SPECI FI CATION Silica Powder and Applications Thereof Technical Field 5
The present invention relates to silica powder and its applications.
Background Art There have recently been desired for the mniaturization,

wei ght-reduction and quality-inprovenent of electronic machinery and tools
and correspondingly, 10 the sem conductor packages have rapidly been

m ni aturized and thinned, and the pitches thereof have |ikew se been

rapidly narrowed. In addition, thgPBOTFICEAPECRYYi ng suitable for the high
density packagi ng on an interconnecting substrate has been one of the

| eadi ng mai nstreanms of theihaakagrde aetApphivationtftheresiich circunst 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 ;fat er.i ;fn@% in particular, the inprovenent of the resistance to
sol der i ng*ReHc dfe noisture resistance, the reduction of the ther mal
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desirable to use 20 a sealing material prepared by incorporating silica
powder into epoxy resin in the highest possible anount. However, the nelt
vi scosi t yBatkgtommdeArfi ti ng sealing material nmay increase because of the
hi gher | oad (or_ higher content) of the silica powder and this in tyrn.

| eads to an i néhersbaye reepntiiebeen idesired|far tep suamiagizaimbausishtoeductipra
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mat eri al . pfxee| @eredf Sushk tigehpi@uesehnahytiya nmidedd.  In addition, the
surface-packaging suitable for the high density packaging on an interconnecting
substrate has been one of the leading mainstreams of the packaging technique.
Under such circumstances, there has likewise been required for the
15  quality-improvement of a material for sealing semiconductor devices (hereunder
referred to as “sealing material”), in particular, the improvement of the resistance
to soldering heat and the moisture resistance, the reduction of the thermal
expansion coefficient and the improvement of the electrical insulating
characteristics thereof. To satisfy these requirements, it would be desirable to use
20  a sealing material prepared by incorporating silica powder into epoxy resin in the
highest possible amount. However, the melt viscosity of the resulting sealing
material may increase because of the higher load (or higher content) of the silica

powder and this in turn leads to an increase in the defective molding such as

unloading of silica powder, wire-flowing and chip-shifting.

In such circumstances, regarding the sealing material having a high
content of such silica powder, there have been proposed various kinds of
techniques for the prevention of any impairment or damage of the fluidity and

moldability of the sealing material. Examples of such techniques include a method



| in which the coefficient of variation observed for the particle size
distributionis Ilimted to a level of not higher than 10%to thus nake the
particle size distribution sharper (Patent Docunent 1); a nethod in which
the degree of sphericity (the sphericity) is restricted to the range of
fromO0.75 to 1.0 for the 5 particles having a particle size of not |ess
than 45 u mto thereby further inprove the sphericity degree for the

coarse pajf kalieg thEa.enicibRe ¥ieakiatlon 6bdBiB8QG0 Bhe Wairfilld e SRSGiHition is
surface area of silica powder is limted to a I evel "of not nore than 5

m2/ g to thusitqat event largl bhHat@aseglodr thenco0taab ahiea mekeeedne spditivde size
particles and a resin conponent (Patent Document 3); and a method which 10
conpr i sesdititibugiont sharpera(PagniaDerialentals nal Ilnquu@ihtmt yhieh sthieedegrge falne
powder having .an average particle size.ranging from.gbout 1.t u

(Pat ont DORRAEAEY By SrHEEtRihoas AT dopdint OER & doNGS dvat 4.0 65 The
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these teciii gyRs-ifidy /ldaobe Y61 tﬁ@tcbﬁfs%cé]é’ftﬁélé’s 1Pa sl tvBdosset 2)phohkaibd hat
the sealing naterial is flooded through the air vent portion of the nold

duri ng nokdlidigthdepsaifie {wifatdhergheneitinopowdb! éd limited tora level of not more
flash-formation). Patent Document 1: JP-A 11-124504; 20 Patent Docunent 2:
JP- A 2004thizpBdumn?/g Fat tas Dyeuprhtary: ig@easeod1the resbact macehetweenniheas:
JP- A 5-2393
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content OfaguehashléGdenPNiRle 8128 1©%e8ld 6 kBout 0.1 to 1 m (Patent Document
4). These methods would permit the considerable improvement of the sealing
materials, but the resulting materials have not yet satisfied the recent severe and
strict requirements. For instance, these techniques have not yet satisfactorily
15 solved such a problem that the sealing material is flooded through the air vent
portion of the mold during molding the same (or the phenomenon called burr- ox

flash-formation).

Patent Document 1: JP-A 11-124504;
20  Patent Document 2: JP-A 2004-123849;

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



the noldability; and a conposition and a sealing material, in which the
silica 2 powder is incorporated into at |east either of rubber or resin.
Means for the Solution of the Problens According to the present invention,
there is provided silica powder 5 characterized in that the silica powder
has, in the vol une-based frequency distribution of particle size as
determ ned by the laser diffraction-scattering technique, the maxi num

fr equency yalues. 8l YEIa SRES EPPONdiNg Iadeybhel atiug, maxi mum peaks

present at l'east 1na par nge extending omlto4u mandin
a particle size range extending from15 to 55 u m (these peaks being 10
referred to as "node peak 1" and "node peak 2", respectively); that the
maxi mum Memsefoethe dobetibnnoftthe Probkmpeak 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 Wiewglingata i Blee wiezent amyes tiononthieyet as spravided ssiligageowdsan
that of the particles ose .particle size ranges froml to 4, um, 15 In

t he pr"]cése aﬁ%%%f%{ﬁﬁ?%%t e é’glcﬁ‘o\l%? Eohpri sRsthss Hodumsshaipd, drapnencys
particles Vih. 010 riis sSi:ze r.angi fr 5,40 u .t 0 0
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particle size of greater than 5Uu m not nore than 10% by vol une

