁtEQHdEGEOEeﬁﬂ@@ﬁéub@Bkoenc&ﬁbﬁhaEQBHr'§@§ypigﬂlX'ng raw
materi al s contalnlng at | east an epoxy resin) ap henolic resin, a curing

accel erator andyangkngedarheibhl | ghd bhgémgébﬂduaﬂokhaeb§§é|tlng prem x
using a grinder to obtain 25 a ground material having such a particle size
di stri butg onptbaticpar biyckasapavilagipar wiehettdeaneinpbsiefior50 ~. mor nore
are 10% by wei ght or |less, particles having particle dianeters of 150 ~tm
to less than 250 ~, m The-pfBesane 1h¥ehyowei ghtleoa beadyand paewi cfes
having particle diameters of |less than 150 ~, un are 75% by wei ght or nore,
and nel t - knedengbotie-yentindnedt eitaktinder asredueedlpresbare. 5 The
present invention lies also in a process for producing an epoxy resin
conposi ti on PEESSBRi EBHEDEPEF EAvBPsabat REWlywhhak EBAPFPEES prenixing raw
material s containing at |east an epoxy resin, a phenolic resin, a curing
accel erator SRBSRATCLABr §BNPR ﬁeCﬁPﬁPéate@h@ﬁt@FﬂﬁauH§O@H6e¢e§thuﬁ@ preni x
using a grinder to obtain a ground materjal havi uch artjcle size

: refers srduBgaLb

di stri but on®PRXY BSPEPcFEEPREVFAG pSRRI BReT 6 ¥ &f °¥in or nore

are 10% by wei Qt OF Lgss a&;lcl S haghng gartlggg dlageters of 150 dun
15 to less tRaR*BE0 LRSFf 5% by y |gﬁ U8r 1 BSS™afd° paF?ches havi ng

particle d'aﬁﬁ%ﬁ£§a9é %g%BrtQBPtﬁ§9r~ L1D_RhEa 43y %bytﬂ@hQHE19r or e,

nel t - kneadi ng e grou materi a exposing the resulting nolten

material to pnhegdupgdeREesadnecidd hAcarPhef ahaed gnbadi.pegt of the above
processes, the reduced pressure is 460 mmHg or | ess when normal pressure is

760 nmrHg andptBestekt ukfingdhngneadeenduet adluskngaaihbaxhal mkoeader
kneader. 25 The present invention |lies epoxy resin conposition for
sem condiEt onséngapsikhatiden, fpddoueed by, usbmgekheppepdpasadgngnt®poxy resin
conposition or a nonoaxial further in an actor
resulting molten material through an apparatus of
reduced pressure. The present invention has been
completed based on the above finding.
The present invention lies in a process for
20 producing an epoxy resin composition for semiconductor
encapsulation, which comprises premixing raw materials
containing at least an epoxy resin, a phenolic resin, a
curing accelerator and an inorganic filler, then
grinding the resulting premix using a grinder to obtain
25 a ground material having such a particle size
distribution that particles having particle diameters

of 250 pm or more are 10% by weight or less, particles

having particle diameters of 150 um to less than 250 um



above process for for sem conductor encapsul ation, as well as in a

sen’ conduct or devi ce produced by using the epoxy resin conposition for

sem conduct or encapsul ati on. DETAI LED DESCRI PTION OF THE I NVENTION 5 As to
t he epoxy resin used in the present invention, there is no particul ar
restriction as long as it has at |east two epoxy groups in the nol ecul e and
is a solid at normal tenperature. There_are nentioned, for exanple,

bi sphenol type epoxy resin, biphenyl fyﬁe‘lo epoxy resin, phenol novol ac

{1} phenol et nARE F5BeBeptRyoRbarh. LTRaoBN erR b tneabed SFRGLSE: i v
dm .\t | i 15. bj |
fesin o ine Preaeretida, PRe PARY 1 80LParaER, MRas e HRTEHgobo e or S0

to 150C mhenm&?@,gﬁhaiHglEQhHEah§nEe§ﬁetB?BuEQQmaeeEE§ 1AgegsLn

t enper ature takes ace in the premxing of raw materials, omng to the
generation of ~asfrbat Hheraky2@. heat, and nelting begins; as a result, the
wor kabi lity of premi xing is reduced and a slight reduction in productivity

may appears Meanwhile, whenpiBgefiel thenpbAt 1i8sMal 8ot hANa1pPEceasVeErY
hi gh tenperature is needed 1n order 25 to nelt the epoxy resin in the step

of melt-kneadfbg; pasdachiagubh, epbxiysrdsihi eohbokdtpoavest t he proceedi ng of
a curing reaction and it nay be inpossible to allow _ g the final resin
conposition teehdvendppropr eatepblhilladidy, duhiol eomppsakat ppamiXhagnel ti ng
point can be known easily according to an ordinary nmethod of judging the
melting 5 tenpewanaterdtla resvkainnng gktassastpahl epyxyfresitheaappearance
of the resin, or a_nethod of using a differential scanning calorinmeter.
phenolic resin, a curing accelerator and an Inorganic
10 filler, then grinding the resulting premix using a
grinder to obtain a ground material having such a
particle size distribution that particles having
particle diameters of 250 pm or more are 10% by weight
or less, particles having particle diameters of 150 um
15 to less than 250 um are 15% by weight or less and
particles having particle diameters of less than 150 um
are 75% by weight or more, melt-kneading the ground
material, and exposing the resulting molten material to
a reduced pressure.
20 In a preferred embodiment of the above
processes, the reduced pressure is 460 mmHg or less
when normal pressure is 760 mmHg and the melt-kneading
is conducted using a biaxial kneader or a monoaxial
kneader.
25 The present invention lies further in an
epoxy resin composition for semiconductor

encapsulation, produced by using the above process for

producing an epoxy resin composition for semiconductor



The amount of the epoxy resin used is preferably 2.5 to 17% by weight in
the’total 10 conposition. As to the phenolic resin used in the present
invention, there is no particular restriction as long as it is a solid at
normal tenperature. There are nmentioned, for exanple, phenol novol ac resin,
cresol 15 novol ac resin, dicyclopentadi ene-nodified phenolic resin, phenol
aral kyl resin, naphthol aral kyl resiq_qpq_terpene-nndified phenolic resin.
These resins may be used singly or in adm xture. The anount of the phenolic

resin used i Ser?élaﬁ%%fabéy%r?, 10 130 Py 3vei gt 4 4y 20 A R d S eSUOSI Li 0N, As

t he i norganic used 1 n the present invention, there are nentioned

fused o1 1 ca poyslecag G5y S1Akld N1 Ly PANISE .o ShH figorsl dd.won ni 11 de,

etc. These fillers may be used singly or 1n adm xture. 25 The inorganic

filler may besaidigdvL dhddSdu i tdh has been surface-treated with a
coupling agent. The surface-treated inorganic filler may be used singly or

in adm xture of two or nore kinds. It g is possible to use a m xture of
a surface-treated inorganic filler and a surface-non-treated inorganic
filler. The apmrmirxd DHEECRIETYENiGF fTHE eINVENTIGE er ably 74 to 94% by
weight in the total conposition 5 fromthe viewpoint of the bal ance of
nmol dabi | i By and reliabids tyo e epuingresitelesead oin uses presdrec pr esent
i nventi on can be any conpound capabl e of accelerating the curing reaction
bet ween epoxyimrentplemd pherelis no particular restriction as long
as it has at least two epoxy groups in the molecule and
is a solid at normal temperature. There are mentioned,
for example, bisphenol type epoxy resin, biphenyl type
10 epoxy resin, phenol novolac type epoxy resin, cresol
novolac type epoxy resin, and alkyl-modified
triphenolmethane type epoxy resin. These resins may be
used singly or in admixture.
When a crystalline epoxy resin such as
15 Dbiphenyl type epoxy resin or the like is used, the
resin preferably has a melting point of 50 to 150°C.
When the melting point is less than 50°C, a rise in
resin temperature takes place in the premixing of raw
materials, owing to the generation of a frictional
20 heat, and melting begins; as a result, the workability
of premixing is reduced and a slight reduction in
productivity may appear.
Meanwhile, when the melting point is more
than 150°C, a very high temperature is needed in order
25 to melt the epoxy resin in the step of melt-kneading;

as a result, it is difficult to prevent the proceeding

of a curing reaction and it may be impossible to allow



10 hydroxyl group. Curing accelerators ordinarily used in resins for
"sem’conduct or encapsul ati on can be used. There can be nentioned, for
exanpl e, 1, 8di azabi cycl o(5, 4, 0)undecene-7, triphenyl phosphi ne and
2-nmet hyl i m dazol e. They can be used singly or in 15 adm xture. The anount
of the curing accelerator used is preferably 0.1 to 1% by weight in the
total conposition. A coupling agent can_be used in the present invention.
As to the coupling agent, there is no~ 28 particular restriction. However,
there are preferr f0 I Is upl.i.ng ents.such as
yglycidoxypro%@ﬁt?ﬁPﬁét%ggégrpgﬁg?gﬁgﬁgﬁoggo%?VFrF%§Fﬁ8§§§ﬁfane,

