20 March 2006 - 1 PROCESS FOR PRODUCTI ON OF EPOXY RESI N COWPOSI TI ON FOR
SEM CONDUCTOR ENCAPSULATI ON, EPOXY RESI N COVPCOSI TI ON FOR SEM CONDUCTOR
ENCAPSULATI ON, AM D SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD The present
invention relates to a process for producing an epoxy rROMAr@LAPRition
for sem conductor encapsul ation which, when used in 5 encapsul ation of a
sem conduct or chip, can mnimze voids appearing in the sem conduct or
devi ce obtai ned; an epoxy resin conpositiron produced by using the above
process; and a sem conductor device produced by using the above epoxy

resin conposit im@m@mwiwtmwn be
subj ected to tEnosPsULANEGN RBOXE RESIN OCMBLETHSON fFok on o

sem conduct or GINCRBSUBATIONGS AN, SEMBtoNDBOSOR Bevidie, from the viewpoints of
their reliability 15 and productivity. Epoxy resin conpositions are

conposed of an epoxy resin, a phenolic resin, a curing accelerator, an

inorganic fill erecENrehgagtpgpagent, a flane retardant, a coupling agent,
etc. The conpositions are ordinarily 20 produced by wei ghing required

anounts of raw material s, Ther pFesend §ROBNRY oSirdd -2 J8 %9 = yalbasdienschel
m xer or the like, then nelt-kneading the resulting premx by wusing a

heat ed kneader Suchpasduningxanl epbrgdersibi avimploditgagerrorheated rol |
continuous kneader or the 20 March 2006 - 2 like, to mx and disperse the
i ndi vi dual raw sernerédgctoni éncapyulAsiehewhiehi,c whepl warekednhave becone
smal | er, ,
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 sﬁch 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



lighter and nore functional, the sem conductor packages 5 used therein have
becone increasingly smaller, thinner and narrower in pitch. In such a
situation, epoxy resin conpositions used for sem conductor. encapsul ation
are strongly required to have higher sol dering heat r et Mane 2808 hi gher
noi sture resistance, because the 10 heat resistance and noi sture resistance
have an influence on the reliability of 4he sem conductor packages
obt ai ned by encapsul ati on using the epoxy resin conpositions. Therefore,

epoxy resin compes,t itNmitaVdhd ABspdisd KO M@ v fdud DCFARSREE &g of an
inorganic filler so that the sem conductor packages obtained therewth

can have | ower unitfeyradly Stress and | ower hygroscopicity. This increase in
the amount of the inorganic filler used, however, has reduced fluidity 20

during encapsul ati on and Apseldanteasies (Hafkdricéd hapd dbdfoms Ustha BBet ad
frame deformation, gold wire deformation, voids generation and the |iKke.
Agai nst t he abdvghgreablaen®s mate ifureiingndlr,i ethe toekbemddat ol tpackadges epoxy
resin conmposition and 25 inprove the filling characteristic thereof by
opti m zi ng ¥ he ys&d itdlee ssilma reven dbgraimia clreerbasii@ly shal Yébuttloimmér t he
inorganic filler used or by mnimzing the viscosities of the used epoxy
resin, 20 MarcAngog@rrowermpHandiitchi.esiin sich atsipoaipen aterRrKy
tenperature. However, the task of decreasing voids is difficult to

achi eve and i sI@FaRi FETRNEIddANRy Wk fidXok SRORGI o f eRFARPBIGL FABi n
conposition is 5 considered to he reducible by increasjng the degree of
kneadi ng of t hBXEoMbESPGlgh Heatiedhdia Navendiighex eiplderingr t he

wettability between the resin_conponent.s . :
y resistance and]hlg er moisture resistance, because the

10 heat resistance and moisture resistance have an
influence 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,



and the inorganic filler and the dispersibility of the inorganic filler.
However, in sone cases the increase 10 in the kneadi ng degree in the

nel t - kneadi ng step al one causes a curing reaction of t onposition by
the thermal history added in the step and consequentlygﬁﬂﬁﬁg§}§6¢¢e

fluidity of the conposition. Hence, there have been used, for exanple, 15
processes whi ch conprise conbining only tshgse raw materials which cause no
curing reaction at the prenm xing step, anong all materials, and

nel t-mxing thdcpeThicne@dialy BHeEr i ertlaphilRiPRinitipdifhgFe than  the
tenperature at which they nelt or soften, and then 20 conducting

mel t - kneadi ng Howeslelr ,t e Wi iIRiGFedsdrg Wids St O cuIP-tAy 4- 59863
and JP- A-3-195764). There have al so been proposed, for exanple, processes
whi ch conpri seasélieriei agdan soplriamimoh daicedasdneadart eaiwli @npl oyi ng opti mum
kneadi ng conditions to 25 mnimze the curing reaction occurring in the
heat ed kneader and i npr oThet ve it tofbialn tepcbat weesnint heompesd it i cxpniponent s
and the inorganic filler and the dispersibility of the inorganic filer
(e.g. JP-A-D 20onEideredoso bhe rezirdpleHiyevierrdasicundiet ideymeas tofin xi ng
at a high tenperature in the prem xing step, the raw materials usable

t herei n have b&BRagasgr pét &de FoRPRsition yns thie melte kwastitiostel an

opti mum kneader and the use of optinmum kneadi ng conditions, it has been

difficult to FRJIHEBTPNE &éﬁef@@itghiéfitefow@%ﬁhe ESYS i | qmmementist eof
materi als.pri oF*foCPRORFOREFALR FAAR: anfoddte AP eLFoTn Ao ool ds.

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-



However, it has been found that only with naking finer and nore
honogeneous the prem x of raw materials prior to their nelt-m xing,

remar kabl e 15 reduction in voids generation is difficult and further

i nprovenent IS necessary, in a resin conposition wher el MarcheQl6s cosi ty
resin, particularly a crystalline epoxy resin and a | owviscosity 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 conpositigr22@)SCLOSURE OF THE | NVENTI ON The present invention relates
to a process 25 for producing an epoxy resin conposition for

sem conduct or encapsulatkﬁﬁwéMarqhidMa@ﬁdﬁa%1%g1méyynmg§yﬁgiéH1éﬁhfah-
sem conductor chip, can mnimze 20 March 2006 - 5 voids appearing In the

seni conduct or dewmpegaghtral 1ed thelpeemigSeRt stRYENHHRN 13l dticMiglas an
epoxy resin conposition for sem conductor encapsul ation, very low in

voi ds gener at i osabded thezelinc hatec beend eeiste iz tRdused- dhergneaasul ati on
with the conposition. The present inventors nmade a study in view of the
above- ment ioneWisht thei epleas ianr efulahn, oplidmupr &seaidern\eeid atse fusendfout
newy that the voids ggneration in an encapsul ated material produced with
an 10 epoxy re8PRlEURpEsEEddndc arndd thomsr: kall hasetheead A £ irmlitngof i ner
and nore honogeneous a prem x of raw materials grior to their

nel t - kneadi ng, FEAERenEhe- gRREZAtAgnt RE Veddst shgbdat.erial under a reduced
pressure using a kneader_ or nelt-kneading the material 15 using a kneader,
fol l owed by, for exanpl ef°paSSiHgiPRe thersatsi Al fsl comsiseasdaltot hr ough an

appar at us of .
PP 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 homogeneocus 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 QF 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



reduced pressure. The present invention has been conpleted based on the
above finding. The present invention lies in a process for 20 producing an
epoxy resin conposition for sem conductor encapsulatio lﬁ%ﬂ npri ses
prem xing raw materials containing at |east an epoxy rgg' c§ olic
resin, a curing accelerator and an inorganic filler, then grinding the
resulting prem x using a grinder to obtakn_ 25 a ground material having
such a particle size distribution that particles having particle dianeters

of 250 m or nDV@l@éEaﬁﬁﬁéﬁynﬁehﬁhkh@rsbﬁ§§on8§&&b§|@§V1B@Vbﬂga@ﬁéh'Cle
di anmeters of 150 pmto | ess than 250 m 20 March 2006 - are 15% by wei ght

