1 TITLE OF THE | NVENTI ON PARTI CLE PRODUCTI ON APPARATUS, PARTI CLE
PRODUCTI ON METHOD AND METHOD FOR PRODUCI NG SEM CONDUCTOR

ENCAPSULATI NG RESI N COVPQOSI TI ON 5[ 0001] The present invention rel ates
to a particle production apparatus, a particle production nmethod and
a nmethod for producing a sem conductor encapsul ating resin

conposi tion. BACKGROUND OF THE fiuENGEF el GlOB02IonTher e is known a

sem conduct uct or Chl sem _conduct

ol enent) | S AERIErb P oaEEna Far Byl « PREHFLE et SR REEEP diiehigennon
(sealing) mat erﬂ”cad PRODE I@GC SpSECADUORPRTENER PRI LATDRG tHES T8 eTuMPOs dOTh0r
chip is produced by nolding a resin conposition through, e.g., a
transfer nolding nmethod. 15 [0003] A process for producing the resin
conpositi oh%99@nThe powgernat ericaklehergdhtenclitdes apsurfaee production

treat nent pEOLQISs) Na gfﬁ&hc@e P RLRSEL HY nle'tﬁH&i daUGh 1 @8h&4 Cﬂfp&o!r&gum.ng a
agent is al owed to adhere to surfaces of inorganic particles such

silica par FFRI®L FFT’CIW EPCIBE HEEARP a5 18048 I¢H t he powder

material of the resin conposition. [0004] In this surface treatnent
process injected into a chanber from an

i nlet portggufit’flighms c%?\%&i hﬁﬂs%ﬁrng agent is also sprayed into the
chanbetO f r PR3] Dppssi tie si dewn t e 25semEspedtcta t hdkabet port whtithe a
the silica &@f&o‘n@lh@§ozarr§u§pl %l%nﬁ%t%re%l'e{ﬂ fx@)e f&hmggecg QJ ca th ted)
exanpl e, see patent document i's confi guration, To8F " the
coupl i ng afEFt |8 coifsaererfian t Aredsudptineg paredldies uwﬁegp@hyl ng The

the coupliageagenttand hieiGMRIAkNGHEO Wi BInAGERE |$isW 1l ﬁfsiro%@ed by
contacted with the other silica, 30 particles in the chamber duri

swirling ofetH@9stI T4 E?Tl?ciﬂlééo’%othtlﬁa‘é’h r?egcouﬁamrﬁa%@%molam%hod

to thelsurfaces of the S|I|ca particles. As aresult, a mxing

property o tic consti t.uti resin _conposit

the sili ca &ﬁl clglg&:less en angeaéucflﬁlgre y eggf?ycompfsqgl?rheégom |aCapOWder
particles Iaarmértlhé résreo35ipakudes| es sinfeeet heesindnta pacesel és ahéch a
coat ed “‘t£&$é¥%s§9&piiéﬂldagﬁﬁﬂ-asza coupling agent is allowed to adhere to

surfaces of inorganic particles such as silica particles (filler

20  material) contained in the powder material of the resin composition.

[0004] In this surface treatment process, the silica particles are
injected into a chamber from an inlet port thereof, and the coupling
agent 1s also sprayed into the chamber from an opposite side with
25 respect to the inlet port while the silica particles are spirally
swirled in the chamber (for example, see patent document 1). In this
configuration, a part of the coupling agent is contacted with the
silica particles upon spraying the coupling agent and the remaining
coupling agent is swirled and contacted with the other silica
30  particles in the chamber during swirling of the silica particles so
that the coupling agent adheres to the surfaces of the silica
particles. As a result, a mixing property of resin particles
constituting the resin composition and the silica particles 1is
enhanced, thereby easily mixing the silica particles and the resin
35 particles since the silica particles are coated with the coupling

agent.

[0005] However, according to the above method, in the surface



treatment process, there is a problemin that the silica particles
are aggregated. In this case, it is difficult to uniformy mx the
silica particles (inorganic particles)zwith the resin particles
(resin conposition). 5 Patent Docunment 1: JP-A 2003-275555. [0006]
It is an object of the present invention to provide a particle
product i bre@ppatabuscess, pahtirel £s pi ogigtiean imethad and A 1085 heghfi0f e

10 produging 1 condyct or . encapsul ati ng,resin conposi.tion, by
which a %%%caegggsr%ﬁgk%?qu:ig ?{sllsalﬁaosmeédl?olséo%lef%gmtl%ti or“é’éﬁ%m]ﬁ’ar“{lixcltag
cont ai nedtiitaa povided epat Enpatania | pdbiticdbs] e vagyr egat | ossiof phecicles
i nor gani ¢-ant kS iitSosyppressed. 15[ 0007] In order to achieve the
obj ecbl, one aspect of the present invention is directed to a
particle production apparatus which is configured so that a
processing | i qrdtdnadbesasntol a spunfams-ofiseach of inorganic particles
contained in a powder material, the particle production apparatus
conprising: 20a processing section in which the processing liquid is
al | oned {@0&dhier € st ent digjestr baceeobrematr afivéde onnes garive dpas tpatesle
a chamb e h ' ection at downstream si de

t her eof eﬁigrn&f\%h@i?gﬁﬁt%eptaggrc er p‘{r’r%t%gr%?g? igsrogélﬁalr% éﬁ%f]?‘gn?rb s cf%lert})‘?gnéor
t he PowddroWaL Ry i alsem2sendyshderenrapenl alinguppiin dewpos bikhe hos uppkhes
the powdefocsBbend allibol® tike PIOGRSSI AY SERLLON:tANGhorganic Firtacier
pr ocessi n%tlal.gu(%d.spr ayi ng devi ce which sprays the processing l'iquid
as dropl BTS % 8°% hé"” pSwd&r it BRFRTLglustelafbbf ik Spotiernbier i of the
bei ng suppirgedi¢ Maetihbepriecesgimgssecti on, 30 wherein after the
processing liquid sprayed to the powder naterial adheres to the
surface of each of the inorganic particles contained in the powder
mat €Pi al [40871 Ha priseessiongrobéeté ohhe t biej awdemenatspetal of S the present
transf eringdnt 40 1hegchangr ~so .t r erial 1s_separated
fromthe gas. 35 [%0%8] Ingt ﬁg Sa;b{%%a[%fep&g uc'ﬂtg%% aﬁ%’aarrg%ﬁss gRithets
present GRVEREISSh, 59 £hRE Pprifasiersing Haauifeagirayeesspng bixfisicd of each
sprayi N@fdévbeea CiaMRiar885lesA RAZZL R 8ndas pslPP QYL LL TOe particle
suppl yi %qoﬁheti%%sahaé\{rlar% a gr essure 3 being equal to or higher than
0.3 MPa‘to the noZzP e * Afd“d"Yr6i8%sing 1iquid supply device for
suppfPyi ng t he aproeessiing béapibd imtwhithethozaloees@itl liquid is allowed

wher ei n_ttohgdlpér%p%gsjcﬂ%g éu'rgy ed S e38 a(%'eg]?é r'%rgrt Qr?icn%%%Lfcilegt;o 5 the
processi ng section due to the pressure o tlhe 88.5.
a chamber connected to the processing section at a downstream

side thereof in which the powder material is separated from gas
carrying the powder material;

25 a powder material supply device which supplies the powder
material into the processing section; and

a processing liquid spraying device which sprays the
processing liguid as droplets to the powder material just after the
powder material being supplied into the processing sectiocn,

30 wherein after the processing liquid sprayed to the powder
material adheres to the surface of each of the inorganic particles
contained in the powder material in the processing section, the
powder material is transferred into the chamber so that the powder
material is separated from the gas.

35
[0008] In the particle production apparatus of the present invention,
it is preferred that the processing liquid spraying device comprises:

a nozzle; a gas supply device for supplying the gas having a pressure



[0009] In the particle production apparatus of the present invention,

it is preferred that the processing liquid supply device is a punp.
10[0010] In the particle production appagatus of the present

invention, it is preferred that the droplets of the processing liquid
sprayed fromthe processing liquid spraying device include

smal | - si Zeldeﬁ'l’gOBh&&B ﬂa;avskn@lgaleaatmxcloeaswae tketRg Rguak; taoh bﬁ@&ss:.ng

t han 20 t he progessin ui raylng device,is configured

So that b RS (<BBRY CHE Sl o2 S ! S 1 PR A O iGF AES the

sprayed drnmﬁmmﬁ betonmes equal to or nore than 80 wt% [0011] In the
article product} 1 0 S .

