41 POADER, MANUFACTURI NG METHOD THERECF, AND RESI N COVPQSI TI ON | NCLUDI NG
THE SAME This application is based on and clains the benefit of
priority from Japanese Patent Application No. 2008-324881, filed on 22
December 2008, the content of which is incorporated herein by reference.
BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates to a powder conposed of at |east one of a spherical
silica p@WIEERANHARUEPORUR Tt 16k THO M ar HERAEDEY, , ANDNRRAST mct oM PoR) TIenhod
thereof, and a resin conposition including the powder. Related Art

In response to demands for r@dgcUDONS THEsS$ze and wei ght and i nprovenent
in performance of el ectronic devices, reductions in size and thickness and
hi gh-density packagi ng of a sem conductor are rapidly advancing. As a
result, for the structure of sem conductors, the nunber of sem conductors
of an area aFhay spplttalrieorsuch s eBiGAnanddl Ghaimbi the drengirief efabl e for a
reduction in thickness and hi gh-density packagi ng,. has been i ncreasing
mor e t hran arié vecdnvendaonads¢ e ¢rer Mnydlicsttigot Upe 80eH-3348FR and SOP. In
addition, in recent years, a stacked chip structure in which a plurality
of | C FUGGESP6( BEUCFCOOT7r 20@hi pshd ssasttaeked fwwhhiéh B3 singl e

sem conduct or package is being actively adopted and the structure of

sem cordyctrersahad beeplbdeon elkeigiereasi ngly conplicated and hi gh-density
packagi ng of a sem conductor has progressed further. Furthernore, along

wi th reductions in size and thickness and hi gh-density packaging of a

sem conduct or, clearance between gold wires inside the sem conductor is
beconmi ng smal |l er, and r SeRHIRODSEH CSdIEVENTRENI ng t he cl earance of
about 50 pmis being put into practical use. Meanwhi l e, a

sem conductor seal ant for packaging (sealing) a sem conductor is filled
with a filler such as a silica powder and an al uni na powder, in order to
reduce f35dderfi EPBNEBF |+ mal  expansi on, increase a coefficient of
thermal conductivity, inprove flanme retardance, inprove noisture
resistance, anf PRe°Fike:MOWEET FetinGte thet aPOPAr Y | LIRSy e 2l xed
into such powder as a forejgn material during a manufacturjng process

t her eof-®3FHi §7FsCbel athle® & it t50F - & ﬁﬁﬁ@@écgﬂgiﬁgs?%%¥}?ﬁ& of "t HE fill er
such as a silica powder and an al um na powder i enerally made of netal
such a§“WP%ﬁ'aﬁdmgP£?%T%%%l%qé@??“%%dﬁFﬁﬁg%a §H§fgc€eTﬁ%reof is ground by
t he powder duri.n ul verj zation of the powder, transferring by airflow,
cIassifiﬂq%fséﬁ&ogiE??%ﬁélqﬁeﬁﬁﬁrﬁf dthe like. If conductive netal
particles are thus mxed into a silica powder and an al um na powder that
is to be filled into a sem conductor sealant, a short circuit is likely to
devel o e ires and the like of a sem conductor due to the
conduc?%@%kggtg %Larticles. Hence, various studies to renove PU001516

(D C.KF_ 007) . I§ gésﬁ‘ggc?rpgeert h%{eryta%sc% (f%(}nggggfu,gglo%{se)ir?usc'hzecoar%ld %teli\éﬁtmt al
particles mxed rnto a silica powdér, an alumna pomd%r and the-li'ke are
bei g TBAL improvemeAS fn HESHN GG, IO JCTRLE QL L ENder, har M ess.
(nonconductive) netal particles 1n a silica powder and an al um na powder,
a nmeth f [ . i . Sild 21 in : rtd cles
into ao%u c&r%%tsagllgd&v\%?g%{%o ult(?iorlné,scs?ﬁgﬁa\é\gggai gg%%%%gpﬁfﬂlé%g\?}flng t he

met al rdh Gl j [ - A, apa, Un ] te ication
PubIicgfi%ﬁﬁﬁﬁﬁdgggggo%%%Z%ﬁgﬁgg%nt Eggﬁﬁght%%?glﬂgﬁﬁgg?,%%ﬁéﬂﬁéthod has a

probl emdnthat bhessphesifale Sid i %eog\ﬁ%@rnsgd§%ﬁ9c&??&é&me%f
C esu

heat-dried and crushed after aci d treatnent, whi r ts in a high cost,
and thah, tLhekeair$28 OF fdlciisSkdhata izl -par LsEl egn e Mexed into the
powder again during a heat-drying step and a crushing step for

powder izatd-Qaph Bergpf . Asganotdier: prodleme skekhabil it yaois & sem conduct or
sealer filled with the spherical silica powder is decreased due to

remai nigd@ksulihat enhomnpe &N iherotdiely hand, thAnorder 400 dize amt al
powder and render the netal powder nonconductive, a nmethod of heating
granul aferslihicast pebugra gt als REF iGlesobn the RIMSPRET 8ni PeBent
tenperature range of 700 to 1500C, thereby oxidizing the netal particles,
i s disgleesed bnsdapraesen pexaridnad-ParentiApphi sab+HniRubid cati on No.
2004-

PU001516 (DKKF-007)



175825 (Patent Document 2). In this nethod, there is a problemin that a
silica powder is fused and aggregated as a result of heating at a high
tenperature and that not all netal particles buried in the silica powder
are oxidized. In addition, the PU015l6( YKKF407) 4 nethod is not a
perfect solution since, even if the netal particles are oxidized, an oxide
| ayer is present only on a surface of the netal particles due to | ow

heat i ngch e dratstirekedndithis, a dependi merdronbecthicckaeksganis mechani cal
strength of the oxide layer, the netal particles nmay agai n becone
conduct?sienpacttiigeey wHentedeandi thee |Hymictivgebpdkeari Meativdides Has a
technique of fusing at |east one of a silica raw material powder and an

al um naP s brseing ipendesibyly ¢ommel dadredednpnbide-defiskiace, sphering,
transferring to outside of the furnace, and then collecting a spherical
powder ,PEHAIIREd 06f ) AFBEEPRGUGEST diich rawdaies sedx fgehhgas and the |i ke
inside the furnace in order to prevent the powder fromsticking to an

i nt er i TUEEIGTTOr Sy he LPae ndékhi 5 PH@pioded iy sjapaned et Uhnelkart hed:dPat ent
Applications Publication Nos. 2001-233627 (Patent Docunent 3) and

S60- 1068527 PAtd Y PBELRBANI 49T SUMVERPIGRCTAE, | NVENTRION: betweenpn

obj ective of the present invention is to provide a powler conposed of at

| east OHE-bf"i&esSphBrieal C_RE| F Rl FIETEdnd SaPepREE e af Mt 1iF masowder
which is preferable for preparing a sem conductor seal ant used for sealing
a downsiFEd and 2hP§RL BeRSHE YOS etd Edid ddttoc L eésARER nP hg@ Pt ot it i ve
foreign material or a very | ow concentration thereof, a manufacturing

met hod thétede, Pihd 347 eBF A tbipb<i%5-on i ncl udi ng the powder. The
present inveption gagvides awpo er consiﬁting of at |east one of a
spherical si ['FE8"D eradﬂﬁ“b‘§%ﬁ§?F€aPeﬁ BT N2 PURAS B IDKKF- 007) 5
powder,, in.whi ch_a proportion of a er of magnetjc colored particles of
no Iess“?ﬁﬁﬁnﬂg Sn?g 15?%%%?59ri§5 %QEE%F%thHa l%%@%vﬁqqpﬁﬁ%ﬁbct to a

t ot al ngﬂper of the magnetic coJoredvgfrticles ﬁf no less than 45 pmin

di anet 6t atd Haghefi 2 Aot TSP PEAEr e 0Pt SIIE%sr?$Eﬁ?Af5 pmin
dianet%%Ef%qc§eﬁgsgfm@§éqn£pe foll ow ng.color reactio Iest_gs onduct ed.
(1) préparing &Sl OF r Yo by waS/ Bt prdei 481y SReF ghi R 50 G- Bt & pownder
sanpl e Lhspersing.the powder sample in 800 of ion-exchanged water;
(2 bty RER B o e itgnat e 28Tt et W 1 ol s of o
V&

o R <AReRTE LD SR O R0 MRS oIRRLER, PR bad Ghies pT no fess

t han 4 m’in di ane y of ~ capturing nag I'c particles by
i mmer si 0 red_hy ver. of 20 pm
thickngggt?ﬁggﬁeﬂggzgéyﬁqé%-tﬁ%ﬁgt e g%@??ca%a??F%#%E?%Mﬁ%%%%ﬁﬁglyester

filter Qf-;45- i 7e. I r t i_cles._r L ning on
(LSl i8S RRRSR, S8 WLDG Amber ofy tha PaLIGlLes, T EIRLNI NG O
a m xedssal uhhava COAPIAS! A LAUA) AER 96 110% bycgs duydrach] oric aci d
wat er sol ution, 50% by mass propylene glycol water solution, and 0.5% by
mass pelasskUnhfieLh i £yam e g@%ﬁr SQ Weh@Ra100 hHE: P Ll AS Lppthe Tilter

at a roomtenperature of 20 hen [ eaving to stand for 20 m nutes,

counting a.pymhen 9faPRIddLl asdihus Lolanedaag,thg.maghetd & cql ored
particles of no less than 45 pmin dianeter, and cal culating the

pr opor gireanaf b henausbede Of qBONLH A veeli ohedoRas ki ches, ffadio | ess than 45
pmin g:aneterypresent anong nagngiic PU001516 (DKKF-367) 6 particles of
no | essrbhane4bipm by i ameder daan requat ben & Nepbes, ofiJmangt im¢qcol ored
particles of no less than 45 pmin dianeter) x 100 / (Total nunber of
magnet iceecolipeed AIdIChes 19k Rethespatham &S Hm ivhud anetar iapgd gagnetic
non-col ored particles of no less than 45 pmin dianeter); and (4)
sel ect snQinRgpekier o col ariednipar doeddes havingsacpasd i €l1e Qi ameber after
the color reaction test of no |less than 45 pm enbedding with epoxy resin,
curinga eshttagdadtb paddslidntg t-0 expaseiactiosss SECkéOn of dhelparticle,
anal yzing for the existence of oxygen in a center of the cross-section
usi ng enewgyndivspes sinve hd ayilkspeat roseapy L8RS or cOtiNgG e nunber of
particles in which oxygen is detected in the center of the cross-section
t her eotcaguat husbest0f particleas. oXedtgedvaloiwud Gtadient tal rpaoteon

t hereof, and cal cul ating the proportion of the nunmber of particles
oxi di zed down to the central portion thereof presentpyagpng MWRINLHY

non-col ored particles of no less than 45 pmin dianmeter by an equation
(Number of particles oxidized down to a central portion thereof) x 100 /
(Nunmber of magnetic non-col ored particles of no less than 45 pmin
dianeter), in which analysis conditions of the EDS are: accelerating

vol tage of 15 kV; illum nation current of 10 nA, magnification of 2000



) the nunber of the magnetic colored particles of no less than 45 pmin
dianeter is no greater than 5 per 50 g; PLM)1516 (YKET-ON) 7 i)
the total nunber of the magnetic colored particles of no |l ess than 45 pm
in diameter and nmagnetic non-colored particles of no less than 45 min

di ameter is no greater than 50 per 50 g; iii) a proportion of a
nunber of particles oxidized down to a central portion thereof is no |ess
t han 6094 parddcilaanilespr éhenabhygunol v@s sudnaron@¥ctove metal iv) the
powder has an average sphericity of no less than 0.75 and an average

parti cleadiansemixedainange oflB8ct &Glan, an alumlinaaddivdéomnd he present
i nvention al so provides a manufacturing nethod of a powder consisting of
at | easthonelksf axesphénvcakdsi|ica powder and a spherical alum na powder,
including a process of fusing at | east one of a silica raw material powder
and an al uni A& PakeshnéaPal tpoveiervdywr fongees hormees$ nsi de a furnace,
sphering, transferring to outside of the furnace, and collecting a