~Ier capt opr opyh i TRt Xy hkake sty b i bt hoxysi | ane 25 and the like. As
the coupling agent uSed for "surfacetreating the inorganic filler, am no
type silane coupling QQQBESm%&%iHbakéﬁh%dcaﬁh%éekﬁBwﬂlbggiﬁgepts may be
used singly or in adm xture. Even en an - 10 1norganic filler
surface-treat adcoirtiing €ouAhi BEAaA8RY hErHSEUofl HubligiRgSshll fet @ifyr t her
add a coupling agent at the time of prem xing. A flame retardant can be
used in the preseetaBuirevedt horesTheihl anglagkardpnt 162y, berexernki fied by
antinony oxi des such as antinony trioxide, antinony pentoxide and the |iKke;
brom ne conpoepgsasacheasfbithei raked, epexy meshBdasd UBenki ke; netal
conmpounds such as al um num hydroxi de, nmagnesi um hydr oxi de, zinc 10 borate
and the |ike; dplidspkordselcenponndy sathramephosphoric acid ester, red
phosphorus and the like; and nitrogen conpounds such as nel am ne and the

|i ke. However, the flanBheepmpuaht ofsthet epesyrieséd tkedetis. A rel easing
agent can be useg in the_present 15 invention. The rel easi ng agent can be
exenpl i fi ed byTREGREPL¥atty hei 47&sP¥ryeiabh a8 thentebalwax, nontanic acid
ester ancﬁI he Iike'.glgher fatty acids such as stearic acid, nontanic acid
and the |7 e;cﬁ@PgFl aPPs of higher fatty acids, such as zinc stearate,

cid am des such as

cal cium 20 nont anat e an% tge E'ke' higher fatty a

N- st earyl st ear ani de, et hyl &Re b%s?gg?g 'ae?eﬁi§I9F8 ebPsEPBaPRRAFEREand t he
| i ke; and pol LRG0 S:su | ene. . oxidi zed pol yet hyl ene
and t he IiEe.yﬁgﬁgbgﬁﬁ'yggggglé%sﬁﬁgsgﬁg% M?épﬁg Sgglgéé??i%?ego?%erego. An

i on-trappi ng agent €anabgousgdat mbheaPr esPLLLEYLAt I 0By Jhe,jgn-trapping
agent is a conpound added in order to trap, for exanple, a cation - 11

such as sodi umehebonpat assruekh@plel phenbi kfo9s138 ABLOR Suebsgs chlorine
ion, bromne ion or the |Iike and prevent corrosion of a chip, and can be

exenpl i filéd byohytiaot absitesdibyshupénoxdilese anddani éaopiepsnt oxi de. 5
However, the ion-trapping agent is not restricted thereto.
resin, phenol aralkyl resin, naphthol aralkyl resin and
terpene-modified phenolic resin. These resins may be
used singly or in admixture. The amount of the
phenolic resin used is preferably 2 to 13% by weight in
20 the total composition.

As the inorganic filler used in the present
invention, there are mentioned fused silica powder,
crystalline silica powder, alumina, silicon nitride,
etc. These fillers may be used singly or in admixture.

25 The inorganic filler may be an inorganic
filler which has been surface-treated with a coupling

agent. The surface-treated inorganic filler may be

used singly or in admixture of two or more kinds. It



A coloring agent can be used in the present invention. The col oring agent
can’ be exenplified by organic dyes and organi c pignents such as carbon

bl ack, 10 azo conpound and pht hal ocyani ne conpound. A | ow stress conpound
can be used in the present invention. The | owstress agent is a

| owel asticity substance added in order to reduce the stress appearing in
nol di ng of epoxy resin conposition 15 the stress appearing in heating or
cooling of cured material) and can be exenplified by organic rubbers (e. g.

pol ybut adi engi.sa%sf/%%léohr% ;4%55’%:‘;;@ e & paol%/%a}%%s era}teagld silicone

rubbers (e. oxane). wever, _ ress agent 20 is
not restrict %f(h& B0 £ MG TR GO S AEd L LD« ad ! N .
conposi tion of the present invention, such as epoxy resin, enolic resin,

i nor gani c fildgrand e ldkudt & eaah Welahehiy & gigen amount and then
prem xed 25 using a Henschel mxer or the Ii'ke. The resulting premx is
ground usi ng gr&ffd ey ty neke 44 N wdigyHdiny i il Senp e ss iaibachi eve
t heir honobgeneous di spersion. O her conmponents such as flame retardant, -
12 rel easi ngmg@erihe ivOievdd @R N agentba el oy 10 nedeldbi i di@ss agent
and the like are used ordinarily each in a small anmount of 5~ by weight or

| ess in the epoxialriesity .conposition; despite such a small anmount, each of 5
t hese conponents is nmade finer and di spersed honobgeneously in the epoxy
resin conposition, by tMe gimdin@aovelermgpn noeed igorthe etk srtter t he
prem xi ng. The ground material obtained by grinding with a grinder needs to
have such a pari§riionican e ¢ rqq;mqwra/tqmakﬂaﬁr tafclearelatatgnsarti cl e

di ameters of 250 elmor nore are 10~ by weight or |ess, particles having
particle di afgt®r&oMa 5Rafihh b PesiehAP 250 BIHmand PhaRp Mg ght or

| ess and Bartic es glavi n article dianeters of |less_than 150 ~. .|l mare 75~
by wei ghtYor THRe gF'Tﬂg"Fg'r oUmHtF TRt &98 1l SR icerdin4se ithe

acetone insoluble, particles hayi article diameters of 212 F |zn or
more, in an a&nounts o’%’b.%elmbﬁ/on Ifcgj]%lpoernciaé)sssgla\ﬁfe% S tHe Particl e size

di stribution, the 20 pa{)ﬁérc %}r?%/é %M&Aeﬁ'gsﬂf@zﬁ(@eﬁ 230 ~.tmor

nore are nore than 10~ by wei t he parti aving particle dianeters

of 150 ~. m t oyl L8 {RAN 260, £ (MHRBHE 1 hal 11 | g andidde
particles havilng palrticleégc)fi arge]% ers of |ess thlﬁle%ﬁﬁn%eﬁle | ess than 25

75~ by wei ght2-ridihgriouiith A@ter | athalpesam e hefies imdInt foyr mrdi spersion in
the step of nelt-kneading and, when the resulting conposition is used for
encapsul abi oradfizecwmeni cahicdmrurthiqf thee curiny acesil aedic tiaredlevi ce
obt ai ned has voids and accordingly defects. Wen the ground materi al

cont ai ns, in isherxafkmiely kol ubl €% gar twel gt havitdee parttalel e di aneters of
212 ~tmor nore, in an anmount of nore than 0.5~ by 5 weight and the

resul ting corffB¥F0n 9% used for encapsul ation of a chip, the

sem conduct or devi ce obt ai nUrng]t,rrag?/ have voi drs]?.ﬁ The particle size
distribution of the grdurfd®atetd AITH F&ehf HFDy- LMy BT R hds of

sieves invention. As to the coupling agent, there is no

20 particular restriction. However, there are preferred,
for example, silane coupling agents such as Y-
glycidoxypropyltri-methoxysilane, Y-
aminopropyltrimethoxysilane, 7Yy-
mercaptopropyltrimethoxysilane, vinyltriethoxysilane

25 and the like. As the coupling agent used for surface-
treating the inorganic filler, amino type silane
coupling agents are preferred. These coupling agents

may be used singly or in admixture. Even when an



10 each having an opening of 250 Etmor 150 EEm a sanple amount of 6 g
each tinme, and a powder tester produced by Hosokawa M cron K K. (anplitude:
1 mm frequency: 3,000 vpm 60 seconds). The acetone insoluble of the
ground material 15 is determ ned as follows. 200 cc of acetone (purity:
99.5 or nore) and 100 g of a ground material are placed in a container; the
container is shaken at nor mal terrperz_itgbe_usi ng a shaker produced by Yamato
K. K. (frequency: 3 Hz, shaking tine: 20 mnutes) to 20 di sperse the ground

material in aﬁ(f%%i%tﬁi{fﬁl%%&ﬁéﬁﬁ%@@j@@@éS@&é%@%&@i eve

havi ng an openi .m e |l ning on the sieve is dried

and then wei ghed,;a0d, the penceid Aok ofo tAe-fiaskl dddos Wab @t i 4P ddunhwei ght
of the ground naterial 25 is taken as the acetone iInsoluble of the ground

material . As 4© the € deF .pEdiRieing. No particular restriction as long as
an intended particle size - 14 distribution can be obtained therewth.