p ' p u k@le@gpgﬁ{lgﬁrcg%u rﬂf 1RGPS S *%%g?éé ﬂ:’o}m tnl nozzle, dnto

preferred that the partic on apparat S configure

that a swi tie Prpeassion ﬁﬁ‘étlg?alsdil% Yehbe REEgsine tdfe tbhagdser by

spraying the processing liquid using the processing |liquid spraying
device. [0012] In the particle production apparatus of the present

i nvention, ! %h@q'§hﬁrg?ﬁﬁ%9§8 PRAAUGERRD cARpRpaFuhad &heyPTgf@ntcapvention,
shape and ithe sppoesssieAgtsacithonias saieentifal o axips: angkwaie 0w | Lbump.
port connected to the chanber, wherein the processing section
is connected to a side portion of the chanber such that the central
axi s of0 t hEOG0d cles Shrgpsecidlenp 8@lucs ipmcddoredtwd tdf tespecisenod anvention,

direction of a radijus.of the %@mgspmsc%fpﬁaegrwﬁ%%g ? f&*tép%yed

port of the processing section Int
product i onf¥Phairae usPioseERHTd ghiedlso spRaring saevicest #éaimff@f thal Jged zed

i's gener at@ﬂ)gil@tg hﬁa\glmerpaQYl§IH @ﬁ'z@gbrebﬁg m‘cﬂxﬁ@s§bngrl l(gé)é G HASI BY pm,
t he processur UId sg ing 35 device. silica and

processi ng® Q?Cﬁs HH%FFﬁ@lggéﬁfaylng ﬁPB&%%sFﬁgc??EﬁFﬁe?sso that a
sprayetd aswln@plceﬁsr.h@ tshelpeder matopiead jrustiraf t estdihecpowter sprayed

materi al b&ﬂo@%e%é’% co?ngs I enc}u(?alt Q rr %%%gSI n% gf?ct}tl“on

{0011] In the particle production apparatus of the present invention,
it is preferred that the particle production apparatus is configured
20 so that a swirl stream of the gas is generated in the chamber by
spraying the processing licquid using the processing liquid spraying

device.

[0012] Ir the particle production apparatus of the present invention,
25 it 1is preferred that the chamber has a cylindrical shape and the
processing section has a central axis and an outlet port connected to
the chamber,
wherein the processing section is connected to a side portion
of the chamber such that the central axis of the processing section
30 is ineclined with respect to a direction of a radius of the chamber
which passes through the outlet port of the processing section, and
wherein the particle production apparatus is configured so
that a swirl stream of the gas 1s generated in the chamber by
spraying the processing liquid using the processing liquid spraying

35 device.

[0013] In the particle production apparatus of the present invention,

it is preferred that the inorganic particles are constituted of



10 thereby allowing the processing liquid to adhere to the surface of
each of the inorganic particles contained in the powder material, and
then the powder material is transferred into a chanber so that the
powder material is separated fromgas carrying the powder naterial.
15[ 0015] In the particle production nethod of the present invention,
it is prefkrmednd hate phecgrsdegskiqudd! igui doanrt Hoheggas having a
pressure being equal to or higher than 0.3 MPa are supplied into a
nozzle so that the processing liquid is sprayed fromthe nozzle into
t he procE¥Bi4glsentdeonto 20-hipee16]e labpiehe, parithet eagpeaduot| tie mateBedt
of the pressmliohnYsNkhofotdd do5 Prefarnted that,an 7GR DAY L& a
size of the inorganic particles 1s in the range of 0.5 to 1 pm
25[0&17]9W9‘Fetsﬁén?g)aﬂf‘ﬁ‘éﬂde bt odictiiesh et HEGTEf tchea ppestarne |ofemdlongt
it is prefemaedet batcidien tbetpree@sShNG | botad | 8areRhayed hordhe the

powder terial so that .the processing |iquid adheres to the surface
of eachn%%wc{eﬁe [?azcgfé%ﬁi éspasrL{%’lpglwe &Bﬁ? afneF ISt pdfiierCtmat Btd afhe

t here i sPwcgasend hdqut el pomteyedadserdrabl ¢ ltvdeBe aggiRgaheterial just
particl essgach, 30, conpri, : [ ni,c. particle and_the .

adhering pr ocessi%r?g .Iglpquaiﬁ%% Ierh];eé“{l?;@ea gsariega tet Rt PE ha ATy
par tilcl e-N§ir2RY of L 450 ngmEbe REPIEsShog biqwd dookdsench Eggregatedace of

particl eschoot henaviabeg it Be-POWAS! dBLehial :d $n89 0 €§S
than 1 % of _the p vvd%r rra?eri,al. 35 %001%(]@ _ﬁdn%grgd%@c%eg reri% ?Jel\%zl’tﬁréd
obj ect, tHé& 5?ﬁe?°‘é‘gepre6“tat81”?]helsprté§§ﬁ ernefedfifonai shafieacsed that athe
met hod fremdpr ottieirtigl ai S @rbentdC F 66m eREapstlvahl Nthd @Sidle € QERESI 11 0N
conprising: 5 allowing the processing liquid to adhere to
the surface of each of the inorganic particles contained in the
powdér nE@0&P] dn Be thrertpat ¢ i wlodupt bduoktoed met hod ofesehe presenbn, it
i nventi Qn; paBek Xl PGa:2 G it C L Nl p r..material
consti ttfjt eg 5 of aresin gﬁpfdhégsgg%d@r %t%@éﬁecgﬁzﬁﬁﬁ% T heSosure
i nor gani®C1par Etale <ot 8T whi €18t hBapr dced®rngre i Huird iadhirtes a BREER so
DESCRI PEn&N @heTHEzdoRAWMNGS1 iquid [0019hrfed drdnS &Pl 08L5S ChAL the
show ng aogésgd.uci ngctip.r ocess of a 10 resin conposition. Fig. 5
v

. I S 1T S . . . . .
is a cross sectijon vi'eh (partial cross section view) schematically

showng a particle production apparatus according to one enbodi nent

of the ppeseNt i AYENLI OF . L0, i.s.a plain view . ,
schenat ﬁcal Fj; ghow&enrggrggg%%%gsu%%cf naﬁf)trg%occgscjéfi ﬁ}ge SECEFBh Yrvephdon. it
particl éSpPeritfeErentdparat VRragkopdr tiliglFi gize2 of the inorganic particles

is in the range of 0.5 to 100 um.

25 [0017] In the particle production method of the present invention, it
is preferred that when the processing liquid is sprayed to the powder
material so that the processing liquid adheres to the surface of each
of the inorganic particles contained in the powder material, there is
a case that the powder material includes aggregated particles each

30  comprised of the inorganic particle and the adhering processing
liquid wherein each aggregated particle having a particle size of 150
Mm or more, but a ratioc of such aggregated particles to the whole of
the powder material is equal to or less than 1 wt% of the powder
material.

35
[0018] In ocrder to achieve the object, the other aspect of the
present invention is directed to & method for producing a

semiconductor encapsulating resin composition comprising:



20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 0020]

Her ei nbel ow, a particle production apparatus, a particle production

nmet hod and a net hod for produci ng a sem gonductor encapsul ati ng
(sealing) resin conposition according to the present invention wll

be described in detail based on the preferred 25 enbodi nents shown in

t he accompanyi ngideanhdgshe [ PA2MHsskhg. 11qiis apragess ¢harheShowrag: acs
pr oduci ng $rgpe§s f a resin conpaosition. Fig. 2.1s .a cross sectiogn
view (par tTHI" &Fodd®seRPiBRIGi B SERRNERTEANEY Sholisngoydphartitergal by
product i onclegpparatcis Bbcacodod megHod oherenpoeiament nodnttiba; psesent
nvention. Fig. .83, PLakdbo(teuh SCHRIRLLEALY Y RAOW 8.3, ghanber, and.q
a processbgg section of f particl e production ‘apparat uUs shown1n

Fig. 25] Z] TRplR Hedf ghe owivdgr dexieriipt | emtat henaipper indmg@nin Fingpicles
will be 354 eherkedhd 8r8SespRel {'quiihgalwer side will be referred to
as "lower", the left side wll be referred to as "left", and the

right side will be referred to as "right". 6 [0023] A particle
product i orsrEpare$crIPTIci @ THR DRAgIN@s i S an apparatus used in a

surface tr . praocess (1 norganic particle production process) to
produce a fog}élg‘rﬁ%clgr’rp si't ¢h S 5" ol b%]d’ylf“goﬂ‘pﬁﬁ?%?mlﬁ?i &rofees of a
descril¥i ngresie pamddsdlcéopr oducti on apparatus 1, 5 description will be
first nade on the overall producing process which begins with the
supply of raw materials and ends with the production of a resin

conposi tion for deveri A§ EerfEapsubeattiing) vacsenpaoiddcrcorsehigetion view)
(sem condugdn@hae] @MaRt )snod PO024La Ali kel Shoahddion dyak -iBterd@losqdsy to
raw materials of the resin conposition are prepared. The raw

mat er i al s 9¥c FUIRIRePEsPh thg BERISRS AGERRtICB-filler materi al

(inorganic filler material, inorganic particles) and a coupling agent

(processing liqui.d). ,1f_necessary,. the raw materials my further
include a curi ng:llg(':cgl é?a?o?faﬁnt X’ilsewlgcrberngfté(f% e Sth8wff§% %nClEabr§§§ and a

resin as tirceesimy sp0025] cExanplmstdtle herodpokiorr eppardtel sdewra in Fig.

cresol nowol ac type epoxy resin, a biphenyl type epoxy resin, a

di cycl opent adi ene type epoxy resin, a triphenol nethane type epoxy

resin and a multi-ring 20 aromati c type epoxy resin. [0026] Exanples

of theocursmaIags YescAeh e ar Phen ehaRgM@bagmioieEkesi n, a phenol

ar al kyl ty[g)g h?SI n, '%E?t}” phenol nethané type resin and a nmulti-ri n%,

aromatic resPRl HEESRRI PR ExAnp1Ed 1 61E t REORPFHER nAPRMTAMSE i ndr gafitdcle

filler matpepdattidmomgancd paiti el esdtHodc| Bele Sidodaairspichk asemidds@dtor

::::gg gg%&g%ggﬁﬁﬁﬁﬁgh%gsgﬂggﬁ %%s?nsggggéé¥yiogh%QS%ré?hgat%rXEEa&LEant
invention will be described in detail based on the preferred

25  embodiments shown in the accompanying drawings.