spheri cHCTEFRIEBICL Ive ) wikEAL t her biotes st rclsidésaspepdenfanduppl ying 0.3 to
0.6 nB of at |east one of oxygen gas and water vapor per 1 kg of a raw

mat er i & 1'Povitie Povd ey Pelﬁ%h@%eoérwtﬂ?laﬁ@y sispeeraspdesthecd avatsr where an
anbi ent tenperature is in a range of 1600 to 1800C, at an angle of 60 to
90 wit h-HEsfsEetY f6tah PAFeetion Hited ivH o ichaecidwatterialupemder; and
bet ween fusing and sphering of the raw material powder and collecting the
spher i cAleTFAMdEY SSPAVARBoRET oRCHipiEr e dthq &gdeloRerbi cthier rav materi al
powder and the spherical powder contact at |east _one of stainless steel
and ir(fﬁl,scr%éﬁeﬁgl& FBPaRFve VRPHTt3rd Hev'émdt RBBhLIRdtYPRat er than 5 m's.
In the present .invention,_the powder consisting of PLM)1516 O KU-007) 8
at | east” 508 §Bhe?PQ3TO%$$‘?%a(%§ﬁi§r DorymanEpher i dlivey dm RRSpowder
is preferably any one OfL the powders accordi,ng_to.the present invention.
The pré%eetﬁtoqy f7Enti BRORISD b ovites i rsé%ﬁeﬁl&gﬂrpﬁéﬁ%rp‘?“ﬁﬁﬁ%d}er‘?éist he
powder .accordi.ng tq the present inyention. According to the present
inventitoon?’eacﬁﬁ%ﬁiga’ cgﬁi’)‘g_s oot Ut Iceré’ss(t)heéiné‘f&eraagbﬁeﬁ%% <147 ca powder
and a spherical alum na powder ich js preferable for prepar,i a

seni con ulccthorressélgltﬁn%nu%e m‘?%ré%s\égl iar{tiJ 5%‘&\/&5@58&5@ ‘WF% ity

sem conduct or . _cont aj ni no_conductive foreign material or a very |ow
concent i O PP eaF Choranit LU i ik ChEd CHAR BT o b e
conposi,tiqn j di the .p er _are provided. DETAl LED DESCRI PTI OF THE
I NVENTI%@Ocn dr@ghgTﬁggBoﬁggr gaccrgrsgllﬁa tsge?hgof)r%%"é% “Efenti otr%leirs(eggOHposed
of at | (o] erj i r._and spherical al um na
powder .A%i%glg%ﬂggnéﬁg}f%?ﬁs eéa%gin?é%ls%tﬁ?g O531}50\5%{?Ie“é’ief:néCBIC%%((%‘?O]Flasseaaneradvant age of

havi ng A hawerseqetibchafly 0.1 harmel, exppnsi 00 kbap.lhad 4l g an oxide

powder ot her than iTica powder. sem conduct or seal ant™ USing an

al ur na. ANAEhghas: R a0YaN! ags o nBvhEg AN ONSL GORLT LG 8Qly0h L her el

conductivity than that using an oxide powder other than an alum na powder.

The pp\m%{et%qrre%ggroén&tréﬁ@%g ane o 2 sphari-cab,sihhce pawder and a

L)
spherical alum na powder can be elther of the two powders or a m xed

powder pihereohs ADLBYEE age. SPher | Sty 0f; I 4 o ;the
PLO01516 (BI CKE 00%')él ﬁ% pr esent isfllvleﬁnetai 55\1%?2%?%%%%%%\%#%5% tlﬁllan 0. 75,

parti culrar hynpegherably focdgss-dhan ¢.8¢e ard;pBre,piedgrably no |ess
than 0.90. Such an average sphericity can |lower the viscosity of the

sen congetek; seakaptngnthLan-easidrSURLesssdgl et SsSuch as wire sweep
at the time of sealing. The average sphericity is neasured as foll ows.

First, apanhesgevntxanpadd i €d €dakap B2 isheren) M-£f oscanpe. (910

manuf act ured by N kon Corporation) is |loaded to an i mage anal yzer (MacVi ew
manuf aat7ssed hy: VEUNTEGHSLt 43t d. Inaedi 3 REOLEE! athdd£a 5( A) pabBd1am
perimeter (PM of the particle are nmeasured fromthe imge. Fn a case
where am &hea GOLLEesPONSHWget O d heweer iamet eggtPMtés iaken-«as1tBhs an
average sphericity of the particle is A/B. Supposing a perfect round

havi nghthe isgmatper higt eferise tdr@Rerametent( R of 1 thet samle.: BPMs- 2nr
and B = nr2, and thus B = n x (PM2n)2. Therefore, sphericity of each
parti cberdcad be ohtasnetdypariaquatd axiliBed. A q 4ddiPMba, The sphericity
of 200 arbitrary particles is thus obtained, and an average val ue thereof
is obtained as an average sphericity. PU001516 (DKKF-007)



An average particle diameter of the powder according to the present
invention is preferably in a range of 3 to 50 pm An average particle

di aneter of |less than 3 pmincreases viscosity of the sem conduct or

seal ant and may cause deformation of a sem conductor wire at the tine of
sealing. On the other hand, with an average particle dianeter of greater
than 50 pm coarse particles nay danage a sem conductor chip and nmay

col | i demsiidvd ained rdbef ar peafsetni cohdtuctrorsiwiase. eAepaliti tud andtyalpr ef er abl e
average particle diameter is in the PLMO1516 (DIWO007) 10 range of 5to
45 m ApaaVerage apar tikchézdlameherxide a alicametseprefent panly cdre havi ng an
accunul ati ve value of 50% by nmass in an accunul ative granularity

di stri bt orcofolt hdepondet, panti¢behedsuried lbas bdabnngr bempard tyre,
measurenent by a laser diffraction scattering nethod. In the present

i nvent i ¥l Hummasisriendinasenupkat tiiclades name: merhasi G ant oimettér Model
920, manufactured by G las) is used for neasuring, after mxing water with
t he powderttdhddidspérgring the powderrdrtislegparyonvelhopegers zer, at 200 W
power output for 1 mnute. Here, particle diameter channels are: 1; 1.5;
2, 3; 4comiug:ivppparbicias gpengghe gpidyp;layzg; ignkregnm Meanwhile,

Anor phous rate (fusion rate) of the silica powder according to the present
i nvent i Bh § SEHERENEDPY HBS LRSS ¥ hr T8RRIy Ofads S1ArB? phyn Saterd 4ls

determ ned by carrying out an X-ray diffraction anal¥sis of a sanple for

t he 20 B"EUKEaps PgH@i”ﬁﬁ Frometic 2 pogrdegsbiiga af bywieforaaday
diffraction analyzer (trade nane: M ni Fl ex, manufactured by Rl GAKU Co.
Ltd.), dhddhén THEPEFRT nPRGS T Hed anor PR rade tncthel tast’s tte t he
intensgéy rati o of sgecific diffraction peaks thus obtained. In a case of
a sili ar A0gr yEER| FPhEESHITEE SHSE 142 haPR"PRERK AtMYEF afhi | e

anor phous, sil.ica does not show a peak. For this reason, 1f a sanple

i ncl udeS Bt "G Yt aFPFRe® And-andtpitds %S 284, FhRel het ghits e tHhé€ mai n
peak appearing.at an angle of 26.7 is proportional to the content of the
cryst alflpuﬁli?cﬁ IlFlcéf?fg%cg? FHGY Lt t e @p@r‘i"tdt?ﬁt LoPm: ABTCFYRT 19 i9fe silica

((the intensity of th -ray diffraction for the sanple)/(the intensity of
t he X—fﬁ?xﬁﬁf¥¥§8§ﬂoﬁgf§$eP%bﬁTgfﬁJﬁbﬁ%ﬁmﬁﬁ?f lTlJanE%Q%%ference sanmpl e of
crystalline silic i alculated fromthe ratiQ of -ray.jntensity
observé%%?@@lfﬁg gé#ﬁ?é %%Pfﬂﬁﬁ:ﬁﬁg%FvgﬁlfﬁFlPﬁeﬁ?ﬁfe%@ﬁ%éxg% le of

Cho 1 ol 1'SWEHG Gaoartan: - o SRS PR ro8 ey 1 (1o Gontent of
Crystalline Silica) x 100. In the powder according to the present
invention, a proportion of a nunber of magnetic colored particles of no

| ess than 45 pmin dianet | 0.gr e % preferably no greater
than 15% and particularl%bgpéﬁgrg Igﬁﬁofﬁiea éﬁpthan 10% with respect to

a total number of,ihe; pmanetd elaced pacthclss of N9 dessdhan 45 pmin
di anmet er and magneti c non-col or particles of no 1ess than x5 pmin

di amet ef.di Y i gn - react | i's
conduct%reod.de%hgogggggér{l\@gf %E Qg(?i&bcglogigc%éf: %r ggh%g%%%l %gfaénag%gotb\t%%e magneti c

particles; of spQeless1 thAt A RIBAL i 3ARLEN éigggggw [pords, the magnetic

colored particles of no l'ess than 45 pmin _ ter) indicates that a part
or all gtyzfepm@nﬁ?gn@émfcmdé@aﬁ%éaeﬂa%s%sléa EQPSS_&QL&%!M@@%@' ved in

a 10% nmass drochloric acid water solution, thus owi ng that the
magnet i:edpan bhchess 8f ¢ sandustdi@orlheimangthg 9! o5gd.fardd cles of no

| ess than 45 pmin dianeter are stainless steel particles, iron particles
and theckrkkgn RAdethe N@gnetyLrNannL Rlei-ed-pattbs! €se 8o MN0 4 ess than 45 pm
in dianmeter are typically iron oxide particles. In the color reaction
test, hahbrkheurBgnetd ensD etk dRr el as rasdnt BenRAOOIRES (DKKF-007) 12
magneti c non-colored particles are captured by a bar magnet of 10000
gauss. includiné tigéatéwnshi p between nagnetic properties of the magnetic
particles of no |l ess than 45 pmin dianeter and the conductivity of the
magneti ¢ col ohedhpaddrtclies oft iR bessitiBana4bopie + nedlianetiel b$ descri bed
further in detail hereinafter. Alnost all of the magnetic particles m xed
into alpewdeonarer si adpiasiscst egll (cSUS30e rSUIB3 186, siSUis43d 1and Wheal | ke)
particles, iron (Fe) particles, and oxi des thereof originated from
abrasion, cutting, peeling and the |ike of manufact yiiggsia@diiyer! n a
manuf acturi ng process of a powder, a part of heated stainless steel
particles and iron particles have an oxide |ayer such as hematite (Fe203)
and magnetite (Fe304), in order from outside, forned; however, both

t hereof can be captured using a nagnet of at |east 1000 gauss. Here, the
stainless steel particles and the iron particles are hydrochloric



PLI 001516 (DKEY-007) 13 particles that do not give a color reaction can
be determ ned to be an oxide thereof having at |east a hematite | ayer that
are nonconductive or very low in conductivity. The powder according to the
present invention is configured on thg basis of such a novel aspect.

