SPECI FI CATI ON Sili ca Powder and Applications Thereof Technical Field 5The
present invention relates to silica powder and its applications. Background
Art There have recently been desired for the miniaturization,

wei ght -reduction and quality-inprovenent of electronic nmachinery and tools
and correspondingly, 10 the sem conduct or packages have rapidly been

m niaturized and thinned, and th I have |i kew se been
rapidly narrowed. In addition, t%ﬁmfﬁg‘%ﬁ@% ng suitable for the high
density packagi ng on an i rf i n one of the

| eadi ng mai nstreans of the@l%g%?ggﬁ% dt}lg%%ﬁpggéeti&%ngg?rgﬁgh ci rcunst ances,
there has |ikew se been required for the 15 quality-inprovenent of a
material for sealing sem conductor devices (hereunder referred to as

"seal i ng heghevicall Fieldi n particular, the inprovenent of the resistance to
sol dering heat,_and the noisture resistance, the reduction of the thernal
expan$i on coefTﬁ%Péﬁ%enéﬁHV?%EOPr?ﬁ}@@éﬁ@ﬁﬂl@fp?‘ﬁ@e%ﬁ)éétlFﬁ epplicafaensat i ng
characteristics thereof. To satisfy these requirenents, it would be
desirable to use 20 a sealing material prepared by incorporating silica
powder inggclg%qgﬁﬁdr&sti n in the highest possible anpbunt. However, the nelt
viscosity of the resulting sealing nmaterial nay increase because of the

hi gher |oad (dfhéteghave caehelit e desieedifbr tite pOWLRLrBAgion) iveeib Nt kbfldcti @R dS
to an increase in the defective nolding such as unl oading of silica powder,
Wi re- f | ovitnd qaalityiinmprevehenhgf ebstronic machisieri agid taoks badcesresmyatidihy
the seali mat.erigl havi ng a hjgh content of such silica powder, .there
have 1 eerFT‘%r%%’a Yelor daskreeaaave rapiiyibgae anryatyrzed peddhinpad and e

i mpai r ment: d he fiJ ui.dity and nmol dability of the seali.n

mat eri al T}h fr?placggggqf()fsh&%ﬁ thé{c%gauége?ngﬁﬁ yanﬁgcﬁgﬁé‘ in i%‘#"ttﬁ’é” the
coeffi ci eftrfQfe-YadkAih SRy : i ki I St I I i
e o SRS RN EE o b pfeoitne
di st ri butsubstsitaripey béfavastofDdeuleidting )rhat stedding of thehp £dk deheg dedh eryuef
sphericifuﬁ éthe sphericity) is restricted to the range of from0.75 to 1.0
for the Fpdeti erels Iwangumgstanpes.t | Glaxesihes ofikewtis¢ edsenhareqtbred fort othe

thereby further. inprove the sphericity degree for. the coarse paricles
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powder i [, @ . Bt . nore,. n n2/ g to thus event .an
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material, a small quantity of spherical fine powder having an average

parti cl e espassioangeseffiéicam abolit the 1 itnprdyvement PalfertheDodles®idal4)insihas

met hods woul d permt the considerable inprovenent of the sealing materials,
but the cBatactergtisatheresf sThas@sfyothepetrequivesiergs, itheonkkbeadesoabletanse

Strig(f) regstru errentaz. .ggr insta ce, these techpjques have not yet |

sati &f act qaﬁ‘\?gl%l O HATR AP IpHNOTRAE A THRE Stife ROESTE thePgy dlesirgin the
fl ooded #f.k h (Y i ok, t he |. Ui n | di ng,.t he sane
(or the %E%}g%&ne%%%?%%l %ren(?%gl&r rq%%lra{?%’ a"g’ﬁ- g})erlg‘?g%o%}u'{y attggt r%‘%ﬂ%n? equng
JP- A 11- 12450641 Ry Paéeiake PReHIBAbf Zhe IReNCONAIG3843h e PRLAM N PRFURB Nilid:
JP- A 2001- 151866; Patent Document 4: JP-A5-239321. Disclosure of the

| nvent i opo®dePrail ¢his Mhatirh Heatlswenan ancireadecinSohy alefective Acsldii n@lck, as t
is an object of the present invention to provide silica powder which
permts PR&oadingiohsilicnpovdenevisarflowimaand chin-shiftingvel as | ow as possi bl e

int sealing material having a high content of such silica powder and
exceflient in the noldability; and a conposition and a sealing material, in

which the siljca | S r ' t ¢l east either of. rubber ;or
Fosin. Neans ForovRE b fikier BRERNAYs BhE HalbsflihaforithaRipkednfiet

i nvent i ogonteher 6f isuchr aVlideth shiibcatpowdalae HhehaphshédRd Jdtidd@tkihag of
silica powder has, in the volune-based frequency distribution of particle
si ze as deheiquertbibthd heevastton diff dnpdtipenrment erdagatedinflgu@uidite and
maxi mum frequency val ues for every correspondi ng node (relative maximum
peaks prestdabikity oé ke sealing praterisleExpmpleanfeudx tenhaiigyes mohnde taométhodn
and in a particle size range extending from15 to 55 ,u m (these peaks

bei ng




10 referred to as "node peak 1" and "node peak 2", respectively); that the
maxi mum frequency value for the node peak 2 is greater than that for the
mode peak 1; that the node peak 2 has a shoul der; and that the content of
the particles whose particle size ranges from1l5 to 55 1. t mis |arger
than that of the particles whose particle size ranges froml to 4 /..t m
15 In the present_ invention, the silica powder CQQPrLses,35.to,55%6by
vol une of haff the 08 Pgpta o ¥ariagiog @%V?iﬁgﬁ \ﬁ@epﬁatﬁ: eosigg distributipn ig o

% byy, f,_pariches hav hel ing from1 to.4 i
| ot WA an asBR) ' oo tiHNeh TR0 106 By "V neRhr Pt fiels e
having a aRgtbal®notREnah PSRN DLORMEAD BP # Mltlinl iMOWDAhe! %R of

vol une (i ncluding 0% by vol une particles having a particle size o

smal | er t @inericity theaspheleithriarestrivdteant iind esndaof fgora @Bt tclied $oz ehof
greater than 4 ,u mand less than 15 ,u m In this respect, it is preferred
that the paxticlesrhaavargiemayticld sieefo§motAesstitan B6akmitof thierebwifarther inwrodage
of from1,5 to 3.5 ,u m ile that for th e pe 2 fallswithin the
range of theo i bericity tdt?gﬁ@)em%{’;r ﬁ?e &ﬁ@%???féﬁegﬁgﬁmalﬁ%umﬁgt a?*)e?d&@a‘o‘{]m
sphericit of .particles havipg.a particle siz f._not | es an
3012m 15 WOIAPEEE Prefiritac o SfaiPon it % HbfeR berit vl dahereo