[0021] Fig. 1 is a process chart showing a producing process of a
resin composition. Fig. 2 is a cross section view (partial cross
section view}) schematically showing a particle production apparatus
30 according to one embodiment of the present invention. Fig. 3 is a
plain view schematically showing a chamber and a processing section

of the particle production apparatus shown in Fig. 2.

[0022] In the following description, the upper side in Fig. 2 will be
35 referred to as “upper”, the lower side will be referred to as
“lower”, the left side will be referred to as “left”, and the right

side will pe referred to as “right”.



[ 0028] Exanpl es of the coupling agent include a silane coupling agent
(silane conmpound) such as y-glyci doxypropyltrimethoxysil ane,

yam nopropyl tri met hoxysil ane O y-nercapt opropyl trinmet hoxysil ane,
vinyltriethoxysilane. Exanples of the curing accelerator include a 35
phosphor conmpound and an am ne conpound. 7 further included in the
raw mat efPe23. Exaapkislcof ptdimcot ber appierdual s1 i Bebwdei@ ¢ehoriocngis an

agent, a LN ent, .a flane retardant and a stress-reducing .
agent . Sf%%%%]acﬁéxglﬁ%?eého tsﬁler%?f%ngr?ae mgP%aﬁfo‘fff‘iscsl udg A B i E‘Fa‘?gtéﬁle
epoxy reBFPHUCAACRNPYIAREY) okd derdsisedaf Fanim rcetposiaribn Bena had Bicantody
non- ant i Mednpaased ﬁﬂi@getée@égﬂééﬂing'ﬁ%@n§g§§ié¥é %di bﬂakgpég“%u 1
non- tlg%gél based flanme retardant 1nclude organic phosphor; metar
hydr at e EPRLET dfen- Rontidchi MY €8 e RyerabBHrofPEw process which
Pul veri zia¢diom) with the sASpBAMMN rbi) AdiGridis SPRCIhES FRLLRha! 5r&IPRYon
the raw gpterjial.s are fsiirtslt ptél verized éfi nel y Bul verized) by a first
pul veri zing device To-have s $pecFiied BaltPEiPe s Y% $t SEBleqrsimetor
Exanpl esclofe I5emheondantomtedeinabis) .t o be pul veri zed include the resin,
the curing agent, the curing accelerator and other materials than the
filler material. A part of the filler material may be added into the
raw et eF9%243 Ato Hespul iedividdal Meateniedsl ¢35 W imeskrtolmasi tihen resin
| nel udi ngorplodi alork adls gfeddiaabul vigk! 280, HRLRELALS SHOMLAS 4 NELGST N,
20 the curi.ng agent ang,the curing accelerator 1s obtained. As he
first purVerPzihy dedi cetlett MPEeddsil biwr9psi ase ldesomiariels yowaryic
It:))al lj m mara;idlg:o) faorct ra% _c{ogﬁBﬁ]g (@ﬂhfﬁac%?ra_d@%ﬁﬁﬂ@nli&ﬁ@ﬂ! cltg necﬁssa;y,
roduct i cifie terial .anpng the raw materjals, that i,
all or aﬁ%)arrta%( @gﬁgﬁrﬁlﬁg mﬁé{?t% Totch H&QF&? e? PHUEPI AFCRIHGEgani cIt is
par tiocl egeferabkulipeetednt epaxs ebacest teatmeih. by the particle
production apparatus 1. Nanely, in the surface treatnent, a
pr ocessi rb% lLiquid such as the coupling agent adheres to a surface of
each of & 8F*ERBlYanct Hast PEPES. rasim tedube, aa swoohd nosnbosi tywn
i ncl udi ngoaypeudei, rateidhahyconysd nd t hes{norgani i,cl i s
obtai ned, As the; coupl n% ayentil%gxheﬂra}gg to the surf%ggé%%ﬁt%ﬁgé?%l Pé%e
material S A i Xihy property o THEPRsFParPorHe TEHT nipchgeftuliit hing
t he 20i | lagempbiertyak ¢xnhanced, thereby easily mixing the filler
material with 35the resin. 8

[0026] Examples of the curing agent include a phenol novolac type
resin, a phenol aralkyl type resin, a triphenol methane type resin

and a multi-ring aromatic resin.

25
[0027] Examples of the filler materizl {inorganic filler material,
inorganic particles) include silica such as a fused silica thaving a
crushed shape or a spherical shape) or a crystalline silica and an
alumina.

30

[0028] Examples of the coupling agent include a silane coupling agent
{silane compound} such as y-glycidoxypropyltrimethoxysilane, v-
aminopropyltrimethoxysilane or y-mercaptopropyltrimethoxysilane,
vinyltriethoxysilane. Examples of the curing accelerator include a

35  phosphor compound and an amine compound .

[0029] Specific one of the materials stated above may be excluded

from the raw materials. Other materials than set forth above may be



material may be further included in the powder material of the filler
material. Further, the fine pulverization and the surface treatnent

may be perfornmed either sinultaneously or one after the other. The
particle production apparatus 1 will be described later. 5 [0034]

(M xing) Next, the first conposition obtained in the fine

pul veri zat fwthpirocasquasd tihe aea:oa@h;] Caapesidlison obiaiied idfltgﬂe other
surface treat nent pr.oces nanel.y, .the resin co sitjon including
plural ki nraagteorfla&f) 663\%‘5%‘?(% mét € Olléllfén? s 2fFXkd f‘hdr?egﬁ@f‘uﬁg b§IH i xf ngtame
devi ce. Eacdtapfahheartb apowders-naderingl stas.devi ce, iti spossible rotary
bl ades or the |ike. [0035](Kneading) Next,the resin As the kneadi ng
devi ce, adifferentspecificgravity. touseahi gh-speed Asthe m xi ng

devi celavi FP3Mnewdrhgs devi cae Tlrpeadprardertr ddetudd xg ngrominated epoxy

resin, an antimony oxide based flame retardant, non-halo and non-
antimony based flame retardant. Examples of the non-halo and non-
antimony based flame retardant include organic phosphor, metal
hydrate and a nitrogen-containing resin.

10
[0031] (Fine Pulverization)

As shown in Fig. 1, specific materials among the raw materials
are first pulverized (finely pulverized) by a first pulverizing
device to have a specified particle size distribution. Examples of

15 the raw materials to be pulverized include the resin, the curing
agent, the curing accelerator and other materials than the filler
material. A part of the filler material may be added into the raw
materials to be pulverized. As a result, a first composition
including plural kinds of the pulverized materials such as the resin,

20  the curing agent and the curing accelerator is obtained. As the
first pulverizing device, it is possible to use a continuous rotary
ball mill and so forth.

[0032] (Surface Treatment (Particle Production))

25 A specified material among the raw materials, that is, all or
a part (remaining part) of the filler material (inorganic particles),
is subjected to a surface treatment by the particle production
apparatus 1. Namely, in the surface treatment, a processing liguid
such as the coupling agent adheres to a surface of each of the

30  inorganic particles. BAs a result, a second composition inciuding a
powder material containing the inorganic particles is obtained. As
the coupling agent adheres to the surface of the filler material, a
mixing preoperty of the resin and the curing agent with the filler
material 1s enhanced, thereby easily mixing the filler material with

35 the resin.

[0033] The powder material of the filler material may be constituted
of only the filler material. Other materials than the filler



conposi tion iskneaded by itispossibleto use,a such asasingle-axis
type kneadi ng extruder or a doubl e-axi stype kneadi ng extruder,or a
roll type kneader such as a mixing rol$4 and 20 so forth.

[ 0036] ( Degassi nQ)

10

15

20

25

30

35

material may be further included in the powder material of the filler
material. Further, the fine pulverization and the surface treatment
may be performed either simultaneously or one after the other. The

particle production apparatus 1 will be described later.

[0034] (Mixing)

Next, the first composition obtained in the fine pulverization
process and the second composition obtained in the surface treatment
process, namely, the resin composition including plural kinds of
powder materials is mixed thoroughly by a mixing device. Each of the
powder materials has a different specific gravity. As the mixing
device, it is possible to uses a high-speed mixing device having

rotary blades or the like.

[0035] (Kneading)

Next, the resin composition is kneaded by a kneading device.
As the kneading device, it is possible to use, a kneading extruder
such as a single-axis type kneading extruder or a double-axis type
kneading extruder, or a roll type kneader such as a mixing roll and

so forth.