In a case where, the proportion of the nunber of magnetic col ored
particles of no less than 45 pmin dianeter is greater than 20% w th
respectptedart otralwhniwiber pobrtoheiomgnetd cowdlear ed paphetiescahdrarhgneti c
non-col ored particles of no l.ess than 45 pmin dianmeter, a short circuit
failureraatioled < senilesndubiordt hat irs diealedgdrussngot beesemt comduct or
seal ant rises sharply. It should be noted that it is preferable for the
propor t 7oh with e smerbertooh magakt venest orfedhgarmeicokescofolessdt han 45 pm
in dianmeter to be | ow, however, such particles are not likely to connect
gol d wipastambcafs@oa lsher thenr €vinm fia |diragedert hedswaveenttict@r— si nce

cl earance between the gold wires in the | atest sem conductors is about 50
pm Thetefored nanhicileg ehenprbpo? tilom of> tHie TnuAbaneber maghel i @<l or ed
particles of no less than 45 pmin dianeter has an inportant significance
at presémre the follpwiRg peheerrereordl rigto ieheopAesend- i nvention, the
nunber of the magnetic colored particles of no less than 45 pmin dianeter
i s preferabl yllnoPgFRAFeRIt hahl W Por BO WY Far Predlasty weighemsblaP Mo
greater than 3 per 50 g. This pronotes an effect of the present invention.
The nurblera gtoH ﬁ&@ﬁg?i 818 of bF R Petd i e PourenosfBR et Harf U5 Hmin
dianeter _is ideally zero; however, an anount of the powder in the PU001516
( DKKF- 007) o A%Saf d6Ad e+ BF 7 seal ant used for a single seniconductor is
about 1 to 3 %, and thus a short circuit failure ratio due to the powder
tends to be ri“AuSELPEMRE othast il I8N, ThR B2 sufedte e nunber
of the magnet.i c col ored garticles of no less than 45 pmin dianeter is no
gr eat erPd oot B8 (58 SUPRic oMt 6t rBametan BBdalgﬁ‘?%?/rehc %YM t he

vi ewpoi nt. of mtigating short circuit fajlure of a sem conductor. In

addi (1 oL IR EATAT CAGHDEF BY 1T netibti’c Mol dr B42Bar tF ol B8 1Y fF | ess
than 45 m.n dianeter and na ng%%c non-col or.ed particles of no | ess than
45 pm [FRI QP oErR Tt HBP T W (e B rngREE™ 6 AnBAGITEIRAr (75l es of no

| ess t m.in dianeter) being.no greater .than 50 per, 50 g,.
particgﬁg¥ﬁ§QQ§s§r§8F8Fe h%% 20" BEEBTY e & EgrPﬁeFRb?ﬁﬁ%ﬁ% the effect
of the Egs%pt inveg%%on. g%nce t he nagnet.i.c ,non-c¢ %oredofarticles t hat

Y in madnetic Rarticles wi a este
alf e nonconduc I\yé ave agrl S O?g agal n ecomng con uct?veydsue ]iO

destruct.i of _0xi | ayer such_as. hemat| t dependi ng_on. a handl i ng
met hod Jﬁ%%gbfftgﬁeﬁéiggs%a%l%%h§:15%f6&kgg “F%bédSEng%? égrtléﬁﬁ%lthe
powder EBHE'HynﬁgoEotEQefP£§§§nt i nvention, the proportion of the nunber of
particles that "are oxidized down to a central portion thereof is

preferably nqshessithan §0%. . particul arly. prefkegably. n than 70% the
proportion bgi r)l_g cgﬁcﬁ?at ed E_f:)y pler]’f or m'i)nga?{he agovﬁe%ﬁnfi%'ﬁz}lsggfg a( 4). As
a resull&ixe@/%%lufci@nseﬁﬁsﬂgm dayer ﬁrttsh%fma%eﬂ,cmyg -col ored
particles is broken, the particles have a very snma risk of again

becom ng, GORGUGEL e 8 HCR PBAYs Ottty Pasdsl glesaate 9@!#1&@9 fo, Lo a
central portion thereof. It should be PLlOOlgIG(EnV€O 15 noted that,
even I QA £a%81WREEE, L BRq PF 0PONtY ok Of Je AUNRer0L; PaLL] sl 6 ddat are
oxi di zed down to a central portion thereof is less than 60% the effect of
the presenf:iicaveBhi 8Rei §a POl BIDYANHAlAW tefP8k! 8droom tempdRANALd ONS i N
steps (1) and (2) in the color reaction test were performed according to a
di scl ogsr @°, t heedapanesey Unexammed Ratent,iAppkcatben: Aupld cation No.
2008- 145246 (Paragraphs [0023] to [0025]), except for having changed

mat er i urdRd OpepLRgiside Ohud ddldeld d @ddinbhyaRtiascdherdPS used in
step (4), INCA EDS (trade name, manufactured by Oxford Instrunments plc)

at t achegd 1ta ca 3 SMr 680 1 Fe € anid o £11eCtirO R ikine ke $ ¢ 0pRd (&4 BEE1 NaiTRy

manuf actured by JEOL Ltd.) was used. A dianond cutter was used for cutting
t he magmet ipeopemteohosedtpariundes amehafnetar: poelbsbing: was:pe for ned
usi ng di anond abrasive grains for cross-section polishing. For

Cross- sectiiees ehser ¥at inin OSIEnHR v Epot- depasi hegnétia thi ckness of 5
nm using an osmum coater in order to inpart conductivity. Under such -
conditions, images of ten cross-sections of arbitrarptgReeinEkped7Fol or ed
particles of no less than 45 min dianmeter were taken. Furthernore,” the
particles were magnified using a mcroscope in order to count a nunber

t her eof . A nmethod for increasing and decreasing the nunber of
magnetic colored particles of no |l ess than 45 pmin di aneter and magnetic
nonicolored partipleslof no Iess_than_45 pn)in.dianpye[,lin a case of the



A manufacturing nmethod of the powder according to the present invention is
descri bed hereinafter. -I'n a conventional manufacturing nethod of

t he powder, a burner that can strongly disperse and inject a raw nateri al
powder into a flanme is used in order g0 increase the average sphericity
and to avoid particles frombeing fused in an aggregated state. However,
the burner disperses the raw naterial powder so strongly that there are
parti clesrigoilrg ot nof léhe fhamet Witrhdut dd asetticbendn tdreravalorhi st ory
inside the flane. As a result, there have been a | arge nunber of magnetic
parti cl 8santdvat odr eagoet OXi db keckd Iprdddiltdsonf evehes$ theen 45 pum in
PLO01516( MCF-007) 17 magnetic particles are once oxidi zed, there have
been magimtdterpart léPes {hatahremteduced ragnatéar boho cahponenitcles hydr ogen
conmponent and the like in flammble gas for generating the flanme (for
exanpl ef propase gas) ahdugoimutiafeitche afidameghatan mdmrosilamseki di zed
state. The manufacturing nethod of the present invention can nmanufacture

t he powkertigfleshefpneséats i fventdommhin eiemetenatidelsuch probl ens.

In the manufacturing nmethod of the present invention, at |east one of a
silica raw ndter fal epolvmemamne tar alogmcracraw paterdlds gowde ias fused by
a flame forned inside a furnace, sphered and transferred to outside of the
fur naceardnid s dphertenl a%‘éﬁﬂdé?hq sdeil eceedionstasdend dew thests can perform
the met hod, a furnace body including a burner to which a collection device
is conﬁ'é@tréd%&ﬁ berkR@Hpry f7idd) SHfEY Terdce BBEYNEarcWeigla ked verti cal

or horizontal. The collection device is provided at | east one of a

gr avi t PESERINAgtehampere a @R oTRe Sdpar &CoFCaPbRE 19 1 eralaring
electrostatic dust collector and the |ike, and _can collect a spherical
powder I3 &dPustiAGEREE | *ELTBIFT A B GRDERET 86F ThANC RS & tifeY eof i s

di scl osed i n Japanese Unexam ned Patent App Ilcatlon Publ i cati ons Nos.

H11- 574510 9260FL IB3GETOCBHR He qﬁlfkeqpecuosco?ﬁe Feth vaa[i‘:t‘{ﬂqlﬁ’@ ¥et hod of
the present invention has a first requirenent of supplying 0.3 to 0.6 nB
of at I"BHSEToRE BRTbkyHeh gastHid: ar&evaporepertad kg dftisa G Stat eri al
powder toward at |east an arbltrary site inside_the furnace where an
anblenfﬁigﬁﬁeFaPﬁFes?gt%?P Fherfgd 61 fG@GmPSrlgéoﬁ?rE&C%ﬁ?zﬂﬁﬂ4%4§9 60 to

90 with respect to an ection direction of P 516 DKKF 007) 18 a raw
nater|é¥“%b&ﬂeﬁ CFﬁtﬁatdé 'VH§?§‘9ﬁ§ ’ F@gsFahD } ygEh gas and wat er

52501 o g oRRL bR A T B s P e B a2 e%wra@o dherect te
t t 1600 t 1800C c d f d
nig‘s’ﬁ?Zﬂr‘?ﬁ%ﬁfa{ﬁ?%gt%10%3?“9@re%&ﬁ?&e&uplagloeﬁegsafrlsﬁf' e 18000 .

I rRh t | e..(easura 1100,..to and th Ilke

GEneraI qq%ﬁggs? eg$sf|nn3§1§¥%lypbehln l§m805|t|%n mhé? e raw

mat er i i nd .spher f.l anme ure and the raw
naterlgh %B§ge?fa R e‘?%ﬁ@?fga‘“F t1ploacgg 3%ﬁfy|%b at | east one

of OXVQ%%IQ?% ) and, ygt er Iﬁﬂrﬂ?err & %%tn%'tH% Hg’hahgi&vg o 3881 AL gl es and

iron particles not only becone easy to be at ed can su |C|ently
contact, ;ah o easf , Hne 885,40 WAl e -¥appL; onst Ne
nunber gf ?he ma%net?qjm ore%’parﬁ?clés o? n Fessy n1|n °di anet er

can_be gsutgkyzpedyced And (e NUEbes 19 ALK ¢ begvthﬁf_ a5, 0l zed down

to a central portion t ereof can pbe |1 nc eased an anpl ent terrperat ure

of a sif,ge whergraioleasty, e Af-o we%fg%o@nélﬁq@gereyaa&cgd IS pupplied is
| oner than 1600C, the ‘abovenenti oned acti on becones [ess effective,

wher eagoif chRE Bl £Nd ¢ tieNP AL Ur %l%qe%%elégo@ oL OX¥0eN GRS IS
consunmed in a conbustion reaction and does not contribute to oxidization

of thephmagnetbenPastiLles. A pyatars vapor |owers the tenperature of the
flame and may inhibit fusing and sphering of the raw material powder. A

pref erabl e aﬂ@I@ﬁgcg AR AL WRR NS ohh ghelgaFg@fé&aEhkqukg_1800C. It should
be PLI001516CDERF-007) 19 noted t hat supply of air or nitrogen gas

cannot sufficj eftd e ze the &bgh@h@&scgwﬁéd RaAdicl1eard hbe iron
particles. Pat ent Docunent di scl oses a nethod of heating granul ar
sili calpewdehahnd$ hen atrmesipheste rati sa nbeaperatur engh 7Q0:-#4 6133000, thereby
oxidizing netal particles in the granular silica powder. However, in this
nmet hod, there is a problemin that a silica powder i ﬁghjﬁgk regat ed
as a result of heating at a high tenperature, not aF%]Eetal part?c es
buried in the silica powder are oxidized, and only a superficial |ayer
thereof is oxidized. This is proven by a color reaction test of a powder
prepared according to Exanples 1 to 3 of Patent Docunent 2, where a
proportion of a nunber of magnetic colored particles of no less than 45 m



20 To supply at | east one of oxygen gas and water vapor toward at

| east an arbitrary site where an anbient tenperature is in the range of
1600 to 1800C, at an angle of 60 to 90 with respect to an injection
direction of the raw material powder,,a supply tube of at |east one of
oxygen gas and water vapor can be attached to the furnace body at an

adj usted angle. If a supply angle is outside of the abovenentioned range,

t he stainl essist éék pattichesband i hee mernpaiti cbesrednmnott isufefsi cifent | y
contact at |east one of oxygen gas and water vapor, and the abovenentioned
acti on mayldyecdimenl d$spef fectiiametdy supblmacarglie nsnpreferably in a range
of 70 to 90, particularly preferably 90 (at a right angle), wth respect
to an ipgxcitdlerns difr eot Lensothahels aun mat elliagletpowder no greaterA Suppl y tube
of at |east one of oxygen gas and water vapor is installed at |east in one
site insl denbd four nace body, and preferably installed at four sites so
that straight |ines connecting opposing sites are orthogonal to each

ot her. By thdsiinstaFppagtide slipplnpragre oft hersial of exsiditzssl deamt i cl es
and the iron particles can sufficiently contact at | east one of oxygen gas
and wat'er a&smtradsrartesul thexdel nuner lofsst hbamaghet i Racolorled parti cl es
of no less than 45 pmin dianeter can be reduced and the nunber of

parti clReshaiab lar 8coxPaF ze@adolit 1 @ central portion thereof can be
increased. More preferably, the supply tube is provided at 4 |ocations in
each circunf érénéBeoRCPiahds atdh PEF G0 RPEpatedt B EmabenE &hdbel ow
this installation position, i.e. at a total of 12 sites. This nakes it
easy t & stippiny &0 12¥&SEIGNE2PEOBLS 181 ¢ EKF- D07 raufoloydy dén Yasmand

wat er vapor to a site where an anbient tenperature is in the range of 1600
to 180000, and EAEtEiofe tiMe RisiledsveréePrpat 87 PeVHHRF tthe iron
particles can further sufficiently contact ,at |east one of oxygen gas and
wat er VRO ACturing RERLYRA noF dR tRATIRF R LRIt AE BF ettt iFifemE on has
a second requirenent _of, between fusin%)and sphering of the raw materi al
powder G EEICaLt PRy EReRRETCT i D &R SHERe A1 UPERZtPYHETaw mat eri al
powder .and the spherical po r contact at |east gne of_ stainless steel
and irdn© PﬁggapFBFﬁf?v‘é}:{\dv%F%mgl V't H@ra@ﬁelo\%eﬁgnﬁ gtEsterr¥han 5 ni's.

