1 .DESCRI PTI ON SI LI CA PONDER, PROCESS FOR | TS PRODUCTI QN, AND COVPQCSI TI ON
EMPLOYING I T 5 TECHNI CAL FI ELD The present invention relates to a silica
‘powder, a process for its production, and a conposition enploying it. 10
BACKGROUND ART In recent years, to nmeet flequirenments for downsizing, weight

saving and high performance of ele i I prents, downsi zi ng, reduction
in thickness and reduction in pitcﬁkgﬁﬂﬁgﬂﬁggkductor packages are rapidly

in progress. Further, the nounting nethod tends to be mainly surface
nmounti ng whereby high density nmounting 15 is easy. Under such circunstances,
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(hereinafter referred to as a "sealing material"), and it is required to

further inprove the sol dering heat EMPLEYNGIT noi sture resistance, | ow

t hermal expansi on and el ectrical insulating properties. In order to satisfy
such 5requi rements, nethods have been proposed such that the variation
coeffici grcCHNICAE F2ELDarticle size distribution of a silica powder is nmade
to be at nost 10%to nake the particle size distribution sharp (Patent
Docunent 1), Theeprgseat invehiiomtelatesttod siicdpowdgr, @ paess frdatssproductiorgtandeast
45 mis made to be fromO0.75 to 1.0 thereby to increase the sphericity in

t he coar secgopdsition egipoyin®ét ent Docunment 2), and a spherical fine silica
powder having an average particle size of fromabout 0.1 to 1 pmis added in
a small 25 anount (Patent Docunent 3), and it has been attenpted to inprove

the f| L ki ti f th K terial. Ho ,
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powder which is excellent in flowability and packing properties and | ess
| i kel y t onbomtingamittaxiteadd tovbeahainty swwfane mabhtng eherdlsy pbighdlertsitymaintimg
sealing material, a process for its production, and a
15 is easy. Under such circumstances, high performance is required also for a sealing
material for semiconductors (hereinafter referred to as a “sealing material’}), and it is
required to further improve the soldering heat resistance, moisture resistance, low
thermal expansion and electrical insulating properties. In order to satisfy such
requirements, methods have been proposed such that the variation coefficient of the
20 particle size distribution of a silica powder is made to be at most 10% to make the
particle size distribution sharp (Patent Document 1), the sphericity of particles having a
particle size of at least 45 pm is made to be from 0.75 to 1.0 thereby to increase the
sphericity in the coarse powder region (Patent Document 2), and a spherical fine silica
powder having an average particle size of from about 0.1 to 1 um is added in a small
25 amount (Patent Document 3), and it has been attempted to improve the flowability and
packing properties of the sealing material. However, such properties have been
improved so much that there has been a problem of formation of a flash, such that a
sealing material is likely to flow out from an air bent portion of a mold during molding.
Patent Document 1: JP-A-11-124504
30 Patent Document 2: JP-A-2004-123849

Patent Document 3: JP-A-5-239321



conposition of a rubber and/or a resin enploying it, particularly a sealing
material for sem conductors. MEANS TO ACCOWPLI SH THE OBJECT 10 The present
‘invention provides a silica powder containing an ultrafine powder in an

anmount of from 0.1 to 20 mass% and havi ng an average sphericity of at |east
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average Rp#siEcT S| Aebql\fﬁ?g?ﬁ@@ P THE Nq-@@nt ent of particles having

a particle size of at nos nm 15 being [ ess than 10 mass% (not i ncl udi ng

0 mass% and |gjscnbbjett 6f thePrbsshtarveRione Spﬁovna@ré 5ifit & pdivgier ahedeidi ng 100 nm
and not exceeding 150 nmbeing from 10 to 50 mass% In the present

I nvent i oexceltentpafibwabiitysane packiagiproperties ahdtlass kkély tafqowned dash andrvedien abl y
such that it has an average particle size of from5 to 50 pm as neasured by
a | asér ds seitahle farthe puedestionpofmsealitigematerial, i pracesatfoits presluigtiomeand a
apparatus and has a 20 nulti-peak particle size distribution with at | east
t wo peak§9mﬁ@|‘t@r‘n°ft4181br?®(iaﬁﬂfﬁr\ﬁafw 8Mploying i p@@gulairly apealing ’Haﬁeéi'ﬁb@fof
from3 to 15 g@}] nd the maxi mum val ue of a second peak is within a range
of from 5§M'G CE%S' Further, the present invention provides a process for
producing a silica powder, which conprises spraying a silica powder

material to a high tenperature zone of at 25 least 1,750C forned by a

burner foueARE TO ARCORNDLISMEHE ORUke T gh tenperature zone is fornmed in a
range of fromthe forward end of the burner to 3.0-4.5 mtherefrom and to