However, there are preferfetheitsedrdintbatdn e lussd obedcall presdge shear
extruder, continuous type rotary ball mll, batch type rotary ball mll,

corundum 8i | linyeitivnl , Tid | €Tade tetarddct Jddre\bersyxdrep Liseied roy

conbi nation. A grinder having a cooling nmechanismis preferred in order to
prevent the reltimgnwroxsiodeensuch s rast imaugnponemt sdeluramgigenndi ng. The

ground material is then nelt-kneaded. As 10 the kneader used in the

mel t - kneadi ngeentesriede amndethes el ke proromings ecorpalinds yskdHeader s such as

bi axi al kneader, nonoaxi al kneader (including co-kneader) and the |ike. A

kneader with RERERIIFRA rRRIEN K21 PFrefere e‘gl,k%mdn%t%l LHaERoYMEader or a

nonoaxi al kneader 15 is npre preferred. The nelt-kneadi ng, using, such a
kneader is cOTMtRtF HHURIAUM ﬁ@é@i&%’ﬂl‘g‘?ew%@mﬂfmil%y‘g‘f%’gl%%sﬁgm% to
conduct | t-kneadi n t expase the resultin lten material to a
reduced essl&‘?]é‘%:el'h%icgn%f Pﬁﬂﬁeo' &g?‘ﬁ%}h?%‘f‘s r%%?l??‘g%%ns‘é‘%‘ t3° t he net hod
for applying d. pressu ver . it ef err t 0. .appl
reduced pr ess‘%rléeg nggl%téfﬁét%%%e{ﬁ?eélEflﬁélée%ﬂffir&%r egsrf#l %gerrp]gls}??p’l oaYnmgt ays

molten. |t i s,als0. 0 elSIEELAO L1t SUOMAI SIS g thaty e, ol ten resin

25 conposition I's hot suc Into a vacuum punp system en the nolten

conposi tion afdpsver] tkneadi e | SexROsed 19 Bt edliced Pra&sSti&edd. can be
conducted, for exanple, by providing, at the front of a - 15 kneader, a

facility in which a boxa(sealé®shing casaatiegamrnsk anseXt indete aptedaitegr at ed,
and di scharging air fromthe cascade using a vacuum punp, to nake vacuum
the insidé ofinhentienl i tThe orebeas mousdgnprotudes agxemplified by
higher fatty acid esters such as carnauba wax, montanic
acid ester and the like; higher fatty acids such as
stearic acid, montanic acid and the like; metal salts
of higher fatty acids, such as zinc stearate, calcium
20 montanate and the like; higher fatty acid amides such
as N-stearylstearamide, ethylenebisstearamide, m-
xylylenebisstearamide and the like; and polyolefin
compounds such as polyethylene, oxidized polyethylene
and the like. However, the releasing agent is not
25 restricted thereto.
An ion-trapping agent can be used in the

present invention. The ion-trapping agent is a

compound added in order to trap, for example, a cation



5 intended conposition. It is also possible to conduct kneadi ng and cooling
* using a kneader, then heating and nelting the kneaded material, and
exposing the nolten material to a reduced pressure. The present inventors
found out that the 10 voids appearing in nolding of a resin conposition can
be greatly reduced by conducting nelt-kneading by a kneader under a reduced
pressure, or by exposing the nolten reiin conposi tion obtained from
nel t - kneadi ng by a kneader, to a reduc 4 pressure. The first reason 15
therefor is consri1 dered to be that the r.educ.eod porrestsr?relqgn oert faergti vely
remove the wdter: ahd so?%]a EUH RV ToHHoERCY e T8si W Bhposi tion
and therefor e, Lig, aaner ald of,of, upl atdd ¢ eompanents, i) mldingd thig | eads
. The 'second

. JTO
to generation Of volds) 1S mnimze reason i's considered to

be that the r nt t ¢ _ S dered t
rﬁ% gojf&%ug%%ﬁrg%%%%h 4 6&9%@%)9&111@11f1g}1w i ng

a |large anou Ica and a resin conponent of l'ow nmelt viscosity

or can renove,fdia, bl &ss ofp {4 th:aides TR t4@PREShAI ent toeonsi dered to
i nclude not only 25 the air trapped by nmere physical stirring but also the

air bubbl gs genswded dive tivh otdp i angent akd e Pl ase mheded@n epoxy resin
melts and suddenly becones a liquid. It 1s considered that renoval of air
bubbl es - lthedet®nes easier by nmaking the resin conposition conponents
finer and nore honbgeneous prior to kneading. The reduced pressure used in
mel t-kneading is 5 460 amidgl @rinessyerpr efaan dlpd usSdd) ImHherptessntwhen
normal pressure is 760 nmmHg. When the reduced pressure is higher than 460
mHg, voi ds risdeettiom durThey owl olf inp i agermw cand he emgmmbified gussible to
obtain a sufficient effect. 10 In the process for producing an epoxy resin
conposi ti on forgaeks At @FEHpswlRkIesn b cvieh s tR TP g lexdat

i nvention, steps other than those nentioned above can be carried out by
known pr é€ed @& . COMRO W Rh RRERA L XA DI CUMRP HResent i nvention can 15

be produced by a known process. BEST MODE FOR CARRYI NG gUI THE | NVENTI ON
The present invention Hg e petf compound can be used in the

present invention. The low-stress agent 1s a low-
elasticity substance added in order to reduce the
stress appearing in molding of epoxy resin composition
15 or the stress appearing in heating or cooling of cured
material, and can be exemplified by organic rubbers
(e.g. polybutadiene and acrylonitrile-butadiene
copolymer rubber) and silicone rubbers (e.g.
polydimethylsiloxane). However, the low-stress agent
20 1s not restricted thereto.

The main components used in the epoxy resin
composition of the present invention, such as epoxy
resin, phenolic resin, inorganic filler and the like
are each weighed by a given amount and then premixed

25 using a Henschel mixer or the like. The resulting
premix is ground using a grinder to make finer the
individual components and achieve their homogeneous

dispersion. Other components such as flame retardant,



specifically bel ow by showi ng Exanpl es. However, the present invention is
"in no way restricted by the 20 foll ow ng Exanpl es. Basic formulation

Bi phenyl type epoxy resin 4.5 parts by weight (YX4000H a product of nga
Shel | Epoxy 25 Kabushi ki Kaisha, nelting point: 105C, epoxy equivalent:
195) - 17 Phenol aralkyl resin 4.5 parts by weight (XLC-4L, a product of
Mtsui Chemcals, Inc., nelt viscosity gt 150C: 1.1 poise, hydroxyl
equi val ent: 170) 5 Brom nated phenol noYolac type epoxy resin 1.0 part by

[ ' I 0t j val ent: 280 .
\fe;?»ggt agzg{ E%%%%%%%@%&@?%ﬁ%%ﬁew \A‘/é%lg?ﬁlrﬁ%sae%e%tﬂ i gaSBSé?t
' | ) sOX] t rnau wax
by wei ot Car bon Dotk oS bar oy e Bt B it N e 5
Eval uati on Meinods:dnr aheyint B¢ efg aly 200 ot f, AElONg, (AL dy;, §9- 5 of

nore) and 100 g of a ground material were place cont ai ners,
resin composition; despite such a small amount, each of
5 these components is made finer and dispersed
homogeneously in the epoxy resin composition, by the
grinding with a grinder, conducted after the premixing.
The ground material obtained by grinding with
a grinder needs to have such a particle size
10 distribution that particles having particle diameters
of 250 Um or more are 10% by weight or less, particles
having particle diameters of 150 pm to less than 250 Hm
are 15% by weight or less and particles having particle
diameters of less than 150 M are 75% by weight or
15 more. The ground material preferably contains, in the
acetone insoluble, particles having particle diameters
of 212 pm or more, in an amount of 0.5% by weight or
less.
When, in the particle size distribution, the
20 particles having particle diameters of 250 Um or more
are more than 10% by weight, the particles having
particle diameters of 150 pm to less than 250 um are
more than 15% by weight and the particles having
particle diameters of less than 150 Um are less than
25 75% by weight, the ground material does not become a
uniform dispersion in the step of melt-kneading and,
when the resulting composition is used for

encapsulation of a semiconductor chip, the



20 the contai ner was shaken at normal tenperature using a shaker produced

" by Yamato K K. (frequency: 3 Hz, shaking tine: 20 mnutes) to disperse the
ground material in acetone; the resulting suspension was passed through a
si eve having an opening of 212 Vim the 25 insoluble remaining on the sieve
was dried and then wei ghed and the percentage of the resulting weight to
the weight of the ground material was i ken as the - 18 acetone

i nsol ubl e of the ground material. Partttle size distribution Particle size

det ' ' t-£st. t .
uas dotor ki UShR 2 (RNCT, (RAAUIY LSSRI alieed ik aapiaue

i f J i . S | z éﬁ@pl t:
gpgmeggﬁ 1(:)i me .éeﬁ%gzeﬂ}}egin% egrggzﬁ%fd %%%i)egsﬁr%l?o%%r%%%pn%ﬁeﬁ%s sangl 2m)un