or | ess and paTheQ¢fss@@N|ﬂgvéﬁtibﬁ|alsdlgﬁsbﬁﬁésoén|éﬁéx&hﬁesiﬁo pm are
75% by wejght or nore, and nelt-kneading the ground material under a
reduced pressu¢@mpdbﬂtinmrésenSemmueﬂﬂuOﬂofleﬁcabsﬁlaﬁlanpr0@2§Sloﬁ0r
produci ng an epoxy resin conposition for sem conductor encapsul ation,

whi ch conprlse@anQﬂdalqueraMnunteanéla senfaondugtat Heastean epoxy
resin, a phenollc resin, a curing accelerator and an inorganic 10 filler,

t hen gr|nd|ngI@E@ﬁm@%@ﬂbyrepgmkﬂukausongwathgthadeomposmblann a ground

mat eri al having such a 5&rtlcle size distribution that particles having
particle dianeters of 25¢npFepeRt HREenvosHymede ght sbudieds, vpawt otl es
havi ng particl %3 neters of, 150_pm 15 to | ess than 250 pm are 15% by

wei ght or |esst cb‘é‘?T“i‘%‘F“e’so%%@lﬁ%gt%H‘P’éie ¥ aPexresylbf tees than 150 m
are 75% by meEﬁgt or_nore mel t - nea gethe round material, and exposing

the resulting FrRTIEH Mt ?ﬁ%ﬁrﬁo REPREsERRe. tB® YPLdS preferred

enbodi ment  of &45%f§£ \oh in an encapsulated material produced with an

10 epoxy resin composition can be remarkably reduced by
making finer and more homogeneous a premix of raw
materials prior to their melt-kneading, then melt-
kneading the resulting material under a reduced
pressure using a kneader, or melt-kneading the material
using a kneader, followed by, for example, passing the
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
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
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 pm to less than 250 Um




processes, the reduced pressure is 460 nmmHg or | ess when normal pressure
is 760 mHg and the nelt-kneading is conducted using a biaxial kneader or

a nonoaxi al kneader. 25 The present invention |ies furgﬁﬁ@ i 5@ epoxy
resin conposition for sem conductor encapsul ation, produc ﬁngy %@ng t he

above process for producing an epoxy resin conposition for sem conductor 7
20 March 2006 encapsul ation, as well asg  n a sem conductor device produced
by using the epoxy resin conposition for sem conductor encapsul ation.

DETAI LED DESCRRE @N%0byT e ibhYENH QNsAS ah@l g tar®es MesHhdIgRe-diklehe
present invention, there is no particular restriction although preferably

it has at | eas@itwetepeXprgrewrs than NSomineatlee 758Nty wefdlggfteioabl y a sol id
at normal tenperature. There are nentioned, for exanple, bisphenol type

epoxy resin, bmplenyknd yedtepaepdies mhepyenand matiead dly pmd=yoxy resin,
cresol novol ac type epoxy resin, and al kyl-nodified triphenol nethane type
epoxy resin. Thesacedspmessayebe used singly or in adm xture. Wen a
crystalline epoxy resin such as bi phenyl type epoxy resin or the like is
used, the resin preferabMhe paesantelinvegtjomtlicls 5Jsico I5ECPIWESS he
melting point is less than 50C, a rise in resin tenperature takes place

in the preni xi B§roPreaWcinge fnaEPOoXaWres ino compogditdont ifexr of a frictiona
heat, and nelting begins; as a result, the workability of prem xing is
reduced and a SPPGRPDANGLELI SACAPFIPASEOEY | WhLFhSPTRFFERaS DS, when
the nelting point is nore_than 150C a very high tenperature is needed in
order to melt TEHeMBSEXyalesFARALIREIs By 16ASTe R I8RO FGSEy & result,

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 mofe 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.

290 In a preferred embodiment of the above
processes, the reduced pressure is 460 mmHg or less
when norﬁal 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
epoxXy resin composition for semiconductor
encapsulation, produced by using the above process for

producing an epoxy resin composition for semiconductor



it is difficult to prevent the proceeding of a curing reaction and it may
be i npossible to allow 20 March 2006 - 8 the final resin conposition to
have appropriate fluidity during encapsylation. The nelting point can be
known easi | accarding to an ordinary ngthod f judgi ndOtMareet?46y s
tenper at ur ETEFEE i 1P n a8 HFLE ST aBI? FAMY COPPYREReICRhER EIRICT! t he
resin, or a nmethod of using a differential scanning calorineter. The anount
of the epody resing Jde §ROXprieg eHatgrEositen 786 HySoR gRECHRtPRe total 10
conposition. As to the phenolic resin used in the present invention, there
i's no partisswamsulagtidetion as long as it is a solid at nornal
tenperature. There are nentioned, for exanple, phenol novol ac resin,

cresol 15 novol ac resin, dicycl opentadi ene-nodified phenolic resin, phenol
aral kyl resin, naphthol aral kyl resin and terpene-nodified phenolic resin.

These resi mgg@t e DREEO SINEN Yo ITHI ANt te. The ampunt of the
phenolic resin used is preferably 2 to 13% by weight in 20 the total

conposi tion. 25 usedg%lggykﬁg %é&ﬁgﬂ@@%igehégdtﬁg Oke OFEsKLPDS. It As the

inorganic filler use n the pr invention, there ‘are nentioned fused
silica powder < ristatlﬂ' ne silica apri wder, _ al um na éicl}ﬁcgfu%&r de, etc.

These fill elrngeﬁlay 4 usee&resihsgl@oﬁ l%%n%&t]fﬁsé?r i ‘norgani ¢t 1l er may

be an |nor%an|c filler which has been surface-treated with a coq&k&ng

agent. The IRt é&t Basi Abr e W FEPXHaFTBEPS0 RET A MRS

and is preferably a solid at normal temperature. There are
mentioned, for example, bisphenol type epoxy resin, biphenyl
type epoxy resgin, phenol novolac type epoxy resin, cresol
ﬁovolac 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 biphenyl
type epoxy resin or the like is used, the resin preferably
has a melting point of 50 to 150°C. When the melting point
ig less than 50°C, a rise in resin temperature takes place
in the premixing of raw materials, owing to the generation
of a frictional 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 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



- 9 is possible to use a mxture of a surface-treated inorganic filler
and a surface-non-treated inorganic filler. The anount of the inorganic

filler is preferably 74 to 94% by weight in the total c Siti 5 from
t he vi ewpoi nt of the bal ance of noldability and reliabi &Eﬁ”cﬁﬁgaguring
accel erator used in the present invention can be any conpound capabl e of
accelerating the curing reaction between, epoxy group and phenolic 10
hydr oxyl group. Curing accelerators ordinarily used in resins for

semi conduct or  ef@PsUAL | Bdks AN Ao dSEMion THE Ba é“%&%?%éﬁ’&ed, for
0Sp

exanpl e, 1,8 diazabicycl o(5, 4, 0)undecene-7, triphen I ne and

2-nmet hyl i m dazof ruidhey &@rime es@sbSiTWt Yol in 15 adni xture. The anpunt
of the curing accelerator used is preferably 0.1 to 1% by weight in the

total conposition. A courlid ngeRgRiY peihbecasase i thddae &585PPt i nvention.
As to the coupling agent, there is no 20 particular restriction. However,

there are pref aceukdidgrtexanmpmelirsitynge tood| o H o dUeIHE 1SS @bt ¥ng

gl yci doxypropyl tri-nmet hoxysil ane, y- am nopropyltrinethoxysilane, y-

mer capt opr opy| treémpstaburs (afhey nesi tin et hpbasssd | cael Phanpd fhem | tke. As
t he coupling agent used for surface- treating the inorganic filler, am no
type silane coRRSdpemSs the msirer red.a Thesed oblisin@agents may be
used singly or jn adm xture. Even when an 20 March 2006 - 10 inorganic
filler surface-tridarantiial scaamigg mplagimeten. used, it is possible to

further add a coupling aqﬁpt at the tinme of prem xing.
e amount of the epoxy resin used is

preferably 2.5 to 17% by weight in the total
10 composition.