The rel ative gelocit used herein is, in a caselmherg a constjtuent mnemnber
of the "WeViFé8 - B AbbfTe, 2Rt 4 % % EF i pe, BOYPavety g Vécity of
at Iea%%m%% o%sgpe raflnaterial owder and the s?her%cal nger for
exanpl € AT FOW ' Fafist &T"VET ocit'y AR /f al' I VerFsEirty thetEoi)® &nd, in a
case rethe _powder ;is | bile, such as spherical powder stored in a
o ectrsn eores: ar Sl TRg vty ard BBHGEH ¢ abntTharof -t he
devi ce_(for _ex I.di ng- ve ity a-slid | ad e eri phera
speed SF%%gfgréﬁgg 98?.§#%§ére %u%éﬁ?ﬁﬁgn cpfi %ggﬁrgt@%cﬁﬁ%%hge%Fésent

i nventi i t] i e t |l east .one._of raw _materi al
pomdercgﬁhoz ?5%2%?c§¥§p%ﬁ%§%“%%aqgﬁ’ e §%I3n§aokfs af%Té%gxéjéb and
iron, i i$.NQ.Q r , If. .the 1 ti cl eeds 5
ms, a Fgggt%gngtoggg%gi%+£§£d§?§£ }%ﬁ&t%hgnfggﬁ F%ga%%QPégggﬁgéi ere is
a risk_of i i 4 f no_l-e h in di ter

bei ng 8%08%%% ﬁ%oﬁ%@%ﬁ%@‘%ﬁ%%?%ﬁ%050338? gﬁd 0 Cmo(;(i |q£zgcl magneti c
non-col.oned parkhel es bet ng; it oken and again ;hgcem 59 ildh &gl ored
particles.  Arelative velocity inthe site is preferably no greater than 4
ms, apdempLe REEEErabl Yo 9r 6L HhdhRR S fkSng! Bnd Sii&-Whers the

rel ative velocity exceeds 5 nis, at |east one o? t he stainless steel and
the ireneshaul fabotibe wxpoasedanddis 40 kg khoedpoMith- 2 nonprtal lic

mat eri al such as alum na, natural rubber, urethane and the |ike. A

resin ganpogbt-t 08nageordi g 1o dheJu egenhe RUGNLLEOS1S] dasaldPedq
herei nafter. The resin conposition of the present invention

i ncl udeseaspesiNcandpdiide Povdiera Of dthe present LAVERLiPNessThe Lantent of
the powder 1n the resin conposition is preferably 10 to 95% by nass, and
more peebeiabhy 49xi0g 9B3%dNatBES vASIIRG KBSi-AbeROXY K e batsld | cone
resin, phenol resin, nelamne resin, urea resin, unsaturated polyester,
fluori neanesin/sa pol yad geeseeh asvpatybn) dehe pdwdd demisisdenands

pol yet heri m de, pol yester such as pol ybutyl ene terephthal ate and

pol yet hyl ene terephthal ate, pol yphenyl ene sul fide, Qﬁﬁﬂﬁﬁhﬁaﬂéi%ﬁﬁfer1
pol ysul fone, liquid crystal polyner, polyether sulfone, polycarbondate
mal ei m de-nodi fied resin, ABS resin, AAS (acrylonitrile-acrylic rubber
styrene) resin, AES (acrylonitrile ethylene propyl ene diene
rubber-styrene) resin and the |like can be exenplified. Anong t hese,
the resin in the resin conposition used for a sem conductor sealant is



novol ac-type epoxy resin, ortho cresol novol ac-type epoxy resin,
epoxi di zed novol ac resin of phenols and al dehydes, gl ycidyl ether such as
bi sphenol - A, bi sphenol -F, bisphenol-S and the Iike, glycidyl ester acid
epoxy resin obtained by a reaction of, pol ybasic acid such as phthalic acid
and diner acid with epochlorohydrin,% i near aliphatic epoxy resin,
alicyclic epoxy resin, heterocyclic epoxy resin, alkyl-nodified

pol yf urect i loreedt epexypfr esenheiBesnbphthicla powdleacahype eploxyidLsSi n,

1, 6- di hydr oxynapht hal ene-type epoxy resin, 2,7- di hydroxynapht hal ene-type
epoxy ra&kiminsishwyidroxy brphenybly ey epexypfr eaenpoaddr € poxyb rdEsign | nt o
whi ch a hal ogen such as bromne is introduced for flanme retardancy. From
t he vi empoilret rofeskoti dnvyntésnst ance and refl ow sol dering resi stance,
ortho cresol novol ac-type epoxy resin, bishydroxy biphenyl-type epoxy
resi n, epoxy Thesprneoetnnaphtérat ene flsampworkdandat hesin keongros irieher abl e.
The resin conposition being an epoxy resin conposition includes a curing
agent figrclapoxy tbsi nowder aacuridighadenttiffoprepery ftegémtidit.n a curing
accel erating agent for epoxy resin. As the curing agent for epoxy resin, a
novol ac-t ype AcesrAindt b ndee by assadt ilowveotione orpeawdtxtagmposkdapf] east
two selected froma group of: phenol; cresol; xylenol; resorcinol;
chIoroﬁﬁéﬂ@ﬁ?ttDBGt9%pﬁeﬁ@m$rh@hylﬁﬂkﬁﬂﬂ poiwdepr apgl pherivtriadt yl phenol ;
and the like with formal dehyde, parafornal dehyde or paraxyl ene under an
oxi dat ifdnEa@ralPyyeer potypal ahy dv ol ajrlend oresrAP2a1bY shhenol conpound
such as bi sphenol - A and_bi sphenol -S, trifunctional phenol such as PU001516
( DI CKF-SFA-orslichoroga Fant amrdH Bt sgiaddingok, dannaered arfiy driisde such as
mal ei ¢ anhydride, phthalic anhydride and pyromellitic anhydride, an

ar omat i“CTa e S8lé AORIU AE? Ap ety iEdidamion onghghi Ho df pF¥H net hane,

di am nodi phenyl sul fone can be exenplified. In order to accel erate reaction
of epoX§FHESPn Wt A HeEUr+ng et iatd @b ShenBAt i of gt eurd Gt tdddel er at i ng
agent such as triphenyl phosphi ne, benzyl di nmet hyl am ne, and 2-

met hy| PTG 0IFESTEChr ef et abl LTS FomPositiony dnpdddhng oo AXISA of t he
present inventigon can further include the follow ng conponents as
necessary: PA°Fubber-1i ke material such as silicon rubber, polysul fide
rubber, acrylic rubber, butadiene rubber, styrene bl ock copol yner and
saturated el astoner, various thernoplastic resins, a resin-like materi al

such as silicone regj i [ e i tially or fully
nodi fied by am no s?#?%%ﬁ@?‘éﬁ%&@hgﬁlFb@%e&ghlE§§€ﬁ§$$$cone and the like
as a stress Jrlg\e!\erihqgea ecn(;[d.rd'n to %ﬁ%xﬁrgis.'e% eir?xlrjgrt%j?osn is composed
yiglzcidoxyprogy??rlg%t ﬁxrfﬁ!éhfha 'i _ " hp
-(3, 4- c e r.i met hoxysi.l.ane, ami no_sil ane . suc S
ﬁnLnopﬁggéﬁt%%egﬁgé§$i?%E%,SQR?ﬁ%ﬁﬁar§ﬁiﬁg?i8EH8§§S?T%n% %ﬁ? rLea g ]
pheny nopr [i xysilan obi.c_silane.caonmpou such as
ey GO RNLLE TSl MO ANE, P DY SRR 1) 3RS E2TDRYE:

oct adeqyl! LLIMELDOXYRLL A0L:, JENEAR! 931)ANE.RRE; LOSL I KP AR A1 | ane

coupl i ng agent titanate coupling agent, al um num

coupl i : i r.f.ace rafj t; PU001516

G N ¥ S R S T R

flame pelacdanty assslaniu 3l a0enahed.epexYar &k 2 RBOSANOKOUS, gonpound
and the like as a flane retardant; ar bon ack; iron oxide, dye,

pi gment 49Adchhe bEkeaasn @ £9l0)N9 RAQeRt i8R of therfafural wax,
synthetic wax, netal salt of straight-chain fatty acid, acid am de,

esterscopatativn: gnthihe ld ke AP PaLking BIGALr other tnHIL €SI N
conposition of the present invention can be manufactured by glendlng a

predet gniicned AORMSE . ofrrichecabaversnbboned, ralerials byoway 9f a bl ender,
a Henschel m xer or the like, kneading the m xture by way of a heating

roller spackneades ;) st NG SrEor MO tﬁgh@rieéﬁwa@ﬁmwiéwﬂd@&@a&eb%r_ the
| i ke, cooling, and pulverizing. EXAMPLES Exanples 1 to 7, Conparative

gxarrpl e8thet 00D the twd CWHEICicH lay mavall gbl@ecrysd add4 ne silica powder
1

An average sphericity of the powder according to the

PU001516 (DKKF-007)



(average particle dianeter 26 pn), S2 (average particle dianmeter 5 pm, S3
(average particle dianmeter 45 pn), an alum na powder Al (average particle
di aneter 31 pm), A2 (average particle dianmeter 3 pm, and A3 (average
particle dianmeter 51 pnm) were prepar as shown in Table 1 were provided.
Each of these raw material powders was fused and sphered in a flanme under
t he manufacturing conditions shown in Tables 2 and 3, thereby obtaining
var i ouspsphert calvesitlibeaipowdersranty sphdrdssalthahum. na, powders. 26

The devi ce used was a device disclosed in FIG 1 of Japanese Unexam ned
Pat ent Popticdtadly Bublfecabilgnndlol edt 1A B 8, t Antihect ol postargpbly

i nprovenent. The device used in Conparative Exanple 9 was the device

wi t houtne hieef=oldhewi g 20nprowement .average spheAisippl yait ubeveaf take | east one
of oxygen gas and water vapor was provided in concyclic sites in a furnace
body whereran anbifenhet eapératdnetmeastalethtbypnd Bahypesthersmooupse was
1500C, 1600C, 1700C, 1800C or 1900C, at 30, 60, 90 or 120 with respect to
an i nj etefor-disvett kenwofet hecepwa ratler itdlnepovideral downwdite diviegegeon i n
FIG 1 of Japanese Unexam ned Patent Application Publication No.