(obtai ned by AR iiRG A WHIRUNGLQE ALY ialy ity GRATVIRSY o ARldliRg at 100
kg/cn2 at roomtenperature for 60 seconds, curing the conpressionnol ded

material at HI0Q10oumdrheidre, embeddiar@unte cfunRE TR . 58 1y an epoxy
resin, then subjecting the resulting material to polishing and scratch

pol i shings 1wedrthtvapdr tdepaisilng neardaatboei ik Ae) shed fmt eri al) was
determ ned for standard deviation of silica strength distribution using an
anal yzer (El ettoapsuReahienModr @ardiyyertchen ganddiseidunft odagmvikdeect ron Opti cal
Laboratory Co., Ltd.); and the standard deviation was 20 taken as an index
of the di sperditerningegmesy dfavteherodaimpositi on conponents of the sanple. A

| arger val ue of dispersion degree refers to nore ununiform di spersion. 2.
Eval uati on met hods for Tsopprtdsile comsosiitsiten 28 inrissr tdfe \aicdmda

sem conduct or package ,of 160p QFP (body . - 19 size: 28 mmx 28 nm
package t hi cm&esr:lag. & SmAeteETEmast Svzésing ok Mmdeme fnds sMSSmed by

encapsul ion; the nunber of voi.dsé? ving major diameters of Q.1 mm or
mor e) priéemeﬁ‘ o RS Sk e Wit i ey & sample

amount of 6 g each time, and a powder tester produced
by Hosokawa Micron K.K. (amplitude: 1 mm, fregquency:
3,000 vpm, 60 seconds).
The acetone insoluble of the ground material
15 1is determined as follows. 200 cc of acetone (purity:
99.5% or more) and 100 g of a ground material are
placed in a container; the container is shaken at
normal temperature using a shaker produced by Yamato
K.K. (frequency: 3 Hz, shaking time: 20 minutes) to
20 disperse the ground material in acetone; the resulting
suspension is passed through a sieve having an opening
of 212 pm; the insoluble remaining on the sieve is
dried and then weighed and the percentage of the
resulting weight to the weight of the ground material
25 is taken as the acetone insoluble of the ground
material.
As to the grinder, there is no particular

restriction as long as an intended particle size



5 by an ultrasonic flaw detector; and the nunber of voids per package was

+ counted. The transfer nolding conditions used for form ng the sem conduct or
package were die tenperature = 175C, injection pressure = 100 kg/cn®;
injection time = 15 seconds; pressure-holding 10 tine = 120 seconds; and
materi al preheating tenperature - 80C. An epoxy resin conposition for

sem conduct or encapsul ati on was neasurfg for spiral flow using a 15
transfer nolding machine fitted with a~die for spiral flow neasurenent

based on EMMy4 <86 Ihe.d r@a}gf% JELAH g condidy) ang "‘%doﬁglég’{&eerte{?e%f@t“re -

175C, injection pressure = [Thne;, "and pressuré- hol ahd curing tine

= 120 secondsaru%%e%]?&%éd APARH 6 Ha LOTROSI || Of, LOTANEN S b APl €

(obtai ned by s I Nng an epoxy resin conposition or

encapsul at i o iald ereffEhladineadiig: b COMRS S AL IPIKiNg 11 1745 &ty 30

kg/cn2 for 120 seconds, eddi ng the corfpressi on- d 25 naterial with

an epoxy resigypd hedt sHpietl ngi the sesddd et er{& 401 Polishidg and
scratch poli shing, - 20 and vapor-depositing carbon on the polished

mat eri al ) swasnidet eredded frigy siandss dugleyi al i noingiidica A remgider

di stribution using an anal yzer (El ectron Probe M croanal yzer, a product of
Japan El ectr diavOnid calcdo Liahpmadatian Gm ,id tgkdfermrsl tire etdadatsl devi ati on
was taken as an index of the dispersion degree of the conposition
conponent s ofprtdieersangiie. meVt B Xor resi tercionposi tresipovaeroradrnites 10 15 20
grinding was weighed by 5 g to an accuracy of 0.1 ng in an al um num cup.
Then, a heat dumigtaregningineonducted for 3 hours in an thernostat of 105
2C. The conposition after heat treatnent was allowed to cool in a

desi ccator for 30 minutBe @fQwd mterial vies thReyHerll t okngpderdur & of 0.1
ng. Volatile content was determned using the following fornula. Volatile
content £9) e dmsadeneisid ) theinmtt dfeadingt ther mdh RY)] x

100}/initial weight (g) A iveen a .urpa'{r ofkrgi séein_lled (\:/h/ataesf glna(ljxifaelw dr ops of
a surfactant W&t fﬁcfﬁge?fcarlﬁﬂa '5(5’-rrcgc)l y xneaders su
kneader, monoaxial kneader (including co-kneader) and
the like. A kneader with a heating mechanism is
preferred, and a biaxial kneader or a monoaxial kneader
15 is more preferred.

The melt-kneading using such a kneader is
conducted under a reduced pressure. It is also
possible to conduct melt-kneading and then expose the
resulting molten material to a reduced pressure. There

20 is no particular restriction as to the method for
applying a reduced pressure. However, it is preferred
to apply a reduced pressure in a state that the melt-
kneaded resin composition stays molten. It is also
preferred to use such a structure that the molten resin

25 composition is not sucked into a vacuum pump system.

When the molten composition after melt-

kneading is exposed to a reduced pressure, it can be

conducted, for example, by providing, at the front of a



pycnoneter, and the pycnoneter was wei ghed. Into the 25 pycnoneter was

" pl aced a sanpl e which had been obtai ned by passing an epoxy resin
conposition powder through a - 21 sieve having an opening of 500 ~.un
and then weighing 5 g of the material renmaining on the sieve, to an
accuracy of 0.1 ng. Then, the total weight of the pycnoneter was wei ghed.
Granul e density was deternlned usi ng thg 5 follow ng cal cul ation fornmul a.

S}anu:F gen5|ty (g/cE) - (M X pwb/( N@ M) pw. density (g/cc)of
istilled wat t.onp, 1 f
pycnoneter fi %ivétﬁ ?ﬁﬁf@%%\%t er %& ?%ﬁe%?ég% ?\f: wei ght
(g) of pycnongfer, %'%L@&a&éf haxdésm«é% t‘é@(ﬁerané Ié’&ﬂ?ﬂ% daﬁarm'e 15 xa

Raw nmat eri al s wei SO as to satis ba5|c or mu Ion were prem xed

for 20 m nut %&ﬁ'&%%m&@e&sﬂg}‘e& &&é’tﬂ%&'é%np 200, | hdeL syaduiper of
rotations: 500 rpn) naintained at roomtenperature. 20 The resulting premnx

was finely groundinsidy @f ctioseghdil ity St 0o shBRioeXl¥ Usesdide Cant | nuous
kneader and extruder, KCK80X2V, a product of KCK K K., rotary bl ade

di amet er: 580 TR erkdst dbaslesi t TewberTofidl a0eo rpsa¢iwns: t S0orduat di schar ge
anount: 20 kg/hr) with 25 the material tenperature being kept at 30C or
| ess. kneading and cooling using a kneader, then heating and
melting the kneaded material, and exposing the molten
material to a reduced pressure.
The present inventors found out that the
10 voids appearing in molding of a resin composition can
be greatly reduced by conducting melt-kneading by a
kneader under a reduced pressure, or by exposing the
molten resin composition obtained from melt-kneading by
a kneader, to a reduced pressure. The first reason
15 therefor is considered to be that the reduced pressure
can effectively remove the water and organic volatile
component in the resin composition and therefore the
generation of volatile components in molding (this
leads to generation of voids) is minimized. The second
20 reason is considered to be that the reduced pressure
can prevent the trapping of air in kneading of a large
amount of fused silica and a resin component of low
melt viscosity or can remove the bubbles of trapped
air. The trapped air is considered to include not only
25 the air trapped by mere physical stirring but also the
air bubbles generated by the volume change taking place
when an epoxy resin melts and suddenly becomes a

ligquid. It is considered that removal of air bubbles



The resulting ground material was nelt-kneaded using an interneshing

' co-rotating twin screw kneader (screw - 22 dianeter D 50 mm kneader
shaft length: 600 mm |ength of nelt-kneadi ng section: 6D, nunber of screw
rotations: 100 rpm discharge anount: 15 kg/hr) with the kneader inside