relates tehgh HIBRRE QF tK&SipheGOMP AR 190G eS8 fld1@oh it ShtdaL PePRVER silica
incorporated into at |east "either of the rubber or resin. Effects of the

| nvent i onpAdoddediangl to rehia poepenent niFeitthoModiinert e gprd\d deethoid wdedch
powder which 5 permts the elimnation of the problemconcerning the

bur r -¥or neamprisenhadding dala seplimg wrateriah ez smgllagwingihtyc ohseimried] fane hovider ca
owder a excellent in the. | dability; .and conposition and a sealin
PrerT al Beygrn Averseat il siadeneitt Pt ADeRDadte high P feRDopuedt
of rubber ,or i.n. S . rvi t |.0 I
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range extending from1 to 4p, m in the vol une-based frequency distribution

of parti citeicsirequaendatiter m Rerd ihytanke, thewr tadthhiqwet hane swatytetrdatipfactorily
technique. In_ 15 addition, the term"node peak 2" is herein defined to be a

peak 16or redyshaply a prelemsithat the sepling| mateamalsts fasded throughushe yaiv sens
appears wthin article size r e tending from15 to 55 i.n the
sane. vol rrtignseithe mald ciyite seolrling P Sgme e the Bhgpgraenap dalled P or
particle cy of which is maxi mum herein nmeans the particle

si ze cor ?%gs%gﬁodﬁ%m%??t he nmedian in the 20 channel show ng the hi ghest
frequency, observed in the vol une-based frequency distribution of particle
size which is determ ned according to the laser diffraction-scattering

t echni quePaienit d aium e int: P&\ par12460d; si ze range extending from0.04 to 500
ji minto 100 sections. In this respect, however, if at |east two peaks are

preséft iftatens DosgmeenteXtBhdt 48041188849 0 4 ,u mor the regi on extending
Patent Document 3: JP-A 2001-151866;

Patent Document 4: JP-A 5-239321.

Disclosure of the Invention
25 Problems That the Invention is to Solve
Accordingly, it is an object of the present invention to provide silica powder
which permits the elimination of the burr-formation to a level as low as possible in
the sealing material having a high content of such silica powder and excellent in

the moldability; and a composition and a sealing material, in which the silica



25 from15 to 55 p. m the size of particles, the frequency of which is
maxi mum is determ ned by conparing the frequencies of these node peaks
wi.th ‘'one another to thus deternine the particle size having the maxi mrum
frequency value. An exanple of the device used for the determ nation of the
vol une- based frequency distribution of particle size as determ ned by the

| aser diffraction- scattering technique is a Shierus particle size

di st ri but Pevwdeetssingprnargterbintoet legpt eRusr eHBabbaraatdsabl e from Shi er us
Conmpany). The use of this device would permit the automatic determ nation
of the node peak 1 and the node peak 2. 5The average sphericity of the

silica po %sifﬁr?ﬁé SBM@&goPYhé ?Q%t |Iﬂ1sq i mges of particles obtained
as

t hrough the use of a mcroscope (suUC "Model SMz-10 Type" avail able from
Ni kon Cor por at Aesrdify SEARReNPreb&Ht Aeitith OSHRPE) idNtkoiied | &BichNpdRder

i mge-anal ysis device (for instance, one available from N ppon Avionics

Co., l5 d.gharGpsemidddcanl thatt ke psibjcacheddar claa, An ah@ tvbRuperbasadr fitequengy h
10 or perimeter (PM of each particle are determ ned on the basis of the

ni cr ogr apstiiusonpefipasticle sizechias deateamined uby niduet hasert Hiffeacsonoscadtening

circle coyrespondi to the perineter M Jds (B), the cirgulari of the

cor espon Cﬁgg e ey FRgtcR ey Pélp%ﬁ 807 ey %ﬁrﬁ@mﬁn‘ﬁ%mﬁ@% tﬁfeﬁ%tlvg
rue circ : . S

Fel'at i on: MDA Shyt Rl RluLE i katte RRABHR Fon Ty 4. |

r2. Conseguentlliy, agmtﬁwsfdecféﬂg@%xmgrﬂlbfﬁi iy ado mgth:dtﬁegét@eaﬁs dringed

to be as follows: Sphericity Degrees = AAB=AX4 n/(PM2. Arbitrarily

sel edi0ed 2@errpdriviasl ‘@sods peakdpeatdetmbde pehk 25 phespectiveBs; teoothh mgximunhe

foregoing. nethod and the results are averaged and the resulting average
val ue is laeavnersy Yyalupdox Hee mpsteappals pheeredtey thieythat G theomedamleak Bohahe

il f th t ti. LS. defined b h | | owi.ng f
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in a partpattilesize rdbgese@ion 1ept £nghng from 15 to 55 1.1 m It is herein
suitable that the content of the silica particles having a particle size
rangilhg from 15 to 55 p. mpreferably ranges from35 to 55% by vol une, and
nore preferably 40 to 50% by volune. On the other hand, the node peak 1
exists in a pdftha present InkgnBen cikhepdicagp Twden qompriges 35no $5’%tln golume

2°|BQ?EF L%@’ps‘r%igiq%a}i%fﬁgbal ?a%ﬁ'f b S §iingard: kb1t SPaniea o Fon Gol soB8%E by
vol ure, %@%d’fﬁrcf‘espﬁgwﬁrgg% pblagag})é gg%glér%x?ﬁ%&m td e ,rxgbtflg}%%e #3858 by

particle size ranges er eunder ‘al so erre

" princi palolpaktidleding 0% Mhi el SeofmaeiheakavincSa PhegelRtsiz@bLoRaithi Chiht €
conponents serving as nuclei of a conposition, in particular, a sealing

mat e2Pal Sdndmi; ot meoyerhagi pets hgavelushe §nhhading 034abyivolensy) o paftitles b avinag
15 1L m the EFZl t.vi scosi@gy of the sealing material increases, while the
mol dabi | iAXA%tHae sire olsmpaldieithan i mhang: therbalanae ofiparticles hasring @ ragticle

f th incipal icl 10 ds,.55 B. [ bl . i se,
For 1 nst Aeee? Bt thorT uam BERTER B ot wiie i3 elgel aR i e Brsilep
hose:hat g e SRPIRATE GPGLERCH VAN 1 BIRORE s T (R: PTRE! EhE3afkE of

t her eof ifrorh g5 $b13.5 2 powliele fleatges theaode peakSD Yaldy withiiEhe Qingd 6f aloner
hand, the particles having a particle size ranging
25 25 to 40 xm, and further preferably, the average sphericity degree of particles

having a particle size of not less than 30 z m is not less than 0.85.