(i ncl udi noaGdmimym vpdalte)rafenpaticastan hpartigle sizpanhieleatai diagdrosmhld dry
than 1 u m and the balance of particles having a particle, size of greater
than 4 u ™ apd Meapaviphe Pza range extendingclpacdd o 5Py mr dhepe deaksthainghe
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than 0. 85the mode peak 2 has a shoulder; and 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 1 to 4 u m.
15
In the present invention, the silica powder comprises 35 to 55% by volume
of particles having a particle size ranging from 15 to 55 . m; 10 to 30% by volume
of particles having a particle size ranging from 1 to 4 » m; not more than 5% by
volume (including 0% by volume) of particles having a particle size of greater than
20 55z m; not more than 10% by volume (including 0% by volume) of particles having
a particle size of smaller than 14 m; and the balance of particles having a particle
size of greater than 4 1 m and less than 15 m. In this respect, it is preferred
that the maximum frequency value for the mode peak 1 falls within the range of
from 1.5 to 3.5 u m, while that for the mode peak 2 falls within the range of from
256 25 to 40 ym, and further preferably, the average sphericity degree of particles

having a particle size of not less than 30 » 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

L0



In addition, the present invention also relates to a rubber or resin
conposition conprising the silica powder incorporated into at |east either
of the rubber or resin. Effects of the Invention According to the present
invention, there are provided silica powder which 5 permts the
elimnation of the problemconcerning the burr-formation in the sealing
mat eri al having a high content of such silica powder and excellent in the
nmol dabi | i trtypbandr aeonpositi on and a sealing material, in which the silica
powder is incorporated into at |east either of rubber or resin. 10 Best
Mode for Carrying Qut the Invention The term "node peak 1" is herein

defined t e.a ak. corresponding to the size of particles whose maxi num
frequency ?%%Ogﬁbf‘eﬁ%ewqrﬁi n a particle size range extending from1 to

4. m in the v : fr i.strihution. of rti . iz T
det or i ned by CIEOTLRE S BRERE I Rl i, WELE Do Bt 1% Bofferivien
the tesm prbRetPERK dimirfathl VIfNHEDLLRISEN CohterhiRgkh € W eIBLAILDE 1P thiehe
size of particles whose maxi mum frequency val ue appears wthin a particle
si ze rangeealngmiktegidlriomidf 4 higibcentent iof subk shee pyalderembhsedifeneqy ehey

di stribution of particle size. The size of particles, the frequency of
whi ch is Dhdpbiliy: Aeda eompesitionhan Garssaing wiateriagbinexhichdihegsitioa plosvder

medi an in.the 20 channel show pg. 1he highest frequency, observed in the

vol une- baéseldmﬂ%?f@éﬁ@?ltod?@t%@%g\ti‘ﬁﬁOgi‘ §% PCYE1Ri ze which is deternined
according to the laser diffraction-scattering technique while dividing the
particle size range extending from0.04 to 500 u minto 100 sections. In

thi's r@spBekt MudeefoeCarrlit Ou@dRk Thventibgaks are present in the region
extending from1l to 4 mor the region extending 25 from15 to 55 u m the

size of particlles, terme rhodgpeaky” o hahéiohdéfsnedhis hum pésk caletsporidiag tbythe
conparing the frequencies of these de peaks with one another to thus
det er m neSitAO patticlase whiose mavimg: HeararenysHe agnents witigea pagticle size

range extending from 1 to 4 m, in the volume-based frequency distribution of
particle size as determined by the laser diffraction-scattering technique. In
15  addition, the term “mode peak 2” is herein defined to be a peak corresponding to
the size of particles whose maximum frequency value appears within a particle
size range extending from 15 to 55y m, in the same volume-based frequency
distribution of particle size. The size of particles, the frequency of which is
maximum, herein means the particle size corresponding to the median in the
20  channel showing the highest frequency, observed in the volume-based frequency
distribution of particle size which is determined according to the laser
diffraction-scattering technique while dividing the particle size range extending
from 0.04 to 500 u m into 100 sections. In this respect, however, if at least two
peaks are present in the region extending from 1 to 4 z m or the region extending
26 from 15 to 55 m, the size of particles, the frequency of which is maximum, is
determined by comparing the frequencies of these mode peaks with one another to
thus determine the particle size having the maximum frequency value. An
example of the device used for the determination of the volume-based frequency

distribution of particle size as determined by the laser diffraction- scattering



exanpl e of the device used for the determnation of the vol une-based
frequency distribution of particle size as determ ned by the | aser
diffraction- scattering 4 technique is a Shierus particle size

di stribution-determ ning device: "SH ERUS 1064" (available from Shierus
Conmpany). The use of this device would permt the automatic determ nation
of the node peak 1 and the node peak 2. 5 The average sphericity of the
silica powediniygedstLomined PartidpWizd Gﬂstribiiﬁﬂﬁﬁd@ferﬁﬁh&ﬁ%_'d%%i&bt“smﬂkUS
t hrough the use of a mi croscope (such as "Mddel SMZ- 10 Type" availl abl e
from Ni kod064t poraidtda)from Skimmns ipmepenyy on THeues obph)s danide tweuldi et
an i mage-anal ysis devjce (for instance, one available from N ppon Avionics
Co., Ltd.Jhe eptanptissletgrminadiqn of tet mpdanwak( h)andﬁdlletmedp@reagr?er al length
10 or perinmeter (PM of each particle are determ ned on the basis of the
m crographs thus obtained. In this case, assumng that the area of a true