bei ng kept at a reduced pressure of 5 60 nMmHg (when normal pressure was 760
nHg) by a vacuum punp. The di scharged terial was passed through a

t hi ckness-controlling roll (sheeti ng"r%gﬁf to obtain a sheet of 2 Mmin

thickness. T r.aund. t o _obt ai N. RO resin
colrrpo_si f?on. %%ﬁ%%%;&%e}pggﬁq%%w;%% g:vea Jlatclgogﬁr}rporsglsncu Cﬁ?sx?‘/_or flhe ground
mat eri al obt al : I?%a q_rg_lr%ghrngirg{lqno%rém@%gg{rz%a at&g%ﬁgﬁ'?e/t esin conposition

obt ai ned by nel I ng e groun are pressure. 15
Exanpl e 2 Raw migrpl s wei ghed so as to satisfy the basic fornulation were
prem xed for 20 mnutes using a Henschel m xer (capacity: 200 liters,

nunber of rotations: 56Gd pEqURIEAISREG R JRM remReraideadihssd 4 he same
manner as in Exanple 1. The resulting prem x was finely ground using a

continuous t v medrRy Ybrbaldsgn Idr {Hawathe MJ P 25,1 e Pradict of M tsui
M ning Co., Ltd., nunber of screw rotations: 500 rpm ball dianmeter: 10 mm
di schar ge anounral?@@degidre iw tA60 henH2h maftesri alhd ergeRrcaddierdeaiung: kept  at
30C or less. The resulting ground nmaterial was nelt-kneaded using a

monoaxi al kneadériglsor enbadi it emHY, A® iy devhadsion dur2dhg siwdfdidgengt h:
500 mm | ength of nmelt-kneading section: 7D, nunber of screw rotations: 200
rpm di schar de dmvumnd 3¢ kghvhmoet Heemostshid Yt mbtesim aconposi tion from

t he nonoaxi al kneader was passed through a 5 facility (connected to the
front end of SHlieader®tfastinhi ch a box (called a cascade) and an extruder
wer e int%grated, with the facility inside being exposed to a reduced

pressurelf60 mHg when o B & A PTASH: PhyWRAYSC HEithg ai r
fromthe cascade usin at&%vacuumﬁuﬁpﬁ The di scharged materiqa! fromthe
extruder of tcr?énﬁof&tﬁ%ﬂ/ s PassEd i odg e A ST rol |
(sheeting roldy i ghlaldn® s3hrsleQl 2 PR dhsknass, Jhesheet vas
cool ed and ground t0 obtaln an epoxy ‘resim conposition. n Table 1 are

shown the evaldiatied B cRAUITRIEY 1A MRl el SRldsSfy the

The semiconductor device of the present invention can

15 be produced by a known process.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described
specifically below by showing Examples. However, the
present invention 1s in no way restricted by the

20 following Examples.

e f lati
-Biphenyl type epoxy resin
4.5 parts by weight
(YX4000H, a product of Yuka Shell Epoxy
25 Kabushiki Kaisha, melting point: 105°C, epoxy

equivalent: 195)



basic fornul ati on were prem xed for 20 m nutes using a Henschel m xer

* (capacity: 200 liters, nunmber of 20 rotations: 500 rpn) naintained at room
tenperature in the sane manner as in Exanple 1. The resulting prem x was
finely ground for 20 mnutes using a batch type rotary ball mlIl (Ball MII
200, a product of Chuo Kakoki Shoji, nunber of rotations: 30 rpm ball 25
dianeter: 25 mm treating capacity: 30 kg/batch) with the nmateri al

t enperature being kept at 30C or | ess. 1the resulting ground nmaterial was
mel t - kneaded using an inter hi ng. co-rot atibng tw r ew knﬁ@der

- 24 S S
(screw di aneter D. 50 Mﬁhﬁﬁﬁ%uﬁﬁélﬁg%trﬁength: 600h p?ﬁﬁat Yofetd
nel t - kneadi ng secti on: ,~ b at . 0NS- 0 | scharge
anount: 15 kg/hr) with @&E%re}ﬂk’nga; gocﬁﬁéﬁegsef E«Eel?%lég&kz:&é%tc%@edfl}{c%d
pressure of 60 mmHg (mﬁglcrgx{ﬁﬁéec%iﬁf%@ WcZGQ.g“’?%ais "ﬁg&%&% punp.

The di scharged materi al neader was passe ough

thi ckness-control ling rold,shegtd ng 7@l 1) to obtain a sheet of 2 mmin

t hi ckness. The 10 sheet was cool ed and ground to obtain an epoxy resin
conpositign. In Table 1l gygnishows themyaldibid g el tepoRawdmteri al s

wei ghed so as to satisfy the 15 basic fornulation were prem xed for 20

m nutes using a Henschel m xer (capacity: 200 liters,onpgaberbpfwéoginti ons:
500 rpm maintained at roomtenperature in the sanme nanner as in Exanple 1.
The resulting prem x was(sdfitedni gy qunichtksiatgCa epblker enulivalkbt178, a 20
product of Inoue Seisakusho, three rolls, nunber of front roll rotations:
80 rpm discharge anbunt28®0 kg/hr) with the naterial tenperature being
kept at 30C or less. The resulting ground material was neltkneaded using a
nmonoaxi al kneader (screw d-di@zaPinyde &5 4nf) yadearieshaft | ength: 500
mm |ength of neltkneadi ng section: 7D, nunber of screw rotations; 200 rpm
di schargélamount: 30 kg/hr). Then, the nolten - 2%-2rB3Fh B¥nB8s¥RFon
fromthe nonoaxi al kneagfreﬁ?s. assed through a fag%lété éco nected to the
front end of the kneadem)US§% iHilctF® box (cal | ed a®2alcBYEYSaRY YRIEREr uder
were integrated, with the facility .inside 5 being exppsed a reduced
pressure (60 nmHg when!gﬁﬁﬁﬂoﬁﬁegéﬁﬂﬁ%%%w 760 nmHg 'gyp féc rﬁ?h%ﬁ%ir

fromthe cascade using g MagHy . The dischargeg gaferial,,f Lpe
extruder of the facilityEVas passed t hrough a thickneggécontr%lﬁggg roll

(sheeting roll) to 10 chimigbrasheed of 2 Nmin thigkgeﬁgrthg w8eght Was
cool ed and ground to obtain an epoxy resin conposition. In Table 1 are

shown the evaluation results.
15 Evaluation methods
1. Evaluation methods for ground material
Acetone insoluble
200 cc of acetone (purity: 99.5% or more) and
100 g of a ground material were placed in a container;
20 the container was shaken at normal temperature using a
shaker produced by Yamato K.K. (frequency: 3 Hz,
shaking time: 20 minutes) to disperse the ground
material in acetone; the resulting suspension was
passed through a sieve having an opening of 212 um; the
25 insoluble remaining on the sieve was dried and then
welighed and the percentage of the resulting weight to

the weight of the ground material was taken as the



Raw materi als weighed so as to satisfy the 15 basic fornulation were .
prem xed for 20 m nutes using a Henschel m xer (capacity: 200 liters,
nunber of rotations: 500 rpm) maintained at roomtenperature in the sane
manner as in Exanple 1. The resulting prem x was finely ground using a
roller mll (HH 178, a 20 product of Inoue Seisakusho, three rolls, nunber
of front roll rotations: 80 rpm disch%rge anmount: 50 kg/hr) wth the

mat eri al tenperature being kept at 30C 8r Tl ess. The resul ting ground

i al d I i al : di . 46 2
m knoader SR TTEngeroL SO0 oy PR rotd WA RRES ng section: 7D,

nunber of screw rotations: 200 rpm discharge anount: 30 kg/hr). Then, the
nol t en - 26 resin conposition fromthe nonoaxi al kneader was passed

t hrough a faQEiiﬁib%é%ﬁﬁf%;&ikﬁﬁiﬁﬁ%?&ﬁO”t end of the kneader) in which a
box (called a cascade) and an extruder were integrated, with the facility
i nside 5 being exposed g 0181 & 2ducesh m%%@fﬂﬁ%m d@ﬁ?g normal pressure
was 760 mmHg) by discharging air fromthe cascade using a vacuum punp. The
di scharged mdestied {4 apovdier exddtsierpedaided fiagihddykaws wassad through a
t hi ckness-controlling roll (sheeting roll) to 10 obtain a sheet of 2 mMmin
t hi cknesss The. Kheeadmpyistwdo! el mnd firogpnehdw: obf @0 Apm epodye 5 650 N
conposition. In Table 1 are shown the evaluation results. conparative Exans
Raw mat eri al ssewdmghed guerasnd® ot tiwd ykimds 16f baseeed onsed at2 oh puer e
prem xed for 20 minutes using a Henschel m xer (capacity: 200 liters,
nunmber of rotand o0 IBO0 g3y lereimpunthed oo eaxdmtemperature in the same
manner as in Exanple 1. The resulting prem x was nelt-kneaded using a
nonoaxi al kneader (screw 20 diameter D. 46 mm kneader shaft | ength: 500
mm | ength of.nelt-kneadino 7D, , nunber of screw rotations: 200