such 1g hi gh tFEHepredlent invention povided & &ilieavstavdeTaiontaifingcaniidrafing gotvderird. 05
to 10 mass% of a metal silicon powder is sprayed. The silica powder
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product of natural silica stone containing fromO0.05 to 10 nmass% of a net al
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such a silica powder incorporated in at |east one
In the present invention, the particle size constitution of the silica powder is
preferably such that it has an average particle size of from 5 to 50 pm as measured by
a laser diffraction scattering particle size distribution measuring apparatus and has a
20 multi-peak particle size distribution with at least two peaks, wherein the maximum
value of a first peak is within a range of from 3 to 15 pm, and the maximum value of a
second peak is within a range of from 20 to 80 ym.
Further, the present invention provides a process for producing a silica powder,
which comprises spraying a silica powder material to a high temperature zone of at
25 least 1,750°C formed by a burner for heat treatment, wherein the high temperature
zone is formed in a range of from the forward end of the burner to 3.0-4.5 m therefrom,
and to such a high temperature zone, a silica powder material containing from 0.05 to
10 mass% of a metal silicon powder is sprayed.
The silica powder material to be used in the present invention, is preferably a
30 pulverized product of natural silica stone containing from 0.05 to 10 mass% of a metal
silicon powder.

Further, the present invention provides a composition having the silica powder of



lo.of a rubber and a resin, particularly a sealing material. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The silica powder of the present invention
-contains an ultrafine powder in an amount of fromO0.1 to 20 nmass% The
ultrafine powder in the silica powder of 3the 15 present invention is
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di stri butg f IRibberang fRRGs at us, the average particle size is from 150 to
250 nm and the content of particles having a particle size of at nost 100

nmis | ess thRumHd tess¥sénthventis prbvidesta BBalTY marshidl headwst et  of

particles having a particle size exceeding 100 20 nm and not exceedi ng 150
nmis fr@onibsitorbf tegeésertridvertionswherdn tife masin isean epoxyheesircont ent of such
an ultrafine powder is less than 0.1 mass% the effect to reduce a flash
tends5to be hardly obtainable. On the other hand, if it exceeds 20 mass%
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the effect to reduce a flash decreases although 30 the flowability and

packiing @fepeibbeeandayresin, ipaptiooNaty a Scplief arat@dhlaver age particle size of
the ultrafine powder is from170 to 210 nm Further, if the content of
particles having a particle size of at nbst 100 nm and the content of

particl es_ havi n(g a garticl e 4 size exceediEnllg 100 nm and not exceedi ng 150
nm in tRESTMEPE O&QA&BYIMO&H@H@N\( TIPNve- ment i oned ranges,
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flowabi ity an packi ng properties. K pre rredeconten of particles
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preferred content of particles having a particle size exceeding 100 nm and

not exceeaHeparticl® siza rneasiiren bhoa dondioiight Ycafterng pattictd sizeidistribotisyi i t uti on
of the ultrafine powder is automatically neasured by a dynamc |ight

scat t er i mgepsuringcapparaius, the avérageiparticte sizer isritpra partatdsd rirmNamd the eenteot
150" manufactured by N KKISO COQ., LTD.). Asa sanple, a blend of 3 of a
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content of such an ultrafine powder is less than 0.1 mass%, the effect to reduce a flash
tends to be hardly obtainable. On the other hand, if it exceeds 20 mass%, when such
a silica powder is highly packed to e.g. a resin, the viscosity increases to deteriorate
the flowability and packing properties. Particularly preferably, the content of the
25  ultrafine powder is from 1 to 15 mass%.

If the average particle size of the ultrafine powder is less than 150 nm, the melt
viscosity increases thereby to deteriorate the flowability and packing properties,
although the effect to reduce a flash may be obtained. On the other hand, if the
average particle size exceeds 250 nm, the effect to reduce a flash decreases although

30 the flowability and packing properties may be improved. A preferred average particle
size of the ultrafine powder is from 170 to 210 nm. Further, if the content of particles

having a particle size of at most 100 nm and the content of particles having a particle



particles sedinmented, and 20 m of the supernatant was used. The anal ysis of
the 15 particle size distribution was carried out by dividing the particle
size range of from 0.003 to 6.5 pmintog43 sections. As the refractive

i ndex of water, 1.33 was used, and as the refractive index of the silica
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average sphericity is particularly preferably at least 0.90.

The average sphericity is measured as follows. A particle image photographed
by e.g. a stereomicroscope (e.g. “Model SMZ-10", tradename, manufactured by Nikon)
is taken into an image analyzer (e.g. “MacView, tradename, manufactured by

25 Mountech Co., Ltd.), and from the photograph, the projected area (A) and peripheral
length (PM) of a particle are measured. When the area of a perfect circle
corresponding to the peripheral length (PM) is represented by (B), the sphericity of the
particle becomes A/B. Accordingly, when a perfect circle having the same peripheral
length as the peripheral length (PM) of the sample is assumed, PM=2xr, and B=nr?,

30  and accordingly, B=nx(PM/2n)?, and the sphericity of an independent particle will be
represented by sphericity=A/B=Ax4n/(PM)®. Sphericities of optional 200 particles are

thus obtained, and the average value thereof is taken as an average sphericity.