H11- 5748Me1ycidd) dst mrgswied asbeaklowg . TRérstpply indses afere installed in
four sites so that straight |ines connecting opposing sites were

or t hogdtilt %0 cedeieot higra stereo nigroxainee (§MicodAt menufmenzedpdader of a
burner is made of an alum na tube, and an alum na brick was applied on an
i nt eri GFLKRH ICogPorREIPON nhBelbadyd to an imggie) agpiggenhdachiowel ative

vel ocity between a gomder and at | east one of stainless steel and iron was
gr eat er&HHEF S UFes, bhoMeUNBeelifFeal IKthn exHagstrehanhel dpehidy (9), a
primary powder retrieval opening (10), and a secondary powder retrieval
openi NG P BeFiprEerl (BY) Japahes eedilebdifi f6¢ PareRtcAppr Pt dtheon
Publication No. H11-57451, were lined with alumna. In addition, a
secondaPFowdeR # efFTevElSkfe\At & U5dg “PrFEEPOTAD)Y viels T & tiEReHat ur al

r ubber. _ iv) A peripheral speed of a rotary valve made of PU001516
OYKKY- O 27 Le&FERI 88s! 5302, 2 PPRA U PN 24R F8uPF et DB PR Fsc drfdar y
powder retrieval o enin%i was adjusted to be in the range of 1 to 18 m's.
It shodl’d be HBPRE That PG GHe FOIoneRg P ebhe T4 fiSdlSy Sodder

retrieval opening was_c|osed and not. used, and all the powder was
retrieJ%HaFF%HPF%&rSZE%Ld% yE ORI ret itk val s pehfing. = “pq ang | east one

o oSSR 985 20 L1 pEor cias Supl | e sually o e, four suprl
ol e SETRaL sl LN oxvaen gas v, 20 a0 heyl grmerature o
poveer 485.100. 40,170, KoL e - Pl opane cas and ovyaen oS, et MEPYLn
21000, sl S LeeroLhan heotuel o 09 o o) SLAR et ciry. A PUTber
of ot ¢ g0l oo, AL 6] S5 louap LessLMan 4% D diaeier. and @
contr ol poctineLhencole on L easl e o g splepi ol o Lisp power ano
auer 208, sahec L ¥ and pesse.aar el e arstes of Lecspher ool S11ca

shown in sTaklies & a@ﬁe%em(srpmf al 10k it gﬁdsmgﬁrég e Silica powder was

£
no |l ess than 99% by nmass 1n all cases. In order to evaluate

char act@risties ol othe shesd,oale PLOOLSLE L(DKKE- 007) o28.5i1iiea peuder and

t he spherical alum na powder as a filler for a sem conductor seal ant, the

fol | owithg beskrWasngon@uch e Rasulds Jhereot argmshown i nyfaples 1 and 2.
Manuf act ure of Sem conductor Seal ant Tabl et To 87.8 parts (by nass)

of eachnpewder umb. opaEd SpHfc binheny t@éﬁggﬁfgx#mg&ﬂd&a@%ﬂm@

manuf act ured by Japan Epoxy Resins Co., .1 parts of phenol aral kyl
resin XECmkl; pBNUi@stwIed Hyd Mdsiin Gherigabidubhsy)wife 2 parts of

tri phenyl phosphine, 0.6 parts of nercaptosilane coupling agent, 0.1 parts
of carpasthlackrl angrOrSrfard savir LA RALRA cax Wehet@dded andwdr ybl ended
by way of a Henschel m xer, and heated and kneaded by way of a co-rotating
internmeshing twin screw extrudi ng and kneadi ng nachi Q?%#@_ ter D =
25 mm kneadi ng disk Iength of 10D mm paddle revol&?ﬁgﬂ§§% e o? Oto
120 rpm 2.5 kg/ hr discharge rate, and kneaded product tenperature of 99
to 100C). The kneaded product was pressed by a pressing nachi ne and

cool ed, pul verized and tabl eted, thereby manufacturing a sem conductor

seal ant tablet (17 mmin diameter, 32 mm H). Nunber of short circuit



Measur enent of Number of Short Circuit Failure in Sem conductor A

sem conduct or device of 8 Mfmx 8 mMm x 0.3 mMmin size PlA01516 (DEIY-On 29
was placed on a BGA substrate via a die attach filmand connected with the
substrate by a gold wire, then a semjgonductor seal ant tablet was nol ded
into a package size of 38 M x 38 nmx 1.0 mmusing a transfer nol ding
machi ne and post-cured at 175C for 8 hours, thereby nmanufacturing a BGA
sem conducdorel Fheodidanmetner Zof avveagel dankieloadi Gk imm itshe pitch thereof
was 80 pm and the cl earance therebetween was 60 pm Thirty sem conductors
wer e medidrectar ed @sicagtihée slameisemcarduordrtival antue abt €t0%@md t he
nunmber of sem conductors with short circuit failure was counted. Wre

Def or matdan Mol amea gfunSdpitéyrdgeceonlarity diker goltdiam ral ithe hewREA,

sem conduct or manuf actured above was observed by a soft X-ray transm ssion
devi ce,anhel hapdanwregobds ailr en siepldi Sttande 2guseren paek ay)i Fepavas neasur ed
for the 30 sem conductors, and then an average val ue thereof was obtained
as the % Fergefionmecasheybnanectiied e In RAW Pagedalipwmdderner yst al | i ne

silica Si Crystalline silica S2 Crystalline silica S3 Alumna Al Alumna M
Al um nd'eExsuring instrument (trade name: Cilas Granulometer Model 920,

manufactured by Cilas) is used for measuring, after mixing
water with the powder and dispersing the powder by a
supersonic homogenizer, at 200 W power output for 1 minute.
Here, particle diameter channels are: 1; 1.5; 2; 3; 4; 6; 8;
12; 1e; 24; 32; 48; 64; 96; 128; and 196 pum.

Amorphous rate {fusion rate} of the silica powdér
according to the present invention is preferably nco less than
98% by mass. Amorphcous rate is determined by carrying out an
X-ray diffraction analysis cof a sample for the 26 of CuKu-rays
ranging from 26° to 27.5?, using a powder ¥-ray diffraction
analyzer {trade name: MiniFlex, manufactured by RIGAKU Co.,
Ltd.), and then determining the amorphous rate on the basis of
the intensity ratio of specific diffraction peaks thus
obtained. In a case of a silica powder, crystalline silica
shows a main peak at 26.7°, while amorphous silica does not
show a peak. For this reason, if a sample includes both
crystalline and amorphous silica, the height of the main peak
appearing at an angle of 26.7° is proportional to the content
of the crystalline silica. Accordingly, the content of the
crystalline silica {((the intensity of the X-ray diffracticn

for the sample)/(the intensity of the X-ray diffraction for
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Average particle dianmeter of raw material- powder (gm 26 5 45 31 3 51
Nunmber of magnetic colored particles of no less than 45 gmin di aneter
(per 50 g) 34 45 39 41 54 38 Nunber of magnetic non-col ored particles of
no less than 45 pmin diameter (per 3¢ g) 000 0O O Total nunber of
magnetic col ored particles and magnetic non-col ored particles of no |ess
than 45 pmin dianeter (per 50 g) 34

the reference sample of crystalline silica)) is calculated

from the ratio of the X-ray intensity cbserved for the sample

Lo that observed for the reference sample of crystalline

silica and then the amorphous rate is calculated according to

the following equation:

Amorphous rate (% by mass) = (1-Content of Crystalline
Silica) x 100.
In the powder according to the present invention, a

proportion of & number of magnetic colored particles of no

less than 45 pm in diameter is no greater than 20%, preferably

no greater than 15%, and particularly preferably no greater

than 10% with respect to a total number of the magnetic

colored particles of no less than 45 pm in diameter and

magnetic ncn-colored particles of no less than 45 ﬁm in

diameter, in a case where the abovementioned color reaction

test is conducted. The presence of dark blue colored particles

among the magnetic particles of no less than 45 pm in diameter

(in other words, the magnetic colored particles of no less

than 45 pm in diameter) indicates that a part or all of the

magnetic particles release Fe ions while being dissolved in a

10% by mass hydrochloric acid water solution, thus showing

that the magnetic particles are conductive. The magnetic

colored particles of no less than 45 pm in diameter are

stainless steel particles, iron particles and the like, and

the magnetic non-cclored particles of no less than 45 pm in

diameter are typically ircon oxide particles. In the color

reaction test, both the magnetic colored particles and the
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45 39 41 54 38 Proportion of nunber of nmagnetic colored particles of no
| ess than 45 gmin dianeter (% 100 100 100 100 100 100 Proportion of
nunber of particles oxidized down to central portion (%9 0 0 0 0 0O
Table 2 30 12
magnetic non-colored particles are captured by a bar magnet of
10000 gauss.
A relationship between magnetic properties of the
magnetic particles of no less than 45 yum in diameter and the
conductivity of the magnetic colored particles of no less than
45 ym in diameter is described further in detail hereinafter.
Almost all of the magnetic particles mixed into a powder are
stainless steel (SUS304, SUS316, SUS430 and the like)
particles, iron (Fe) particles, and oxides thereof originated
from abrasion, cutting, peeling and the like of manufacturing
facility. In a manufacturing process of a powder, a part of
heated stainless steel particles and iron particles have an
oxide layer such as hematite {(Fe;03;) and magnetite (Fez04), in
order from outside, formed; however, both thereof can be
captured using a magnet of at least 1000 gauss. Here, the
stainless‘steel particles and the iron particles are
hydrochloric acid-soluble and conductive. ©On the other hand,
hematite is very low in hydrochloric acid-solubility and
almost nonconductive. Therefore, if the solubility of the
magnetic particles in a hydrochloric acid water sclution can
be determined, conductivity thereof can also be determined. In
other words, magnetic colored particles from which surface
iron iens are released through the action of the hydrochloric
acid water solution and that give a dark blue color reaction
when contacting a potassium ferricyanide water solution, can
be determined to be stainliess steel particles or iron

particles that are conductive, while magnetic non-colored
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particles that do not give a color reaction can be determined
to be an oxide thereof having at least a hematite layer that
are nonconductive or very leow in conductivity. The powder
according to the present invention is configured on the basis
of such a novel aspect.

In a case where, the preportion of the number of magnetic
colored particles of no less than 45 pm in diameter is greater
than 20% with respect to a total number of the magnetic
colored particles and magnetic non-colored particles of no
less than 45 pm in diameter, a short circuit failure ratio of
a semiconductor that is sealed using the semiconductor sealant
rises sharply. It should bé noted that it is preferable for
the proportion of the number of magnetic colored particles of
-less than 45 pm in diameter to be low; however, such particles
dre not likely to connect gold wires and cause a short circuit
failure of the semiconductor since clearance between the gold
wires in the latest semiconductors is about 50 pm. Therefore,
limiting the proportion of the number of magnhetic colored
particles of no less than 45 pm in diameter has_an important
significance at present.

In the powder according to the present invention, the
number cf the magnetic colored particles of no less than 45 um
in diameter is preferably no gresater than 5 per 50 g,
particularly preferably nc greater than 3 per 50 g. This
promotes an effect of the present invention. The number of the
magnetic colored particles of norless than 45 pm in diameter

is ideally zero; however, an amount of the powder in the
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semiconductor sealant used for a single semiconductor is about
1 to 3 g, and thus a short circuit fazilure ratio due to the
powder tends to be minuscule, stochastically. Hence, in a case
where the number of the magnetic colored particles of no less
than 45 um in diameter is no greater than 5 per 50 g, a
sufficient effect can be achieved from the viewpoint of
mitigating short circuit failure of a semiconductor. In
addition, the total number of the magnetic cclored particles
of nc less than 45 pm in diameter and magnetic non-colored
particles of no less than 45 um in diameter (in other words, a
number of magnetic particles of nc less than 45 um in
diameter) being no greater than 50 per 50 g, particularly no
greater than 40 per 50 g, can‘further promote the effect of
the present invention. Since the magnetic non-colored
particles that are nonconductive have a risk of again becoming
conductive due to destruction of the oxide layer such as
hematite, depending on a handling method thereof, the risk can
thus be lowered in advance.