As to the phenolic resin used in the present
invention, there is no particular restriction as long
as it is a solid at normal temperature. There are
mentioned, for example, phenol novolac resin, cresol

15 novolac resin, dicyclopentadiene-modified phenolic
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
phenclic resin used is preferably 2 to 13% by weilght 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 flame retardant can be used in the present 5 invention. The flane
retardant can be exenplified by antinony oxides such as antinony tri oxide,
antinony pentoxide and the |ike; brom ne conpounds such as brom nated
epoxy resin and the like; netal conpounds such as al uniZ@UMarid2@i8 de,
magnesi um hydr oxi de, zinc 10 borate and the |ike; phosphorus conpounds such
as phosphoric acid ester, red phosphoru§ and the |like; and nitrogen
conpounds such as nel anine and the like.” However, the flane retardant is

not restricted;chgekan1d kel gagl g a&%ﬁ&ecg% %ﬁgﬁg%%c R o i g

invention. The releasing agent can EXE ifie ty aC|d

esters such asjgarganke w&41e¥Da§anthu§% ﬁbgr %%gf%%e hﬁﬁganghgher

fatty acids such as stearic aci nont ani ¢ ac netal salts

of higher fatl¥iageds, shehaRBudinersteal ahdroadliel ¥IaQ mgtanate and the
| i ke; higher fatty acid am des such as N-stearyl stearam de,

ethyleneblsstepr&ﬁbd&bly¥7XYtM|Qﬂ%bbﬁshéébﬁﬁ‘gﬁ *0d ©Beahl kempdd tion
pol yol efin conpounds such as pol yet hyl ene, oxi dized polyethylene and the

like. However, frhe thbeasewgoff€nbfi $hBOba2antesSbii gbedabieh el andn

i on-trapping agent can be used in the present invention. The ion-trapping
agent is a compbdiabdiddted in order to trap, for exanple, a cation 20 March
2006 - 11 such as sodiumion, potassiumion or the like or an anion such
as chlorine ion, brom neThencerindeatckieantiorpusedntincoheopiresent a chip,
and can be exenpllfled by hydrotalcites, bisnmuth oxides and anti nony
pent oxi de. 5 HOWESBELORnhganohetaRypragrayedt capahde pésacceledattihgreto. A

col oring agent_can be, used in the present
the curing reaction between epoxy group and phenolic

10 hydroxyl group. Curing accelerators ordinarily used in
resins for semiconductor encapsulation can be used.
There can be mentioned, for example, 1,8-
diazabicyclo (5, 4, 0)undecene-7, triphenylphosphine and
Z-methylimidazole. They can be used singly or in
15 admixture. The amount of the curing accelerator used
is preferably 0.1 to 1% by weight in the total
composition.
A coupling agent can be used in the present
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, -
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



i nvention. The col oring agent can be exenplified by organic dyes and
organi c pigments such as carbon black, 10 azo conpound and pht hal ocyani ne
conmpound. A | ow stress conpound can be used in the preﬁﬁgﬁ ianﬁﬁd(nm The
| ow-stress agent is a low elasticity substance added i aEh educe
the stress appearing in nolding of epoxy resin conposition 15 or the
stress appearing in heating or cooling_ofgcured material, and can be
exenplified by organic rubbers (e.g. polybutadi ene and

acrylonitril e-hubadiagie faapely R fadbereadd Siilti ehedutiiers dgart

pol ydi net hyl si | oxane). However, the |ow stress agent 20 is not restricted
thereto. The misnuecedponentis peediblet ke Euaxhdreddd o€ @@diiigorgeintd he
present invention, such as epoxy resin, phenolic resin, inorganic filler
and the |like atethachine glegrieyixigioven anount and t hen prem xed 25 using
a Henschel mxer or the like. The resulting premx is ground using a
grinder to make finer thé filadeyvirétardentpoaanie asctdadn éehe preisent
honogeneous_ di spersion. Qher conponents such as flane retardant, 20 March
2006 - 12 7Tel éasen§iagent Theodlemgppietgrdgost cacolsr iexgmpdddtied kow stress
agent and the like are used ordinarily each in a small anount of 5% by

wei ght or | ess@Ph1FRBYep#R{esr 6YCh asnposirony, tasepiide s gty imosyal |

anount, each of 5 these cqonponents is_made finer and di spersed
honogeneous| y PREERELIEE027 9 8N LdbSpobromdne BYmPRMndg: SHEnGSwi th a

G i ndi ng i th 2 GP RBEFonEBAEY: BoR4PoRE iR DR c I ey S TR | but} on
o TeoosUBK B9 RILhiGLA HYANBLEGR, Hhofddiln hYarTXiGel §at" P

10 borate and the like; phosphorus compounds such as
phosphoric acid ester, red phosphorus and the like; and
nitrogen compounds such as melamine and the like.
However, the flame retardant is not restricted thereto.

A releasing agent can be used in the present

15 invention. The releasing agent can be exemplified 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



having particle diameters of 150 pmto | ess than 250 pm are 15% by wei ght
or less and particles having particle dianeters of Iess than 150 mare 75%

by wei ght or 15 nore. The ground material preferably contai.ns, | he
acetone insoluble, particles having particle diameters g&%ﬂi@ %@Q%r nor e,
in an anount of 0.5% by weight or |ess. Wen, in the particle size
distribution, the 20 particles havi ng_pgit icle diameters of 250 pmor nore
are nore than 10% by wei ght, the particl having particle dianmeters of

150 pmto |ess g‘{gﬂp {.0.ar ggajgw} Y% by l,ght articles
having particle di é%se%eﬁlméf Jfoer}s'gq{%aatn 1 glrﬁlgr%iﬂlleéekg% ltﬁ% %’g % by
wei ght, the gr aGbMBhRH als d98%M0fe PREL My @m il f O8I G SRRL S1 Ok idhd he

step of nelt-kneading and, when the resulting conposition is used for

encapsul ati on @fre SARMGIIIGIN i .cHilfe UhdHD BOWrendBified Vk\ahy o
en e

sem conduct or devi ce obtai ned has voids and accordingly defects.

ground mat eri alhyeitailiS.tdd) Hismatetofieid sldi s imady | wdresoshiaad hg
particle dianeters of 212 pmor nore, in an amount of nore than 0.5% by 5
wei ght and 5he Hoasawetri, n@ heoripesitddappirgy wesht s reicapsadwidtosd of a chip,
t he sem conductor device obtained may have voids. The particle size

di stribution ofthelretgr.ound material is deternined by using two kinds of

si eves 10 each having an opening of 250 pmor 150 pm a sanple anount of 6
g each tine, and a powdeA tcestcaring @diesdd cayy hdosuiedval ™ Wreopiégent
(anplitude: 1 mm frequency: 3,000 vpm 60 seconds). The acetone insol uble
of the ground AEVERtilon.15The ¢elomtinge@uentt slaroke ol ffedhd®dt one

(purity: organic dyes and organic pigments such as carbon black,
10 azo compound and phthalocyanine compound.

2 low-stress compound éan be used in the
present invention. The low-stress agent is 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 is not restricted thereto.