In addition, the present invention also relates to a rubber or resin

composition comprising the silica powder incorporated into at least either of the

o



15 from1l to 4 p. menter into the interstices formed between the principal
particles to thus nmake the packing structure of the particles denser. The
mode peak 1 should |ikewi se be present in the particle size region
extending from1 to 4,u m The dense packing structure of the particles
woul d permt the charging of the silica powder into the conposition at a

hi gh conten# and the reduction or control of 20 the burr-formation. The
second redt P ¥es- ¢ he present invention is that the maxi num frequency
value for the node peak 2 is greater than that for the node peak 1, or that
t he hei ght of the node peak 2 is higher than that of the node peak 1. 25
When thi s AfRQtH s Invenitidgt satisfied, the viscosity of the resulting
conposition, in particular, the sealing material undesirably increases and
this in turn rAsctding o tthe preveit igreationhehétaduaeh pyotiled etlica pbadpamitiiche
size corresponding to the maxi mum frequency value for the node peak 1

pr ef erlabl Peraisathetiatiapition of tthet haebleor cohecrmiug fheabuzrSamhatibatint fihe
former parti,cle size is 0.05 to 0.15 time,th l.atter particle )

si ze. Espeé?%ur%/,m%tﬁnial %@Hﬂ%érhﬁg dadrteRH of fush SHICABRY ‘f"naF‘%e%fﬁ@HSS}t fithe

for the k 2. 1%._0 i in_a;parti.cle sjze  rangg 0 rom.25 to 40
it mand t ngn’@%li}lru#\@ A e%zﬁ %83?/9[\9% ned gosle%jflﬁg %Jff’ 1%1951%%%1%‘%&21 r3 F?’anWd%r
particle 'ﬁéﬁl@of;ﬂﬁﬁ@ecpfntt)ré%%%s@eittﬁeﬁoﬁr&bﬂermr r2sin. The third requirement

of the present invention is that the node peak 2 has a shoulder. The term
"shoul der" used herein neans that the node peak 2 includes an inflection
point wwthin the sane. In other words, the termneans that a particul ate

conpottent Best/Megdedor fearying Qut the laventieni s present in a hi gher 10
gquantity. The esence, of . suc , Shoul der ans that, en incorpgratin
the corres pondfﬁﬁ%gﬁmi E:‘b‘)d;:?cﬁ\%‘agf ?i At e?%ﬁtﬁéi%e”c?:as‘?oe@? A, P&AKeCY AP g do the
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that the galdd 6xRadeds FRSRONGbNYL WY, i ehaBIBuRRAKask LCARGERREY diSlthitién of
interstices fornmed between 15 the particul ate conponents constituting the
shoul der parthilglsizd fascileteryniaed bpehef tuser difirastibherapenider tedmikuet heinbe
packed in a higher packing density. The shoul der for the node peak 2 is

pr ef dPabl §A¢HHEEe hhe termnaqsta ppek &’ s hereundefined fto dia 4 peaka@rnesnon dimg to
content of the particles constituting the shoul der preferably ranges frqm
10 to 20‘%&'5&316& rﬁf‘rglr‘f S W Oﬁﬁrlfl?mgm E@“@B%MBE agg)e\%pl}ﬁ;éfu r%%‘(ﬁéﬁ?
the size gf.thgssh ' efigrabk¥ 1.3 ;o 9 e r

in terms ofet hegﬁa%%rggni?% gﬁ%ngé @g?é : hllie1 B}r}%%eéor?gée( G(g)?hany %iegﬁﬁ%&%%ﬁgﬁ
be confi rdietibyti6ardfypagidutsithe NMERSWigd®ifty Altidde MR WRnRAe b (WAIUEnsY
distribution of particle size according to the foregoing |aser

di f f r act imoaxsuany, erénegn traehns gie. p2tticle size cbheespondimg reqthie ematitnoim the
present i vention is that the content of the particles whose particle size
rangé8 f pel showang thm highpsl fraauenay asarved i Hbepealuimd-basathfequency
particle si ranges.from.1 to.4 1.1. | f e foregoing relation.is

rever sed,dslgé(?}élf‘té qﬁgnP?]f‘S]/g%f St tY"%‘I1 ]r?a\fiiegﬁng“b%‘?t PEFE ARG o t¢ oHY NRSEF om
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increase in a higher probability. 5 In the silica powder of the
present ipeadatarempresdret tothenegioh gdehdmgfohntitogt anpartthelregiiz extehding

greater than 55 p.__mis not nore than 5% by volune (including 0% by vol une)
and the dEmRreht todyamihicesiaeaed narticlear the frewiensyorf whaeh es mavamump im

[ t th 0% b I L ncl udi. % b I The. bal f th
10 o111 cAeEBIMERG Y (OMBATER Bir BIupRFies op diesehade mapagran e HEBoE (o
f t hah d Eﬁ Lti
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particle size of not less than 30 # mto a |level of not |less than 0.85 and

parti cul drdtyibmsion of e (:i98.aslHetermined by the laser diffraction- scattering



The silica powder is preferably anorphous silica powder so that the thernal
expansi on coefficient of the sealing nmaterial approaches that of the

sem conductor chip to be sealed as cl ose as possi ble. The anorphous silica
powder can be prepared by treating the crystalline silica powder through
melting. 20 The rate of anorphousness of the anorphous silica can be
determ ned by carrying out the X-ray diffraction analysis of a sanple for
the 2 0 ofeclhnique ix ayShieangipagticlomzaelistrikation degenuoinigi deviosi flEEBRer
X-ray diffracgtjon_apal yzer (for instance, "Mdel Mnj Flex available fraom
Rl GAKU @196a4§t Vﬁﬂaﬂﬁz %/I}Qah exist CPHMRANYY- t hehe dtse tf&ﬁrdh&h%?ﬁ@ié P§EMhe
basis of the intensity, ratio,.of cifie diffracti eaks thug obt ai ned.
Vor e spectth uBpiE feRyaguBp E8Em e knbdatid B ARERE 2,0+ degs.
inthe X-ray diffraction pattern, while the anorphous silica is free of any
such peak. For this reason, if a sanple includes both crystalline and

anor psous si |l iThe deapei Phierityt bE thei silipgakowrdeeads i dgeainéd BNgheuiting
26.7 degs. is proportional to the content of the crystalline silica.
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conbi ning_the unitary operations such as the pulverjzation of silica
powder , tthetsgohtaingti on dnd thisisedsei cassvoninghahedf thadaree of endimig sircle
silica particles having, different era article sizes, ile likew.se
appr opr | APIGFPCBAENE Fhghe ReTERc (OHS 16 HBY ot CoenTdRE of Pheorrasporcing
powder of g iinyent.i can repared. |.endin [ fCh
partic|e§”%§§Fﬁ§§?%§5ﬁ83§’géagﬂi, g%&iFéﬁgﬁxr%%ﬂﬁgg§¥F§9??5?ﬂ§3§1fﬁghgg a
shoul der pfrirh BRrn@Ag) RE@&ktidal 86hHAGLE kEL @anl}A¥! THe GePatidn CBE= Sh2e(PRMLNY
from1l to 4 g mand having the node peak 1, 'in predeterm ned anounts. 20The
conpasi tican lod deleedr efaset PMiveBtd wandi Bl=ne% beCorsayididlly, ithedgiladricityl o€
conposition of the present invention conprises rubber and/or resin and the