range of fromO0.04 to 2,000 pmby 116 sections with a wwdth of a particle
si ze channel being log (pm=0.04. As the refractive index of water, 1.33
‘was enployed, and as the refractive index of the silica powder, 1.46 was
enpl oyed. 20 The silica powder of the pr 8sent invention is preferably an
anor phous si |4 1t HE ; i 5 t 4 | gh
fenporature, | ios pAFGErBt B1Feepit Rehdipnat iR et Bl 828y o 6

expansi onp Gqfrhi ﬁﬂe‘?éttabhﬁﬁr&me&“tdmpﬁ;%ﬁ&i@@é@@ﬂilx%&eﬁﬁlﬂﬁ]é hRulsigdakng
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r esi st andeequedcypadioly sizealistsbatiare withldt Idest ftwotpgeaksi nThabiseds ti2bpanidld Size
mol d abrasion tends to snmall. For the anorphous ratio, using a powder X-ray
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(=X-ray diffraction intensity of the sanple/X-ray diffraction intensity of
crystial | ipaekingd stomtuiesofdhe silicatpsaydedrisl fadilidatedoanshib becomies pdssibletd highlyd by
the formula of anorphous ratio (%9 =(l -crystalline silica m xed ratio)x100.
5 The si IRk thewldisa powderdo gr®k ei@sin.nvent i on can be produced by the process
of the presen
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a silic@qoWdeTheaaralysi$ obthespanrigiensjze distrilaiten whs carriedhoytbyt dinigergther e
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powder obtained by melting crystalline silica at a high temperature. |t is thereby

possible that the difference in thermal expansion coefficient between the
semiconductor chip and the sealing material becomes small, and there is a merit such
that the soldering heat resistance and moisture resistance will be further increased,

25 and the mold abrasion tends to small. For the amorphous ratio, using a powder X-ray
diffraction apparatus, such as “Model Mini Flex” (manufactured by Rigaku Corporation),
the X-ray diffraction analysis is carried out within such a range that 26 of CuKa-ray is
from 26° to 27.5°, and the amorphous ratio is obtained from the intensity ratio of the
specific diffraction peaks. That is, crystalline silica has a main peak at 26.7°, but

30 amorphous silica does not have such a peak. When amorphous silica and crystalline
silica are present as mixed, the height of the peak at 26.7° corresponding to the

proportion of the crystalline silica is obtainable. Accordingly, from the ratio of the X-



20 -The netal silicon powder to be used in the present invention preferably
has a Si  purity of at least 99.0 mass% nore preferably at |east 99.5
‘mass% Further, the material other than the netal silicon powder in the
silica powder material to be used in t hé present invention nmay, for
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of fromthe forward end of the burner to less than 3 mtherefrom the
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formation of the ultrafine powder tends to be difficult. Besides, the
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enpl oyi ng an alum na protective tube (thickness: 3 mm. In order to elongate
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purity of at least 99.0 mass%, more preferably at least 99.5 mass%.

Further, the material other than the metal silicon powder in the silica powder
material to be used in the present invention may, for example, be a powder of
naturally-produced silica-containing minerals such as natural silica stone, high purity

25 silica sand, quartz, rock crystal, etc., or a high purity silica powder produced by a
synthetic method such as precipitated silica or silica gel. Among them, a puiverized
product of natural silica stone is most preferred in consideration of costs and
availability. With respect to the pulverized product of natural silica stone, ones
pulverized by a pulverizer such as a vibration mill or a ball mill to have various average

30 particle sizes, are commercially available, and a pulverized product of natural silica
stone having a desired average particle size may be suitably selected for use.

The present invention is characterized in that while in the prior ant, the high



N8/ hr, the spraying anount of oxygen gas within a range of from 300 to 500
NnB/ hr, the anmount of external air flowng in wthin a range of from50 to
100 NnB/ hr and the 25 spraying amount of the silica powder material within a
range of from 100 to 250 kg/hr. In the gresent invention, if the content of
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powder to the Silica powder while formng the io ultrafine powder at a high

t enpepat Us éorretebeyoridd Sha frone siee forvave: ehd @i thevbarmebythedgghedmaitedfinen of t he
ultrafine powder can be prevented, and the ultrafine powder can be

nmonodi spgravederitand$ito gndérga grainogrowtit e muchewhesbyt fosmation af theeulvafider i n

the silica powder can be increased_or decreased by the content of the netal
silicon MMEQV tengs tChEe§Fﬂ'¢léba%mdeﬂ'hﬁﬁ?’é‘PPéﬁtWel® gdumaceasnas preasyeed at a

I fi wd | LLi. is d I ned,, i h h

o) el of ReRAAShr & e R ane R A Bl BBy Bl ™ @
; ! | . _ o |
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down {5hr QiigBloGingBHTRILARIRA réfeBtiveMube @ilckméyst 8nff 0. 45 pm whereby the

anount of a powder passing 20 through the nmenbrané filter is nmeasured and

represent ed biy erdpetcelohggte the refionsol farming thirlkigh templeeaturd 2pneivhiche the
ultrafine powder in silica=(the amount of silica powder passed through the
filter/thHempenatore of thei fuimezecepe i deast dpfEA°E4 likein the preaeot ianention,>suchGm) . A
silica powder having a nulti-peak particle size distribution with tw peaks
25 wher eiqparaionigatiad wat by softablyeontreliingbaieonditigns sugh dhatdhg SPsAYIRG om 3

to 15 and . . —
PM 2mount of a flammable gas is increased, the amount of external air flowing into the

20 furnace is reduced, the diameter of the furnace body is reduced, or the spraying
amount of the silica powder material is reduced. For example, it is carried out by
selecting the spraying amount of a flammable gas within a range of from 60 to 100
Nm?hr, the spraying amount of oxygen gas within a range of from 300 to 500 Nm?hr,
the amount of external air flowing in within a range of from 50 to 100 Nm%hr and the

25 spraying amount of the silica powder material within a range of from 100 to 250 kg/hr.