[0036] (Degassing)
Next, the resin composition thus kneaded is degassed by a

degassing device.

[0037] (Sheet Making)

Next, the massive resin composition thus degassed is molded
into a sheet shape by a sheet-making device. As a result, a sheet
shaped resin composition (sheet shaped resin material) is obtained.
As the sheet-making device, it is possible to use, e.g., a sheet-

making roll.

[0038] (Coocling)
Next, the sheet shaped resin composition is cooled by a
cooiing device. This makes it possible to easily and reliably

perform pulverization of the sheet shaped resin composition.

[0039] (Pulverization)



Next , t heresi n degassi ng devi ce. conpositionthuskneaded i sdegassedbya
25 [ 0037] (Sheet WMaki ng) Next, the massive resin
conposition thus degassed is nolded int@ a sheet shape by a
sheet - maki ng device. As a result, a sheet shaped resin conposition
(sheet shaped resin nmaterial) is obtained. 30 As the sheet-naking

device, it maki mrgxtpl the $r&emoa~‘s$1abé@ F&siUS om@ogi biod alae%ivefM]by a
( Cool i nQ) e sheet shaped resin conQOS|t|on
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reliably distribution. As a result, a pulverized compositicn is obtained. As
the second pulverizing device, it is possible to use, e.g., a hammer

5 mill, a knife mill or a pin mill.

[0040} In this regard, the granular or powdery resin composition may
be obtained not by way of the sheet-making, cooling and pulverizing
steps. Instead, the granular or powdery resin composition may be
10 obtained by, e.g., a hot cutting method in which a die having a small
diameter 1is installed in an outlet port {discharge passage) of the
kneading device and a molten resin composition discharged from the
die is cut by a cutter into granular resin composition having a
specified length. After obtaining the granular resin composition by
15 the hot cutting method, it is preferable to perform degassing while

the temperature of the resin composition remains high.

[0041] (Tablet Making)
Next, the powder compositions are compression-molded by a
20  compact manufacturing device (tablet-making device) to obtain resin

composition in the form of compacts.

[0042] The resin compoesiticon are used in, e.g., covering
{encapsulating} a semiconductor chip (semiconductor element). In
25 other words, the resin composition is molded by, e.g., a transfer
molding method. A semiconductor chip is covered with the molded
resin composition as an encapsulating material, thus manufacturing a

semiconductor package.

30 [0043] The tablet-making process may be omitted and the powdery resin
composition may be used as final products. In this case, the
encapsulating material can be formed by, e.g., a compression-molding

method or an injection-mclding method.

35 [0044] Next, description will be given to the particle production
apparatus 1. As shown in Figs. 2 and 3, the particle preduction
apparatus 1 1is an apparatus which 1is c¢onfigured so that the

processing liquid adheres to the surface of each of the inorganic
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an upper side toward a lower side thereof. A lower opening of the
chamber 4 constitutes (serves as) a discharge passage of the powder

material having been processed (to which the processing liquid

adheres) .

25 [0046] A filter 41 which permits passage of the gas (air) but does
not permit passage of the powder material and the processing liquid
(liquid) 1is provided at an upper portion of the chamber 4. The
filter 41 serves as an air vent portion for discharging therethrough
the gas (air) existing within the chamber 4. Further, the filter 41

30  is arranged so as to close an upper cpening of the chamber 4.

[0047] The receiving unit not shown in the drawings for receiving the
powder material which has been processed in the chamber 4 and then

discharging it from the chamber 4 1is provided at the lower side of
35 the chamber 4.

[0048] The processing section 3 has a cylindrical {tubular) shape

whose one end side (upstream side) is closed. The processing section



10 particles contained in the powder material. The particle
production apparatus 1 includes a processing section 3 in which the
processing liquid is allowed to adhere tn the surface of each of the
i norganic particles, a chanber 4 connected to the processing section
3 at a 5 downstream side thereof in which the powder material is
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mat eri al whi ch has been processed in the chanber 4 and then
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the cha péﬂ&lcularly limited to a specific value 1if the processed powder

20 material obtained by coupling the processing liquid injected
(sprayed) from the nozzle 7 into the processing section 3 with the
powder material supplied from an outlet port 52 of the supply portion
5 (described later) into the processing section 3 is discharged to
the chamber 4 without adhering to a wall surface of the processing

25 section 3. However, in this case, a radius of the processing section
3 (length in a vertical direction of the processing section shown in
Fig. 2) 1is preferably in the range of 20 to 100 mm, and more
preferably in the range of 30 to 80 mm. Simultaneously, a length of
the processing section 3 (shortest length between a connecting

30 portion of the processing section 3 with the chamber 4 and an
installation surface of the nozzle 7 to the processing section 3) is
preferably in the range of 50 to 250 nm, and more preferably in the
range of 100 to 200 mm. If the radius of the processing section 3 is
less than the lower limit wvalue noted above or the length of the

35 processing section 3 exceeds the upper limit value noted above, there
is a possibility that the processing powder material adheres to the
wall surface of the processing section 3. As a result, aggregation

of the powder particles is generated or the processing of the powder



3 is provided at an upper side of the side portion (lateral surface)
of the chanber 4. An outlet port 31 of the processing section 3 is an
aperture connected to an inside of thezchanber 4. Further, the .
processing section 3 provided at the side portion of the chamber 4 is
Sin astate that an axis line (central axis) 32 of the processing
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result, clogging of the filter is generated. If the radius and the
20 height of the chamber 4 are less than the preferable upper limit
value, it is possible to decrease an area to which the powder
material adheres in the chamber 4. As a result, an advantage of

yield of the powder material becomes high.

25 [0052] The supply portion 5 is provided at an upper portion of the
processing section 3. The supply portion 5 is connected to the
processing section 3 and the powder material is supplied into the
processing section 3. An upper end portion of the supply portion 5
is formed into a tapering shape having an inner diameter gradually

30  increasing from a lower side toward an upper side therecf. An upper
opening of the supply portion 5 serves as a supply port for the
powder material and a lower opening of the supply portion 5 serves as

the outlet port for the powder material.

3b [0053] The supply unit 6 for supplying the powder material into the
supply portion 5 is provided at an upper side of the supply portion
5. The supply unit 6 is configured to adjust a flow rate of the
powder material supplied into the supply portion 5.



range of 100 to 200 mm If the radius of the processing section 3 is

| ess than the lower |imt val ue noted above or the length of the 35
processi ng section 3 exceeds the upper Iigmt value noted above, there
is a possibility that the processing powder naterial adheres to the
wal | surface of the processing section 3. As a result, aggregation of
the powder particles is generated or the processing of the povvder 12
particles ed On the.other hand, if the radius
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section 3 (a direction of a central line of the spraying direction in
20 which the processing liquid is radially sprayed) and an injecting
(introducing) direction of the powder material are intersected with

each other.

[0057] Further, a gap is formed between a distal end portion of the

25 nozzle 7 and the outlet port 52 of the supply portion 5. A distance
of the gap L 1is not particularly limited to a specific value and is
appropriately set depending on conditions, but is preferably in the
range of about 0 to 50 mm, and more preferably in the range of about
5 to 20 mm.

30
[0058] If the distance of the gap L exceeds the upper limit wvalue
noted above, depending on the other conditions, there 1is a
possibility that the processing liquid sprayed from the nozzle 7
adheres to the wall surface of the processing section 3 so that the

35 appropriate processing of the powder material cannot be performed.
Further, there is a possibility that the gas (air) including the
processing liguid sprayed from the nozzle 7 is leaked from the supply

portion 5, thereby interfering the supplying of the powder material



processi ng section 3 and the powder material is supplied into the
processi ng section 3. An upper end portion of the supply portion 5 is
formed into a tapering shape having ani4 nner di aneter gradually 30
increasing froma | ower side toward an upper side thereof. An upper
openi ng of the supply portion 5 serves as a supply port for the
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in cooperation with the pump 8 described later. In this regard, one

end portion of the conduit line 121 is connected to a right (upstream

25 side) end portion of the nozzle 7.

[0061] Further, the pump 8 for feeding the processing liquid (liquid)
is provided at the middle of the conduit line 122 (between the nozzle
7 and the supply unit 9). By providing the pump 8 at the middle of

30  the conduit line 122, the flow rate of the processing liquid can be
reliably set to target values without being influenced by the gas fed
by the high-pressure gas generating unit 11.

[0062] A major portion of the processing liquid spraying device 70 is
35 constituted of the nozzle 7, the pump 8, the supply unit 9, the high-

pressure gas generating unit 11 and the conduit lines 121 and 122,

[0063] Further, a major portion of a processing liquid supply device



possibility that the processing liquid sprayed fromthe nozzle 7
adheres to the wall surface of the processing section 3 so that the

35 appropriate processing of the powder grateri al cannot be perforned.
Further, there is a possibility that the gas (air) including the
processing liquid sprayed fromthe nozzle 7 is | eaked fromthe supply
portion 5,ist benehituratesf emiengubhes, suppl yimg yohinihe peawdefe mdmuial 1ine
14 fron1tQ32pomder mat eri al supply device 50. On the other hand, if
the distanCé'of the gap L is less than the lower Iimt value noted
above (such a case that a value of the distance of the gap L i s m nus
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is needless to say that the powder material may contain the other

15 components than the inorganic particles.