silica peagbindividnal paxteale can herdefinedta beas fllewedSnhenicisy Degaees git/Bet
ft b t.h in., Th tent. of the sili be,.
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mes. and Sra L 7 ohg bl dRie S dERa chebed O ARERYelARM dia B g

are sili ¢QeeagdibBiRle isWBhANG haIBDE by eRgeyddferi P abgrddibith o HRRSTe.
et hyl ene- propyl ene rubber, and ethyl ene-vinyl acéetate copolyners. In

addi 20on, exanples of the foregoing resins are epoxy resins, silicone
resins, phenolic resins, nelamne resins, urea resins, unsaturated

pol yesters, f (1l sibeamosyder, ohthe preshe, inyentian isedefimert by edierfollopang £aittes
h | yet her-.i ni.d | yest ers. such | ybut yJ. t ht hal at d

ol yer nyPeiRRt AT al obad Bl SiRulial sac ox Prasthe et Bowis BRsdRiresist
| - LhQui i f ,
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(acryl onpbak if-sAdibbn rtepess %Ud@?@;ﬂké.eSiTﬁe nf ik pEsk 2 exists in a particle size
(acrylonitrilel/ethyl enel/ propyl ene/ di ene rubber/styrene) resins. 10l n

respett oégibheexdentinmg firoab eri &b 55pr af. dit dblhereie dubiebée that chadeneg@oxyf the
resins each containing at |east two epoxy groups in the nol ecul e. Specific
silica particles having a particle size ranging from 15 to 55 u m preferably ranges
from 35 to 55% by volume, and more preferably 40 to 50% by volume. On the
other hand, the mode peak 1 exists in a particle size region extending from 1 to 4

xm. In this connection, it is suitable that the content of the silica particles having



exanpl es thereof include phenol-novol ak type epoxy resins, o-cresol-novol ak
t ype epoxy resins, products obtained through epoxydati on of novol ak resins
derived from phenols and al dehydes, glycidyl ethers such as bi sphenol A,

bi sphenol F and 15 bi sphenol S, glycidyl ester acid-epoxy resins obtained
by the reactions of polybasic acids such as phthalic acid and di ner acids
wi th epichlorohydrin, linear aliphatic epoxy resins, alicyclic epoxy

resins, hétkrbelecsive rapsing fresi héo 4al naynreferably sangesd frounddito B8l bparlume,

resins, ,3 -naphthol. nqgvol ak t epoxy resins, 1,6-dihydroxy-naphthal ene
type epox?ngéggﬁﬁ?mﬁ?ﬁﬁﬁyﬁ@d@ﬁ%ﬁgﬁ%ﬁWﬁﬂgvéne type 20 epoxy resins,

bi s- hydr oxy bi phenyl type epoxy resins, and epoxy resins in which hal ogen
atons such as brom ne atons are introduced for inparting flane retardant
properties to The gRSichss, whddeahltichs 82.changes fidie! ey 55 Armi MIL&REEer also
o-cresol -novol ak type epoxy resins, bis-hydroxy biphenyl type epoxy resins
and napht hefbered sk elsetyincipal giartielesth dx ywhizhi tlse hodenpdigk 2 snwpebsntofarei n
particular, 25 resistance to noisture and resistance to sol der-refl ow ng.

I n respecPagficulpte eqpunonestsdsawing as hycle wf apnpesitipox in pestiqulay, asealing
restricted to.a peci fic.one .insqgfar as it can. react w.th the epoxy resin
to cure t MtEHALIEAYE s piinalerlaarticles faue AvaTioke syseolrless Han 15 4 i, the
pol y(p-hy - resi i : c i nol A
D01 Y P DRSSPSRyl SARPRRL ROIPUNAR oh b BEP8DRLor
fluoro-gl sdurell, aondtiealbyREd UaS dS Hetklerf $h B 8tic] @RS @Re pRIMABA] Barticles
anhydri de, and pyronellitic anhydride, and aronmatic am nes such as

m phely| eerscedilanbhiey i ananousdipphelepts metdyanariseandoxli Aanitanedi plhaenyding of
sul fone. A curing-accelerator may be incorporated into the resin

conposi t | PMICERAPROT eipBe MaLe direakagn anidometp iswgepudnriger srddingnthessemen
curing-acgel erator usabl e herein , _for instance, . : .
B 6F bt ey P enEAdSiEHRaT P arisnatg thas Sgvihe 2 Bakigy size ranging
di met hyl ag,pe9 7 ViHdR faz Lt e

i nvention can %geggéﬁgggghb%#gépr ?k2?%%%%?5gﬁgﬁgﬁgga%ﬁ@h%{%dg§§B%§%%%6tO
anmount s 050%hs Yeluagni ndOh nieefheRhantNthd phrticles MEAn g hephRst1E %iﬂesral%ing
kneader, or a single-screw or tw n-screw extruder; cooglng t he kneade
produét ; faon 1 herd youl ereter i by thdim tenstacbsdonmed d desivednpihedudhciph p aseeleks ng
material of the present invention is one conprising the conposition 15
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spheri cal anorphous silica powder. Thirteen kinds of powdery products were
pr ep&Ped thedhimdormasionl. i sted in the following Tables 1 and 25 2, while

appropriately adjusting the conditions for formng the flane, the particle
size of the raw naterial, the feed rate of the raw material, the conditions
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t he £&ed Wher tbis rdipriremventitie moélsatidfiodgthidreiscesity off nhe pesalities composition,
particulate materials referred to as Powders. Ato E were 5 powdery silica
product s B atrﬁl@uiﬁre§bﬁtseah@gnﬁniaéﬁf,lalmrlriéswblyelrrcere@ﬁ%anfiotha% PG reswELts o