The main compconents 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,



99.5% or nore) and 100 g of a ground nmaterial are placed in a container;
the container is shaken at normal tenperature using a shaker produced by
Yamato K. K. (frequency: 3 Hz, shaking tine: 20 mnutes) to 20 disperse the
ground nmaterial in acetone; the resulting suspension i 200488402006 ough a
si eve having an opening of 212 m the insoluble remaining on the sieve is
dried and then wei ghed and the percentagﬁzof the resulting weight to the

wei ght of the ground material 25 is taken“as the acetone insoluble of the

Loof the te D o . . o
Pong s an 1 nt andsd par it Sl fhd Gl O A8 St B SESAE OO0
obt ai ned therevmamsdica/@/eageﬂ@}rergd &He P&l eéf@%é’éé”@%&?ﬂ%gﬁfrmé%ﬂw bat ch

closed nmulti-stage shear extru continuous type rotary

type rotary balin i Idma1C0rdmsliHe B4 Is5e 1% wlidhe 'O | Es2 1! the SGoxy NEY
may be used in conmbination. A grinder having a cooling nechanismis
preferred in omtsyid @onpMaiiion heidBY i Gudh P4 Noabukiesi dagorppnent s
during grinding. The ground material is then nelt-kneaded. As 10 the
kneader usefl i nhdse rehipdaweadi Ng rdRy € icalr kthd UsBshef ©8g exanpl e,

ordi nary kneaders such as biaxial kneader, nonoaxial kneader (i ncluding
co- kneader) andontdgendduslyA iknadoe repuiziyh e sientd ditpdgeitthibdn Sy Sthe
preferred, and a biaxial kneader or a nonoaxial kneader 15 is nore
preferred. The grdndigge aditiy augmigdaich cordheset 4Kt e oritelghoshimider . a
reduced pressure'. It is also possible to conduct nelt-kneadi ng and then
expose the resulting nolThen grmusd alateyialy ediceihet dus gwinding evith

a grinder needs to have such a particle size

10 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 pm
are 15% by weight or less and particles having particle
diameters of less than 150 um are 75% by weight or

15 more. The ground material preferably contains, in the
acetone insoluble, particles having particle diameters
of 212 um 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 um to less than 250 Mm are
more than 15% by weight and the particles having
particle diameters of less than 150 pm 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 is no particular restriction as to the nmethod for applying a reduced
pressure. However, it is preferred to apply a reduced pressure in a state

that the nelt- kneaded resin conposition stays nolten. léﬂ; Iég
preferred to use such a structure that the nolten resin h@ﬁﬁ% PEion is

not sucked into a vacuum punp system \Wen the nolten conposition after
nmelt- kneading is exposed to a reducedqp&gsgure, It can be conducted, for
exanpl e, by providing, at the front of a>20 March 2006 - 15 kneader, a

facility in whisinadetdest | foeassatitloa gk AP £ALI AT A BEE-ATLSEY al o0,

and discharging air fromthe cascade using a vacuum punp, nma uum

the inside of tderdaai|i tihd® @%‘%W'rﬁ(aﬁ%%&@téi%@} efﬁqeéhe
conposition. It is also possible to conduct kneading and cooling using a

kneader, then hasitidige aiitbo b Lé NGpdei kneaded, 1) 654 2t i c PO0 LXROSE P t he
nolten material to a reduced pressure. The present inventors found out

that the 10 voiafs 2d@pear ioxg icxredl i ngh imcurdte s M P Oshdnh on. TRy be
greatly reduced by conducting nelt-kneading by a kneader under a reduced
pressure, ob byesghssiamgl tthee mwdut leni ree St ompoeipiser | D8 Wi feed from

nmel t-kneadi ng by a kneader, to a reduced pressure. The first reason 15
therefor is cosicé@sadatddie athat dhiie r dthe ecbrpreassinetor abeefdect i vel y
renove the water and organic volatile conponent in the resin conposition
and therefore tREaigedemay davsf wldai | e conponents in molding (this

| eads to generation of voids) is mnimzed. The second 20 reason is
considered to be that thdheedicdd Pressine dishrihuidan athethe apprund of air
i n kneadi ng of _a Iar%i .amount of, fused silica and _a resin conponent of | ow

mel t viscosi ty"8FSEAR T dfo P TSR IRAsh s WHnG dsediinds of sieves
10 each having an opening of 250 pm or 150 um, a sample

amouht of 6 g each time, and a powder tester produced
by Hosckawa Micron K.K. (amplitude: 1 mm, frequency:
3,000 vpm, 60 secdnds).
The acetone insoluble of the ground material
15 is 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 um; 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 1is 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




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 vol une

change taking place when an epoxy resin nelts and suddenl S a
liquid. It is considered that renoval of air bubbles 202 ﬂ@ﬁ%ﬁﬁégggs 16

beconmes easier by making the resin conmposition conponents finer and nore
honogeneous prior to kneading. The reduced pressure used in nelt-kneading
is 5 460 mmHg or | ess, preferably 310‘nﬁ£@'or | ess when normal pressure is

760 g, When e neduoed DL Spda UG A 100 At o2

reduction during nol Te possi T obtam a

sufficient effeel o l@fbgrteﬁevﬁﬁa‘}%%%r{ Ya1Ar G4G! ngzl%e%?%%ﬂfsé&

COI’TpOSItIOI’] for sem conduct or encapsul ati1 on accor e present

i nvention, stepgeatrhebcihaR h%%%t@?ﬂo&z%”%@p%b%‘é%a R CH1 e 1Py

known procedures The sem conductor devicé of the present i'nvention can

15 be produced thyearkbawy B&Q@.eﬁﬁllBE%BrM%rFﬂil@Rﬁﬁd\'%lﬁﬂ R 1l ANVENTI ON

The present invention is described specifically bel ow by shomnng Exanpl es.

However, the predenttinverhegNmay b UGedY o @embigiad 4y, t e b dadd ow ng
Exanples. Basic fornul ati on Bi phenyl type epoxy resin 4.5 parts by wei ght

(YX4000H, a pr bhdudhgot ¥oka ibhemechpoiym? 3 sKphuShirkeKdirs hadgreltd ng poi nt:
105C, epoxy equivalent: 195) 20 March 2006

prevent the melting or softening of resin components

during grinding.

The ground material is then melt-kneaded. As

10 the kneader used in the melt-kneading, there can be
used, for example, ordinary kneaders such as biaxial
kneader, monocaxial kneader (including co-kneader} and
the like. A kneader with a heating mechanism is
preferred, and a biaxial kneader or a moncaxial 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



5 10 - 17 -Phenol aralkyl resin 4.5 parts by weight (XLC4L, a product of
Mtsui Chemcals, Inc., nelt viscosity at 150C. 1.1 poise, hydroxyl
equi val ent: 170) Brom nated phenol novol ac type epoxy resin 1. rt by
wei ght (softening point: 85C, epoxy equivalent: 280) 201wanj180§§

1, 8- Di azabi cycl o(5, 4, 0) undecene-7 0.2 part by weight Fused silica 86.0
parts by weight -Antinony trioxide 1.0 rt by weight Carnauba wax 0.5
part by weight -Carbon black 0.3 part by weight 15 Eval uation nethods 1.

Eval uation net hadagber gr 9519@%%3&3&%?@%5%0 B Q%thi%'dea&%&%%d%g acet one

(purity: 99.5%or nore) an a ground material were aced in a

container; 20ahBeafoBkaii@brWaseshakegrateROr Rk H%EB%%%%H%% W3kng a
shaker produced by Yamato K K. (frequency: 3 Hz, shaking time: 20 m nutes)

to disperse thergmound caBtgfkalisifgageiA08umt BAMPeSkb! MAG%keSWSRAME ON was
passed t hrough a sieve having an opening of 212 gm the 25 insoluble

remai ni ng on thhesiﬁsEdmasfdthedfaﬂdliﬁgnto“@bﬁﬁ@ﬂuéﬂ@lyhPr@@h%%nhﬁge of
the resulting weight to the weight of the ground nmaterial was taken as the

20 March 2306 int8ndadetomposhsdbnbl eref ishalgbopodsibller ital cobditkitcl e si ze
di stribution
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 wvolatile
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

liguid. It is considered that removal of air bubbles



Particle size was determned by using.a tester (a powlder tester produced
by Hosokawa M cron 5 K K., anplitude: 1 nmm frequency: 3,000 vpm tinme: 60
seconds, openings of two kinds of sieves used: 250 pm and 150 pm sanple
amount: 6 g each tinme). Dispersion degree of conpositi or?QN@tﬁffJbEBﬂﬁs A
sanpl e (obtained by subjecting a ground 10 material to conpression nol ding
at 100 kg/cn2 at room tenperature for _28 seconds, curing the conpression-
nol ded material at 100C for 48 hours, e gdai ng the cured material with an

epoxy resin, thet-sidd Qedd ik W mdiesld thig DBLALT alnbospolLshi g and

scratch polishing, 15 and vapor-depositing carbon on e polished material)

was det erm ned dddpdriatdar {davifld Qo o8 ﬁ&rb&&é’neéﬁé eé‘ﬂi@rdﬂét ribution

usi ng an anal yzer (Electron Probe M croanalyzer, a product of Japan
El ectron Opticadneddh@ratory Co., Ltd.); and the standard deviation was 20
taken as an index of the dispersion degree of the conposition conponents

of the sanple. A larger vRlaieedical gPessd 0fe AREEEI K GAET S- kRl 8y is
ununi form dispersion. 2. Evaluation methods for epoxy resin conpoSition