circl corres dj i i ok Lr-culsarj t. .t he
corre§5pondi ng m&gr %?%ﬁag%i %ﬁ‘ﬁ%eﬁ %{eb(gﬁ%%b%)i&g%rl(ﬁ rag?e%l{lglégu nlépﬁ%%flga
true circligabés ol pareicld®bBfaih PMthrdephi @Rl uk® dhatmelrobdipeStiiRheas heodel

relation: B=7c x (PM2 m)2 15 can be derived, since PM= 2 it r and B =
it r2. CohdEguénkyipe’ aviadabphfonc Nikon{Corpacdtitmdiawicdualn paldctionemianstge)

defined to Se az_fo_llovvs_: Sphericity Degrees = AB= Ax 47 /(PM2.
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powder may have anot her node peak in addition to these node peaks. The
node peakéozrespionding riodhsap eiinietes(P¥D25 @Pgitba cxtdadiyngf fthensotbespmnstng
m It is gg&' g ig u.et nbeJdet(E Q)%t AEQ.e ngéoerg}ng?l;r, tagguming that a true circle has a
perimeter (PM) identical to that of the sample, the velation: B = n X (PM/2 )2
15 can be derived, since PM = 27y and B =xr2  Consequently, the sphericity of
each individual particle can be defined to be as follows: Sphericity Degrees = A/B =
AX4 7 /(PM)2 Arbitrarily selected 200 particles are inspected for the sphericities
according to the foregoing method and the results are averaged and the resulting
average value is defined to be the average sphericity degree of the sample.
20
The silica powder of the present invention is defined by the following four
essential points:  The first essential point is that the silica powder has at least a
mode peak 1 and a mode peak 2. The silica powder may have another mode
peak in addition to these mode peaks. The mode peak 2 exists in a particle size
25 region extending from 15 to 55z m. It is herein suitable that the content of the
silica particles having a particle size ranging from 15 to 55 z 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

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

T



silica particles having a particle size ranging from15 to 55 IL m
preferably ranges from 35 to 55% by volune, and nore preferably 40 to 50%
by volune. On the other hand, the node peak 1. exists in a particle size
region extending froml to 4 IL m In this connection, it is suitable that
the content of the silica particles having 5 a particle size ranging from
1to 4,u mpreferably ranges from 10 to 30% by volune, and nore preferably
20 to 25%abyantoleisie rihgipafione (88,4 WAOFLfPAH]Y Ghagss ook 4038 0% Bvbiukie,
55 Al m (hereunder also 5 referred to as "principal particles™) in which
the node peakmaré prefeestidyt20 tr 35%par volomhat e conponents serving as nucl ei
of a conposition, in particular, a sealing material and if the principal
particles have a particle size of less than 15 u m the nelt viscosity of

the seal ing nmatgrial .incr es, i e the nol dabili t hereof i s reduced.
On the ot her hgﬁl& m{ecggs[,ﬁ@ﬁ%saerg%'\%eéeg}zze?ra&getsﬁgoz&ﬁ;é? SEW IBaQ’telrf:‘I“é en giso
exceeds SPefebrdd t¥ad OWSn P! id18Y) 3h! $ficH Qﬁe'@%ﬁ@ﬂ%@ak %@%‘I?%Iﬁf are
sem conductor chips, wre breakage and wire sweep duri nol din e sane.
Par ti cul aphytipuletecoegonenfici@ainpas i@l @Sofd eorhPoesieionavh parficABit hekgligbze
ranging from25 to 40 u mand the content thereof in the silica powder

ranges fr 8hatanal nd5hepriglipakp adicles bave hepattinid sizehel leas thehds$ hayithg a

particle size rangi frorf]l to 411 menter i he interstices faorned
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the mode ﬁgr‘rank2§ ‘to 40 » m and the content thereof in the silica powder ranges from 40 to
50% by volume.  On the other hand, the particles having a particle size ranging
15 from 1 to 4 2 m enter into the interstices formed between the principal particles to
thus make the packing structure of the particles denser. The mode peak 1
should likewise be present in the particle size region extending from 1 to 4 x m.
The dense packing structure of the particles would permit the charging of the
silica powder into the composition at a high content and the reduction or control of

20  the burr-formation.

The second requirement of the present invention is that the maximum

frequency value for the mode peak 2 is greater than that for the mode peak 1, or

that the height of the mode peak 2 is higher than that of the mode peak 1.

26 When this requirement is not satisfied, the viscosity of the resulting composition,
in particular, the sealing material undesirably increases and this in turn results

in the lowering of the fluidity thereof. The particle size corresponding to the
maximum frequency value for the mode peak 1 preferably has a correlation with

that for the mode peak 2 such that the former particle size is 0.05 to 0.15 time the



25 When this requirenent is not satisfied, the viscosity of the resulting
conposition, in particular, the sealing material undesirably increases and
this in turn results in the lowering of the fluidity thereof. The particle
size corresponding to the maxi mum frequency value for the node peak 1
preferably has a correlation with that for the node peak 2 such that the
former particle size is 0.05to 0.15 tinme the 6 latter particle size.
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t he node pea I'sS observed in ticle size'ra from

and the mixiguenty veduehstheahbge herkihg dm@ﬁ;ézﬁﬁka%aﬁtge&aﬁgeiran?e oP &k ke
size range of froml1l.5to 3.5 1t m 5 The third requirenent of the present

i nvent i ont¢ <0thet anHetheothe xpeakn Zré@asency shloel fhertheThedeep@ak shappelars"iruaed
herei n neans .that the node peak 2 includes an inflection point within the

same. |n BEFasle\@reEanga el frapnl fefend 5 4 Mat a particul ate conponent having a
specific particle size is present in a higher 10 quantity. The presence of

such & shoul der neans that, when i ncorporating the corresponding silica

ch o' sh hat ! ding
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particl esacgiouddpendiTig tterbhesHRdepeaked it NatahHahRAr fHE MBSde peak 2
corresponding to the node peak 1 can enter into the interstices forned
bet ween 1Hdwdepantinflettive monponiéhmis thossmiet ut Ingthee whals, dke termhinghans
efficiency and therefore, the silica powder_can further be packed in a
hi gher pallidtiyPasheilaje compenenb iarans popecHic paxticlpsige 1 presgréfie eabigher
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t he maxi numstitetinenty shaldder Jheiql esepass Ghraiph 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 u 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-hased

frequency distribution of particle size according to the foregoing laser

diffraction-scattering technique.