M were po ry, silica produgts;.according to, Co rati ve Exanpl es.. Al

Pouder s M henoferb of e iR tReeaty oPhg bt it SO0 HRaPpRistE Hehe
rate) of jnot; ﬁ%h Y%, 84 v ri.Cled V. e ) .
each entire Sgﬁﬁﬁ%% atggﬁater.gﬂ?ﬂ%%ﬁ%@?%rigg?§h§ﬁ5%¢%€§H$H%@§§k§§%P§?ﬁgﬁ
si ze charlkst fyrithleiods pRaki 86clPthhh s i diCRa RN 1% Wer 65461R 1 HitNgd the
according to the nethods di scussed above. The results thus obtained are
listed in Tables 1 and 2. To evaluate the characteristic properties of the
spherical anorphous silica 15 powders thus obtained as the filler for a
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al so apply to the followi ng) of each of the Powder A to M prepared above,
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bi phenyl type epoxy resin; 4.4% of a phenol -novol ak type resin; 0.2% of

tri phenyl phosphine; 0.5% of y -glycidoxy-propyl trinmethoxy-silane; 0.2% of
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(1) Mldability (Spiral Flow) The spiral flow values of the foregoing
epoxy-resin conpositions were determ ned using a transfer nolding machine
provided with spiral 5 flowdeterm ning nold according to EIVIIM-1-66
(Epoxy Mol ding Material Institute; Society of Plastic Industry). The
transfer nol ding operations were perforned under the foll ow ng conditions:
Mol d tenperature: 175C, nolding pressure: 7.4 MPa; and dwell tine: 90
seconds. Iftter tpairsichonreact i oRspédiallli ghds fuiehéeeseférgdvehate the hadighen
the fluidity and the better the noldability of the resulting conposition.
(2) Burr fruegnengerelysfopdhedndd pemk Condbsenredpack pgesiclefsizsomgahf frosndbl

15 Qutline Package; ,10nm X 2 | nm,_ t hi ckness: 0 sijmul ated 1 C chip
size: 949y and efméﬁgnﬁgaér%ﬁuwyawﬁw)]fora ﬁnlaOées;ze%iA RSB S 20n

Chi p) st r#g%tgag s‘f?ei agge &rf?,&%f Eg-tgoj gi ng machi ne. Thereafter, the burr

| engths o ese pac es were deternined and then averaged. The transfer
nol di ng operations were perfornmed under the follow ng conditions: Mld
tenperature: 175C, nolding 20 pressure: 7.4 MPa; and dwell tine: 90

seconds. Thbehial gepuitdaenesfitid pgesaneiagen tich ie tlodt tHhembderpdadn@hias
the smaller the probability of burr-formation. Table 1 Exanple No. 1 2 3 4
5 Powder Aatwudd®.C B'le veoe Fhroulder Ssed:lRireir imeany that(fhe argde peak 2

includes an inflection point within the same. In other words, the term means
that a particulate component having a specific particle size is present in a higher
10 quantity. The presence of such a shoulder means that, when incorporating the
corresponding silica powder into rubber or resin, the particulate component
constituting the shoulder portion can pass through the spaces formed between the
principal particles corresponding to the mode peak 2 and that the particles
corresponding to the mode peak 1 can enter into the interstices formed between
15 the particulate components constituting the shoulder in high efficiency and
therefore, the silica powder can further be packed in a higher packing density.
The shoulder for the mode peak 2 is preferably present in the particle size range of
from 4 to 20 » m and the content of the particles constituting the shoulder
preferably ranges from 10 to 20% by volume and, in particular, 13 to 18% by
20 volume. Moreover, the size of the shoulder is preferably 1.3 to 1.8% by volume
as expressed in terms of the maximum frequency value. The presence of any
shoulder can be confirmed by carrying out the measurement of the volume-based
frequency distribution of particle size according to the foregoing laser
diffraction-scattering technique.
25
The fourth requirement of the present invention is that the content of the
particles whose particle size ranges from 15 to 55 1 m is larger than that of the
particles whose particle size ranges from 1to 4 um. If the foregoing relation is

reversed, a large quantity of particles having a particle size ranging from 1to 4 1



1.6 2.4 2.4 2.0 2,2 30 45 28 38 30 Max. frequency value of P1 (43/0 by
vot) 1.4 1.4 1.4 2.2 2.1 Max. frequency value of P2 (%by vol.) 3.1 2.9 3.2
2.8 2.9 Content of particles (1.-4 /,/ m (/0 by vol.) 24.8 22.1

m cannot enter into the interstices between the particles of 15 to 55 m, this
accordingly prevents the formation of a desired denser packaging structure and
the melt viscosity of the resulting composition may increase in a higher

probability.

In the silica powder of the present invention, the content of particles having

a particle size of greater than 55 1 m is not more than 5% by volume (including 0%

by volume) and the content of particles having a particle size of smaller than 1z m

is not more than 10% by volume (ncluding 0% by volume). The balance of the

10  silica powder is constituted by silica particles having a particle size of greater
than 4z m and less than 15z m. In addition, the burr-formation control effect of

the present invention can further be improved by adjusting the average sphericity

of the particles having a particle size of not less than 30 z m to a level of not less

than 0.85 and particularly not less than 0.93.

15
The silica powder is preferably amorphous silica powder so that the
thermal expansion coefficient of the sealing material approaches that of the
semiconductor chip to be sealed as close as possible. The amorphous silica powder
can be prepared by treating the crystalline silica powder through melting.
20

The rate of amorphousness of the amorphous silica can be determined by
carrying out the X-ray diffraction analysis of a sample for the 2 6 of CuK «-rays
ranging from 26 to 27.5 degrees while using a powder X-ray diffraction analyzer
(for instance, “Model Mini Flex available from RIGAKU Co., Ltd.) and then

25 determining the rate of amorphousness on the basis of the intensity ratio of
specific diffraction peaks thus obtained. More specifically, the crystalline silica
shows a main peak at 26.7 degs. in the X-ray diffraction pattern, while the
amorphous silica is free of any such peak. For this reason, if a sample includes

both crystalline and amorphous silica, the height of the main peak appearing at



28.9 22.6 26.8 Content of particles (15-55 R in) (% by vol.) 43.9 46.3 42.1
50.2 42.2 Content of particles (<4 1/ inup to <15 p. in) (%by vol.)

25.5 25.7 23.1 18.1 24.3 Position of shoulder (ii m 4.0-1 0 4.3-11 4.6-11

4.3-10 4.3-1 1 Max. frequency val ue of shoulder (%by vol.) .......... _ L

10

15

20

25

an angle of 26.7 degs. is proportional to the content of the crystalline silica.
Accordingly, the content of the crystalline silica ([the intensity of the X-ray
diffraction for the samplel/[the intensity of the X-ray diffraction for the reference
sample of crystalline silical) is calculated from the ratio of the X-ray intensity
observed for the sample to that observed for the reference sample of crystalline
silica and then the rate of amorphousness is calculated according to the following
equation® Rate of Amorphousness (%) = (1—Content of Crystalline Silica (the

foregoing ratio)) X 100.

The silica powder of the present invention can be prepared by appropriately
combining the unitary operations such as the pulverization of silica powder, the
granulation and classification thereof and the blending of silica particles having
different average particle sizes, while likewise appropriately selecting the
conditions therefor. In brief, the silica powder of the present invention can be
prepared by blending principal particles having the mode peak 2, particles
required for forming the shoulder of the mode peak 2, and particles having a
parficle size ranging from 1 to 4 x m and having the mode peak 1, in

predetermined amounts.