25 Number oF vditds minkge mirc dredust Qrr qnkagle of 1 0GR EIFY (hosy edVBr ch 2006
- 19 size: 28 mmx 28 nm package thickness: 3.6 mm IC chip size: 15 mm
X 15 mm) was f éoredlbprescapsulist 760 oy . nuiter e Vinddisc ddh gyt éngis g Or
dianeters of 0.1 mmor nore) present in the sem conductor package was
exanined 5 by &% diighseokihant 460 detnt orgidndradies morbetuming analsdimer
package was coynted. The transfer nolding conditions used for formng the
sem conduct or PEcKEYe aNgedd My tetpdranassiblirsr dbfiaint ion pressure =

100 sufficient effect.

16 In the process for producing an epoxy resin
composition for semiconductor encapsulation according
to the present invention, steps other than those
mentioned above can be carried out by known procedures.
The semiconductor device of the present invention can

15 Dbe 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 is in no way restricted by the

20 following Examples.

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

equivalent: 195)



kg/cnz; injection tinme = 15 seconds; pressure-holding 10 time = 120
seconds; and material preheating tenperature = 80C. Fluidity An epoxy
resin composition for sem conductor encapsul ati on was gﬁg&Uéﬁ*kﬁg& spi ral
flow using a 15 transfer nolding machine fitted with a # al flow
measur enent based on EMM -1-66. The transfer nolding conditions were die
tenperature = 175C, injection pressure ~ 70 kg/cnz; and pressure-hol ding
and curing tinme = 120 seconds. 20 Di spersion degree of conposition

conponents A sanpl e (obtabRedoRyasuRkest -REi@N epoxy 4T§%&€Q”W5&éid%ftf0r
sem conductor encapsul ation after nelt-kneading to conpression nolding at

170C at 30 kg/cnz for 128reegands, pesBaddi BE MI® <LAMPHRRESICANSTOIgRd ,25
material with an epoxy resin, t hen subjecting the resulting material to
pol i shing and scratch pol mghitngis2eshihychat2086°c: 2. 1apdivaponydepggiti ng
carbon on the polished material) was determ ned for standard deviation of
silica strength distribuegabhvaieng:aa7anal yzer (El ectron Probe

M croanal yzer, a product of Japan Electron Optical 5 Laboratory Co., Ltd.);
and the stdndard devi at i oBrem$natalephanocannorndércofypke egosyersisim degr ee
of the conposition conponents of the sanple. Volatile content An epoxy
resin conposition powder-after 10 grindi ng was wei gheld by#dtg by waight
accuracy of 0.1 mg in an alum numcup. Then, a heat treatnent was
conducted for 3 hours in{anafteBingspainst 865C. 2epoFyiceqebvipbention after
heat treatnment was allowed to cool in a desiccator for 30 m nutes, after
which it was wei ghed )

-1,8-Diazabicyclo (5,4, 0)undecene-7

10 0.2 part by weight
| -Fused silica 86.0 parts by weight
-Antimony trioxide 1.0 part by weight

-Carnauba wax 0.5 part by weight

-Carbon black 0.3 part by weight

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 pm; the
25 insoluble remaining on the sieve was dried and then
weighed and the percentage of the resulting weight to

the weight of the ground material was taken as the



15 to an accuracy of 0.1 ng. Volatile content was determ ned using the
following fornmula. 20 Volatile content ($) _ {[initial weight (g) - weight
after heat treatnment (g)] x 100}/initial weight (g) Ganule density A

gi ven anmount of distilled water and few drops of a surfZtMaieh¢@P@ filled
in a 50-cc pycnoneter, and the pycnoneter was wei ghed. Into the 25
pycnoneter was placed a sanpl e which hqdlgegn obt ai ned by passing an epoxy
resin composition powder through a 20 March 2006 - 21 sieve having an
openi ng of 500 greastlet hesoVebobi 88 End gPbubfengRLeiLal remaining on the
sieve, to an accuracy of 0.1 ng. Then, ?he total weight of the pycnoneter
was wei ghed. Granul e density was determ ned using the 5 foll ow ng
calculation forrmula. Granule density (g/cc) = (M x pw/(Mv + M - M) pw
density (g/cc) @axistie | eitbaedibstaibitfon measur enent tenperature 10 Mw

wei ght (g) of pycnoneter filled with distilled water My: weight (g) of
sanmpl e M: weight (g) of Pacniaiet exifé |wed abtdrminedi biedsvages,
surfactant and sanple 15 Exanple Raw materials weighed so as to satisfy the
basi ¢ fornul at iteFs ey el prsvwded fest) prodihesd Usy Ngo sokieasbetoni xer

(capacity: 200 liters, nunber of rotations: 500 rpm) namintained at room
temperature? K.K., amplitude: 1 mm, frequency: 3,000 vpm, time: 60

seconds, openings of two kinds of sieves used: 250 Hm

and 150 um, sample amount: 6 g each time).

. o0 g : o

A sample (obtained by subjecting a ground
material to compression molding at 100 kg/cm® at room
temperature for 60 seconds, curing the compression-
molded material at 100°C for 48 hours, embedding the
cured material with an epoxy resin, then subjecting the
resulting material to polishing and scratch polishing,
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
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
Number of voids
A semiconductor package of 160p QFP (body




20 The resulting prem x was finely ground using a closed nulti-stage shear
extruder (a continuous kneader and extruder, KCK80X2V, a product of KCK
K. K, rotary blade dianmeter: 80 nm four blades, nunber_of, bla

rotations: 300 rpm discharge amount: 20 kg/hr) with 25 2@1&1%‘&? 269@
tenperature being kept at 30C or less. The resulting ground material was
mel t - kneaded using an intermeshing co.rggating twin screw kneader (screw
20 March 2006 - 22 dianeter Do 50 mm kneader shaft length: 600 mm | ength

of nelt-kneadi ngiseCt2Dmim 60,2 UL Dk H5E EVhidRh&L s ONS: 6 AR, rBM chip
di scharge anount: 15 kg/hr) with the kneader inside being kept at a

reduced pressursizd: 5 5Grimstg § Wen s f@drﬂ%&ﬂz&dr@nd@@sﬂﬁ&kf@ﬂ‘mtm a

vacuum punp. The discharged material was passed through a

t hi ckness- cont moinbary ablvoidheiaving ahdjot adDdmet&re osheel mh drmmin

t hi ckness. The sheet was cooled and ground to obtain an epoxy resin
conposi tion. l@dneiTadtesentarion stivews drinec @vdhaabdt opaclesye t8as f @xarmheedr ound
mat eri al obtained by prem xing and grinding and the epoxy resin

conposi t i on? obtkd el Whtramsinick it metdrteor ouamd nehernahbat of redidsed
pressure. 15 Exanple 2 Raw materials weighed so as to satisfy the basic
fornul ati on wePEpRAfkaste mss mpuntrd es U ygrans fenseokding xer (capaci ty:
200 liters, nunber_,of, rotations: 500 rpm naintained at roomtenperature
in 20 the same SAHeLoRs Uk &Ry £orminge the gemigepdertar Raekdgeel y
ground using a_continuoys type rotary ). mll (Dynamc MIIl MYD 25, a
product of M t<UTESMm 'en&e“t%%atl_“ﬁf = iumbér g3 Ty BEASSHE 566% pm

bal I di amet er 3 1Q..pm ; di ggharge ampunt ; 5200 ka/lhr) with they 1ding
10 time = 120 seconds; and material preheating temperature

= 80°C.

luidi
An epoxy resin composition for semiconductor
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,