= e QL XA ook el b PIREANO T ST

rpm di schar geaeu = RS- is B conposition from

th ial kneader was passed through.a facilit ted to the front
e emd or L he Knoader) s B Ot d U e R S Ot foor
i nt t i i h f facilit
hot hosod At U SNANARL. SRS W ELalORE MO F R HAR 0 Aol [ 201 1Y
obtain a sheele gl iR d Nedi GheSSondlie Sbiealy vass cOhsLaatkgr ound to

obtain an epoxy resin conposition. I'n Table 1 are shown the eval uation
results. 5 Conprdéd inver &Pl £ 2000°C for 48 hours, embedding the

cured material with an epoxy resin, then subjecting the
resulting material to polishing and scratch polishing,
15 and vapor-depositing carbon on the polished material)
was determined for standard deviation of silica
strength distribution using an analyzer (Electron Probe
Microanalyzer, a product of Japan Electron Optical
Laboratory Co., Ltd.); and the standard deviation was
20 taken as an index of the dispersion degree of the
composition components of the sample. A larger value
of dispersion degree refers to more ununiform
dispersion.
2. Evaluation methods for epoxy resin composition
25 Number of voids

A semiconductor package of 160p QFP (body



Raw materi als wei ghed so as to satisfy the basic formul ati on were prem xed
"for 20 mnutes using a Henschel m xer (capacity: 200 liters, nunber of
rotations: 500 rpm naintained at roomtenperature in 10 the same nanner as
in Exanple 1. The resulting prem x was finely ground using a corundum m ||
(T-2A, a product of Taiheiyo Ki ko, nunber of rotations: 100 rpm discharge
anmount: 100 kg/hr) with the nmateri al ngperature bei ng kept at 30C or Iess.
The resulting 15 ground material was t - kneaded usi ng a nonoaxi al kneader

di t ) it t
ﬁréﬂ -e\livne;girrﬁgﬁzeégt i%sg kggeg%g %%@Iéc%ée\%}rglo{k ?sg%srgﬂ g fb g sc%ar ge
amount: 30 kKgdfyd. 1 %% >¥ hes mal )t &L d e@dx‘?né‘d”mpséﬂééﬁ‘%ﬁlr%‘lo rpe ffnoaxi al - 20

kneader was passed through a faC| 1ty (connected t nt" end of the

kneader) in whirghed PoxdLd | ath@ Ah e LX T £IGRT ] WRE & Nt egr at ed.
The di scharged material fromthe extruder of the facility was passed

through a thiggde®s Rl id Nthd WBdmPPodEeed N dlddd was abtahihey sheet
of 2 mMmin thi ckness The sheet was cool ed and ground to obtain an epoxy

resin conposidy aGdth ultradnid flladb eldt edoshamy tiiee eviahived | Oh FeRISAd t S.
Conparative Exanple 3 Raw materials weighed so as to satisfy the basic
formul ati on werre grdmrgedwdorcdthtedut erhalst rgnaf & Herisdired m xer

(capacity: 200 liters, nunber of rotations: 500 rpm nmintained at room

t enper at ur e igpndiet isare usathefonsfamibangie demidendwestdt ipackagei x was
mel t - kneaded using_an internmeshing co-rotating twn screw kneader (screw

di ameter D 5eWAndigdierestaine 10 1 En§rhing@e then Paegshref =mdl00- kneadi ng
section: 6D, nunmber of screw rotations: 100 rpm discharge anount: 15

kg/ hr) wit hod?g/eg%osﬂﬁéef:ﬁéoklnééa‘@r = |3r§| @C%ldé r@éf@@éél‘rﬁr‘@é’é@ll@g The

di schar mat eri al om t he knead sed throu
CheRaog8 ottt 1 P R T e A MRl r S Rt b SE SRR BIES i n

t hi ckness. The et was cool ed and ground to obtain an epoxy resin
conposition. In Table 1 are shown the evaluation results. Conbarative
Exanyle 4 20 Raw materials weighed so as to satisfy the basic fornulation
were prem xed for 20 m nutes using a Henschel m xer (capacity: 200 liters,
nunber of rot@l’tﬂﬁﬁrs_t:JSOO rpm) nmaintained at roomtenperature in the sane
manner as in Exanple 1. The resulting prem x 25 was finely ground using a
vibration ball mll (YA -&fhxya 10 conio asidaweo Shegmicdidaency: 16
Hz, treating - 29

encapsulation was measured for spiral flow using a

15 transfer molding machine fitted with a die for spiral

flow measurement based on EMMI-I-66. The transfer

molding conditions were die temperature = 175°C;

injection pressure = 70 kg/cm®; and pressure-holding and

curing time = 120 seconds.

20 Dispersion degree of composition components

A sample (obtained by subjecting an epoxy
resin composition for semiconductor encapsulation after
melt-kneading to compression molding at 170°C at 30
kg/cm® for 120 seconds, embedding the compression-molded

25 material with an epoxy resin, then subjecting the

resulting material to polishing and scratch polishing,



capacity: 50 kg/hr) with the material tenperature being kept at 30C or

" less. The resulting ground material was nelt-kneaded using an interneshing
co-rotating twin screw kneader (screw dianeter D. 50 mm kneader shaft 5

| ength: 600 nm |ength of nelt-kneading section: 6D, nunber of screw
rotations: 100 rpm discharge anmount: 15 kg/hr) w thout exposing the
kneader inside to a reduced pressure. él'@e di scharged material fromthe
kneader was passed through a thickness¢tontrolling roll 10 (sheeting roll)
to obtain a f.2 i Lhi S... The eet C ground to
obtain an ep%%?/ie&éa |Of%o%%ﬁ%§ﬁ%%%%aﬁ%e t%hea eOl\é%gqv\%Pt agcdeéc\?%qdati on
results. 00 dd RAUALINMG JXABY & anth RAUAIALAL B HaRiiohed, so as to
satisfy the basic fornulation were prem xe or m nut es usi ng a Henschel
m xer (capacidtfierdd |dit8nSipimeruding C&r?talrﬁl%}ze'ioo(rﬁlFHthr@i Hhajgeed at
roomtenperature in the same manner as 1n Exanpl'e 1. The resulting prem x
20 was nelt - kieadRehauSiAed an igHRURS N a6 aiiadd v¥brt Wt ise1ew kneader
(screw diameter D. 50 mm kneader shaft |ength: 600 mm |ength of

mel t - kneadli ng.a3RGldt@Yy 613 . nurdier) ;ofarsraw raf=aid-0i dsk8A tipn wdisschar ge
anount: 15 kg/hr) with the kneader inside being kept at a 25 reduced
pressure of GakemHgs wienndxradf phes slirgpanasi ofb @ayrdg) dfy thevacuum punp.
Then, the nolten resin conposition fromthe biaxial kneader was passed
through - 3®mpestitiicinessrooormtd ldfng:hreoldan(slleeeting roll) to obtain a
sheet of 2 mMmmin thickness. The sheet was cool ed and ground to obtain an
epoxy resin conposition. In Table 1 are shown the evaluation results. 5
Conpar ative Exanple 6 Raw materials weighed so as to satisfy the basic
fornul ati on WeHetgdavcakdr 20 ni nutes using a Henschel nixer (capacity:
200 liters, nunber of rotations: 500 r mai nt ai ned at room tenperature in
10 the same manner as Y BRHY &eB10r eré’sctﬂqji%% J3(8\/é:serrnelt-kneaded

using a noaxi.al ..kneader (scre ianeter_D:._ 46 kneader, shaft .l ength:
500 o Fono SRS Mt S G o oD T Gt i SReons: 200
rpm dischar : / hr, Then, t i (oolyael jtion
fromthe m)n%lglxiaaa %Ié]ggt%rdig\'/as T)giaesns’eg‘ t}he:agcug%%ﬁftgﬁ]iv{a%s(%gnnec%?d to the

front end of gdie Kngagdes)id i ok (FRlled 2 pascadgl and an extruder

were integrated, with the facility inside being exposed to a reduced

pressure (60 dumdAG MREER AT el aSSd @S wkl) dMMdied) Hiciarigi ng air

fromthe cascade using a vacuum punp. The discharged naterial fromthe
extruder of taheldwacidator s 35 seichutdusouglt taert hitcilkdtesiss e reddlghrg r ol |
(sheeting roll) to obtain a sheet of 2 mnmin thickness. The sheet was 25
cool ed ahl grtoursh tar@intagih e epoxg r eSial donposidritant was

determined using the following formula.
Volatile content (%) = {[initial weight (g) -
weight after heat
treatment (g)] X