The composition of the present invention will now be described in detail.
The composition of the present invention comprises rubber and/or resin and the
silica powder of the invention which is incorporated into at least either one of the
rubber or the resin.  The content of the silica powder to be incorporated into the
composition is not restricted to any specific one and the content thereof suitably

ranges, for instance, from 10 to 99% by mass and preferably 50 to 95% by mass.

Examples of rubber materials are silicone rubber, urethane rubber, acrylic
rubber, butyl rubber, ethylene-propylene rubber, and ethylene-vinyl acetate

copolymers.  In addition, examples of the foregoing resins are epoxy resins,

5



1.
1.

4 1.5 1.4 1.5 Content of particles (>55i in) (/0 by vol.) 2.8 2.4 2.1 1.
1 Content; of particles (<1 p. in) (%by vol..) 3.5 3,6 3,87.25.6

Aver age sphericity of particles (30p. in) (%by vol.) 0.88 0.89 0.94 0.91
9

0,
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2 114 ...

_ Spiral flow (cm 1.1.1.

silicone resins, phenolic resins, melamine resins, urea resins, unsaturated
polyesters, fluorine resins, polyimides, polyamide-imide resins, polyamides such
as polyether-imides, polyesters such as polybutylene terephthalate and
polyethylene terephthalate, polyphenylene sulfide, completely aromatic
polyesters, polysulfones, liquid crystalline polymers, polyether sulfones,
polycarbonates, maleimide-modified resins, ABS resins, AAS (acrylonitrile-acryl
rubber/styrene) resins, and AES (acrylonitrile/ethylene/propylene/diene

rubber/styrene) resins.

In respect of the sealing material, preferably used herein include epoxy
resins each containing at least two epoxy groups in the molecule.  Specific
examples thereof include phenol-novolak type epoxy resins, o-cresol-novolak type
epoxy resins, products obtained through epoxydation of novolak resins derived
from phenols and aldehydes, glycidyl ethers such as bisphenol A, bisphenol F and
bisphenol S, glycidyl ester acid-epoxy resins obtained by the reactions of polybasic
acids such as phthalic acid and dimer acids with epichlorohydrin, linear aliphatic
epoxy resins, alicyclic epoxy resins, heterocyclic epoxy resins, alkyl-modified
polyfunctional epoxy resins, S -naphthol novolak type epoxy resins,
1,6-dihydroxy-naphthalene type epoxy resins, 2,7-dihydroxy-naphthalene type
epoxy resins, bis-hydroxy biphenyl type epoxy resins, and epoxy resins in which
halogen atoms such as bromine atoms are introduced for imparting flame
retardant properties to the resins.  Suitably used herein include, for instance,
o-cresol-novolak type epoxy resins, bis-hydroxy biphenyl type epoxy resins and
naphthalene skeleton-containing epoxy resins, from the viewpoint of, in particular,

resistance to moisture and resistance to solder-reflowing.
In respect of the agent used herein for curing the epoxy resin is not

restricted to any specific one insofar as it can react with the epoxy resin to cure

the same. Examples thereof include novolak type resins, poly(p-hydroxy styrene)

10



Table 2

113 120 115 Burr length (m) 2.4 2.4 2.1 1.7 2,4 _. _ _ _
GHI1 Mde Particle Size:Pl1

1 2
Conparative Exanple No. o 1 2 Powder Nane F
(gm

resins, bisphenol compounds such as bisphenol A and bisphenol S, tri-functional
phenols such as pyrogallol and fluoro-glucinol, acid anhydrides such as maleic
anhydride, phthalic anhydride, and pyromellitic anhydride, and aromatic amines
such as m-phenylene-diamine, diamino- diphenyl methane, and diamino-diphenyl
5 sulfone. Acuring-accelerator may be incorporated into the resin composition for
the acceleration of the foregoing curing reaction. Such a curing-accelerator
usable herein may be, for instance, 1,8-diazabicyclo(5,4,0)- undecene-7, triphenyl

phosphine, benzyl dimethylamine, and 2-methylimidazole.

10 The composition of the present invention can be prepared by, for instance,
blending the predetermined amounts of the foregoing ingredients in, for instance,
heated rolls, a kneader, or a single-screw or twin-screw extruder; cooling the
kneaded product; and then pulverizing the kneaded and cooled product. The
sealing material of the present invention is one comprising the composition

15 according to the present invention. Semiconductor devices can be sealed
according to any known molding technique such as the transfer molding

technique or the multiple plunger-molding technique.

Examples

20 Examples 1 to 5 and Comparative Examples 1 to 8

Pulverized natural silica was melted and formed into spherical particles by
feeding the same to the flame formed through the combustion of LPG and oxygen
gas to thus obtain spherical amorphous silica powder. Thirteen kinds of
powdery products were prepared such as those listed in the following Tables 1 and

25 2, while appropriately adjusting the conditions for forming the flame, the particle
size of the raw material, the feed rate of the raw material, the conditions for the
classification and the conditions for blending. The control of the particle size
distribution was principally carried out by the control of the particle size of the

raw powder and the multi-stage classification treatment of the particulate

11



P2 (prn) 1.8 2.4 6.0 2.2 30 45 32 14 Max. frequency value of P1 (% by
vol.) 1..4 1.5 1,5 1.6 Max. frequency value of P2 (% by vol.) 3.1 2.9 3.2
2.7 Content of particles (1-4 p. in) (%by vol.) 25.0 22.6 19.6 27.8
Content of particles (15-55 A m (% by vol.)

10
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material obtained after the step for forming the powder into spherical particles.
Moreover, the sphericity of the silica powder was mainly controlled by adjusting
the flame-forming conditions and the feed rate of the raw material.  Among the
resulting products, particulate materials referred to as Powders A to E were
powdery silica products of the present invention, while those referred to as
Powders F to M were powdery silica products according to Comparative Examples.
All of Powders A to M were found to have a rate of amorphousness
(amorphousness rate) of not less than 99% and an average sphericity, as
determined for each entire particulate material, of not less than 0.90. The
particle size characteristic properties of these silica powders were determined
according to the methods discussed above. The results thus obtained are listed in

Tables 1 and 2.

To evaluate the characteristic properties of the spherical amorphous silica
powders thus obtained as the filler for a sealing material, there were added, to
90% (by mass; the same rule will also apply to the following) of each of the Powder
A to M prepared above, 4.3% of 4,4"-bis(2,3-epoxy-propoxy)-3,3’,5,5-tetramethyl
biphenyl type epoxy resin; 4.4% of a phenol-novolak type resin; 0.2% of triphenyl
phosphine; 0.5% of vy -glycidoxy-propyl trimethoxy-silane; 0.2% of carbon black;
and 0.4% of an ester wax, followed by dry-blending of the same in a Henschel
mixer and the subsequent kneading, under heating, of the resulting compound
using a forward engage-type twin-screw extrusion-kneader (screw diameter:
25mm; the kneading disk length: 10Dmm; the paddle rotational number: 100 rpm;
the discharge rate: 4 kg/hr; the temperature of heater: 100 to 105°C). The
discharged product was then cooled in a cooling press and then pulverized therein
to give a material for sealing semiconductor devices. The resulting material
was inspected for the moldability and the length of burr formed during molding
according to the following methods. The results thus obtained are likewise

listed in Tables 1 and 2.