The fourth requirement of the present invention is that the content of the
particles whose particle size ranges from 15 to 55 m is larger than that of the
particles whose particle size ranges from 1to 4 m. If the foregoing relation is

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



shoul der can be confirmed by carrying out the neasurenent of the

vol unme- based frequency distribution of particle size according to the
foregoing laser diffraction- scattering technique. 25 The fourth

requi renent of the present invention is that the content of the particles
whose particle size ranges from15 to 55, u mis larger than that of the
particles whose particle size ranges from1l to 4,u m If the foregoing
relation i ca&@l\éere%ﬁ@l iAtd FIAneIARcks oedlyveRAT HLhgStiNRY (1918 Bass b%etﬁisze
ranging from1l to u 7 mcannot enter Into the interstices between the
particles aoéoxﬂSnglg mieventy théifsrmationrsll agleyirpted@tes gdikabdigativeound aad
desired denser ?ackaglng structure and the nelt viscosity of the resulting
conposi t i 8he naelt idpewtey iod shai weedtingr cbaipiositign Bayn intrease| ircaa pbigher
of the preselnt] nvention, the content of particles having a particle size
of greateP u mis not nore than 5% by volunme (including 0% by

vol unme) and the content of particles having a particle size of smaller than
1 um is not nore than 10% by vol une (i ncluding 0% by volune). The bal ance
of the 10 sili¢atROWHRI Ibéw&é&n&ttlﬂe%l%%eﬁylﬂédtﬁﬁl reﬁétcbﬁt&ﬁ dl‘%ﬁr'ﬂi%lc% having
particle size of greater than 4 u mand less than 15 ji m [In addition,
the burr - horarticleosize ofigredteethant550f m isheotpnesetiar B?/fehjz lvohlmeninfohmd;lmgro%e

i mproved Ey adj usti ng t he averaoge sphericity of the particles having a
thg somtrnt dd@articlastlorang eveartisle e dfewsalleindrarngl ggn
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than 4z m and less than 15 xm. 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.

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
spectfic 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



can be prepared by treating the crystalline silica powder through nelting.
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 of CuK
a -rays ranging from26 to 27.5 degrees while using a powder X-ray
diffraction analyzer (for instance, "Moddel Mni Flex available from R GAKU
Co., Ltd.) and then 25 determ ning the rate of anorphousness on the basis

of the intensingle patdM70degs pechidportdohbl astiencperks shuise Abysidiede Vs
specifically, the crystalline silica shows a main peak at 26.7 degs. in

t he X-ray Adicbfdiagty, ohepabntant, oﬁmhbecztyrseallmlsﬁmf.ﬁhbl intanbgy f ofeehef Xarmy
such peak.. Eor thi? reason, if a sanple includes both crystalline and
amor phous Mifraction toxdheeiappledf thamtanpity pddheppasndiffyaciion sontherpipeense
26.7 degs...] roportignal t.o the content of. the.crystalline silica. X
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ratio of tlEaeindyhémthasaty obasbephyeshdristthtrdatal gcdoddiato ehs AiIMRANROr
the reference sanple of crystalline silica and then the rate of
anor phousfgystipy: deite udfateormdoosdesy (10 +Ha ~f Gohtamitng Cegstllion: Skane (thfe

Anmor phouspess (99 =. (\1: tent of Crystalline Silica (the foregoing
ratio)) x?%ﬁéql(‘l%&féi‘fg}éﬁﬁ%ca powder of the present invention can be
prepared by appropriately conbining the unitary operations such as the

pul verization of silica powder, the granulation and classification thereof
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sizes, while |ikew se appropriately selecting the conditions
brief, theomsbining thewdeitao§ cpbeatpd:esetth iazvénd palveetiathn dbsiicapgsededthe
bl endi ng principal particles having the node peak 2, particles required
for forni #ptHalioRod slassiiiedttombliereptand2theahtprstingiof|seichpaitiglea having
different average particle sizes, while likewise appropriately selecting the
conditions therefor. In brief, the silica powder of the present invention can be
16 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
particle size ranging from 1 to 4 z m and having the mode peak 1, in

predetermined amounts.