In the present invention, if the content of the metal silicon powder in the silica
powder material is less than 0.05 mass%, the gas phase component (the SiO-
containing gas) formed by evaporation of metal silicon tends to be small, whereby the
content of the ultrafine powder in the silica powder will be less than 0.1 mass%. On

30 the other hand, if the content of the metal silicon powder in the silica powder material
exceeds 10 mass%, formation of the SiO-containing gas increases, whereby the

content of the ultrafine powder in the silica powder will exceed 20 mass%. In each



t he maxi num val ue of the second peak is within a range of from20 to 80 pm
can be produced by prelimnarily preparing silica powlers having particle
'sizes within the respective ranges each containing an ultrafine powder in
an amount of fromO0.1 to 20 mass% in a8cordance with the above-descri bed
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| nvent i Ol A5 BraYbAG LBREH bi (8 ABIIRIIcE oI FBRILIiCh pbRABFhidErial s

i ncor por anmount of from1 ss% i n at eas one of a ru

and a regidm OFfd TGUhass®%., a conposition wherein the resin is an epoxy
resinis suitable as a sealing material. The rubber to be used in the

conposi ti on rMagmpboentsxahet thantbe silica powder@nethe metat sitieore powdiee in thecr y|
r ubber, butyI rubber, ethyl ene-propyl ene rubber or ethylene/vinyl acetate

copol §resilicamavwdar matesial arg, ﬁpn@a@@plaséhoenFed% &ﬁ@o@pn iaod thely contant is

exarrpl e, be a pox resin, con resin, eno sin nmel am ne
resin, a %?@é%@@ﬂ H¥°S$t9 Quﬂ'?éfsu/‘? zﬁ‘%r(? P r?Eletaérmo%F C?ﬁlm@%ﬁ es'Pr'IOtai pol yami de

such as yf’Z'nX' g e VT e R R R e Tt i
sul {1 de. ool LB Ridd: ARG The irdp S afamblA G 8 20
a poly su

pol ymer, et'her one l'ycar onat e a malerm ed resin,

an ABS r eRass% 2t iYraféried ﬁf’b& bh 'u'lt?dfﬁh@rp/dwdé&b@%é%‘ilbé"a%lﬁ)dér@ﬂhllé frmiy MeS
(acrylonitril el ethylenel propyl ene/di ene rubber/styrene) resin. 15 As a resin

for aoseallirafihepdwderdt a highaemperatese roheasng thd Ekmﬂt ifventiepowkie@byups i n
one nolecule is preferred. It may, for exanple, be a phenol novol ac epoxy
resin, agglmamtivessitheoliifine pavader oa@sbewpremete;btamdrtbd uiyaféeopoddei can a
novol ac resin of a phenol with an al deh cidyl ester epoxy resin

obt ai ned hﬁ/m@npémrsﬂﬁi igfthe éwﬁamomdﬂﬁydﬁﬂ cwptqm?@¥ﬁaﬁ yradine pewaer duthe as

ht hal d di d d th N I
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epoxy re% [f'he gmp Wﬁﬁtg i§POXY resin; an al kyl-nodified polyfunctional
epoxy resin; dvol ac epoxy resin; a 1, 6- dihydroxynapht hal ene
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epoxy resin; or an epoxy resin Ing a hal ogen 'such as brom ne

intr oducedanrmeromdsa blend @Mhhné“ @tetheaditadigowler iBraubedtée to ah rlmraédmc
vi ewpoi nt of the noisture resistance or solder reflow resistance, an
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napht hal ene- backbone epoxy resin may, for exanple, be nost preferred.
mass% of the silica powder, which i$ permitted to naturally flow down through a

membrane filter with an aperture of 0.45 um, whereby the amount of a powder passing
20 through the membrane filter is measured and represented by a percentage in the silica
powder (content (%) of the ultrafine powder in silica=(the amount of silica powder
passed through the filter/the amount of silica powder supplied to the measurement) x
100).
A silica powder having a multi-peak particle size distribution with two peaks
25  wherein the maximum value of the first peak is within a range of from 3 to 15 pum, and
the maximum value of the second peak is within a range of from 20 to 80 pum can be
produced by preliminarily preparing silica powders having particle sizes within the
respective ranges each containing an ultrafine powder in an amount of from 0.1 to 20
mass%, in accordance with the above-described method, and mixing them in suitable
30 amounts.
Now, the composition of the present invention will be described. The

composition of the present invention is one having the silica powder of the present