12



44.1 45.9 43.9 35.6 Content of particles (<4 pin upte,-.--15 p n) (% by
vol.) - 25.1 25.6 32.0 31.0 Position of shoulder (p m None None 7,5-1.7
4.0-9.0 Max. frequency value of shoulder (% by vol.) None None 1.5 Content

of particles (>551 t . nm (%by vol.) 2.3 2.4 2.3 1.1.

(1) Moldability (Spiral Flow)
The spiral flow values of the foregoing epoxy resin compositions were
determined wusing a transfer molding machine provided with spiral
5 flow-determining mold according to EMMI-I-66 (Epoxy Molding Material
Institute; Society of Plastic Industry). The transfer molding operations were
performed under the following conditions: Mold temperature: 175°C; molding

pressure: 7.4 MPa; and dwell time: 90 seconds.

10 In this connection, the higher the resulting value, the higher the fluidity
and the better the moldability of the resulting composition.

(2) Burr
There were prepared 48 semiconductor packages of TSOP (Thin Small
15 Outline Package; 10mm X 21mm; thickness: 1.0 mm; simulated IC chip size: 9mm
X 18mm; lead frame made of 42 alloy) having a 32-pin LOC (Lead on Chip)
structure using a transfer-molding machine. Thereafter, the burr lengths of these
packages were determined and then averaged. The transfer molding operations
were performed under the following conditions: Mold temperature: 175°C; molding

20  pressure: 7.4 MPa; and dwell time: 90 seconds.

The larger the resulting average value of the burr length, the smaller the

probability of burr-formation.

13



_ Content of particles (<1. pin) (%by vol.) 3.5

3.5 2.2 4.5 Average
sphericity of particles (,...- 30 ii n OA by vol.) 0.86 0.88 0.90 0.91
Spiral flow (cnm) 97 99 98 88 Burr length (ram 2.7 2.8 3.6 "' Table 2
(continued) Conparative Exanple No. 5 6 :
Table 1
Example No. 1 2 3 4 5
Powder Name A B C D E
Mode Particle Size: P1 {m) 1.6 2.4 2.4 2.0 2.9
P2 (2 m) 3 45 28 38 30
Max. frequency value of P1 (% by vol.) 1.4 1.4 1.4 2.2 2.1
Max. frequency value of P2 (% by vol.) 3.1 2.9 3.2 2.8 2.9
Content of particles (1~4 » m) (% by vol) | 24.8 292.1 28.9 22.6 26.8
Content of particles (16~55 u m) (% by | 43.9 | 46.3 42.1 50.2 42.2
vol.)
Content of particles (Kdpym up to=ibnum) | 25.5 25.7 23.1 18.1 24.3
(% by vol.)
Position of shoulder (1 m) 4.0~1 | 4.3~11 | 4.6~11 | 4.3~10 | 4.3~1
0 1
Max, frequency value of shoulder (% by | 1.5 1.4 1.5 1.4 1.5
vol.)
Content of particles (>585 . m) (% by vol) | 2.3 2.4 2.1 1.9 1.1
Content of particles (<1 m) (% by vol.) 3.5 3.6 3.8 7.2 5.6
Average sphericity of particles (230, m) | .88 0.89 0.94 0.91 0.92
(% by vol.)
Spiral flow (cm) 111 113 120 116 114
Burr length (mm) 2.4 2.4 2.1 1.7 2.4




" Powder Name J -C L M Mdde Particle Size:PL (mm P2 0/ n) 2.4 0,8 2.2
2.0 30 30 60 28 Max. frequency value of P1 (%by vol.) 2,3 1,4 1.6 2,3
Max. frequency value of P2 (%by vol.) 2,2 2,2

Table 2
Comparative Example No. 1 2 3 4
Powder Name F G H [
Mode Particle Size: P1 (;zm) 1.8 2.4 6.0 2.9
P2 (um) 30 45 32 14
Max. frequency value of P1 (% by vol) 1.4 1.5 1.5 1.6
Max. frequency value of P2 (% by vol.) 3.1 2.9 3.2 2.7
Content, of particles (1~4 1z m) (% by vol.) 25.0 22.6 19.6 27.8
Content of particles (15~55 1 m) (% by vol.) 44.1 45.9 43.9 356.6

Content of particles (<4 pm up fo =16pm) % | 25.1 25.6 32.0 31.0

by vol.)

Position of shoulder (1 m) Noune None 7.5~17 | 4.0~9.0
Max. frequency value of shoulder (% by vol.) None Noune 1.5 1.5
Content of particles (=55 . m) (% by vol) 2.3 2.4 2.3 1.1
Content of particles (<1 z m) (% by vol.) 3.5 3.5 2.2 4.5

Average sphericity of particles (230 m) (% by | 0.86 0.88 0.90 0.91

vol.)
Spiral flow (cm) 97 99 98 88
Burr length (mm) 2.7 2.8 3.6 2.1




2.5 2.3 Content of particles (1-4 11 m (%by vol.) 29,7 22,6 29.6 35,1
Cont'ent of particles (15-55 p. n) (%by vol.) ... 35.8 46.8 36.3 33.4
Content of particles (<4 /.2 mup to<l5 P. ra) (%by vol.) 29.4 19.8 19.6
25.7 Position of shoulder (P, m 4.3-11 3,8-10 4.6-12 4.3-10 Max. frequency
val ue of shoulder OA by vol.) 1.4 1.6

Table 2 (continued)

Comparative Example No. 5 6 7 8
Powder Name J K L M
Mode Particle Size: P1 (um) 2.4 0.8 2.2 2.0
P2 (1 m) 30 30 60 28
Max. frequency value of P1 (% by vol.) 2.3 1.4 1.6 2.3
Max. frequency value of P2 (% by vol.) 2.2 3.2 2.5 2.3
Content of particles (1~4 .2 m) (% by vol) 29.7 92.6 29.6 35,1
Content of particles (15~55 u m) (% by vol) 36.8 46.8 36.3 33.4

Content of particles (<4 u m up to<15 p m) (% by | 29.4 19.8 19.6 25.7

vol.)