20 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

25 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,



particle size ranging from1l to 4 p mand having the node peak 1, in
predeterm ned anmounts. 20 The conposition of the present invention will now
be described in detail. The conposition of the present invention conprises
rubber and/or resin and the silica powder of the invention which is
incorporated into at |east either one of the rubber or the resin. The
content of the silica powder to be incorporated into the conposition is

not restrisili@shel Geaiy, SPREAJILC ;@B AN h6i KON &ilhs, ! nﬁ(egofleéﬁgt %%ta{v%ted

ranges, for instance, from 10 to 99% by mass and preferably 50 to 95%
mass.  Exawjesest fubher resiner palysmades, Sidly £ide- imbcb@&esmsepbmlrd@bwch
acrylic rubber butyl rubber, ethylene-propylene rubber, and

et hyl ene- FiSny#0 Ixeldreatigid edpobgiesters | @uagmaa opply@xmdﬁn@s sfrephth dlategeindg

?ilii ns, uPel Bl RE Tteat] haia'é'awﬁo%%éé%ﬁgng?%ﬁh%r%&e ri%'o??;n”e
YRR b S 8 et e P

pol yphenybeReashéidtds, n@@ﬁhﬂeeﬂnmﬁﬁm&lﬁ&m %@éfn%r M@Qh&ﬁ%ﬁﬁﬂ?@acwl
liquid crystalline poI yners, polyether sul fones, polycarbonates, naleir de

-rodi fi edlubbenfstyréXBS r asisivss, AASd acA¥Soni Cralt:rglrlen&@ﬂ;é!ethylelml@ﬁfl/@wdrﬁdﬁ@u)ene
resins, le@ S (acr lonitril e/ ethyl enel/ propyl ene/ di ene rubber/styrene)
resins. 18ubher/egpaed Wﬁlﬁﬁhe sealing material, preferably used herein

i ncl ude epoxy resins each containing at | east two epoxy groups in the
nol ecul e. Specific exanples thereof include phenol-novol ak type epoxy

' t d.
oot Con of T JRRYELAE WO SeafD i BT or REAAHE S AP IRLAR N A Hhoney
et hers suedsias dachpbanelinig hitsRhenakyo-epbgly J%'iogbgpﬁﬁmﬁb ﬁ,olé]juygl dygpgﬁﬁgr
0

aci d-epoxy resins obtained by the reactions pol ybasi ¢ aci ds such
pht hal i ¢ éednplesdthdirael inadudis phien bl -epvdbkdyphyegdoixy, reblntea)rcmlsolphawolak type

epoxy resins, products obtained through epoxydation of novolak resins derived
from phenols and aldehydes, glycidyl ethers such as bisphenol A, bisphenol F and
15 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 vesins, f# -naphthol novolak type epoxy resins,
1,6-dihydroxy-naphthalene type epoxy resins, 2,7-dihydroxy-naphthalene type
20 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,

25  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



epoxy resins, alicyclic epoxy resins, heterocyclic epoxy resins,

al kyl -nodi fied polyfunctional epoxy resins, 13 -naphthol novol ak type
epoxy resins, 1.,6-dihydroxy-naphthal ene type epoxy resins, 2,

7- di hydr oxy- napht hal ene type 20 epoxy resins, bis-hydroxy biphenyl type
epoxy resins, and epoxy resins in which halogen atons such as brom ne
atons are introduced for inparting flanme retardant properties to the
resins. Suksiakl gim@ﬁoheéﬁgauhagls%ﬁ,asf BfsphBabRACEn d WS &SRS Nev-8hakidyne
epoxy resins, bis-hydroxy biphenyl type epoxy resins and naphthal ene

skel et on- phenth siety aspoxyogads] nsd fluom-thecinbevipod inltofdrides pach issuhaieic
25 resistance to noisture and resistance to _solder-reflowing. In respect of
the agent au9drisler phihalyy apbyipiget padapovinalbtic mnhy divde, ardroakd anoingsy
specific gne insofar as it can.react with the epoxy, resin .cure the
she. | ExatiraeSinatiest Tkt AR dirakh e hoagl REMAERy B fir s diniend)
10 resins .sphengl. ¢ . j ] I . IS e ,
rifunct Ponare prasar gt et R f S BT Pty Bsiion for
anhydr i deshé ugbelasatiph esfc th@rf@yégdiﬂ%, culRih PalebetisAhy dSER, o 2Reki RYRFEkLAfolC
anhydride, and aromatic am nes such as m phenyl ene-di am ne, di am no-

di phenyl wethlarnereandaly hej fio-igispdesey |1, % dsadfhaoelo®, 4,00 mgdemaee’ ergtloenyiny
be incorpoyated info the resjin conposition for the acceleration of the

f or egoi ngPeosRIHger beraylsimethplaraing, endg metbalisvidesple. usabl e herein may
be, for instance, |, 8-diazabicyclo(5,4,0)- undecene-7, triphenyl

phosphi ne, benzyl dinmethylam ne, and 2-nethylim dazole. 10 The conposition
of t pr esent mj | QFY- - £ oL, L RSt . I j
predgﬁgrnined gﬁgﬁﬁﬁgk%plﬁﬁgfﬁg?ggggﬁggﬂﬂg¥%ﬁ%%%%%T%H%‘%%?e???fgﬂiggméﬁ&%
heat ed r oblesdixg kinepdedetediited bRt Brts Of e We TordgtiNy $EE6RW &Xdl WA €6y inG@MhdeNg
the kneaded product; and then pulverizing the kneaded and cool ed product.
The seal heafedaradls, ad lofeader, pr esemgleraceewi on tisnoneewoapridengeedimg the

conposition 1 dacco{idi ng to . the present invention. Senjconductor. devices
e]élp ed product; and then pulverizing the kneaded and cooled product. The

can be s
seahng 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 1to 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



according to any known nol di ng techni que such as the transfer nol ding
techni que or the nultiple plunger-nolding technique. Exanples 20 Exanples
1 to 5 and Conparative Exanples 1 to 8 Pulverized natural silica was nelted
and formed into spherical particles by feeding the sane to the flane
formed through the conbustion of LPG and oxygen gas to thus obtain