The curing agent for the epoxy resin is not particularly limted so |ong as
it is 30 capable of reacting and curing the epoxy resin. It may, for
exanpl e, be a novolac resin obtained bygreacting at |east one menber
sel ected fromthe group consisting of phenol, cresol, xylenol, resorcinol,
chl or ophinvention imgarpprstied 81 an aoraunbieé from 10 do 9PIBpsTpyN phlasst ona@f a rubber
octyl phenol,, w th fornal dehyde, parafornmal dehyde or, paraxylene .in the
pr esence aPf afeski drtingladit & GRPPOSIIGR ﬂ&%ﬁ“aﬂg}% TG 4% G EROXY ERFIR IS g
bi sphenol .C@rrpound such as bilsphenol A or bisphenol S; a tri-functional
phenol s SURARIE 2SR PEYINIY RS hi or ogl uci nol ; an aci d anhydride such as
mal ei ¢ anhydrhde | | : Lgd n ide; n
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foll ow ng conponents may be incorporated, as the case requires. That 15, a
stress-| gngfa’t@gopglqmer,nay, for exanple, be a rubbery material such as io
silicone rubber, polysulfide rubber, acrylic rubber, butadi ene rubber, a
styrene bl ocWhexgas| theerestr todbes ased it e @drapositien may, farsxame nae aniegloxguch
as various thernoplastic resins or a silicone resin; or a resin having a
part or V@inea slicane spyRya phenel resina a HAIATYINE resinna wseR fesia, an YAsaturate
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surface-treating agent may, for exanple, be’a Zr chelate, a titanate

coupl i ng anaABBtresin, am AAS(dcnylonitrilefacryl gublpenstyrefel) resim ar@naXlEBncy assi sting
agent may, for exanple, be Sb203, Sb204 or Sh205, and a flane retardant
may, for (axylopitdle/etbyleneiiropyraeiicrspusbper/stireneyresin.phosphor us conmpound. A
col oring agent may, for exanple, be carbon black, iron 25 oxide, a dye or a
pi gmdht . Fur tAfed resinfer 2 ssalingmaterialcan 80wafesiaapigi atdeasidwaterpxy draups
specific, exa?}?l es Ii ncl ude natuh]al Waxes sglnt Bet I C V\rl?éjes tal salts, of
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epochlorohydrin with a polybasic acid such as phthalic acid or dimer acid and a

20 glycidyl ether of e.g. bisphenol A, bisphenol F or bispheno! S; a linear aliphatic epoxy
resin; an alicyclic epoxy resin; a heterocyclic epoxy resin; an alkyl-modified
polyfunctional epoxy resin; a B-naphthol novolac epoxy resin; a 1,6-
dihydroxynaphthalene epoxy resin; a 2,7-dihydroxynaphthalene epoxy resin; a
bishydroxybiphenyl epoxy resin; or an epoxy resin having a halogen such as bromine

25 introduced in order to impart flame retardancy. Among them, from the viewpoint of
the moisture resistance or solder reflow resistance, an orthocresol novolac epoxy resin,
a bishydroxybiphenyl epoxy resin or a naphthalene-backbone epoxy resin may, for
example, be most preferred.

The curing agent for the epoxy resin is not particularly limited so long as it is
30 capable of reacting and curing the epoxy resin. It may, for example, be a novolac

resin obtained by reacting at least one member selected from the group consisting of

phenol, cresol, xylenol, resorcinol, chlorophenol, t-butylphenol, nonylphenol,



tradenanes, manufactured by Kyowa Chem cal Industry Co., Ltd. and "I XE- 600",
11 tradenane, nmanufactured by Toagosei Co., Ltd. To the conposition of the
"present invention, it is possible to incorporate a curing accelerator to
accel erate the reaction of the epoxy redOn with the curing agent. The

curing accel erator for,_ex I - di azabij I e e-7, 5
11 phenyEoRsa it fnoT Bl ArRUp SR, Wi oo i FRbBHaBbRy de BraraRIe
conposi tj b ' . I I DG
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bl ender gpmpauhl8ReeRls BisptRinol ARSHbI&EIIRARI BY attiguRtdifhl BrieRolsudhds ol |'s, a
kneader or a single screw or twin screw extruder, followed by cooling and
pul ver i zpyiogallolldy phieroghalingigamatier artydeitietsuehrsesatdic ankiydridegphitisalicade of

t he conposition of the present invention, wherein the resin is an epoxy
resi b Fanhydrite dopyrofmedldial anhydsderof avaduoatic abynersuelzasf t he conposition

of the present invention, a nolding nethod by e.g. a transfer nold or a
mul tipl uﬁ'{%'ﬁamyﬂﬁ‘em“@yé’!ﬁm'ﬂgd WU@W@WPWI%“'@PQ%@DVISHU@WI on will

be described. n, further. detai ith reference to, .Exanples and Conpayative
Evam oe. | romedne Sormpasiion & the Ptk nEsion- e NG GaBRENSTs SR B3 | & by
no means..r ' t,p t fol l.owi ng Exanpl es. EXAMPLES 1 to 14 and
CCNPARATFW§ﬁ¥&E%%E%§tﬁefgs%r%@“%g'ng an ngaratus as illustrated in