In the powder according to the present invention, the
proportion of the number of particles that are oxidized down
to a central portion thereof is preferably no less than 60%,
particularly preferably no less than 70%, the proportion being
calculated by performing the abovementioned step (4). As a
result, even if a superficial layer of the magnetic non-
colored particles is broken, the particles have a very small
risk of again becoming conductive since many of the particles

are oxidized down to a central portion thereof. It should be
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ncted that, even in a case where the proporticn of the number
of particles that are oxidized down to a central portion
thereof is less than 60%, the effect of the present invention
is not substantially impaired.

Operations in steps (1) and (2) in the ccleor reaction
test were-performed according to a disclesure in the Japanese
Unexamined Patent Application Publication No. 2008-145246
{Paragraphs [0023] to [0025]), except for having changed
material and opening size of a filter. In addition, as the EDS
used in step (4}, INCA EDS (trade name, manufactured by Oxford
Instruments plc) attached to a JSM-6301F scanning electron
microscope (trade name, manufactured by JEOL Ltd.) was used. A
diamond cutter was used for cutting the magnretic non-colored
particles and mirror polishing was performed using diamond
abrasive grains for cross—-section polishing. For cross-—-section
observation, osmium was vapor-deposited in a thickness of 5 nm
using an osmium coater in order to impart conductivity. Under
such conditions, images of ten cross-sections of arbitrary
magnetic ncen-colored particles cof no less than 45 um in
diameter were taken. Furthermcrs, the particles were magnified
using a microscope in order to count a number therecof.

A method for increasing and decreasing the number of
magnetic colored particles of no less than 45 ym in diameter
and magnetic non-colored particles of no less than 45 pm in
diameter, in a case of the powder according to the present
invention, is desgribed later. As an example therecf, a number

of the magnetic colored particles can be decreased and a
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number of particles that are oxidized down to a central
portion thereof can be increased by increasing a supplied
amount of at least one of oxygen gas and water vapor with
respect to a raw material powder under an atmosphere of higher
temperature in order to accelerate oxidization of the magnetic
particles. In addition, by making a relative velocity between
at least one of a raw material powder and a spherical powder
and at least one of stainless steel and iron no greater than 5
m/s, the total number of the magnetic colored particles of no
less than 45 pum in diameter and magnetic non-colorsd particles
of no less than 45 pm in diameter can be decreased. An average
particle diameter of the powder can be increased and decreased
by adjusting an average particle diameter of the raw material
powder. An average sphericity thereof can be increased by
lowering a supplied amount of the raw material powder to a
flame.

A manufacturing method of the powder according to the
present invention is described hereinafter.

In a conventional manufacturing method of the powder, a
burner fhat can strongly disperse and inject a raw material
powder into a flame is used in order to increase the average
sphericity and to avoid particles from being fused in an
aggregated state. However, the burner disperses the raw
material powder so strongly that there are particles going out
of the flame without a sufficient thermal history inside the
flame. As a result, there have been a large number of magnetic

particles that are not oxidized. In addition, even if the
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magnetic particles are once oxidized, there have been magnetic
particles that are reduced by a carbon component, a hydrogen
component and the like in flammable gas for generating the
flame (for example, propane gas) and go out of the flame in an
almost unoxidized state. The manufacturing method of the
present invention can manmifacture the powder of the present
invention while eliminating such preblems.

In the manufacturing method of the present invention, at
least one of a silica raw material powder and an alumina raw
material powder is fused by a flame formed inside a furnace,
sphered and transferred to outside of the furnace, and a
spherical powder is collected. As a device that can perform
the method, a furnace body including a burner to which a
collection device is connected can be exemplified. The furnace
body can be either vertical or horizontal. The Collection
device 1s provided at least one of a gravity-settling chamber,
a cyclone separator, a bag filter, an electrostatic dust
collector and the like, and can collect a spherical powder by
adjusting collection condition thereof. An example thereof is
disclosed in Japanese Unexamined Patent Application
Publications Nos. H11-57451, 2001-233627, and the like.

The manufacturing method of the present inventicn has a

* of at least one of

First requirement of supplying 0.3 to 0.6 m
oxygen gas and water vapor per 1 kg of a raw material powder
toward at least an arbitrary site inside the furnace where an

ambient temperature is in a range of 1600 to 1800°C, at an

angle of 60° to %0° with respect to an injection direction of
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a raw material powder. In a case where the at least one of
oxygen gasgs and water vapor is supplied from a plurality of
sites, the total amount thereof is 0.3 to 0.6 m3.7

A site of the furnace body where an ambient temperature
is in a range of 1600 to 1800°C can be identified by |
measurement using a B-type thermocouple (measurable range: 0
to 1800°C), IrRh thermocouple {measurable range: 1100 to
2000°C) and the like. Generally, the site is immediately
behind a position where the raw material powder is fused and
sphered by flame temperature and the raw materizl powder and
the spherical powder float. By supplying at least cne of
oxygen gas and water vapor to the site, stainless steel
particles and iron particles not only become easy to be heated,
but can sufficiently contact at least cne ¢f oxygen gas and
water vapor. As a result, the number of the magnetic colored
particles of no less than 45 pm in diameter can be surely
reduced and the number of particles that are oxidized down to
a central portion thereof can be increased. If an ambient
temperature of & site where at least one of oxygen gas and
water vapor is supplied is lower than i600°C, the
abovementioned action becomes less effective, whereas if the
ambient temperature exceeds 1800°C, the oxygen gas is consumed
in a combustion reaction and does not contribute to
oxidization of the magnetic particles, and water vapor lowers
the temperature of the flame and may inhibit fusing and
sphering of the raw material powder. A preferable ambient

temperature is in the range of 1700 to 1800°C. It should be
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noted that, supply of air or nitrogen gas cannot sufficiently
oxidize the stainless steel particle and the iron particles.

Patent Document 2 discloses a method of heating granular
silica powder in the atmosphere at a temperature of 700 to
1500°C, thereby oxidizing metal particles in the granular
silica powder. However, in this method, there is a problem in
that a silica powder is fused and aggregated as a result of
heating &t a high temperature,.not all metal particles buried
in the silica powder are oxidized, and only a superficial
layer thereof is oxidized. This is proven by a color reaction
test of a powder prepared according to Examples 1 to 3 of
Patent Document 2, where a proportion of a number of magnetic
colored particles of no less than 45 pm in diameter was about
40 to 70% with respect to a total number of the magnetic
colored particles of ne less than 45 pm in diameter and
magnetic non-colored particles of no less than 45 pm in
diameter.

I1f a supplied amount of at least one of oxygen gas and
water vapor is smaller than 0.3 m’ per 1 kg of the raw material
powder, the abovementioned action becomes less effective since
the stainless steel particles and the iron particles cannot
sufficiently contact at least one cf oxygen gas and water
vapor, whereas 1f the supplied amount exceeds 0.6 m?, fusing
and sphering of the raw material powder may be inhibited. A
preferable supplied amount of at least one of oxygen gas and

3

water vapor 1s in the range of 0.4 to 0.5 m” per 1 kg of the

raw material powder.
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09 L3 360 OE/0 91 Type of raw material powder Average particle dianeter
of raw material powder (gn) Anmount of raw material powder injected to
flame (kg/ hr) Oxygen carrier gas Row rate (Ins/hr) Propane gas Oxygen gas
W5J, Total flowrate of 4 sites (Insihr) Ratio of raw material powder
(ma/ kg) Anbient tenperature in furnate (C) Supply angle (5) Peripheral
speed of rotary valve lints) Nunber of magnetic colored particles of no
| ess than 45Tgnmsuppllianet Bxadtpemnddgpxyunbess odndagnetd apom- col or ed
particles of no less than 45 pmin dianeter (Per 50 g) Total nunber of
magnet itowealdeed 1pasti 6hesriant-amg ndtiiec whemr<cahoseidi gar tialresaafurro | ess
than 45 amin dianeter (per 50 Q)

is in the range of 1600 to 1800°C, at an angle of 60° to 90°

with respect to an injection direction of the raw material

powder, a supply tube of at least one of oxygen gas and water

vapor ¢an ke attached to the furnaceée body at an adjusted angle.

If a supply angle is cutside of the abovementioned range, the

stainless steel particles and the iron particles cannot

sufficiently contact at least one of oxygen gas and water

vapor, and the abovementioned action may become less effective.

A supply angle is preferably in a range of 7C° to 90°,

particularly preferably 90° (at a right-angle), with respect

to an injection directicon of the raw material powder.

A supply tube of at least one of oxygen gas and water

vapor is instaliled at least in one site inside the furnace

body, and preferably installed at four sites so that straight

lines connecting opposing sites are orthogonal to each other.

By thus installing the supply tube, the stainless steel

particles and the iron particles can sufficiently contact at

least one of oxygen gas and water vapor. As a result, the

number of the magnetic colcred particles of no less than 45 pm

in diameter can be reduced and the number of particles that

are oxidized down to a central portion thereof can be

increased. More preferably, tThe supply tube is provided at 4

locations in each circumference on planes at a position spaced

50 cm above and below this installation position, i.e. at a

total of 12 sites. This makes it easy to supply at least one
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Proportion of nunber of nagnet ic colored particles of no less than 45 inn
in dianeter (Se) Proportion of nunber of particles oxidized down to
central portion (% Average particle dianeter of spherical silica powder
and spherical ! alum na powder gun) Average sphericity of spherical silica
powder and spherical alum na powder (-) Nunber of short circuit failures
in sem conductor (per 30 sem conductor) Average of maxi mumwre

def or matd eryyehuges (& water Rleaare fror Bi ngtgashéteoven atmoiEnt, /hr) C " &

..c4t ssE
temperature is in the range of 160C to 1800°C, and therefore
the stainless steel particles and the iron particles can
further sufficiently contact ,at ieast one of oxygen gas and
water wvapor.

The manufacturing method of the present invention has a
second requirement of, between fusing and sphering of the raw
material powder and collecting thereof, in a site whe:e at
least the raw material powder and the sphericél powder contact
at least one of stainless steel and iron, making a relative
veloéity therebetween no greater than 5 m/s.

The relative velocity used herein is, in a case where a
constituent member of the device is immobile, such as a fixed
pipe, a traveling velocity of at least one of the raw material
powder and the spherical powder (for example, airflow transfer
velocity and fall velocity thereof}, and, in a case where the
powder is immobile, such as a spherical powder stored in a
collection device, a traveling veleocity of a constituent
member of the device (for example, a sliding velocity of a
slide plate and a peripheral speed of rotary valve). The
relative velocity regulated in the present invention 1s a
relative velocity between at least one of a raw material
powder and a spherical powder and at least one of stainless
steel and iron, which is no greater than 5 m/s. If the
relative velocity exceeds 5 m/s, at least one of stainless
steel and the iron is abraded and there is a risk of magnetic

colored particles of no less than 45> um in diameter being
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mixed in the powder and of oxidized magnetic non-colored
particles being broken and again becoming magnetic colored
particles. A relative velocity in the site is preferably no
greater than 4 m/s, and more preferably no greater than 3 m/s.
In a éite where the relative velocity exceeds 5 m/s, at least
one ¢f the stainless steel and the iron should not be exposed
and is to be lined with a nonmetallic material such as alumina,
natural rubber, urethane and the like.

A resin composition acceording fo the present invention is
deszscribed hereinafterh

The resin compesition of the present invention includes a
resin and the powder of the present invention. The content of
the powder in the resin composition is préferably 10 to 95% hy
mass, and more preferably 40 to 93% by mass. As the resin,
epoxy resin, silicone resin, phenol resin, melamine resin,
urea resin, unsaturated polyester, fluorine resin, a polyamide
such as polyimide, polyamide-imide and polyetherimide,
polyester such as polybutylene terephthalate and polyethylene
terephthalate, polyphenylene sulfide, aromatic polyester,
polysulfone, liguid crystal polymer, polyether sulfone,
polycarbeonate, maleimide-modified resin, ABS resin, AAS
(acrylonitrile-acrylic rubber styrene) resin, AES
(acrylonitrile ethylene propylene diene rubber-styrene) resin
and the like can be exemplified.