[0066] (Surface Treatment Process)
In the surface treatment process, the processing liguid such
as the coupling agent adheres to the surface of each of the all or a
20 part of the inorganic particles as the £filler material by the
particle production apparatus 1, thersby manufacturing the inorganic
particles to which the processing liquid adheres. This makes it
pessible to obtain the powder material containing the inorganic
particles to which the processing liquid adheres (the second
25 composition). As the processing liguid {(coupling agent} adheres to
the surface of the inorganic particles, that is, the inorganic
particles are coated with the coupling agent, a mixing property of
the resin and the curing agent with the incrganic particles 1is
enhanced, thereby easily mixing the filler material with the resin.
30
[0067] In the surface treatment process, the inorganic particles
{(powder material) are received in the supply unit 6 and the

processing liquid is stored in the supply unit 9.

35 [0068] An average particle size of the inorganic particles is not
particularly limited to a specific value, but is preferably in the
range of about 0.5 to 100 um, and more preferably in the range of

about 1 to 50 pum. This makes it possible to easily and uniformly mix



adjust a flowrate of the processing |iquid being supplied into the
nozzle 7. The supply unit 9 can stably supply the processing liquid
in cooperation with the punp 8 described later. In this regard, one
end portion of the conduit line 121 is connected to a right (upstream
25side) end portion of the nozzle 7. [0061] Further, the punp 8 for

feedi ng tche messﬁmgphr@wws(lmw hd Srdcylelv'mo@hmﬁ mhddhe Qfoye
t he condqhg ngl; 2 betmeen the nozzle 7 and the supply unit
9). By provF nglt% J unp ®%°at the nmiddle of 30 the conduit |ine 122,

the flowrate of the processing liquid can be rellably set to target

it n ] Y t the i gh-.pressure
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7, the punp 8, the supply unit 9, the high- pressure gas generating

it 11 nduit |ines 121 and 122. 15 is constituted of the
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Furt her, ia ﬁa?ofrqmnthqnhmw1argﬁﬁwsugabygeﬁMﬁfﬁnQZugﬁ@siitgﬁfSlQF%%ed

he hi ghg r i.r) _generating unit an e condu }
azi I?Ooggfsﬁgkﬁogggégfl6%Foﬁﬂmn $xﬁg SHEE T Phe’ s AP l8eR r it heah
procg%s %¥?ﬁﬁ%§8n@érp§PWPtﬂ3§egroduamugumqﬂ(ﬁxmmsﬁhan¢mbhésguﬂ§r&bb@mo@f3

h et 1. on par 1 urface treatnent
é?ozegspﬁﬁ&ig?%bgFgM/ tﬁg dg§c§|§%%§ﬁ:mfPF Ee Hrepréseht at i V8 yPatadaas
on a cas%%ﬁjéfjp}ﬁtrs Gf the Hfé’\%é%l%tléﬁ‘iueﬂ) Bei %@@@bp@cirecthteocmmmr .

surface @ egitenenthepr a8€sS 111% maaéégm&gdl@m% hie'sI ;glwu%gggacom gal(hg eﬁ%ic
t S a t t the (6] er nater

b? Lelr 1131‘8%&3“%%]?1%?%0“& nysﬁ%)??’nﬁlgta Lpdrerefeged oupbthesupszee 7 by

Tr ea®nentheProees§) As a reshibtt heesurbaesingeai ERt iBr 968881 M8 fine

proce5ﬁ|&%b§hﬁgyl?néngae@§e&théﬁng§| ng,agens adhere es %gsth%ﬁigagécghe
ch of the all_ or
of ea processing liquid is sprayed as fine particles from the nozzle 7 into

the processing section 3.

20 [0071] A pressure of the gas supplied into the nozzle 7 is not
particularly limited to a specific wvalue and 1is appropriately set
depending on conditions, but is preferably equal to or higher than

0.3 MPa, and more preferably in the range of 0.4 to 0.6 MPa.

25 [0072] If the pressure of the gas supplied into the nozzle 7 is less
than the lower limit wvalue noted above, depending on the other
conditions, a particle size of each of the droplets of the processing
liquid sprayed from the nozzle 7 become large so that it is difficult
to form the preferable fine droplets of the processing ligquid

30  described later. Further, in this case, since dispersion property of
the powder material supplied into the processing section 3 is low, it

is difficult to uniformly process the powder material.

[0073] In this regard, the pressure of the gas supplied into the

35 nozzle 7 can be adjusted by e.g., the high-pressure gas generating
unit 11.

[0074]1 A particle size of each of the droplets of the processing



20 part of the inorganic particles as the filler material by the
particle production apparatus 1, thereby manufacturing the inorganic
particles to which the processing |iquid7adheres. This nmakes it
possible to obtain the powder material containing the inorganic
particles to which the processing liquid adheres (the second 25

conposi ti dnjuids spheydar deessicng hmzuued A c]me{dtngaaagechJ)araglheliﬁsteth to a
the surfac t he i.,ngrganic particle i nor gani
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30 [0067] he surface treatnment process e 1 norgani c particl
(powdeP mEITOPIaFy aPe HTEERTIRY i FHUMe WUpPFyrantt tB2And0t Hets, and “nore

processi Ngreirguadl y SnSty ednbd dheosupploy Wt 9. 35[0068] An average
particle size of the inorganic particles is not particularly limted
to a specific value, but is preferably in the range of about 0.5 to
100 pm an@ombl e fprreéeraticy iisn lehe tingehef labeutlihitovalupmotEhi above,
makes it I tg easily u m 16 the |nor an
partlclesQﬁiéhg%ﬁ% ?gsﬁﬁlcoﬁgg%itgéﬁéﬁtﬁoﬁﬁ ¥8§t 9e?3 ar{lCles are
procedd. [20069yatNakt tot heheugppl yreatitlys, getmrapanpa8, aQWgesm@@ﬁy Qhi tthe

9 and the ;50hj m@gﬁa&w&@eg%&awﬂe %Qeéé@stlneg 198hiq L aé&a%avs&o the
respectively. doi ng so, the high-pressure gas conpressed

(conpressé@°§%§yii§aFEHﬂ#¥on1the hi gh-pressure gas generating unit 11
and injected nozzle 7 into the processing section 3, and then the

hi gh- air ssed i s inj fromthe_processi.ng sec 3 into

e chanbdPOae] AE° FvuRar | Pahee it T1o%1 PEaRRgr  the gk (HSekRq of the
dr opl dbs @frOt:hempmclawmg ddrgued) firsmgeher abedld n7t h$ cianbesrtd.cularly
t he ot her t pr, in ui,d . i t i fLo
Fate from e Sunn 3 GREE S and taterert ater e phefaorE & fytypthan
the punp &9 P@raﬂwb§9¥%iﬂﬁﬁérﬁﬂdtégsﬁﬁgrBPQ%wﬁfps5f@1ﬁédumnto fine

droplets and injected fromthe nozzle 7 with the gas. Nanmely, the
processing ligquidis sgra yed as fine particles fromthe nozzle 7 into
the procesOPAG! L8LEI BA%SS 2B BOTLIPR presSRRE P (he GIgredppioiePt the
into the I’iﬁbibﬁlﬂc i riotlgardictultael yprbotesdiag toqaidpeci dgrayeal vetanthe
IS approprlage .set gwggndlng on conditions, but is preferably equal
to or hlgher than 873 a,” "and nore preferably in the range of 0.4 to
0.6 MPa. 25 [0072] 1f the pressure of the gas supplled into the

nozzl e 7 igob@%uthaly t Deo) OGS JlLplde %?EH?c%Ots?Qt he %’e ﬁ sendi ”Sﬁo{‘ne

t he ot her condltlons a particle size eac et's of
proceSS|n@rPF%ﬁﬁ%ﬁgséﬂayé@ $Rnﬁﬂﬁﬁhér%®z§hﬁaﬁpzﬁééoﬁelﬁaFﬁé %Rﬁtﬂﬂ&tavﬁrage

:s di fgtl cuht-rt@ d ofimet ke phef enabpiti pergdrarkets of~! hg/processiaganly
i qui

equal to or less than 10, and more preferably in the range of about
0.02 to 1.

[0079] This makes it possible to suppress the aggregation of the
30  inorganic particles when the processing liquid is sprayed onto the

inorganic particles.

[0080] In this regard, a particle size distribution of the droplets
of the processing liquid sprayed from the nozzle 7 can be measured by
35 using a laser diffraction type spray particle size distribution
measuring instrument. The ratio of the droplets having a particle
size being equal to or less than 20 um and the average particle size

of the droplets can be calculated from a cumulative particle size



30 described later. Further, in this case, since dispersion property
of the powder material supplied into the processing section 3 is |ow,
it is difficult to uniformy process tihe powder material. [0073] In
this regard, the pressure of the gas supplied into the 35 nozzle 7
can be adjusted by e.g., the high-pressure gas generating unit 11.