JP-A-11- 71107Fha§I§“%rsQIé§b_Zlb%ri§1§ %@%HFHIag}"Rﬁ eé‘éﬁip’lé,_ Q%bl?érrp%afe?igl %J(?‘l’jééler
was set at an uppeér portion of-a-furnace body having a urnace body

di angg er sfiitorte FibiEIdp s SRdaYuBkEerf aeMidRubber 15@aliEdehubbér, bRtyned dlisgkn 300
to 500 NnB/ hr of oxygen gas, a high tenperature zone where the tenperature

in the topolgmerwas sHiuladed elasiofb@Ca nesmousrmattrialeudhas wathieus themhoptastion 100
to 250 25 kg/hr of a pulverized product of natural silica stone (Si Q2
purity: 938iGs prasiliconedesigeor aesindiaving a partdrivhae ob @ epexydesiny & rom 0 to
12 mass% of nmetal sjlico
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phenylaminopropyl trimethoxysilane; a hydrophobic silane compound such as phenyl
trimethoxysilane, methyl trimethoxysilane or octadecyl trimethoxysilane; or
mercaptosilane.
20 A surface-treating agent may, for example, be a Zr chelate, a titanate coupling
agent or an aluminum coupling agent.
A flame retardancy assisting agent may, for example, be Sb,03, Sb,O4 or Sb.Os,
and a flame retardant may, for example, be a halogenated epoxy resin or a
phosphorus compound. A coloring agent may, for example, be carbon black, iron
25 oxide, a dye or a pigment.
Further, a release agent such as wax may be incorporated. Its specific
examples include natural waxes, synthetic waxes, metal salts of linear aliphatic acids,
acid amides, esters, paraffins, etc.
Especially when a high moisture resistance reliability or a high temperature
30 stability is required, it is effective to incorporate an ion trapping agent. Specific
examples of such an ion trapping agent include “DHF-4A”, “KW-2000” and “KW-2100”,
tradenames, manufactured by Kyowa Chemical Industry Co., Ltd. and “IXE-600”,



powder material, and the external air inflowrate, within the above ranges,
the range for formng the high tenperature zone where the tenperature in

‘the furnace is at least 1,750C, was changed to a range of fromthe forward
end of the burner to 2.5-5.0 m5 therefrldm Such conditions, the content of

EE%Z‘EE th.a?%h%@%?ﬁ%"f}“ﬁ?éwHhcévhigﬁié%e‘??g-ﬁﬁ afLom”SE?riﬁl ermediate a-n) h
i mum val ugoaf S R oRhE RS Ve, f 12 possbIt ingAigaf prendy the

adj ust meatclerdtbeto FocIaAte MR fidaetien of #Re oy spiwitR the edrifg agdest. Ofhe
natural silica stone and the nultistage 1o sieving operation. The silica

powder i sudngedceleestonnay, forwxampht,drele@-diazabicyclob,p,0ppudddenes7,as  shown in
Tables 2 and 3 to produce silica powders Ato V, and their properties were
eval uat etriphenyiphasphine, Seszydismethylanies los 2omethydimidazole.and Tabl e 3

(Conpar ati ve __ Exanpl es_é. Each of the anorphous ratios of the sjlica powders
A to V was atlhese@ppogitiongstherpresent invenptien can beypdyerd by blandingthesf t he

silica powders Atg V as a ?hali terial based o SB% to 89%,0f one
of the siPfe e%maragng‘uqtgo?/, ql_aggd%gggcr}p,e ¥ar|ous materials ye.g.abepderor
oS- preFNENLETEY e B PR USROS AT o
trimet hoxygiy ?gggw%cf%@%gﬁgegiélw&%f%o afd Elf‘?\/%ﬁz&l?c?]rﬂau a Wax wer e

added (total endi g by a Henschel m xer. Then, the

obt aijped bl erirdsgulipdunatenas oftbatprekesttiflegntih i8 rmadé bt tHe eBHHPEOSIfIEN oMk screw
extruder (screw dianeter D 25 mm kneading disk length: 10 Dm paddle

r ot at i onpresgdduventip@, whefldi theresinlissamapgey resimunt : 4 kg/ hr, heater
tenperature: 95 to 100C). The di scharged product was 25 cooled by a cooling
pressi ng nmacHiai@ @methachehsgalingar semsisongueter Hyimearsaf thegcarapesitien of the

wher eupon the flowability, packing properties and the flash. length were
eval uat e@"@gENtiMEntioN aﬁwe%@ﬁwbw%@- ﬁé&%ﬂ%?%f Rp %%W\‘ni'l?iu B B3y Peand
3. (1) FH OWE}bi I&ty (Spiral flow) Using a transfer nol ding machi ne provided
with a mSIMPP¥ % neasuri ng a spiral 30 flow in accordance with EMM - 1- 66