Among these, the resin in the resin composition used for
a semiconductor sealant is preferably epoxy resin having no

less than 2 epoxy groups in one molecule, such as: phenolic
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novclac-type epoxy resin, ortho crescl novolac-type epoxy
resin, epoxidized novolac resin of phenols and aldehydes,
glycidyl ether such as bisphencl-2, bisphenol-F, bisphenol-S
and the like, glycidyl ester acid epoxy resin cbtained by a
reaction of polybasic acid such as phthalic acid and dimer
acid with epecchlorohydrin, linear aliphatic epoxy resin,
alicyclic epoxy resin, heterocyclic epoxy resin, alkyl-
modified polyfunctional epoxy resin, p-naphthol novolac-type
epoxy resin, 1,6-dihydroxynaphthalene-type époxy resin, 2,7-
dihydroxynaphthalene-type epoxy resin, bishydroxy biphenyl-
type epoxy resin, and epoxy resin into which a halogen such as
bromine is introduced for flame retardancy. From the viewpoint
of humidity resistance and reflow scldering resistance, ortho
cresol novolac-type epoxy resin, bishydroxy biphenyl-type
epoxy resin, epoxy resin of naphthalene framework and the like
are preferable.

| The resin compositicn being an epoxy resin composition
includes a curing agent for epoxy resin, or a curing agent for
epoxy resin with a curing accelerating agent for epoxy resin.
As the curing agent for epoxy resin, a novelac—type resin
obtained by reaction of one or a mixture of at least two
selected from a group of: phencl; cresol; xylenol; resorcinol;
chlorophenel; t-butylphenol; nenylphenol; isopropylphenol;
octyl phenol; and the like with formaldehyde, paraformaldehyde
or paraxylene under an oxidation catalyst,
polyparahydroxystyrene resin, a bisphenol compound such as

bisphenol-A and bisphencl-3, trifuncticnal phenocl such as
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pyrogallcl and phloroglucineol, an acid anhydride such as
maleic anhydride, phthalic anhydride and pyromellitic
anhydride, an aromatic amine such as metaphenylenediamine,
diaminodiphenylmethane, diaminodiphenylsulfone can be
exemplified. In order to accelerate reaction of epoxy resin
with a curing agent, the abovementicned curing accelerating
agent such as triphenylphosphine, benzyldimethylamine, and 2-
methylimidazele is preferably used.

The resin composition of the present invention can
further include the following components as necessary:

a rubber-like material such as silicon rubber,
polysulfide rubber, acrylic rubber, butadiene rubber, styrene
block copolymer and saturated elastomer, various thermoplastic
resins, a resin-like material such as silicone resin, epoxy
resin cor phencl resin partially or fully modiﬁied by amino
silicone, epoxy silicone, alkoxy silicone and the like as a
stress lowering agent;

epoxy silane such as y-glycidoxypropyltrimethoxysilane
and p-(3,4-epoxyeyclchexyl)ethyltrimethoxysilane, amino silane
such as aminopropyliriethoxysilane,
ureidopropyltriethoxysilane and N-
phenylaminopropyltrimethoxysilane, a hydrophobic silane
compound such as phenyltrimethoxysilane,
methyltrimethoxysilane and octadecyltrimethoxysilane,
mercaptosilane and the like as a silane coupling agent;

a Zr chelate, titanate coupling agent, aluminum coupling

agent and the like as a surface preparation agent;
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Sbh203, Sb204, S$b205 and the like as z flame-retardant
assistant; halogenated epoxy resin, a phosphorous compound and
the like as a flame retardant;

carbon black, iron oxide, dye, pigment and the like as a
coloring agent; and

natural wax, synthetic wax, metal salt of straight-chain
fatty acid, acid amide, esters, paraffin and the like as a
parting agent.

The resin composition of the present inventicn can be
manufactured by blending a predetermined amount of the
abovementioned materials by way of a blender, a Henschel mixer
or the like, kneading the mixture by way of a heating roller,
a kneader, single screw or twin screw extruding machine or the

like, coeling, and pulverizing.

EXAMPLES

Examples 1 te 7, Comparative Examples 1 to 9

A commercially . available crystalline silica powder S1
(average particle diameter 26 um}, S22 (average particle
diameter 5 um), S3 (average particle diameter 45 um), an
alumina powder Al (average particle diameter 31 um), A2
(average particle diameter 3 pm), and A3 {average particle
diameter 51 um) were prepared as shown in Table 1 were
provided. Each of these raw material powders was fused and
sphered in a flame under the manufacturing conditions shown in
Tables 2 and 3, thereby cobtaining varicus spherical silica

powders and spherical alumina powders.
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The device used was a device disclosed in FIG. 1 of
Japanese Unexamined Patent Application Publication No. H1l-
57451 with the following improvement. .The device used in
Comparative Example 9 was the device without the following
improvement.

i) A supply tube of at least one of oxygen gas and water
vapor was provided in concyclic sites in a furnace body where
an ambient temperature measured by a B-type thermocouple was
1500°C, 1600°C, 1700°C, 1800°C or 1900°C, at 30°, -60°, 90° or
120° with respect to-an injection direction of the raw
material powder (downward direction in FIG. 1 of Japanese
Unexamined Patent Application Publication No. H11-57451) by

.adjusting with a bearing. The supply tubes were installed in
four sites so that straight lines connecting opposing sites
were orthogonal to each other.

1i) A site of contact with a powder of a burner is made
of an alumina tube, and an alumina brick was applied on an
interior wall of the furnace body.

1ii} Sites where a relative velocity between a powder and
at least one of stainless steel and iron was greater than 5
m/s, more specifically an exhaust channel opening (9), a
primary powder retrieval opening (10), and a secondary powder
retrieval opening {11) in FIG. 1 of Japanese Unexamined Patent
Application Publication No. HIL1-57451, were lined with alumina.
In addition, a secondary powder retrieval device bag filter
(12) was lined with natural rubber.

iv) A peripheral speed of a rotary valve made of
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stainless 3SUS304, provided in an outlet of the secondary
powder retrieval opening, was adjusted to be in the range of 1
to 18 m/s. It should be noted that, in the following test, the
primary powder retrieval opening was closed and not used, and
all thé powder was retrieved from the secondary powder
retrieval opening.

At least one of oxygen gas and water vaper was supplied
egually from the four supply tubes at a rate of 0 to 1.0 m’ per
1 kg of the raw material powder in total. The temperature cf
the oxygen gas was 20°C and the temperature of the water vapor
was 105 te 110°C. A supplied amount of the raw material powder
was 100 to 170 kg/hr. Propane gas and oxygen gas were used in
forming a fiame. The maximum temperature of the flame was
about 2000 to 2100°C, which is higher than the fusing point of
alumina.

A number of magnetic cclored particles of no less than 45
pm in diameter, a number of magnetic non-coclored particles of
no less than 45 pm in diameter, and a number of magnetic non-
colored particles that were oxidized down to a central portion
thereof, in at least one of a spherical silica powder and a
spherical alumina powder that was collected, were counted. In
addition, average sphericity aﬁd average particle diameter of
" the spherical silica powder and the spherical alumina powder
were measured. Results thereof are shown in Tables 1 and 2.
Amorphous rate of the spherical silica powder was no less than
99% by mass in all cases.

In order to evaluate characteristics of the spherical
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silica powder and the spherical alumina powder as a filler for
a semiconductor sealant, the following test was conducted.
Results thereof are shown in Tables 1 and 2.
Manufacture of Semiconductor Sealant Tablet

To 87.8 parts (by mass) of each powder, 5.9 parts of
biphenyl-type epoxy resin (¥YX=-4000H manufactured by Japan
Epoxy Resins Co., Ltd.), 5.1 parts of phenclaralkyl resin
(XLC-LL manufactured by Mitsui Chemicals, Inc.), 0.Z parts of
triphenylphosphine, 0.6 parts of mercaptosilane coupling agent,
0.1 parts of carbon black, and 0.3 parts of carnauba wax were
added and dryblended by way of a Henschel mixer, and heated
and kneaded by way of a co-rotating intermeshing twin screw
extruding and kneading machine (screw diameter D = 25 mm,
kneading disk length of 10D mm, paddle revolution speed of 50
to 120 rpm, 2.5 kg/hr discharge rate, and kneaded product
temperature of 99 to 100°C). The kneaded product ﬁas pressed
by a pressing machine and cooled, pulverized and tableted,
thereby manufacturing a.semiconductor sealant tablet (17 mm in
‘diameter, 32 mm H). Number of shortL c¢ircuit failure in a
semiconductor was evaluated as described in the following. In
order to avoid commingling of magnetic particles from a
facility and an apparatus for manufacturing the semiconductor
sealant, all sites conftacting the material were formed of any
one of alumina, tungsten carbide, and urethane.
Measurement of Number of Short Circuit Failure in
Semiconductor

A semiconductor device of 8 mm x 8 mmm x 0.3 mm in size
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was placed on a BGA substrate via a die attach film and
connected with the substrate by a gold wire, then a
semiconductor sealant tablet was molded into a package size of
38 mm x 38 mm x 1.0 mm using a transfer molding machine aﬁd
post-~cured at 175°C for 8 hours, thereby manufacturing a BGA
semiconductor. The diameter of the gold wire was 20 um, the
pitch thereof was 80 um, and the clearance therebetween was 60.
pm. Thirty semiconductors were manufactured using the same
semiconductor sealant tablet and the number of semiconductors
with short circuit failure was counted.
Wire Deformation Volume of Semiconducter

The gold wire in the BGA semiconductor manufactured above
was observed by a soft X-ray transmission device, the maximum
gold wire sweep distance due to packaging was measured for the
30 semiconductors, and then an average value thereof was

obtained as the wire deformation volume.

Table 1
. Crystalline | Crystalline | Crystalline | Alumina Alumina Alumina
Raw material powder silicaS1 | silicaS2 | silica S8 Al A2 A3
Average particle diameter of raw material powder 26 5 45 31 3 51
. Number of magnetic colored particles of no less =
than 45 um in diameter (per 50 g) 34 4 89 41 54 38
Number of magnetic non-colored particles of no 0 0 0 0 0 0
less than 45 pm in diameter (per 50 g)
Total number of magnetic colored particles and
magunetic non-colored particles of no less than 45 34 45 39 41 54 38
um in diameter (per 50 g)
Proportion of mummber of magnetic colored
particles of no less than 45 pm in diameter %) 100 100 160 100 100 100
Proportion of number of particles oxidized down to 0 0 o 0 o a
central portion. (%)
Table 2
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Ls was apparent from a comparison between Examples and

Comparative Examples,



Oxygen gas adifj, Total flowrate of 4 sites (ne/hr) Ratio of raw materi al
powder (an/kg) 1 Anbient tenperature in furnace (C) Supply angle (a)
Peri pheral speed of rotary valve (ms) Number of magnetic col ored
particles of no less than 45 pmin di ameter (per 60 g) Number of magnetic
non-col ored particles of no | ess than™45 pmin diameter (per 50 g) Total
nunber of magnetic colored particles and magneti ¢ non-col ored particles of
no | essld¢dmn e @M ithedspretecal peel inh gowdeapantli ohe ofpimendyerl of nmagneti c
colored particles of no less than 45 pmin dianeter (% Proportion of
nunber afurpard ipciwele roxirdizedp deyent oircentiriain ponl Honub Yhavierldge particle
di aneter of spherical silica powder and spherical alum na powder (pm F.
Aver agerspimer itdiet ywobegphér sgatt stinwoa tpdedéurandnspheeatad al um na powder
O Nunber of short circuit failures in sem conductor (per 80 sem conductor)
Aver ages st qmxivmmrwi gl defaor neteisen ovel ofethenypherical silica

powder and the spherical alumina powder of the present

invention, a semiconductor sealant that is preferably used in

a semiconductor of a smaller size and higher density can be

provided.