17 1i qui disprispedof remstihed gz zhe wkasarngd ipatbintwrabbded hbted to a
specific value and is appropriately set depending on conditions, but
aratio of the droplets (small-sized droplet§) having a particle size
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average particle size of each of the droplets of the 15 processing
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i bl ei r i F tign Ae 29 ingrganic paticles
aﬁZﬁIPhglgfgfgggiﬁﬁgf%HS?ﬁgggﬁgﬁrgyedq%ﬁ{o t he inof%%h&c pa%?fﬁ@es?he
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0.02% o the ProfpopEop Thiwidmakbected pessiele foomsuppressiche. and ther,
ager egatiren ofoddae: 30 phiOr AN uRAr gl s When the progessing |1 auid
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parti cl € 628" df stIIH5UEF ol BF Hke TP optdbtiheobrotes ingc éssiing whiiqai che
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i i i I striputlio
d'ffrathﬂ%QgEH}¥3ﬁQ%E§giéga%%g%é 5¥£%ethe processing liquid are discharged

20 from the chamber 4 and then received in the recelving unit.

[0083] Further, an excess gas injected into the chamber 4 is
separated from the inorganic particles and discharged to an outside
of the chamber from the filter A41. This makes it possible to
25  maintain the pressure in the chamber 4 at a specific value. As a
result, the inorganic particles processed in the processing section 3
can be easily and reliably introduced into the chamber 4, thereby

being received in the receiving unit.

30 [0084] In the inorganic particles thus processed, the aggregation of
the inorganic particles (aggregated inorganic particles) is not
generated, or even if the aggregation of the inorganic particles is
generated, a particle size of the aggregated inorganic particles is
small or an amount of the aggregated inorganic particles is small.

35
[0085] Specifically, a ratio of the aggregated inorganic particles
having a size being equal to or more than 150 Hm to the whole of the

inorganic particles after being processed can be equal to or less



measuring instrunent. The ratio of the droplets having a particle

size being equal to or less than 20 pm and the average particle size

of the droplets can be calculated from agcunul ative particle size 18
di stribution nmeasured by the neasuring instrunent noted above.

[ 0081] The inorganic particles are supplied at a specific flowrate
fromthe stppl ¥ wit eGpadthllyesqsdippbi €f fe@smidie oSepply, portion 5 5
into the processing section 3. The inorganic particles are fallen
(transferred to a | ower side of the supply portion 5), thereby being
suppl i ed i MRAge] Hhipr nekssiiig poestlilon t8 bysillys apunrekiagiy. m{O082h dfisthe
after the JARkganhee PANLI GieR AL PRI EEHIERL Mo KD RLOCEP N mixing
sectlon 3, the processing liquidis spraye to the 1'norgahic

parti cl’es B¥%Gf#FEhe nozzle 7, thereby allowi ng the processing |iquid

to adhere to the surface of each of inorganic particles. Thereafter,

t he inorgani articles thus processed are transferred and i njected
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i njected (mprayedy I, rmrret;bneadeeziz;hcﬁ liqubadist Bepaydcheol Diog gaRIGEr material,
particles a d r, Si eof t he anber 4 toget
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4 and then received in the receiving unit. Further an excess
gas i nj ect®Feentb ?Wl@ﬁﬁnﬁ%re%lﬂg atsh ieat el f radr#PWh@lﬁ? RFegansEng liquid

particl es @ndddeschar gad $0-faRc Ot Hade Of dnbeishayier f4amctbe JHihtetne
41. This makes it. qoosmth e to 25 maintain the pressure in the chanber

4 at a spedFFEViEue.° °r edliPT9% e PAGFYAINSe pRPYTRS esmapfrecféé%%edls
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30[0084] I'n e I norgani C par proces e aggrega |on

of the |nd¥§@ﬁﬁttk%ﬂ¢icles (aggregated inorganic particles) is not
generated, or even if the aggregation of the inorganic particles is
generated, a particle size of the aggregated inorganic particles is
smal | or aAPCSAHINEEBFC1 helagRyr E5at @&th SYaRTIysai P} cla@Baratusnal | hags a

[ 0085]20Spegiste@al h ywniahr 8hé prefebbtnpaguegat £thel-Borganive partddd 8% each
having a size bein t han ,150 Emto t he, V\/noJre of, the

i nor gani ¢ parthl clle(grg%g}l{é:r pBéFchzjleSr %Xeggjéac}'iélgn ® RAFSESIRY ortqudss it is

possible to prevent (or suppress) metallic foreign substances from
being mixed into the powder material having been processed in the
surface treatment process (in manufacturing the inorganic particles).
25 As a result, when a semiconductor chip is encapsulated by the resin

composition thus produced, it is possible to prevent short circuit.

[0089] Furthermore, each of parts which makes contact with the powder
material in the particle production apparatus 1 of the present
30  invention is preferably constituted of a nonmetallic material.
Examples of the nonmetallic material include a ceramics and a resin.
This makes it possible to prevent (or suppress) metallic foreign
substances from being mixed 1into the powder material having been
processed in the surface treatment process (in manufacturing the
35 inorganic particles). As a result, when the semiconductor chip is
encapsulated by the resin composition thus produced, it is possible

to prevent short circuit.



19 than 1 m% especially equal to or less than 0.5 w % [ 0086]
This makes it possible to easily and reliably m x each of the powder
materials with the resin conposition wmiformy in the mxing 5
process. [0087] As set forth above, according to the particle
production apparatus 1, the processing liquid is sprayed to the
powder nER&RG1aThilehehebyleattigwiingst hee pyoeessiangeld i it De agh®fietton
t he surf 0 h he .in I articles contained in the
powder n%%%??%?gbeﬁﬁgg P%Eﬁ%ﬁﬁbe$£na §§?§|r$§ ?gan%cgr% d i%?%“@hefor
chamber REORTBY ngfESOPuYESsierertd asany | yesind compésiilipnakéowdihe to
processi tig: lprgubtk tiavaghasie showt e SHETRGE 10k eagh BEQ&{H% H%‘Q&%this
partﬁflegyyhhle.the a&gre%atlon of the inorganic particles (powder
mat er’i al §°% s 1B SihpF o As PACH e SOMPONSIY t RRNTHIXPRENDr 6BesRarthele
i nor ganigrquarticl esprcancbe easiby ambrupifar o Hxedp boe-f hese8kh:

conposi ty [ 8 urt h since . the_particle production apparatus
1 has a 11‘238’11535?2% ilahn@v\hélugﬁ%%% Dr olé:éssFﬁﬁthlequUFH&a‘ifﬁéVeﬁf‘&:tt‘%@S also
sur f ace ™Y Eac#ddsfd therdtser gani ¢ particles by spraying the processing
liquid, it is possible to prevent (or suppress) netallic foreign
substances from being m xed into the powder material having been

proc1 Ss 1e%e surface treat nent process (in manufacturing the

i nor gani [wopal teekesfes 2B phsor KESUl e QMQI%H %os%%gmq}_"(\etx%'fnpf@é. poilstehe

encapsul at y. the resin conposition thus produced, it iIs possi
to pr evé)nrtegg grjtm&n%%?‘t. [0089] Furthernore, each of parts which

makes cofeachatkitihlehe powder material in the particle production

apparatus 1 ofy t,hg. iu.esent i iondis.preferably constituted of
a nonmetal Iic mat eart%l : ua%%l !élgg@ﬁ%t RIS Ra T ¢ Fat er i al i nol ude
a ceéranics anduged esiidicThi fusakessilicpossitiiieles, preveny (0Or average

suppr esphriet Bl Isicef OF ei30pmsulst,anses ftﬁgr@h&%lggg- Jné:éggié {0 the
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powder nmaterial having been processed in r eat’nent
process (in manufacturing the 35 inorganic particles). As a result,
when t hd0§82] gontyctiidoky sy 1k simtapssi ained BYviRe heshB-SOMOsidion
thus praoduced, okt * SiQOEE,SJcPla% tt prevent short circuit. 20 0090]
Wil e the desciiptl ohs are dgivenst & PHESHRC iléMeiPDr FTRMPLEBH adent) in
appaf at G¥amp¥rs partixlde @ oduct i gompetdideandxthel srethod f Af-phenyl—y-
produci pg; 1 | af. 1 si_n._comosi tiqn according &0
the pr esen?%grﬁg%gﬁ&gﬁgymﬁeﬁgﬁgt ﬁéé‘gl%grw%né;s},sc?%%yproeflsgnp Fﬁ%e?ﬂfi h G's
5 not | itfi t3RF PReF¥t ProEathingokpoHehtincompileudi ng the particle
production apparatus may be substituted for an arbitrary conponent

havi ng ane function as it. Further, arbitrary structures also
my be EES%% ?ﬁ%agfgﬁg_iao Exanmpl es [0091] Next, description will be

gi véh to speciihé cceanpy esyeof tligefcesenthd MeFaEeNor <RAW fBLer & alis3
using the particle production apparatus 1 shown in Fig. 2 under the

following condition:

[0094]
30 the pressure of the air supplied into the nozzle being 0.5
MPa.

In this regard, a particle size distribution of droplets of
the coupling agent sprayed from the nozzle having a ratio of the
droplets having a particle size being equal to or less than 20 um

35 (small-sized droplets) to the total of the sprayed droplets was 98

wt%, wherein the average particle size of the droplets was 8 pm.