(Epoxy Mphgime paierial Institute; Society of Plastic Industry), the spiral
fl ow val ue was neasured. The transfer nol ding conditions were such that the

nol d tenper atNG\@, thepréddrit inVditiofohillibeddescribedrif furltfer detaiMith raftfedct td he
pressure-holding tinme was 90 seconds. The larger the spiral flow value, the

better t iExahplegbntiGomparadive Bxakplgs.pr Hpwetee#t showidbe untiekstools tha24he
Sem conduct or packages of 160 pin QFP (Quad Fl at Package; 28 nmm x 28
present invention is by no means restricted to the following Examples.
EXAMPLES 1 to 14 and COMPARATIVE EXAMPLES 1 to 8
20 Using an apparatus as illustrated in JP-A-11-71107, spheroidizing treatment was
carried out. That is, a burner was set at an upper portion of a furnace body having a
furnace body diameter of 2 m, and by spraying from 60 to 100 Nm¥hr of LPG and from
300 to 500 Nm?hr of oxygen gas, a high temperature zone where the temperature in
the furnace was at least 1,750°C, was formed. On the other hand, from 100 to 250
25  kg/hr of a pulverized product of natural silica stone (SiO, purity: 99.9 mass%, average
particle size: 3 to 60 pm) containing from 0 to 12 mass% of a metal silicon powder (Si
purity: 99.9 mass%, average particle size: 5 um), as the silica powder material, was
sprayed from the center portion of the burner to the high temperature zone to carry out
spheroidizing treatment.  Further, from 50 to 100 Nm?hr of air was permitted to flow in
30 from an external air inlet provided at an upper portion of the furnace body. The
formed silica powder was suction-transported together with a combustion exhaust gas

by a blower and collected from a cyclone.



5 mm thickness : 3.6 mm sinulated IC chip size: 15 mmx 15 mm) were
prepared by wusing a transfer nolding machi ne, and the nunber of voids of at
‘least 0.1 mm renmaining in the package was counted by an ultrasonic flaw
det ect or, and t he nunber of voids per ®8e package was cal cul ated. The
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nmeasured and averaged. The transfer nolding conditions were such that the
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N MN
average particle size of the pulverized product of natural silica stone and the mulitistage

10  sieving operation.

The silica powder intermediates a to n were blended in various proportions as
shown in Tables 2 and 3 to produce silica powders A to V, and their properties were
evaluated. The results are shown in Table 2 (Examples) and Table 3 (Comparative
Examples). Each of the amorphous ratios of the silica powders A to V was at least

15 99%.

Then, in order to evaluate propenrties of the silica powders A to V as a sealing
material based on mass%, to 89% of one of the silica powders Ato V, 4.6% of a 4,4-
bis(2,3-epoxypropoxy)-3,3’,5,5-tetramethylbiphenyl type epoxy resin, 4.7% of a phenol
resin, 0.2% of triphenylphosphine, 0.6% of y-glycidoxypropyl trimethoxysilane, 0.3% of

20 carbon black and 0.6% of carnauba wax were added (total 100%), followed by dry
blending by a Henschel mixer. Then, the obtained blended product was heat-
kneaded by a parallel matching twin screw extruder (screw diameter D: 25 mm,
kneading disk length: 10 Dmm, paddle rotational speed: 120 to 160 rpm, discharge
amount: 4 kg/hr, heater temperature: 95 to 100°C). The discharged product was

25 cooled by a cooling pressing machine and then pulverized to obtain a sealing material,
whereupon the flowability, packing properties and the flash length were evaluated by
the following methods. The results are shown in Tables 2 and 3.

(1) Flowability (Spiral flow)

Using a transfer molding machine provided with a mold for measuring a spiral

30 flow in accordance with EMMI-I-66 (Epoxy Molding Material Institute; Society of Plastic
Industry), the spiral flow value was measured. The transfer molding conditions were

such that the mold temperature was 175°C, the molding pressure was 7.4 MPa, and
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24 Semiconductor packages of 160 pin QFP (Quad Flat Package; 28 mm x 28
5 mm, thickness : 3.6 mm, simulated IC chip size: 15 mm x 15 mm) were prepared by
using a transfer molding machine, and the number of voids of at least 0.1 mm
remaining in the package was counted by an ultrasonic flaw detector, and the number
of voids per one package was calculated. The transfer molding conditions were such
that the mold temperature was 175°C, the molding pressure was 7.4 MPa, the
10  pressure-holding time was 90 seconds, and the preheat temperature of the sealing
material was 80°C.
(3) Flash length
48 Semiconductor packages of 32 pin LOC (Lead on Chip) structure TSOP (Thin
Small Qutline Package; 10 mm x 21 mm, thickness: 1.0 mm, simulated IC chip size 9
15 mm x 18 mm, lead frame made of 42 alloy) were prepared by a transfer molding
machine, and their flash lengths were measured and averaged. The transfer molding
conditions were such that the molding temperature was 175°C, the molding pressure

was 7.4 MPa, and the pressure-holding time was 90 seconds.
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silica pQUEIR inBowaBilifPasdpackihiBrsidnics aNERlddMrtdidsh I_B'ﬂ?tr?é' evdipwRender  of

the present invention i's useful gls a resin-nolding materia such as a

mol di ng tiee pReking rés ofthe. silksd powbiblsagas BOMhady%. el ect roni ¢ devi ces or
el ectrical hone appliances, and as a packing material for e.g. putty,