25 material tenperature being kept at 30C or |less. The resulting ground
mat eri al was nelt-kneaded using a nonoaxial kneader (screw dianeter D. 46
nm kneader 20 March 2006 - 23 shaft length: 500 mm |ength of

nmel t - kneadi ng section: 7D, number of screw rotations: éﬂgM@ﬂﬂﬁzgggcharge
anount: 30 kg/hr). Then, the nolten resin conposition fromthe nonoaxi al
kneader was passed through a 5 facility (gonnected to the front end of the
kneader) in which a box (called a casca&@f and an extruder were

i nt egr at ed, mﬁtanaheaﬁaﬁiaébasiB§h§§8Q§%§§g§ﬁE§ﬁ§?gggi%he&eﬁaisggai?sS“fe

(60 mMmHg when nornal pressure was arging air fromthe

cascade using awdd gecepminEAPforhscadhashar gedimrtshi ak Lr9gchhe extruder
of the facility was passed through a thickness- controlling roll (sheeting

roll) to obtainserebgeh @is€ributisnthickyess. afheyvsbeet rnasteanl pdogad
ground to obtain an epoxy resin conposition. 15 In Table 1 are shown the

eval uation resMisrodnahpter 3 Raprodteti af sTaphgheleseraa bprsakisfy the
basic fornul ati on were prem xed for 20 m nutes using a Henschel m xer
(capacity: 200 lakheratorwinber, obt@0) y chmdi ohe: sbAAdapd) deriatabnedaat room
tenperature in the sane manner as in Exanple 1. The resulting prem x was
finely ground fleakerp as mun ebndek ngf atvat dhspgpeionotagyebabE thél (Bal

M1l 200, a product of Chuo Kakoki Shoji, nunber of rotations: 30 rpm
bal | 25 di amet é7°M205S Hd OR r P IRERED a2t t he 3gampleat ch) with the naterial
tenperature being kept at 30C or less. The resulting ground material was
nel t - kneaded using an 20 March 2006 24

Yolatile content
An epoxy resin composition powder after
10 grinding was weighed by 5 g to an accuracy of 0.1 mg in
an aluminum cup. Then, a heat treatment was conducted
for 3 hours in an thermostat of 105 = 2°C. The
composition after heat treatment was allowed to cool in
a desiccator for 30 minutes, after which it was weighed
15 to an accuracy of 0.1 mg. Volatile content 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



i nternmeshing co-rotating twin screw kneader (screw dianeter D: 50 mm
kneader shaft length: 600 mm |ength of nelt-kneadi ng section: nunber

of screw rotations: 100 rpm discharge anmount: 15 kg/h t he
kneader inside being kept at a reduced pressure of r#ﬁ-lﬁ{'%’ﬁh@ﬂoﬁor mal
pressure was 760 mmHg) by a vacuum punp. The di scharged material fromthe
kneader was passed through a thicknesg-% ntrolling roll (sheeting roll)
to obtain a sheet of 2 mMmin thickness he 10 sheet was cool ed and ground

to obtain an epoiyve Ssding OAROSHéh | 3] g@@lﬁmlaﬁaetﬁgﬁmﬁeigﬁlﬁﬁaéu@t'On
results. Exanple 4 Raw materials weighed so as to satisfy the” 15 basic

fornul ation weref priesrineetef Dal 20emd MRS &8 119 as HBREChEL BhXBEc(EARFCI tY:
200 liters, nunber of rotations: 500 rpn) maintained at roomtenperature
in the sane nerhel.lasngn Exeerp) ecHe ddieal eseddhido pr el Xpydasmétael y
ground using a roller mll (HH 178, a 20 product of Inoue Seisakusho, three
roll's, nunber dfas fwighedl | Grarallenden®ity pras dischanyRedmsiig Side
kg/hr) with the material tenperature being kept at 30C or |less. The

resul ting gPourfd® Newiticn| cades ket ton kiveadelh usi ng a nonoaxi al kneader
(screw di ameter D. 46 25 nm kneader shaft |length: 500 mm Ilength of nelt-
kneadi ng section: 7D, nurff@nwle siensitwot eaiems:= 200 X ppw) Aidschange -
anount: 30 kg/hr). Then, the nolten 20 March 2006 - 25 resin conposition
fromthe nonoaxi al knead & has passed through a facility (connected to the

front end of the kneade&%hznﬁ¥h|ch a box (called a cascade) and an
extruder were integrated $aci9495) 9hh Gigt B ird r?gate‘%@o%ledﬂ't% a

reduced pressure (60 mmHg when
P ( measurement temperature

10 Mw: weight (g) of pycnometer filled with
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 K.K., rotary bklade
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




normal pressure was 760 nmHg) by discharging air from the cascade using a
vacuum punp. The discharged naterial fromthe extruder of the facility was
passed through a thickness-controlling roll (sheeting rol Mﬁ to 10 obtain a
sheet of 2 mmin thickness. The sheet was cool ed and gréfuN@reR2886ai n an
epoxy resin conposition. In Table 1 are shown the evaluation results. Raw
materials weighed so as to satisfy the_ 35 basic fornmulation were prem xed
for 20 m nutes using a Henschel m xer (capacity: 200 liters, nunber of

rotations: 500 dixmetent m Al 5@dnd} KQOAASELNPRS AL ULEndfh: t BEO SAHE 1BRAGELR as
in Exanple 1. The resulting premx was finely ground using a roller mll
(HH 178, a 20 prbduzlt-gindabitey SedsakotshosD) hiesbepl bs, sopaper of  front
roll rotations: 80 rpm discharge anount: 50 kg/hr) with the materi al

t enper at ure beitfdKepmsst 30C rpe, |dsschaiwe rasahdt ngl §riegrde maveth al  was
mel t- kneaded using a nonoaxi al kneader (screw dianmeter D. 46 25 nm
kneader shaft |tytknesly Mmsidndiding hept -atk readedycsd gpressudd, ofiunber
of screw rotations: 200 rpm discharge amount: 30 kg/hr). Then, the nolten
20 March 2086 -6Q@mHgsiwherpmgial @résome asohodximeig k feadervamsipassed
through a facility (connected to the front end of the kneader) in which a
box (called a &@{Pade)T%dilaﬁFhae‘;&%d@tw@ iwReaseel whrougtheafacility

i nside 5 bei ngbtglxp sed to a reduced pressure (410 when nor nal
pressure was 7 ]Tﬁ%l!@ssﬁfod? HhgFdy shagting xakbhde @RREMm &yacuum
punp. The di schgyrged terial_ framthe extryder of the faciljty was passed
t hrough a thi c%?ilé%g: 852%81“} iy BTSSRt i% 19§t (RS FUbed 7R sheet

of 2 Mmin thi eSSy 'gh% t s.. cool ed .and ground to obtain an epoxy

. ni &G

resin composi tl%?%_ Qﬁ% ad epoxXy resin composition.
10 In Table 1 are shown the evaluation results

for the ground material obtained by prenixing and

grinding and the epoxy resin composition obtained by

melt-kneading the ground material at a reduced

pressure,

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
the same manner as in Example 1. The resulting 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
material temperature being kept at 30°C or less. The
resulting ground material was melt-kneaded using a

moncaxial kneader (screw diameter D: 46 mm, kneader




In Table 1 are shown the evaluation results. Conparative x nale 1 Raw
materials weighed so as to satisfy the 15 basic formulation were prem xed
for 20 m nutes using a Henschel mxer (capacity: 200 liters, nunber of
rotations: 500 rpm naintained at roomtenperature in RdMarghedBhner as
in Exanple 1. The resulting prem x was nelt-kneaded using a nonoaxi al
kneader (screw 20 dianeter D. 46 nm knegder shaft |ength: 500 mm |ength
of nelt-kneadi ng section: 7D, nunber of "Screw rotations: 200 rpm

di scharge anmougha£80) kQg4Ph) - 50hekm, 1BEgFR! 59%&@@%@93@9@ kkepibpom the
nonoaxi al kneader was passed through a facility (connected to the front 25

end of the knepderjuhibeihbfhsdrbpXxrbeatiedsa sa5CcagR) adpenapgextruder were
integrated. The discharged material fromthe extruder of the facility was

passed 20 Mar cém@@f6: -3@7kgrhEpughTReh i €kBess1 €At FoEEhnaompbkitsbget i ng
roll) to obtain a sheet of 2 nmin thickness. The sheet was cooled and
ground to obt afromantleparyns®8ial cknpadeti was pasdadl ehitoagh ahown the
eval uation results. 5 Conparative Exanple 2 - Raw materials wei ghed so as
to satisfy St hefaasl Tty of ouhmd¢oadweo etlpe efiraetd &n0d 386 theukeesaderhgim
Henschel m xer (capacity: 200 liters, nunber of rotations: 500 rpm
mai nt ai ned at wobeh tenperatcakleéd d0cadheadahrandnamrersrideExwapee 1. The
resulting prenmix was finely ground using a corundummll (T-2A, a product
of Tai heiyo Kiieieqimird. ofltt Blae ohacilooyr pagidei behaggexardadt £ 180
kg/hr) with the material tenperature being kept at 30C or |ess. The
resulting 15 gretHtEaRedsSHr fuats frerpig neaere ROENRY RrABAVESR| WRS khRader