[0095] (Example 2)



Raw materi als used include follow ng materials. 15Fused silica (fused
silica particles, having an average particle size of 33 pm is used

as the inorganic particles. [0092] y-gkycidoxypropyltrinmethoxysilane
(having a viscosity of 3.3 cSt at 25C) is used as the processing
liquid (coupling agent) in 20 Exanples 1 and 2 and Conparative

Exanpl e 1. N-phehyl eywatiingpagint tachaeéd ooy shkaser {d@vbbgtige Viuseasst Yica

of 8.0 cSt,_at,,25Q). i s used as _t rocessing lLiguid in anpl e, 3.
[ 0093] (E%gnpﬁhé% 195‘5"9?5 e coupli %xaﬁ“sg%t Toanarea’ 8%?&%%58@1%%0% H&s
fused silickangsd ig:t he particle production apparatus 1 shown in Fig.

2 under the follow ng condition: [0094] 30the pressure of the air
supplied into the nozzle being 0.5 MPa. In this regard, a particle

si ze dPst riPB8f% on of droplets of the coupling agent sprayed fromthe

nozzl e having athat b@esureherr the AHi@pls@bs1haviod far ticgk € Sh&thg 0.3

bei ng equal. to or less than 20 pm 35(snmall-sized droplets) to the

total of 5‘sprayed droplets was 98 wt % wherein the average

particle size ofint hbidr opdaetds wapaBtpmie [ QOI5]dicExdpplien2bf 2toplets of

The coupling agent, t ? sprface of the fused silica.n the

sane nanndhlacoRabiRY GRS SR U kDo MBS afs (o e

5[0096? droplets having a particle size being eqgual to or less than 20 pm to
the total of the sprayed droplets was 96 wt%, wherein the average

particle size of the droplets was 12 pm.

[0097] (Example 3)
15 The coupling agent adhered to the surface of the fused silica
in the same manner as Example 1, except that the kind of the

processing liquid (coupling agent) was changed as noted above.

[0098]

20 In this regard, a particle size distribution of droplets of
the coupling agenit sprayed from the nozzle having a ratic of the
droplets having a particle size being equal to or less than 20 pm to
the total of droplets was 85 wt%, wherein the average particle size
of the droplets was 18 pm.

25
[0099] (Comparative Example 1)

By using an apparatus shown in Fig. 4(c) of JP-A 2003-275555
(the patent document 1), the fused silica was injected into a
chamber, and the coupling agent was sprayed into the chamber from an

30 opposite side with respect to an inlet port from which the fused
silica was injected while the fused silica was spirally swirled in
the chamber. Thus, the coupling agent adhered to the surface of the

fused silica under the following conditions:

3b [0100]
the pressure of the air used in injecting the fused silica
into the chamber being 0.5 MPa; and



the pressure of the air supplied into the nozzle being 0.3 MPa.

In this regard, a particle size distribution of droplets of the
coupling agent sprayed fromthe nozzlezhaving a ratio of the 10
droplets having a particle size being equal to or less than 20 mto
the total of the sprayed droplets was 96 wt % wherein the average
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0.5 MPa.The ratioc bA tid sdfeggats, haaup@(rj tai @b@t]?dhlée Sﬁ%ﬁ{) Bégﬁabﬁégf to or

t fs c en ed into e chamber
(rj;?rjloeo?lét%hettg r%%p'l %\%l n%j‘joJC"H'pé?r{E |t8?es%‘?aé’§db8if?¥gleé:&uélﬁst‘éa]d?‘-llﬁ*é%%
t hanl520 oo @he:qn@rtlatlw rhet spreay edlzalr apket fouAsn 98naMsUr e asiei Bni s
t he avenageupakd 1iGlsershif Of the droplets was 8 m

[0102] [Evaluation]
With regard to Examples 1 to 3 and Comparative Example 1, a
20 ratio of the aggregated fused silica (fused silica particles) having
a size being equal to or more than 150 um to the whole of the total
fused silica after being processed was evaluated by using a measuring
instrument (Powder Tester manufactured by Hosokawa Micron
Corporation) under the following conditions: an ampiitude of 1 mm;
25  the number of frequency of 3,000 VPM; a measuring time of 60 seconds;

a sieve having apertures of 150 um; and a sample weight of 6 g per

Lime.

[0103]
30 Example 1 : 0.1 wit$
Example 2 ; 0.5 wt%
Example 3 : 0.6 wt$%
Comparative Example 1 : 1.1 wt$%

35 [0104] As it is apparent from the above evaluation, in Examples 1 to

3, a small amount of the aggregated fused silica was generated, and

satisfactory result was obtained.



[0101] In Exanples 1 to 3 and Conparative Exanple 1, the particle 10
size distribution of the droplets of the coupling agent sprayed was
nmeasured by using a laser diffraction type spray particle size

di stribution nmeasuring instrument (manufactured by N KKISO CO., LTD).
The ratio of the droplets having a particle size being equal to or

| ess than @A0pMin0 cbherdsat akn ofordaa sPrayReEmsironl, et5§n<¥@$i %@bﬁw HRdtion
15 froma ctu I atf ve pa %-I cle size distribution nmeasured

neasuring ns urdRES POL0R PEVERGEY | FATWHER™ 8garEPtio #&ﬁﬁ?’ésoﬁ the
to 3 and @mpamglmnixampmea lis & 20wr @romnbdﬂltjneoﬁggﬂegamd Yatsedn the
silica (f Slg p £ g ize i e nor

t han 150 Bf?ﬁ%?g t%hgﬁl ?H tfmthéeou gth]i n?a:d sFP?cgg%f as n t% RlcFace
procesSed WEStBYH} ube ednby fUSkHg Salh@asmﬂ ngﬂ@leunerRHIGP@Methe fused

Tester nmanyifideh us@d-ky HﬁS@ﬂf@V@qa%gEogdr@?&eBOE@téomzéi@d%rtQ\f—‘pplylng the
followi ng conditions: an aggl t ude of 25 the nunber of

frequency GFP3IEHOAIMBN R EERY n‘@e”telrﬁf’éeo?n 6VHEISRERT wlsgtapee of the
havi ng apar1Uub65a*ofthb5&opme ands aa sad¥ph e, Wei gigeObnéurd REr thé Mygregated
[ 0103] 30EfxarrglSl L was %Eﬁ(cgple 2. 0.5 % Exanple 3 : 0.6 mt%
Conpar at i V& Exani’é P 9%35[ 0104] As it is apparent fromthe
above l8val uat i on in Exarrpl es 1 to 3, a small anount of the

aggr egat equDgg.ﬁglm& hb?ﬁxdﬁ%m.%f‘erat ed, and satisfactory result was

obt ai ned. —23 kalU _tmcontrast, in Conparative Exanple 1, since a
supply position Btht Heef usegest | |l§ﬁeli1fslo§pac1é‘d Bpapps$rum at05u99$yly and

position afe1the)€aupbl Neh2@@Blesd i@ 1dnsid@ th OMHY QPRI dHd ¥uPface of each
col lisi on ett&%en the fused silica and the coupling agent. For the

reason, FOSTE R D RHEACLED P S idled G9FPEACls Afndifn|jporganic
Furt hdb, tplaetiubm spdvdea switelkedll )i nig heughanbes. adher ed tos@t0zial ethe
for suppl h i ent. to .thereby generate_an aggregat
substance)(r!oIlz;lg?(ﬁue%st”{gS fg%a a thel:’{r%ngzlteh AESH T e§W308151?%rggL3nﬁmfgﬁ?lc
t he aggregarsidclamsedasi | bea sws lgenencit ethi faOmINDUSERHALwith the resin
APPLI CABI ICIO;EKOSJ.tlon ].yglt hchtehgeggcﬁ%e@q:aféal%krgn’ ttllé r%sgf??SiIR)le%tEQn is
easily and reliabl { | ow the processing liquid to adhere t

surface oflngdghrisr ﬁ’h%Pi?lr%@PBh?n c particles while the aggregatl on of

the inorganic 15 particles (powder material) is suppressed. As a
result, in the mxing process for mxing the resin conposition, the
inorganic particles can be easily and uniformy mxed with the resin
conposition. For the reasons stated above, the present invention is
industrially applicable.