INDUSTRIAL APPLICABILITY

The powder of the present invention composed of at least
one of a spherical silica powder and a spherical alumina
powder can be used as a semiconductor sealant used in an
automcbhile, portable electronic device, personal computer,
household appliance and the like, and as a filler for a
laminated plate on which a semiconductor is mounted. The resin
composition of the present invention can be used not only as a
semiconductor sealant, but in manufacturing a prepreg for a
printed substrate, various engineering plastics and the like,
by impregnating a glass woven fabric, glass nonwoven fabric,
and other Qrgaﬁic base materials with the resin, and then

curing the resin.
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What is claimed is:

1. A powder comprising at least one of a spherical silica
powder and a spherical alumina powder, wherein a proportion of
a number of magnetic colored particles of no léss than 45 Jam
in diameter is no greater than 20% with respect to a total
number of the magnetic colored particles of no less than 45 um
in diameter and magnetic non-colored particles of no iess than
45 pm in diameter, in a case where a color reaction test is
conducted, the color reaction test including steps of:

(1) preparing a slurry, by way of precisely weighing 50 g
of a powder sample and dispersing the powder sample in 800 g
of ion—exchanged water;

(2) obtaining the total number of the magnetic colored
particles of no less than 45 um in diameter and magnetic non-
colored particles of no less than 45 pm in diameter, by way of
capturing magnetic particles by immersing a bar magnet of
10000 gauss covered by a rubber cover of 20 um thickness in
the slurry, sifting the magnetic particles with a polyester
filter of 45-pm mesh size, counting a number of the particles
remaining on the filter; and

(3) wetting the particles by way of dripping 0.5 ml of a
mixed solution comprising equal parts of 10% by mass
hydrochloric acid water solution, 0% by mass propylene glycel
water solution, and 0.5% by mass potassium ferricyanide water
solution, on the particles on the filter at a room tenperature

of 20°C, then leaving to stand for 20 minutes, counting a
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32 least one of the spherical silica powder and the spherical alum na
powder of the present invention could substantially reduce the nunber of
short circuit failure in a sealed sem conductor. Wth at |east one of the
spherical silica powder and the sphegjcal alum na powder of the present

i nvention, a sem conductor sealant that is preferably used in a

sem conductor of a snmaller size and higher density can be provided.

| NDUSTRuAkeAPPE| GABE Lt T8s thus coleregowndekhef madeshreswntoriedvent i on
conposed of at |east one of a spherical silica powder and a spherical

al uni n@apowdérscaf he lewdl dwsra Semiconddépbeteral i apsed sk 1aa
autonobi | e, portable el ectronic device, personal_ conputer, household

appl i afce amdeeheipikef dml g ofl epoheEia Faherd qbplistesoftnhi ch a
sem conductor is nmounted. The resin conposition of the present invention
can bengsdgsaothan! §° asm al s ehiagwii@ic PEES§BAl 8RPII PRI Yfanuf act uring a
prepreg for a printed substrate, various engineering plastics and the

| i ke, Byprichpiegnafi ig eyt dde e &Br PéangFas PSRBT &b i ¢, and
ot her organic base materials with the resin, and then curing the resin.
33 What(Nugbgraphedag8etic APAusst Pesiprilséenglabol €331 Y 04% & pheri cal
silica powder and a spherical_ alum na powder, wherejn a pro Qrgion of a
nunber 9gRTREGHet i c1BI Or BtP ey t1#ss 6F REIPeksct Aahe s Fit Sdtneter is
no greater than 20%w th respect. to a total nunber of the na% etic col ored
par ti clods 1gf Lf§S| BRBaNt harnt 5 hritiapredicanerer "AHa° rhg et EHdt=Eol or ed
particles of _no less than 45 pmin dianeter, in case where a color
reacti@ﬁrFé§9er°goﬂﬂu%?%%,tﬁ%ﬂa%ﬁﬂHﬂ'lPe&&FPSHngst i ncl udi ng steps of:
(1) preparing a slurry, by way of precisely weighing 50 g of a powder
sanpl e and di spersing the powder sanple in 800 g of ion-exchanged water;
(2) obtaining the total nunber of the nagneti.c colored particles of no

| ess t Kan 45%Bﬁ1?ﬁw st ﬁﬁgﬁZFﬂ@ EOnW%%f%?%J%E%f¥F%ngO§f no | ess
than 45 pmin dianete by way .of capturing nagpetic,parti.cles by

i mer sithg EaSE?tﬁﬁgﬁgiéﬁﬁgl ‘aﬁﬁégfggﬁeggasbgg%nr% beér Cover of 20 pm

thickness in the slurr sifting the magnetic particles wwth a pol yester
filterdgﬁmfgﬁﬁn%ﬁegﬂ %¥%%Fe%dﬂ% |ﬁgpgrn%@bgf of the particles remaining on
the filter; and (3) wetting the particles by way of dripping 0.5

m of a m xed solution conprising equal parts of 10% by mass hydrochloric

aci d vater selut)on,. 5090y, 955 By opylene glysol . 4el oy selaiieny and 0. 5%

by mass ‘potasSsiu erricyani ter solution, on the particles on the
filter r then yeavi,kg, t o) stand, f,or 201 nut es,
countiﬁ%&%%ﬁugggg&g?ﬁﬁﬁﬁég%g)8£§§Q%L&ﬁ%r 5?’partig%es_thus colorgﬁlas t he
magnet i;¢, %qla%%%grpgﬁﬁlﬁél%%e@%c -89 dehan 42 Penkl diaiBtflss angn

cal cul ating the proportion of the nunber OP magneti c col ored particles of
no | ess .t hani45.pay.Lo.di et o1 IaSaNt1ANDRG pRgNebi ¢, particles of no less
than 4 Sp%?iﬁ dianete? by an é%uation (Nunberggf nag%etic col ored
particles of no less than 45 pmin dianmeter) x 100 / (Total nunber of
magneti c colored particles of no | ess than 45 min dianmeter and nagnetic

non- colored paktclg@s, ofcMo-d 88 dhamASnRMoiencdh Rt erde 3,2 whEhe ipowder
according to claim1, wherein the nunber of the nagnetic col ored particles

of no lesscbhanidd BM hMEhedrter dariieeakenitBanadwpero 0 g. 3. The
powder according to claim1l or 2, wherein the total nunber of the nagnetic
col or ed pahhiChes+0hnNent 885t tham A5 B ithadi 08l eEnangrspgnetdrc

non-col ored particles of no less than 45 pmin dianeter is no greater than
50 per 1RQng cadculBecRONEEEr aCkOr€h NG tra =ty coneecot Bl apaBrdrriingd,a wherein
a proportion of a nunmber of particles oxidized down to a central portion
thereofsdep R@:l €ss than 60% the proportion being calculated after the
color reaction test by performng a step of: (4) selecting
magneti ¢ non-{aol geedcpard i6d @5 thayimeg-adaredcherdi abes draafrteera t he col or
reaction test of no |l ess than 45 pm enbeddi ng with epoxy resin, curing,
cutti ngpaand -RPY0Q1546t EDKKFEOP7)he color reaction test of no less

than 45 pm, embedding with epoxy resin, curing, cutting and
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35 polishing to expose a cross-section of the particle, analyzing for the
exi stence of oxygen in a center of the cross-section using :
ener gy-di spersive X-ray spectroscopy (EDS), counting a number of particles
in which oxygen is detected in the ceater of the cross-section thereof as
a nunber of particles oxidized dowmn to a central portion thereof, and

cal cul ating the proportion of the nunber of particles oxidized down to the
cent r alpqparsthiioy ttherspbsprasents armg: iag edt itbenpar cot by .edipamzicides of no
| ess than 45 pmin dianeter by an equation (Nunber of particles oxidized
down t e déwt calispenteont t eywof )i al@@ntefNafbehe of r presgreetdtc omon- col or ed
particles of no less than 45 min dianeter), wherei n anal ysi s

condi t iwrisxofenehgyEDSsaeesive cbteratdneg tvolscagy ¢FP1b kaguritingrianat i on
current of 10 nA, magnification of 2000 tinmes, elapsed time for each pixel
of 100 madsr pitxekhrsizéesfin. hipmh squdcs, igndeppgedd cburithofceZB86x 256

pi xels. 5. The powder according to claim4, wherein the proportion of the
nunber ot tar cirelbessext 8Pz ethenat ta @ CeMbesl ofoPif bhCtHeredcitasat i s
calculated in step (4) is no less than 70% 6. The powder according to
any ondlaf doaignsenrtral spopkhrei Matie howder CRASUART B@ridge sphericity of
no |l ess than 0.75 and an average particle dianeter in a range of 3 to 50
pm 7 PrRuvERdPacPlr FRY ekl Of REPowdEs eshsideindedt W@ YEast one of a
spherical silica powder and a spherical alum na PU001516( DKKF-007) 36
powder CBHEri FPAG AN pFBRERRL FIL IR FMAnT F481Chhe B FE IG5 raw

mat eri al powder and an_al um na raw materi al powder by a flanme forned

i nsi de RRF &S OTsPRet PR, ERFAMST &1 itfy HET6GEE BE FF THE T Whace, and
col l ecting_a spherical powder, . wherein the process, i ncl udes steps
of : supPl¥bsy 6f3rest6c6° el oFdiAed s &ﬁ’eaof:eﬂii{}g%rp%’érsl%d wat er vapor
per 1 kg of a raw matzrial owder to at | east one ar itrary site inside

t he fur%ﬁ&@%ef‘elgﬂ mbY et i diafiite 9 LOPRC]IPRRYEL T L 166 ©F 1800C,
at an angl.e of 60 to_90 with respect to an injection direction of the raw
mat eri ai° dﬁ\ﬁﬂ’elt?‘aﬁngf’ B L0 ‘Bje‘i‘r@é%eﬂ‘)f’usi ng and sphering of the raw

mat eri al powdgr and coliecli ng t _spherifc%g p ﬁgerf ina ortitorI11 wher e at
| east one of "t'AESFHAW Wt €13l e and 1t esg rfcal Powder °co

C powder confgact at

| east one of stainlLess steel and iron, making.a.relative velocity -

t her eb(ﬁo%écéir?en(?%g?gagif fﬁgwmsn%’llsqn G %ﬁfn&Pag‘guﬁﬁ?’\%mrre]ﬁadt&o&ccor di ng
to clai , rein th owder. consi st | f..at lea o] f a heri cal
silica Op@o%gg}e{ngﬁaleg’s%ﬁ%gls%alt% eurrntls':)nra epaomdgjrlxlgé} ﬁefg%v\ﬂ%&a cé? ing to

any oneof, elaTs 110,89 A LSS GARASI 986C9TPEL SiAg fhe povder
according t 6 any “ofe of“¢faf ng' 1 '6™6.

5. The powder according to claim 4, wherein the proportion
of the number of particles oxidized down to a central portion

thereof that is calculated in step (4) is no less than 70%.

6. The powder according to any one of claims 1 to 5, wherein
the powder has an average sphericity of no less than 0.75 and

an average particle diameter in a range of 3 to 50 um.

7. A manufacturing method of a powder consisting of at least

one of a spherical silica powder and a spherical alumina
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powder, comprising & process of fusing at least one of a
silica raw material powder and an alumina raw material powder
by a flame formed inside a furnace, sphering, transferring to
outside of the furnace, and colilecting a spherical powder,

wherein the process includes steps of: supplying 0.3 to
0.6 m° of at least one of oxygen gas and water wvapor per 1 kg
of a raw material powder to at least one arbitrary site inside
the furnace where an ambient temperature is in a range of 1600
to 1800°C, at an angle of 60° to 9C° with respect to an
injection direction of the raw material powder; and

between fusing and sphering of the raw material powder
and collecting the spherical powder, in a portion where at
least one of the raw material powder and the spherical powder
contact at least one of stainless steel and iron, making a

relative velocity therebetween no greater than 5 m/s.

8. The manufacturing method according to claim 7, wherein
the powder consisting of at least one of a spherical silica
powder and a spherical alumina powder is the powder according

to any one of claims 1 to 6.

9. A resin composition comprising the powder according to

any one cof claims 1 to 6.
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