seal sng material, io marine buoyancy material, synthetic wood, reinforced
cenent external wall material, |ight weight external wall material or

seal ant INPUSTHRIAL ARBLEABIGETY i on of the present invention is useful for
1 DI B S B b S b O SBATT
heat ed PAc1S 4 RIS cBmeRloR R bie’ BufisErbleg, porabB iRt RE dBhicRsior, " °P °o°
Seali ng Sretfifel TR bBpliarbest B a3k BRI Matofalfef 8i6° Bunf) Sealfthatehial, 13
whi 6B CaarmREbloydiRyRAMFE Sy eAicSRIIA, BRNSHEE coRféleRforhamiam s |

size, thin thicknhesS and reduced pitch.
light weight external wall material or sealant. Further, the composition of the present
invention is useful for the production of a prepreg for printed boards, having the
composition impregnated and cured in a glass woven fabric, glass non-woven fabric or
other organic substrate, an electronic component having one or more prepregs heated
15 and formed together with copper foils, etc., and further a wire-covering material, a
sealing material, a varnish, etc. Further, the sealing material of the present invention

is useful as a sealing material which can easily be formed into a semiconductor

package having a small size, thin thickness and reduced pitch.

20 The entire disclosure of Japanese Patent Application No. 2007-200701 filed on
August 1, 2007 including specification, claims and summary is incorporated herein by

reference in its entirety.



20 The entire disclosure of Japanese Patent Application No. 2007-200701
filed on August 1, 2007 including specification, clainms and summary is
- incorporated herein by reference in |ts entirety. 18 CLAIMS: 1. Asilica

powder containing an ultrafine powder i an amount of fromO0.1 to 20 nmass%
and having an average sphericity of ﬁ@st 0.85, wherein the ultrafine
powder has, as the particle size rreasure by a dynamc |ight scattering

particl g si zggfkcH 8‘6Wde*?'ébh%fh| %ﬁtuqraﬁhégggagr; ”‘ﬁa@ Ianw@f%fi%np?ﬁttb@cﬁ si ze

of from150 to 250 nm a contént of par ng a particle size of at
nost  10Gnasskeindchd virsg ah aerdde spisstidity (Ofat ldase DI8H, nehdleimathe Witrafirke powast ent

of particles having a particle size exceeding 100 nm and not exceeding 150
nm bei ndas; eth® padicidsizasséasuted Dya dynidnia ligbhweeatterigppaitiolg size G ai m 1,

whi ch has an average particle size of io from5 to 50 pmas neasured by a

| asef didistribglion measufing @PpRgrajus tapeerape dadlicle sizeef from 1@@at9fn‘ﬁmrynappar at us

and hasarrultl-pea rticle si.ze distyibutio th at |eas
sher e n CHEEI Pl %ﬁﬁa\@ns@ pitielpaiz abRt oSt d ahnin Sk e fomesets. 15

50 " dnoRAgINAY RaRoRr %Jb‘ié%ﬁ’BF%{‘?é’?Pg@Qlfep%ﬁ%‘\émPé‘% e pfeas %%‘Jé@. ”
a sili Cank aﬁdwqe? g&haqls@lmﬁbeezq%gn] is g@% zone of at least 1,750C

formed by a burner heat ere| n hi gh terrperature zone is

formed in a Tﬁé‘gmcébof/\fd@mab@@rdlrfﬂo%raﬂneln‘dvlﬁ’éh hQ@ahLH\)é‘?é gé Parick dizé ol
therefrom and to such a high tenperature zone, a sil |ca powder nateri al

contiai nifram Brior6uMbas mebBuraabisya ddser difftaations statteringpadiele sige digtrilbyth 20

4. The process according to Claim3, wherein the silica powder naterial is a
pul ver i Zecaguroapparatusaand bas similbigpeakparticersiza distriputioorwith ableast tw® nass%
of a nmetal silicon powder. 5. A conpasition having the silica powder as

def i ned Raaks} wharein éh\e MaxeeMyGHue ofaifisst kaaﬁmmn afrapge®f from 4 todSms% i n

3 ai m 5 cnhBednAREHN L lierota SadsTebBga Ratinin Srane o aOHREDND! "Tor
sem condyct o o &Y bRRAULING & ABE PoWdRP iisicH Sohilsibelspr&gify R Stica

15  powder material to a high temperature zone of at least 1,750°C formed by a burner for
heat treatment, wherein the high temperature zone is formed in a range of from the
forward end of the burner to 3.0-4.5 m therefrom, and to such a high temperature zone,
a silica powder material containing from 0.05 to 10 mass% of a metal silicon powder is
sprayed.

20 4. The process according to Claim 3, wherein the silica powder material is a
pulverized product of natural silica stone containing from 0.05 to 10 mass% of a metal
silicon powder.

5. A composition having the silica powder as defined in Claim 1 or 2 incorporated in
an amount of from 10 to 99 mass% in at least one of a rubber and a resin.

25 6. The composition according to Claim 5, wherein the resin is an epoxy resin.

7.  Asealing material for semiconductors, employing the composition as defined in

Claim 6.