20 24 What is clainmed is: 1.A particle production apparatus which
is configured so that a processing |iquid adheres to a surface of
each of inorganic particles 5 containegyin a powder material, the
particle production apparatus conprising: a processing
section in which the processing liquid is allowed to adhere to the
surface oihagadk ofaimee isorganic particles; a chanber connected to
the processing section at a downstream 10 side thereof in which t hg
powder material is separated fromgas carrying the powder material;
a powder lpat eri*apa@li]sébypwdc@éommmrsuw!wrﬁs:lh_t he_;@vﬂ?gr}a?tgﬁggﬁatea
i t he L NG t Lo, .an i Lquid.s . :
whi ch, sprave che 10 e aatres T aur ae s Aprard Une BB Bonatri<is
mat ePﬁ al CPUaFt &P theP {6\t e M2 Ret iexli- al thiseinag t salpl predivicnion t hpparatus
processi agnsdaati hen, wherein after the processing liquid
sprayed to the powder materi al adherg_s to the surface of each ofllt hed
i norgani ¢ partf c'éS°EBM%ISTES 'h 'hE pThder REIESSANTi Hawd is allowe
processi by siere om tﬂnlaes@ffapemderea:asaft@f i tule ﬁﬁ?ﬁ%@fmafﬁritﬁgléﬂio t2he_|_he
hanber so th rial _.is separate rom . 2.
garti cle pr odﬁ%t%ﬁéﬁbgg\é\gﬁr}e&ggg&%ltahieng_'dol T i AP WhéFef ndeypstrean
proclksi #ld | grargos priayivig cleihee FOBAPY | SI8Serialnoizz| espara2bd g@son gas
suppl y d@@@gngoghes%%pm MckPegas having a pressure being equal to
or higher than 0.3 a to the nozzle; and a processing |iquid supply
devi ce for supbl §PHGT HATFTéERsSIPRBLY | gaTErd neloidthesurpizbe, thRd powder
wher ei n nadterpabdbciassi AFe |§1QMEQSir§; %Béaﬂcﬁﬂf E?ﬁm the nogzl '?‘hlen:)gr f?cf 29
cessing section due to the pressure o e gas. .
B:gducti o% appar at Us “as''Y ai et ifn EPEIMTS, WREIET n YHehr Geags ngthe

Iicuﬁ5d stoseysteyildquid a punplets onto the powder material just after the
powder material being supplied into the processing section,

wherein after the processing liquid sprayed to the powder

material adheres to the surface of each of the inorganic particles
contained in the powder material in the processing section, the

20 powder material is transferred into the chamber so that the powder

material is separated from the gas.

2. The particle production apparatus as claimed in claim 1,
wherein the processing liquid spraying device comprises: a nozzle; a
25 gas supply device for supplying the gas having a pressure being equal
to or higher than 0.3 MPa to the nozzle; and a processing liquid
supply device for supplying the processing liquid into the nozzle,

and
wherein the processing liquid is sprayed from the nozzle into

30  the processing section due to the pressure of the gas.

3. The particle production apparatus as claimed in claim 2,

wherein the processing liquid supply device is a pump.

35 4, The particle production apparatus as claimed in claim 1,
wherein the droplets of the processing liquid sprayed from the
processing liquid spraying device include small-sized droplets having

a particle size being equal to or less than 20 pm, and the processing



35 4. The particle production apparatus as clainmed in claim1l1, wherein
the droplets of the processing liquid sprayed fromthe processing

| i qui d sprayi ng device include snmall-sized droplets having a particle
size being equal to or less than 20 pm and the processing 25

i quid spraying device is configured so that a ratio of the

smal : - si zedti gt aplspt Sy try tdiéeé—/&@gﬂi @fnfﬁ«a@r&prsl@ye;@aﬂgﬁpkﬁtﬁo RECOIMS small-
equal to or r article production apparatus

as cl ai nedsﬁzrr:%cﬁg??hrfels V\fﬁm%r tottﬁé ?)g crsgrﬁetgg&éf’?](c) 5’&8? FusLgugl to
confi gur edpsewthathzar @i wis.stream of the gas is generated in the
chanber by spraying the processing |iquid using the processing |iquid
spraying device. 10 6.The particle production apparatus as claimed in
claim P, wherei ThehePattarber HFR8uEtiop | apircireals sihapeciaidethdn claim 1,

processi ngyeeet honhBagasd LAR RbdaXi SnaNdhpaPa O | & R gGeahess e@hé@ a
t he chanber, \/\herel n thert;r)lrocesm ng section is connected’to a sid

portion 1551t REreahmie N uER tifaePhsa shinalthaxFiambert Ry stayl“g the
processi npseetsnry ildqintlisiad wd broespaet 1 onaddspLeglingNdofice.

radi us of the chanber which passes through the outlet port of the
processi ng section, and wherein the particle production

appar atlus §.s confiegupadtisbet pabdactsiwinr | agtareans ok st I“celagaxsdi sLn claim 1,

generatedvh@r%hﬁ QRQWQ§ﬁmB¥r2%a§pQ9ybpgu&ﬂ§cgfO%ﬁg éngnF ck£g51ng
the processing |iquid spraylﬁ? devi ce e pro ction

appar at us %StePRai F8d ion LATRIEAT 1 2xhkeratin aﬁlhéqtﬁétgmré parpeetess e ethe
consti tut ethaebes) | ica and the 25 proceSS| ng liquidis a coupling
agent. 8. A particle production nmethod by which a processing, |iquid

is allowed to adhEFE' R o8 SUPFETTIGr SBALH o Si ABRRETTSE par i eids portion
cont ailded din theponaiesermatiehi ahat Wrer ebnfcidie jpavder ted efdoaksssn83Gection

ggfg;ggdagﬂ%ﬁggﬂ9§&§Q%ﬁ%gegg thp agﬁféhejust%ggfggg%%%q%%wag chamber
mat eri al b@llﬁg BAFHSISI é@rqu@thothfheo%ﬂ@cmtngf stget poncedsiagebycalohowhmd

the processing |dhgyéﬂ1t9hé‘d9§£&él% t;t}%dﬁlﬂ{{é}f:eaﬁgar%@ﬁg 9t B rigured so
i norgani c partl cl es cont ai ned powder materi al and t hen ??’ue
hat a swirl stream of the gas 1s generated in the chamber by

20 spraying the processing liquid using the processing liguid spraying
device.
L
7. The particle production apparatus as c¢laimed in claim 1,
wherein the inorganic particles are constituted of silica and the

25 processing liquid is a coupling agent.

8. A particle production method by which a processing liquid is
allowed to adhere to a surface of each of inorganic particles
contained in a powder material, wherein the powder material is
30  supplied into a processing section, and the processing liquid is
sprayed as droplets te the powder material Jjust after the powder
material being supplied intoc the processing secticn, thereby allowing
the processing ligquid %o adhere to the surface of each of the
inorganic particles contained in the powder material, and then the
35 powder material is transferred into a chamber so that the powder

material is separated from gas carrying the powder material.

9. The particle production method as claimed in claim 8, wherein



35 powder material is transferred into a chanber so that the powder
material is separated fromgas carrying the powder material. 26 the
processing liquid and the gas having axpressure being equal to or

hi gher than 0.3 MPa are supplied to a nozzle so that the processing
liquid is sprayed fromthe nozzle into the processing section. 5

10. The pahtalMC@epsmnmdulqomdrmidmdea@aschatrﬂw a: presalsa ﬁeﬁ\l@%r @8hD Lac?or
aver age I i ge,of e i nar n|c articles is in the range o

0.5 to 1%%5%1(: thatl ¢ iiM %erepglflﬂgf- oﬁu?:??%r‘? T8t AR a'ec PAPHRF ing
cl ai m 8, 19\ﬁ‘é¥¢b|iﬁ $orapeein frre tpaocMengntq (hkdpicespl ay edct oot he

powder material so that the processing |iquid adheres to the surface
of eaé:h of t he morqfam c particles contained in the powder material,

there’is'd cast'? At {ALe JORRSUFT heit diataPd | at| tdezedghr egatisds, wherein

parti cl esnea@éraqanparfﬁﬁieoklkgebfrEHégaﬂbﬁgéﬁiktbﬁkEhéﬁgé nglﬁdtﬁglfgige
processi pg [glq i.d rgger ein each 15 aggregated particle having a
particle size o J_L pm or nore, but a ratio of such aggregated
particles to the whole of the powder material is equal to or |ess

than 1 wi9 of $he powdef. nak met hod f roduci ng a
sem onduct or sealgi%ng ree5| n Bbgiodrlrlpglglt ?%n cor%‘SH“%ﬁinld‘ claih' 8 herdin
al | oftl ng™iie PHroBEIE SPGB iAwdct és asthrervedt to tte suwﬁazcenambreal:mcﬁfthat

the i nor ganigropasdirg) Q%q@ﬂf'ta@heféjs 't@) the st?ﬂ\ﬁ’g@é thegéfu ale Q¥1e 1norgan1c
particle (g)rodgctlon nmet hod, as clained in cl
mi xi ng a compost t FEHA¢BRT atThithg Bo‘ﬁ%ﬁlﬁjé‘lat%ﬁ%aém aberonist iat gheel IHtoftha

resin angowdee pewderalndtel iads coftrabatdy dahte it N gaRhC cBafi LhieS £t One
whi ch tr@h&%&%ﬁ?éSbggkﬁdl%u%ndaqne agherlng processing liguid wherein each
13 aggregated particle having a particle size of 150 um or more, but a
ratio of such aggregated particles to the whole of the powder

material is equal to or less than 1 wt% of the powder material.

12. A  method for producing a semiconductor sealing resin
20 composition comprising:
allowing the processing liquid to adhere to the surface of
each of the inorganic particles contained in the powder material by
the particle production method as claimed in claim 8; and
mixing a composition containing a powder material constituted
25 of a resin and the powder material containing the inorganic particles

to which the processing liquid adheres.