(screMIdianet%&é%dZﬁ;rggsgg§§§§%gngétfégggégé cascade using a
10 wvacuum pump. The discharged material from the extruder
of the facility was passed through a thickness-
controlling roll (sheeting roll} to cbtain a sheet of 2
mm in thickness. The sheet was cooled and ground to
obtain an epoxy resin composition.

15 In Table 1 are shown the evaluation results.

Example 3

Raw materials weighed so as to satisfy the

basic formulation were premixed for 20 minutes using a
Henschel mixer (capacity: 200 liters, number of

20 rotations: 500 rpm) maintained at room temperature in
the same manner as in Example 1. The resulting premix
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



500 mm | ength of melt-kneading section: 7D, nunber of screw rotations:
200 rpm discharge anmount: 30 kg/hr). Then, the nolten resin conposition
fromthe nonoaxi al 20 kneader was passed through a facility (connected to
the front end of the kneader) in which a box (called az%@éﬁh@w@nd an
extruder were integrated. The discharged material fromthe extruder of the
facility was passed through a thi cknes_s-zﬁor_]t rolling roll 25 (sheeting
roll) to obtain a sheet of 2 nmmin thickihess. The sheet was cool ed and

ground 1o oblalih@ik-RAKhg [ ESLFL COAIRAS LU B s LMl d006 528y | N Table
1 are shown the evaluation results. Conparative Exanple Raw material s

wei ghed so as tdi&addst iy dhasiendpidnl atd on y\@r&fcw.feéweﬂnf Oic?ﬁ&h

mnutes using a 5 Henschel m xer (capacity: 200 liters, nunber o

rotations: 500 gfpmjelnpikieaidinty aded Ol { APLIRIBE: | f ddeewwane manner as
in Exanple 1. The resulting prem x was nelt-kneaded using an intermnmeshing

co-rotating twnoteascireeys K rigsi efprf,s ol Eyeith waetaiodit S50 5mRg kiepdertishaft 10
| ength: 600 mm | ength of nelt-kneading section: 6D, nunber of screw
rotations: 200 themkmiiasishariges iatwurnging Ioeiky/dl )a widdatdd expessunge tde
kneader inside to a reduced pressure. The discharged material fromthe
kneader was pa$dedmie owdlera ndrmskdn assessute ofds itp ¢ olnHG)S s eetaagan ol | )
to obtain a sheet of 2 nmin thickness. The sheet was cool ed and ground to
obtai n an epoxPWesi Theofissihanged matRibial frome Bowmedderwasiati on
results. Conparative Exanple 4 20 Raw materials weighed so as to satisfy

the basic for RRSSED R fe hlldsdnass mPnRnakldaq gl alsheeting

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  basic formulation were premixed for 20 minutes using a
Hehschel 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 monoaxial 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



Henschel m xer (capacity: 200 liters, nunber of rotations: 500 rpm
mai ntai ned at roomtenperature in the sanme manner as in Exanple 1. The

resulting premix 25 was finely ground using a vibration |1 mJl. (YAMI- 20,
a product of Yasukawa Shoji, frequency: 16 Hz, treatingzggmﬂﬁﬁg*K5506 - 29
capacity: 50 kg/hr) with the material tenperature being kept at 30C or

| ess. The resulting ground nmaterial was ,grelt-kneaded using an interneshing
co-rotating twin screw kneader (screw dianmeter D. 50 nm kneader shaft 5

| ength: 600 mresengtbmpdsieiénkpeadli BHeSRENLARI a®DknellEbeRa8f paSEEW
rotations: 100 rpm discharge amount: 15 kg/hr) w thout exposing the
kneader i nsi dethpoaghradfised] pressubrnedbaddtschpegedonnt endabsf epg t he
kneader was passed through a thickness-controlling roll 10 (sheeting roll)
to obtain a sheeeadér? m whichiakbess(calbedsheetsvadegoahd@daand ground to
obtain an epoxy resin conposition. In Table 1 are shown the eval uation
resul ts. ConpagstrydeExespt elntdadr #oedmavithatbewbaghkiltgoinsitie sati sfy
the basic formulation were prem xed for 20 mnutes using a Henschel m xer
(capaci ty: 2200P¢ir@rexposedero f reduaedopsesseder ph§ mmHatwherd at room
tenperature in the sane manner as_in Exanple 1. The resulting prem x 20
was nEIt-knead@ﬁ”ﬁ%1rEF%ﬁﬁW%ﬁéW#%§h$%gm@%SPOthdhgchﬁrﬁlngc@em/ remder
(screw di anmeter, D 50 kneader shaft |ength: 600 mm_|ength of

nel t - kneadi ng Eﬁﬁtq%ﬁﬁégglus%ﬂﬁﬁﬁwv%ﬁu%%r%HWPotaTh%n@%SQEGrgﬁﬂ] di schar ge

anount: 15 k r). witfh.the kneader inside_being_kept.at a 25 reduced

pressure of 68\4aht ?i/\/nfe‘ﬁor?“nol? .|§’bt}1é1§€%1fe°§va§h§7%§0 ¥5S PFREEEm puny.

Thete gh® ™ e . GOIHRAIL Lol L 25 1 16y P81 2 sKDERHISY Y8 PSS
10 obtain a sheet of 2 mm in thickness. The sheet was

cooled and ground to obtain an epoxy resin composition.

In Takble 1 are shown the evaluation results.

Example 5

Raw matgrials 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 monoaxial kneader (screw diameter D: 46

25 nmm, 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



20 March 2006 - 30 a thickness-controlling rol
a sheet of 2 mmin thickness.

epoxy resin conposition. In Table 1 are shown the evalu eg&é%
Conparative Exanple 6 Raw materials weighed so as to sat W] asi

formul ati on were prem xed for 20 mnutes using a Henschel
nunber of rotations: 500 rp mai nt ai ned at roon1tenperat

200 |

iters,

in 10 the same manner as in Exanple 1. _T Fesulting prem x

chaft Tength: ”?%%g%‘?na?‘ﬁiﬁﬁ%‘%@imf% A dhilba ATk aGhe 40 %Tb%agg
ions: 200 ¢pray S&%&ﬂ%“fﬁon&@ct‘f&ﬁwa t%@e ont® érli'& 5@'{:]&@ r

shaf t
r ot at

conposition fromthe nonoaxi al

eader was passe rough a faci

ity

(connected to tieeddOnf i@RehDin thekPepserded T W Shade POt Cah | ed a

cascade)

and an extruder were integrated, wth the facility
exposed to a resicetidr ety e ke 20y e N KO fad i PL e Sieiaas 760

nmHg) by discharging air fromthe cascade using a vacuum punp. The

di scharged Snatlesimd dxpysddiecexd rasthiced gihesdwed | (410 WarHPasised thr
a thickness-controlling roll (sheeting roll) to obtain a sheet of 2 Mmin

t hi ckness.

conposi tion.
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The sheet was cool ed and ground to obtain an
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In Table 1 are shown the evaluation results. 20 March 2006 -
AQN Co m rihe 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
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
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
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 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
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through a thickness-controlling roll (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 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
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
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
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-contreolling roll
(sheeting roll) to obtain a sheet of 2 mm in thickness.
The sheet was cooled and ground to obtain an epoxy

resin composition.