20 100} /initial weight (g)

Granule density
A given amount of distilled water and few
drops of a surfactant were filled in a 50-cc
pycnometer, and the pycnometer was weighed. Into the
25 pycnometer was placed a sample which had been obtained

by passing an epoxy resin composition powder through a



In Table 1 are shown the evaluation results. Tabl e 1 Exanpl esConparative
© Exanpl es123451234S6Gi nder used after prem xing(1)(2)(3)(4)(4)-(5)6 (Note
1)-(

) - - Kneader Ki ndBi - Mbno- Bi - Mono- Mono- Mono- Mono- Bi - Bi - Bi - Mono- axi al axi al axi al a
xi al axi al axi al axi al axi al axi al axi al axi al Lengt h of kneadi ng

sect i on6D7D6D7D7D7D7D6D6D6D7DPr essur e
reductlonYesYesYesYesYesNoNoNoNoYesYés%ﬁanF@)606060604107607607607606060Pro

or £25535103 TG dPA Db ks I s D 461 P el RS & m e
1505885%6§§§?°§.§§%§%§‘g?%§%§a AR TR ) OB A SRAT 40T SEeRET ot e

2) Properties of f%OfQﬁﬂéy resd NV LS \REfght of the pycnometer
package3543741134310 17conposi t 1 onDi sper si on degr eeaf t er (standard

devi at i on) 363/363a344034403h334:e| derddiaadiigSpid @ rd 11 using the
(cm 125124127127125128130127125122123Vol atil e cont ent

($) 0. 070. §70. 830 AAhP XX LR Al nl Fb AR L80. 07G anul e
density, 9831.9821. 9861. 9851. 9301. 8431. 8521. 844 . 8471 9111 915(g/cc).. (Note

1) Ginder: (1): C osed:ratfidle siecagei tshe@y/@xt rudeip (2)pw)Gamy ruUokS -t ype
rotary ball mll (3): Batch type rotary ball mll (4): Roller mll (5):
Corundumm |l (6): VibMgt)ion ball mll (Note 2) Dispersion degree: Standard
deviation of silica strength distribution was used as the di spersion degree
of conposition conponemvs., \Wensity -(@zc)mf disgi ¥rashwadterbdvdehexanpl es,
in the present invention, since individual conponents are uniformy

di spersed wi t hout proceedlm?Qﬁs%ﬁﬁWQRfrQﬁﬂRQRﬁFqﬁ?productlon of an epoxy

resin conposition 5 for sem con uct or enca sul ati on, the obtai ned epox
HB w: welg of g§cnometer fllled.m? poxy

distilled water
Mp: weight (g) of sample
Mt: weight (g) of pycnometer filled with

distilled water, surfactant and sample

15 Example 1
Raw materials weighed so as to satisfy the
basic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature.

20 The resulting premix was finely ground using a closed
multi-stage shear extruder (a continuous kneader and
extruder, KCK80X2V, a product of KCK XK.K., rotary blade
diameter: 80 mm, four blades, number of blade
rotations: 300 rpm, discharge amount: 20 kg/hr) with

25 the material temperature being kept at 30°C or less.
The resulting ground material was melt-kneaded using an

intermeshing co-rotating twin screw kneader (screw



resin conposition shows sufficient fluidity when used in encapsul ation of a
"chip for production of a sem conductor package; further, since nelt-kneaded
material is exposed to a reduced pressure, air trapped 10 in the heating
and kneading step and air bubbles formed in nmelting of a crystalline
nol di ng can be renoved fromefficiently; thus, an epoxy sem conductor
encapsul ati on 15 generati on and superigé in stably. resin during kneadi ng
and the resin conponent resin conpositi6n for extrenely low in voids

nol dabi |11y cafbRe:or QHCEH my - Rfeadd Al Miade ARIOFESE ) G PILAYCING AN
epoxy resin conposition for sem conductor encapsufation, ich' T fises

prem xing T av EAET{ Alde LRI 001 & | €85t @l EPOXY §&8Lp, @ phenol i c
resin, a curing accelerator and an inorganic tiller, then grinding the
resulting prerdeatinddd: aL00 i Ader d0sAMAd Angl@und FBieria) g ng such a
particle size distribution that particles having particle dianmeters of 250
dun or nore atie Lfrede el 9didOrbé BES k&st LA €] £SrdAvdeW pRddd et e sk ameters
of 150 [gymto less than 250 ~m are 15~ by weight or |less and particles
havi ng pabti cd® mgretwlien oiotmss phedsdhd wddn B6® ity PYoyed Ghdc@im Nor e,
and nelt-kneading the ground material under a reduced pressure. 2. A
process for pwduci rMthean epcxyrgeadinms ool ivaopdosed ethmarnghict or
encapsul ati on, which conprises prenmi xing raw naterials containing at |east
an epoxy resithickipgenotintrekl ing arcll | shestieleratbr) and ctdinoragani ¢
filler, then %i ndi n% the resulting prem x using a grinder to obtain a
ground mat erigeHavihg@ suehim Pakehngss si helisheetbwdoradiad pard i cl es
havi ng particle dianeters of 250 ~mor nore are 10~ by wei ght or |ess,
particles haWiPHarts ARERAHAR AR NS FAPILELAhan 250 N.m are 15~
by wei ght .or | ess and rticles having particle dianeters of |ess than 150
~.mare ;8~ by wei ght (Fjl'r'an r?t)‘—’&él,e r£|at§?<rﬂ'§ﬂfrhgt%$ee‘@?]d{ﬁﬁl%trtﬁﬁ%§s and
exposi ng the i en erdal, to a reduced pressure, - 34 3. A
process for péogtghgcklgéngggr aérmiepo@%/twe‘ri}elsaldn RIS iebn}-:fro e fittict or
encapsul ati o "ol i : ithe r : Lessure i s
460 nmmHg or ﬁ%?@ﬁﬁﬂg%qﬂgiﬁh Sﬁg%éﬁﬁ%%%glg%g%%ﬁ%ffgﬁ'ﬁg%%ggﬁggafor

produci ng an @Pekd&sd thd AMOdLd o e Send canduct,arg gngapsul ation
according to Caim1 or 2, wherein the nelt-kneading is conducted by using
a biaxi al kneatessuare 2 nonoaxi al kneader. 5. A process for producing an
epoxy resin conposition for sem conductor encapsul ation according to Caim
1 or 2, wherein the ground material contains, in an acetone insol uble,
particles having particle dianeters of 212 ~. mor nore, in an anount of
0.5~ by wei gHExasmeless. 6. An epoxy resin conposition for sem conduct or
encapsul ati on, produced by using, the process for producing an epoxy resin
conposi tion for seni corfAIEIRATHNSHPS WeIhAe setad dra satisdwitfiel or 2. 7.
An epoxy resin conposition for sem conduct encapsul ation, produced by

S 0
using the pr s ftgcfr%]c?otdc‘?rhd"ea’?? éﬁﬁf@/l’?%iﬁ?’% FSHGSF fiing a
sem conduct or. ul ation,, set farthJ alm3. 8. An epoxy resin
conposition f%eﬁpsg%%fslcﬁ uec]{]owaé)n%cal%@ﬁ'l ajtqbog,ﬂperrosdu&‘ﬁ“kb%}f L?Dsqpng t he process

for product ng, A, ERANY: RS LEAMRRRIL L LTa S YBAOUMEIAL ScARY] atl on,
set forth in Gaim4.” 9. An epoxy resin conposition for sem conduct or
encapsul gbi orsh P rRAMC ethrie M NG 1 NBAHPGESS, f Fhe restPlting premix

was finely ground using a continuous type rotary ball

mill (Dynamic Mill MYD 25, a product of Mitsui Mining

Co., Ltd., number of screw rotations: 500 rpm, ball

diameter: 10 mm, discharge amount: 200 kg/hr) with the

25 material temperature being kept at 30°C or less. The

resulting ground material was melt-kneaded using a

monoaxial kneader (screw diameter D: 46 mm, kneader



produci ng an epoxy resin conposition for sem conductor encapsul ation, set
‘forth in daimb5. 10. A sem conductor device produced by using the epoxy
resin conposition for sem conductor encapsul ation set forth in Claimé6. 11.
A sem conduct or devi ce produced by using the epoxy resin conposition for
sem conductor encapsul ation set forth in Gaim?7. 12. A sem conductor

devi ce produced by using the epoxy reS|£3 conposition for sem conductor
encapsul ation set forth in CaimS8. 13. 'sem conduct or devi ce produced by
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was finely ground for 20 minutes using a batch type

rotary ball mill (Ball Mill 200, a product of Chuo

Kakoki Shoji, number of rotations: 30 rpm, ball

25 diameter: 25 mm, treating capacity: 30 kg/batch) with

the material temperature being kept at 30°C or less.