spheri cal anorphous silica powder. Thirteen kinds of powlery products were

pr epar ed i i l.owi ng. T . -
appropri at%gﬁ}ra j&ub's?t9 ;ﬁﬁeéi %‘ﬁ{éﬁgg%&tﬁbgﬁi?‘%& go?nn%3 ﬁg@%é]lﬁgg%,ﬁgﬁlﬁ%l %g%?gf'e
size of tDgoreaveraherdperidifieof 888 sfladeep O dbh & dM TRk diftrol 16 D B yCOMBIstIN@NS
for the classification and the conditions for blending. The control of the
particl e $hedélang-femming ¢conditiass pmididigfdeldyratanf itke raut miagetihk cohmhonk thie

the particle size of the raw powder and the nultj-stage classificatjon
treat ment *e$URE preducnl pesticulptpanatemplsobeiarynst tafae opyerst Aptof & were

form ng the powder..into spherical, particles. Noreover., the sphericity of
the st Ti cRONORBrHEE T Ot Ereioby TRt d bl P PaTETParH iy 25
condi tion . f - ' ; ) Ik

product o, T earereur s e et SpPufr) Sico R ARLRL s @0 SAIPRACHID b BTY ol
powdery siAlll cef P@dasiss Af té hBI presenfowdyedd i RAve WA [1@té heseafRirFho@shdR
as Powders F to Mwere powdery silica products according to Conparative
Exanpl es. (amabiplofusPesderatel ofo idtwhrss thamd99% hawk @n raveragh apbepbidyusmess

(anor phouaness I aée of not |l ess than 99% and an average spheri ci té’ as
det er m nefef3PBaEnloEne3Ghe epdiei partieatmmenieatal, of mot lessstbamdh90. ooThene

L P o A P TATRE L ROSRTEAEBle JES PG, B ER e
obtai ned gE@rhirsd 8Fthd melBBHEHlisku@8Eh 2boyO BYALHALIEs thEs SPRLiACH Sk ItdtEd in

properties of the spherical anorphous silica
Tables 1 and 2.

To evaluate the characteristic properties of the spherical amorphous silica

15 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 v -glycidoxy-propyl trimethoxy-silane; 0.2% of carbon black;

20 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/hy; the temperature of heater: 100 to 105°C). The

25  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



15 powders thus obtained as the filler for a sealing material, there were
added, to 90% (by nass; the sane rule will also apply to the follow ng) of
each of the Powder A to M prepared above, 4. 3% of

4, 4" -bi s(2, 3-epoxy-propoxy)-3,3 ,5, 5 -tetranet hyl bi phenyl type epoxy
resin; 4.4%of a phenol-novol ak type resin; 0.2%of triphenyl phosphine;
0.5% of y -glycidoxy-propyl trimethoxy-silane; 0.2% of carbon black; 20 and
0.4% of an ester wax, followed by dry-blending of the sane in a Henschel

m xer and the subsequent kneadi ng, under heating, of the resulting conpound
usi ng a f dijnkfoldemfiag€Spirae Flswh- scr ew ext rusi on- kneader (screw di amet er:
25mm the kneadi ng di sk lLength: | CDmy the paddl e rotational nunber: 100
rpm  the di scHdrggerizaletlow kglies; of hbet fonpgeinguepoxt 1t epMpLGiens MSE) .
The 25 di scharged product was then cooled.in a copling press .and .then .
pul verizecﬁlceit‘Fifé‘?’&er"n1 SR vé a FRRERY almfp ngeamaﬁgl%eempéa étoﬁ”lgévi%ﬁggl
The regul ty i i : for l-dakyid i : I h_.of
burr fgrnglgg‘ggrg?%lrg{ﬁn%{l%i ﬁfgadac%ﬁg(?@ll ﬁg ttg t%l\eﬁmfg?lﬁgvm’t{nﬁg O?T{ét ﬁ@gls{ﬁﬁgh%\ﬁ Ir‘;geég 1ts
thus obt ainggdnaks Jockay ePlddirt Bolhdtrdab! emhel tAthfer rAdldg oYebaabht ivre
(Spiral Flow The spiral flow values of the foregoing epoxy resin

conposi t i pesfonared udeicer thienéalwsingg can ditinst evlobd| tdimeratchi: nE7 Povindéding
with spiral 5 flow determning nold according to EMM-1-66 (Epoxy Ml ding
Mat eri al Pretat &4 Miw epyl dwelbitise; 90 paefusdsy) . The transfer nol ding
operations were perforned under the follow ng conditions: Mld
tenperature: 175C, nolding pressure: 7.4 MPa; and dwell tine: 90 seconds.

1.0 Imythi | i . i , i )
Ty and thatiefiantdfol GRCHAE BROLIAAL GUHE: BOTIAONFhe ifiajy,
Burr Ther andehe HtenathRimBl A1t € onduct @ul 8askaeagsofiod SOP (Thin Snal |

(2) Bury
There were prepared 48 semiconductor packages of TSOP (Thin Small
15 Qutline Package; 10mm X 21Imm; 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.
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15 Qutline Package; 10mm x 21mm thickness: 1.0 mm sinulated I C chip size:
9rm X 18mm | ead frame nmade of 42 alloy) having a 32-pin LOC (Lead on
Chip) structure using a transfer-nolding nachine. Thereafter, the burr