() 1-H -.41n0O)Vl 0) NOm
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In Takle 1 are shown the evaluation results.

Comparative Example 3

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
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) without exposing the kneader inside to a
reduced pressure. 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 sheet was coocled and ground to obtain an epoxy
resin composition.

In Table 1 are shown the evaluation results.

Comparative Example 4

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
was finely ground using a vibration ball mill (YAMT-20,

a product of Yasukawa Shoji, frequency: 16 Hz, treating
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capacity: 50 kg/hr) with 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 diameter D: 50 mm, kneader shaft
5 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

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 Takle 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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a thickness-controlling roll (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 6

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 reéulting 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,
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
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
cooled and ground to obtain an epoxy resin composition.

In Table 1 are shown the evaluation results.
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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
for semicénductor encapsulation, the obtained epoxy
resin composition shows sufficient fluidity when used
in encapsulation of a chip for production of a
semiconductor package; further, since melt-kneaded
material is exposed to a reduced pressure, alir trapped
in the heating and kneading step and air bubbles formed
in melting of a crystalline resin during kneading and
molding can be removed from the resin component
efficiently; thus, an epoxy resin composition for
semiconductor encapsulation extremely low in voids
generation and superior in moldability can be produced

stably.



N--1 d)d )tl 22 >roro ro" ti 20 March 2006 - 32 As clear fromthe above
Exanples, in the present invention, since individual conponents are

uni formy dispersed without proceeding of curing reaction in production of
an epoxy resin conposition 5 for seni conductor encapsul a0iN#Cchtd¥6bt ai ned
epoxy resin conposition shows sufficient fluidity when used in

encapsul ation of a chip for production g; a sem conduct or package;

further, since nelt-kneaded material T %xbosed to a reduced pressure, air
trapped 10 in theipgating and kneading step and air bubbles forned in
melting of a crystalline resin during kneading and nolding can be renoved

fromthe resinjconponent , ﬁgghgggnkk¥;P&%%%Ci%gi§%Q%§O%§ﬁ&Q£§9pposition for

sem conduct or encapsul at1 oh extrene oW I N’V ération and

superior 1n MPLEABbLiEYohaRobesBRIAURHC LB AR ApEh I MG 2080y, 33 CLAING

1. A process for producing an epoxy resin conpoSition for sem conductor

encapsul ati on, cehbeseSOPRPENERSNET 8BV A® W1 BRIRLIali% 16N tA Nidagat | east
an epoxy resin, a phenolic resin, a curing accelerator and an inorganic

filler, then gahndpogyt hesifasuht bREncRAGMrEsYS, NG dudingdelcdd it a

ground materi al '
and an inorganic 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 um or more are 10% by
weight or lesgs, particles having particle diameters of
150 um to less than 250 um are 15% by weight or less
and particles having particle diameters of less than
150 pm are 75% by weight or more, and melt-kneading the
ground'material under a reduced pressure.
2. A process for 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 a ground material
having such a particle size distribution that particles
having particle diameters of 250 um or more are 10% by
weight or less, particles having particle diameters of
150 um to less than 250 pm are 15% by weight or less
and particles having particle diameters of less than
150 pym are 75% by weight or more, melt-kneading the

ground material, and exposing the resulting molten

material to a reduced pressure.



havi ng such a particle size distribution that particles having particle

di aneters of 250 pmor nore are 10% by weight or |ess, particles having
particle dianmeters of 150 gmto |ess than 250 pmare 15% by wei ght or |ess
and particles having particle dianeters of |ess than 13@“$ﬁpar 5% by

wei ght or nore, and nelt-kneading the ground material under a reduced
pressure. 2. A process for producing an pOxXy resin conposition for

sem conduct or encapsul ati on, which conprises prem xing raw naterials

containing at keast an @PEXKcEES Bor2 pRURGHRING H8Sidhoxd ¢4Ji130 accel erator

and an inorganic filler, then grinding the resdalting” premx using a

grinder to obtabfpdsdt9uAd rBRt 8EndkbonBRAVtRE SRR NRAHiIH & HA/ing
distribution that particles having particle dianmeters of 250 pm or nore

are 10% by wetghtigiml @Ssr parivhekesnhawene R be-cdisairt qiss 4¢f0 150 m
to less than 250 pmare 15% by weight or |ess and particles having

particle di ametumHg ot lLess whan ndbRalNpaeesnt2¥ Ay W&I0gRimHR. nore,

nmel t - kneadi ng the ground nmaterial, and exposing the resulting nolten
material to a deduced praspuvees20fblr phodebng 3% ePoxk peedess for
produci ng an epoxy resin conposition for sem conductor encapsul ation
according to chmbasitoon2fowheeninohbectedueadapsedstien sacéeddimgHg or

| ess when normal pressure is 760 . 4. A process for produci ng an epoxy
resin conposi FPoRlpdn $eprcdndwbeselinnchpsmedti-éneaddogdiisg conglugitaidm 1 or
2, wherein the nelt-kneading is_conducted by using a biaxial kneader or a
nonoaxi al knealB¥rusingaapbasials kpepasguerng arnepsiplr &seadegonpositi on
for seniconduc%or encapsul ation according_  to Caiml or 2, wherein the
ground materia 'Containsé process for producling an epoxy resin

composition for semiconductor encapsulation according
to Claim 1 or 2, wherein the ground material contains,
in an acetone insoluble, particles having particle
diameters of 212 pum or more, in an amount of 0.5% by
weight or less.

6. An epoxy resin composition for semiconductor
encapsulation, produced by using the process for
producing an epoxy resin composition for semiconductor
encapsulation, set forth in Claim 1 or 2.

7. An epoxy resin composition for semiconductor
encapsulation, produced by ﬁsing the process for
producing an epoxy resin composition for semiconductor
encapsulation, set forth in Claim 3.

8. An epoxy resin composition for semiconductor
encapsulation, produced by using the process for
producing an epoxy resin composition for semiconductor
encapsulation, set forth in Claim 4.

9. An epoxy resin composition for semiconductor

encapsulation, produced by using the process for



in an acetone insoluble, particles having particle dianmeters of 212 pm or
nore, in an anmount of 0.5% by weight or less. 6. An epoxy resin
conposition for sem conductor encapsul ation, produced 2 Si b e process
for producing an epoxy resin conposition for sem condu 65&"08%@ Bsulation
set forthin Caim1l or 2. 7. An epoxy resin conposition for sem conductor
encapsul ati on, produced by using the pr ss for producing an epoxy resin
conposition for sem conductor encapsul aion, set forthin Claim3. 8. An

epoxy Tesin coppaaltifg hAr BBYCOBUYG! AbneCaRIULAlion - AEOMUGRE. Y USI Ng

the process for produCing a oXy resin conposition for sem conduct or

encapsul ati on, ea8hpEQlhRibA, CsaktMedrtB. 1ANCERAKY 5F.€sin conposition for
sem conductor encapsul ati on, produced by using the process for 20 March

2006 - 35 prodecing an gpgéMi&sﬁaaceaﬂpaéb&b@Dp&@ﬁu@%@i%QHQQqh@rthe
encapsul ation, set forth in Caim5. 10. A sem conductor device produced by

using the epoayoxesiestanpempbsBibar f6enkeanduveiontorc apsubaiilan iczet
forth in Claim6. 11. A sem conductor device produced by using the epoxy
resin conpositsen fortkeimcOhdimt 6t encapsul ation set forth in Caim?7.
12. A sem conductor device produced by using the epoxy resin conposition
for sem conductbr encapsaél aemdaondetctbor dbvineCpaiodu8edl By Asieni cheduct or
devi ce produced by using the epoxy resin conposition for sem conductor
encapsul at i on SReXY f e hni pombashi-9on 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.