The resulting ground material was melt-kneaded using an
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of melt-kneading section: 6D, number of screw
rotations: 100 rpm, discharge amount: 15 kg/hr) with
5 the kneader inside being kept at a reduced pressure of

60 mmHg (when normal pressure was 760 mmHg) by a vacuum
pump. The discharged material from the kneader was
passed through a thickness-controlling roll (sheeting
roll) to obtain a sheet of 2 mm in thickness. The

10 sheet was cooled and ground to obtain an epoxy resin
composition.

In Table 1 are shown the evaluation results.

Example 4
Raw materials weighed so as to satisfy the
15 Dbasic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature in
the same manner as in Example 1. The resulting premix
was finely ground using a roller mill (HH 178, a
20 product of Inoue Seisakusho, three rolls, number of
front roll rotations: 80 rpm, discharge amount: 50
kg/hr) with the material temperature being kept at 30°C
or less. The resulting ground material was melt-
kneaded using a monocaxial kneader (screw diameter D: 46
25 mm, kneader shaft length: 500 mm, length of melt-
kneading section: 7D, number of screw rotations: 200

rpm, discharge amount: 30 kg/hr). Then, the molten
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normal pressure was 760 mmHg) by discharging air from

the cascade using a vacuum pump. The discharged

material from the extruder of the facility was passed

through a thickness-controlling roll (sheeting roll) to
10 obtain a sheet of 2 mm in thickness. The sheet was

cooled and ground to obtain an epoxy resin composition.

In Table 1 are shown the evaluation results.

Example 5
Raw materials weighed so as to satisfy the
15 Dbasic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature in
the same manner as in Example 1. The resulting premix
was finely ground using a roller mill (HH 178, a
20 product of Inoue Seisakusho, three rolls, number of
front roll rotations: 80 rpm, discharge amount: 50
kg/hr) with the material temperature being kept at 30°C
or less. The resulting ground material was melt-
kneaded using a monocaxial kneader (screw diameter D: 46
25 mm, kneader shaft length: 500 mm, length of melt-
kneading section: 7D, number of screw rotations: 200

rpm, discharge amount: 30 kg/hr). Then, the molten
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kneader) in which a box (called a cascade)

and an

extruder were integrated, with the facility inside

5 Dbeing exposed to a reduced pressure (410 mmHg when

normal pressure was 760 mmHg) by discharging air from

the cascade using a vacuum pump. The discharged

material from the extruder of the facility was passed

through a thickness-controlling roll (sheeting roll) to

10 obtain a sheet of 2 mm in thickness. The sheet was

cooled and ground to obtain an epoxy resin composition.

In Table 1 are shown the evaluation results.

Comparative Example 1

Raw materials weighed so as to satisfy the

15 Dbasic formulation were premixed for 20 minutes using a

Henschel mixer (capacity: 200 liters, number of

rotations: 500 rpm) maintained at room temperature in

the same manner as in Example 1. The resulting premix

was melt-kneaded using a monoaxial kneader

20 diameter D: 46 mm, kneader shaft length: 500 mm,

(screw

of melt-kneading section: 7D, number of screw

rotations: 200 rpm, discharge amount: 30 kg/hr).

length

Then,

the molten resin composition from the monoaxial kneader

was passed through a facility (connected to the front

25 end of the kneader) in which a box (called a cascade)

and an extruder were integrated. The discharged

material from the extruder of the facility was passed
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cooled and ground to obtain an epoxy resin composition.

In Table 1 are shown the evaluation results.

5 Comparative Example 2
Raw materials weighed so as to satisfy the

basic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature in

10 the same manner as in Example 1. The resulting premix
was finely ground using a corundum mill (T-2A, a
product of Taiheiyo Kiko, number of rotations: 100 rpm,
discharge amount: 100 kg/hr) with the material
temperature being kept at 30°C or less. The resulting

15 ground material was melt-kneaded using a monoaxial
kneader (screw diameter D: 46 mm, kneader shaft length:
500 mm, length of melt-kneading section: 7D, number of
screw rotations: 200 rpm, discharge amount: 30 kg/hr).
Then, the molten resin composition from the monoaxial

20 kneader was passed through a facility (connected to the
front end of the kneader) in which a box (called a
cascade) and an extruder were integrated. The
discharged material from the extruder of the facility
was passed through a thickness-controlling roll

25 (sheeting roll) to obtain a sheet of 2 mm in thickness.
The sheet was cooled and ground to obtain an epoxy

resin composition.
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rotations: 500 rpm) maintained at room temperature in
the same manner as in Example 1. The resulting premix
was melt-kneaded using an intermeshing co-rotating twin
screw kneader (screw diameter D: 50 mm, kneader shaft

10 length: 600 mm, length of melt-kneading section: 6D,
number of screw rotations: 100 rpm, discharge amount:
15 kg/hr) without exposing the kneader inside to a
reduced pressure. The discharged material from the
kneader was passed through a thickness-controlling roll

15 (sheeting roll) to obtain a sheet of 2 mm in thickness.
The sheet was cooled and ground to obtain an epoxy
resin composition.

In Table 1 are shown the evaluation results.

Comparative Example 4
20 Raw materials weighed so as to satisfy the
basic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature in
the same manner as in Example 1. The resulting premix
25 was finely ground using a vibration ball mill (YAMT-20,

a product of Yasukawa Shoji, frequency: 16 Hz, treating
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number of screw rotations: 100 rpm, discharge amount:

15 kg/hr) without exposing the kneader inside to a

reduced pressure. The discharged material from the

kneader was passed through a thickness-controlling roll

10 (sheeting roll) to obtain a sheet of 2 mm in thickness.
The sheet was cooled and ground to obtain an epoxy

resin composition.

In Table 1 are shown the evaluation results.

Comparative Example 5

15 Raw materials weighed so as to satisfy the
basic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature in
the same manner as in Example 1. The resulting premix

20 was melt-kneaded using an intermeshing co-rotating twin
screw kneader (screw diameter D: 50 mm, kneader shaft
length: 600 mm, length of melt-kneading section: 6D,
number of screw rotations: 100 rpm, discharge amount:
15 kg/hr) with the kneader inside being kept at a

25 reduced pressure of 60 mmHg (when normal pressure was
760 mmHg) by a vacuum pump. Then, the molten resin

composition from the biaxial kneader was passed through
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ground to obtain an epoxy resin composition.

In Table 1 are shown the evaluation results.

Raw materials weighed so as to satisfy the

basic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of
rotations: 500 rpm) maintained at room temperature in

10 the same manner as in Example 1. The resulting premix
was melt-kneaded using a monoaxial kneader (screw
diameter D: 46 mm, kneader shaft length: 500 mm, length
of melt-kneading section: 7D, number of screw
rotations: 200 rpm, discharge amount: 30 kg/hr). Then,

15 the molten resin composition from the monoaxial kneader
was passed through a facility (connected to the front
end of the kneader) in which a box (called a cascade)
and an extruder were integrated, with the facility
inside being exposed to a reduced pressure (60 mmHg

20 when normal pressure was 760 mmHg) by discharging air
from the cascade using a vacuum pump. The discharged
material from the extruder of the facility was passed
through a thickness-controlling roll (sheeting roll) to
obtain a sheet of 2 mm in thickness. The sheet was

25 cooled and ground to obtain an epoxy resin composition.

In Table 1 are shown the evaluation results.
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10% () -y10%& ()-~_E As clear from the above Examples, in the

present invention, since individual components are
uniformly dispersed without proceeding of curing
reaction in production of an epoxy resin composition

5 for semiconductor encapsulation, the obtained epoxy

resin composition shows sufficient fluidity when used

in encapsulation of a chip for production of a

since melt-kneaded

semiconductor package; further,

material is exposed to a reduced pressure, air trapped

10

15

in the heating and kneading
in melting of a crystalline
molding can be removed from
thus,

efficiently; an epoxy

semiconductor encapsulation

step and air bubbles formed
resin during kneading and
the resin component

resin composition for

extremely low in voids

generation and superior in moldability can be produced

stably.
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and particles having particle diameters of less than

150 um are 75% by weight or more, melt-kneading the

ground material, and exposing the resulting molten

material to a reduced pressure.
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9. An epoxy resin composition for semiconductor

encapsulation, produced by using the process for
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10. A semiconductor device produced by using the
epoxy resin composition for semiconductor encapsulation
set forth in Claim 6.

11. A semiconductor device produced by using the
epoxXy resin composition for semiconductor encapsulation
set forth in Claim 7.

12. A semiconductor device produced by using the
epoxy resin composition for semiconductor encapsulation
set forth in Claim 8.

13. A semiconductor device produced by using the
epoxy resin composition for semiconductor encapsulation

set forth in Claim 9.