| engt hs of these

packages were determ ned and then averaged. The transfer

nmol di ng operations were performed under the follow ng conditions: Mld
tenperature: 175C, nolding 20 pressure: 7.4 MPa; and dwell tine: 90
seconds. The larger the resulting average value of the burr length, the
smaller the probability of burr-formation. 13 Table 1 Exanple No. 1 2 3 4
5 PowderThgrei AB CDE Mde Particle Size: PL (il m 1.6 2.4 2.4 2.0 2.2
P2 (U n') Qn /1‘2 ’)Q QQ Qn !\vlax frnqllnnr\\l \lﬁl He Of P! (//G y \VIO! ) 14 1 4 14
2.2 2.1 E@mmp%ﬂﬁquency value of P2 (%by vol2) 3.12.9 312 2.8{2.9
Cont ent f }JolILIL,ICD \_L--l-r ||’ \/uby VJI.) 248221t 289_22.626.8
Cont ent cﬁomémﬁﬁmeS (1555 p M No by 43,9 4683 42.|11C50. 2| 42.2 |vol .)
Cont ent particies (<4, 0 mup to >15 M 25.5 25. 7 23 1L 1871724371 (% by
vol .) PosWii‘bﬁa]d?fd@séﬂ%l dérlsep) m) 4. 0- Llé. 31124 611.24.3-128 4.322 0|1
Max. freguency val ue of I er No by % 51 ﬁrl.S A 1.5 _vol % Cont ent
of particles (>55 /1 m (% B Vol ) 2 5%9 4 518 1 4 % 1 Bt ond "Bt
particl esy(s! fréﬁumlcy(\/%ﬂlpyof\fql “/L)b);g\m?)& 51348 712564 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 22.1 28.9 22.6 26.8

Content of particles (15~55 u m) % by | 43.9 46.3 49,1 50.2 42.2

vol.)

Content of particles (<4 umup to >15um) | 25.5 25.7 23.1 18.1 24.3

(% by vol.)

Position of shoulder (2 m) 4.0~1 [ 4.3~11 | 4.6~11 14.3~10 | 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 55 . m) (% by vol) | 2.3 2.4 2.1 1.9 1.1

Content of particles (<1 z m) (% by vol.) 3.5 3.5 3.8 7.2 5.6

Average sphericity of particles (230 m) | 0.88 0.89 0.94 0.91 0.92

(% by vol.)

Spiral flow (cm) 111 113 120 115 114

Burr length (mm) 2.4 2.4 2.1 1.7 2.4
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Aver age sphericity of particles (>_ 30 p-t n) 0.88 0.89 0.94 0.91 0.92 (%
by vol.) Spiral flow (cm 111. 113 1.20 115 114 Burr length (nm 2.4 2.4
2.1 1.7 2.4 14 Table 2 Conparative Exanple No. 1 2 3 4 Powder Name F G if
| Mbde Particle Size: PL ( m 1.8 2.4 6.0 2.2 P2 (um 30 45 32 14 Max.
frequency value of P1. (%by vol.) 1.4 1.5 1.5 1.6 Mx. frequency val ue of
P2 (Ye by vol.) 3.1 2.9 3.2 2.7 Content of particles (1-4 /1 m (Ye by
vol.) 25.0 22.6 19.6 27.8 Content of particles (15-55,i m No by vol.)
44.1 45.9 43.9 35.6 Content of particles (<4 i1 mupto >15i1nm (%25.1
25.6 32. Ongkpz by vol.) Position of shoulder 01 m) None None 7.5-17

4.0-9.0 Vex—fregueney—vatue—of—shoutder—(fo-by—vol—)—None-Nopg—t—5—15

Cont ent )ﬁomaﬁatﬁzkébca@%Nbl r’r) (%by vol.)1 2.3 2.4 2 3131 Content df

particl es—{(<t—7+1tm—(Ye by vot—)—353 P45 TAverage sphefitcity af

particl esPewdg@Namé n) (% by 0. 86 0. 88 0. 90 0?91 yét.) Spilral tlow (cm) 97
(

99 98 88 Ien n ( Z.( 2.8 3.6 2.1 15 Tabl'e Z (jconti nued
Conpar at W@ﬂEéé Kﬁzq%?%imj8 1.8 24 6.0 2g

64
N -

P2 (pm) 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 u m) (% by vol.) 25.0 22.6 19.6 27.8
Content of particles (156~55 . m) (% by vol.) 44.1 45.9 43.9 35.6

Content of particles (<4 um up to >15pm) % | 25.1 25.6 32.0 31.0

by vol.)

Position of shoulder (x m) None | None |7.5~17 |4.0~89.0
Max. frequency value of shoulder (% by vol.) None None 1.5 1.5
Content of particles (>55 1 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 (2304 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




Powder Nane J KL M Mde Particle Size: Pl (t m
30 30 60 28 WMax. frequency value of P1 (% by vol.
frequency value of P2 (% by vol.) 2.2 3.2 2.5 2.3 Content of partlcles
(1-4i1m (%by vol.) 29.7 22.6 29.6 35.1 Content of particles (1555 /2
m No by vol.) 35.8 46.8 36.3 33.4 Content of particles (<4 ji mup to >15
it m (%by 29.4 19.8 19.6 25.7 vol.) Position of shoulder (Ii m 4.311
3.8-10 4.6-12 4.310 WMax. frequency val ue of shoulder (% by vol.) 4 1.6
1.5 1.4 Content of particles (>55 /1 m (@6by vol.) 2.0 2.2 13.6 9