Position of shoulder (4 m) 4.3~11 | 3.8~10 { 46~12 | 4.3~10
Max. frequency value of shoulder (% by vol.) 1.4 1.6 1.5 1.4
Content of particles (>55 1 m) (% by vol.) 2.0 2.2 13.6 1.9
Content of particles (<1 . m) (% by vol) 3.1 8.6 0.9 3.9

Average sphericity of particles (2302 m) % by | 0.90 0.92 0.92 0.91

vol)
Spiral flow (cm) 81 95 116 74
Burr length (mn) 2.6 2.6 5.1 2.9

16



1.5 1.4. Content of particles (>55/1 m (%by vol.) 2.
Content of particles (<1 pm (%by vol.) 3,1 8.6 0,9

,2 13.6 1.9

02
3.9 Average

sphericity of particles (-?,-30p. m) (% by vol.) . 0.90 0.92 0,92 0.91

Spi r al

10

15

20

25

flow (cm) 81 95 116 74 Burr length (mm) 2.6

As will be clear from the comparison of the results obtained in Exampies
with those obtained in Comparative Examples, the compositions comprising the
silica powders prepared in Examples were excellent in the moldability and
showed the excellent burr-formation control effect or small burr-lengths even

when the rate of packing of the silica powder was equal to 90% by mass.

Industrial Applicability

The silica powder according to the present invention can be used as a
resin-molding part such as a molding compound for forming, for instance, parts of
automobiles, portable electronic machinery and tools and household appliance, as
well as fillers for use in putty, sealing materials, buoyancy materials for ships,
artificial timbers, reinforced cement exterior wall materials, light-weight exterior
wall materials and sealing materials. In addition, the composition of the
present invention can be used in the prepreg such as that for printed circuit
boards, which can be prepared by, for instance, impregnating a glass woven fabric,
a glass nonwoven fabric or another organic substrate with the composition; in
electronic parts obtained by molding, with heating, one or a plurality of prepreg
sheets together with, for instance, a copper foil; and in the preparation of cladding
materials for electric wires, sealing materials for semiconductor devices and
varnishes.  Moreover, the sealing material according to the present invention is
excellent in the fluidity and packaging characteristics and therefore, it can be
used as a sealing agent making it easy to form semiconductor-packages which are

mimaturized and thinned and whose pitches are likewise narrowed.

17



2.6 5.1. 2.9 As will be clear fromthe conparison of the results
obtained in Exanples with those obtained in Conparative Exanples, the
conpositions conprising the silica powders prepared in Exanples were
excellent in the noldability and showed the excellent burr-formation
control fect or small burr-lengths even 5 when the rate of packing of the
silica p 1S Gladmed ik to 90% by mass. Industrial Applicability The
silica powder according to the present invention can be used as a

resi n- nol di ng ,pay: ch _as @ | di ng.co und .f or .f.orm ng, .for instance,
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seal i ng ed-erimajasd amaxigaum fsequeppe vabiepes pumede pealt R@rescat Ehe pariicde sizen
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whi ch can be prepared by, for instance, inpregnating a glass ve abri c,
& ol ass. nonvolErnEHE e THHaUSHGY Najuedpy i BOUGRERK 208 SAFAH (THE eG4 | on.
in el ectmodepepladts obtai ned by nolding, with heating, one or a plurality
of prepreg s t ogether Wi th. for instance, a copper foil; and in the
preparation gﬁ%c‘ﬁ%‘%%g?efé‘ ﬁéﬁgﬁSEngq{%&r el ectric wires, sealing materials for
seni conduct orthe¢epintend cdpdrizdes whose hadicldsize cargss from Ketl $ hgnnistlergeal
accor di iah T REGIIWHOK AHIAE sl8 SHER frhi 1 104t T Ui dity and

packagi ng characteristics an erefore, can d as a sealing agent
nmeking it ea§¢ﬁ%ﬁQ%ﬂQW@%mW@Bﬁﬂﬁﬁﬁor-packages which are miniaturized and
thinned and whose P§{€hs% BY Qolurk@Wf P tRAS NGRS a paPticl¥RBle dafigiloafiro®d] 4 S:
1. Asilica powﬂgr at |east” having, 1n a volunme-based frequency
distribution O bdfEicle size as deternined by a |aser

di ffraction-scatt et ng30%chyvgligne af paetichasrhavigg ugacycle dizeerahgingafromde peak
1 present in §4aart,icle size range extending from1.5 to 3.5 pmand a

maxi rrumfrequt ncﬁ”m\?al ue for a node peak 2 present in a particle size range

ext endi ng from 25 @ to 4% hynvolhee ef particles hdwengaxiartiohefsizqokgregter dhareS$ or

t he node peagmq.is greater than that for the node peak 1; the node peak 2
has a shoul der;” t he content of particles whose particle size ranges
from 15 to 55 pm i &tQ 20yeby vahine phpagiclgsdraving epanelesizsaet snaalicrdhae 1
ranges from Jurh?aﬁ‘d pm the silica powder conprises: 35 to 55% by

vol une of particle g)%\{i ng a}\ particle size ranging from1l5 to 55 I I M

10 to 30% by vol uriBedrlaneeialnagicleapnyiges paticicsige of geeaterigrnd HPGRdL to 4
pm 0 to 5% Hysyvidhims @h; padti cl es having a particle size of greater than

55 Jim t % b olu of rticles .having a,particle size of
ovl 1 or 1 han tegRprtiih o el Beabhts beeeR e P tHES g g & FReTS o ze
of greatter20tjmarand thANoateht loésise pinaiclekscopstitaing the shoulder is 10 to 20% by

volume of the total particles of the silica powder.

2. The silica powder of claim 1, wherein the average sphericity degree of the
particles having a particle size of not less than 30 pm is not less than 0.85.

3. The silica powder according to claim 1, wherein the particlcs having a particle
size ranging from 15 to 55 um are present in the silica powder in an amount of 40 to
50% by volume.

4. The silica powder according to claim 1, wherein the particles having a particle
size ranging from 1 to 4 pm are present in the silica powder in an amount of 20 to
25% by volume.
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t he shoul der for the node peak 2 is present in the particle size range of
from4 to 20 gmand the content of the particles constituting the shoul der
is 10 to 20% by volune of the total particles of the silica powder. 2. The
silica powder of claim1l, wherein the average sphericity degree of the
particles having a particle size of nof | ess than 30 pmis not |ess,than
0.85. 35 Thelkg¢ pilica Dosvdes acapidataiiong/atg 1o Whersin theie LB?%%%@HB@%%% ?ﬁs@ees
havi ng asiHalddrdfensd&BedlaPn@d NG thriogsl5 to 55 pmare present in the silica
powder in an anount of 40 to 50% by volunme. 4. The silica powder according
to claim1, wherein the particles having a particle size ranging from1l to
4 gm ar e6.pr esAndonypositien somipeiaingothd silidarpendandimsinof , hichois2Bepprated une.
5. The sil| r redl] t -aim 1, wherein the volune frequency of
t he shodphggﬁggaﬁgﬁgr%@g%fghﬁ%xfggg%g'1.8@6 6. A conposition conprising
the silica powder of claim1, which is incorporated into at |east either

one of rybber AQkfieShdlctorlsélF@ThERRaVEAPrisHa! the GoRPRItic ofdlahiesi ng the
conposition of clalmeé.
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