1.
1.
Cont ent Oﬁh@ﬁ{ﬁ&@dﬁhdéﬂ I] m N by vol.) 3.1 8 6 0.9 3 9 Average
)
~ ]
I

"’I\)
N b
wo
I—‘CD
I\)O
-
N
—~
~
H
2

Spher|c| v-of narti-cles 30y rﬁ /0/,\ h\l 0-

y part+-el 90--0.-92--0.-92--0--94—vel Spi ral
flom1(cn)@&&p&ﬁu&&@xﬁﬁmemﬁr Iength (nn) 2.652.6 581 2.9716 Asswill be
cl ear fromthe—conmparison—of—theresut-ts—obtarned+n—Exgmptes—wth-those
obt ai ned Pew@urfranat i ve Exanpl es, the conposd tiongKconprlilsing {he sillica
powders prepared [ n_EXanpt es Were excetfent] in the notdgbitity[and showed

t he exce] Mg Priticte Figp ndtli @ritbont rol effect| ©f smali® bur[r2¥ engt B9 even 5

when the rate of packin e silica powde ual [to 90% mass.
| ndustrial Appllcabllltgﬁgé gilica powder %%ord ﬁ@ 2gn

inventiommggqqgﬁmgﬁg91§§0@p1@ §@apnld|ng Pagt such as & 1.,Idi:?hconpo_und

for form tance 10_autionobil €S, porlt bl e ctronic

machi ner ynaRd:dRehS MGk fgusehgy chiappl i ance,oas | g2 2.5
Content of particles (1~4 1 m) (% by vol.) 29.7 22.6 29.6 35.1

Content of particles (15~55 » m) (% by vol) 35.8 46.8 36.3 33.4

Content of particles (<4 um up to >15 um) (% by | 29.4 19.8 19.6 25,7

vol.)

Position of shoulder (x m) 4.3~11 | 3.8~10 | 4.6~12 | 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 (230 m) (% by | 0.90 0.92 0.92 0.91

vol.)
Spiral flow (cm) 81 95 116 74
Burr length Gnm) 2.6 2.6 5.1 2.9
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well as fillers for use in putty, sealing materials, buoyancy materials for
ships, artificial tinbers, reinforced cenent exterior wall materials,

| i ght-weight exterior wall materials and sealing materials. In addition,

t he conposition of the present invention can be used in the prepreg such
as that for printed circuit 15 boards, which can be prepared by, for
instance, inpregnating a glass woven fabric, a glass nonwoven fabric or

anot her organi S&Bftbr a(%lﬁa t 0 tt‘ﬁ% goﬁ%@%g (gn' ‘é?ﬁhg{%e@y t(%)Ctbrtgmé:d B‘?@ melgles

obt ai ned by rm di ng, it ng, £ prepreg
toget her itk thbd obhshaiss, c&ngaegﬁ{refw;&dm RRAHA cbﬂppo%m&% @Em%'ﬂls’i&flg the

cladding materials for electric wires, sealing materials for sem conductor

devi ces asilic20 pyaideirs hesp akdd eltmve}in‘xarhb&ss aalre ngxostlicarti al thecardilakility thd
present invention is excellent in the fluidity and packagi ng

charact er BBewed thredex¢rdleattoburr- quntfatmorbe:on@sﬁédefé@tamwma P agdang ek engni t
easy to fOFﬁ]S m condyct o pac ges, whi ch m ni at ur q?and t hi nned and
whose i t #HE2 EﬁPPg @ﬁﬁﬁlCQQo @NWRS?%V %@d YsMags. gj | j ca
powder at |east having, |n the vol ume- based frequency distribution of
particle size as determned by the laser diffraction-scattering technique,

a maxi ﬁum&ﬁﬁ%@gﬁ,mbﬂﬂ yior a node peak 1 present in a particle size
range 5 extendi ng oml td 4m and a maxi num frequency val ue for a node

peak 2 presentThensiticpapdwdée staalingnge tiex typedémg ihvanidd dam 58 tsed as a
wherei n the maxinmum frequency value for the node peak 2 is greater than
that for respe meldenpeakt uch he anpebdipgaenmo dvayl ﬁor&nmmg,rforanatamem@rts of

Co el LB TE L SR ST P BeR T ol B B
silica po%ﬁr a®HIRLAN tseWREh &L, LBRISL 'rh&?er?a%‘,dﬁho%’ﬂw I3 &£%:Ps 1B JRPs,
artificial timbexrs, 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

15 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

20  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

miniaturized and thinned and whose pitches are likewise narrowed.
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by vol une of the particles having a particle size ranging from15 to 55 m
10 to 30% by volune of the particles having a particle size ranging from1
to 4 Um not 15 nore than 5% by vol une (including 0% by vol une) of
particles having a particle size of greater than 55 it m not nore than
10% by vol unme (including 0% by volunme) of particles having a particle size
of smaller than 1 u m and the balance of particles having a particle size

of greatem%égﬁn%%d |l ess than 15 a m and wherein the naxi num

frequency va € node peak 1 falls within the range 20 of from1.5

to 3.5 u m Whiligd habaloht Idae: MRde LaKHR Joie-Middl fefhend2ngerish tioham
25 to 40,u m and erein the shoulder for the node peak 2 IS present in

t he part pekciei a&er angeecodrniimed byt @h20ldsem ddfrabh@nsidattaimpwiehnidus! ai m
1 or 2, wherein the average sphericity degree of the particles having a
particl e Big@nsimnpigeqnesey vakie for @ made peak |lepsesednin agpartgessiza range

comosi L g0, ComBrl Loy e, S ooy ML of any o0 of FlEHTE, Lot Sk 2
sem condugt alen$9ald POriiE & Alar G RELR AL £Of $8B3Y F koW dvefh @l M 4. 18
the maximum frequency value for the mode peak 2 is greater than that for
the mode peak 1;
the mode peak 2 has a shoulder; and
10 the content of particles whose particle size ranges from 15 to 55um is
larger than that of particles whose particle size ranges from 1 to 4 1z m.
2. The silica powder of claim 1, wherein the silica powder comprises 35 to 556%
by volume of the particles having a particle size ranging from 15 to 55 2 m; 10 to
30% by volume of the particles having a particle size ranging from 1 to 4 . m; not
15 more than 5% by volume (including 0% by volume) of particles having a particle
size of greater than 55u m; not more than 10% by volume (ncluding 0% by
volume) of particles having a particle size of smaller than 1. m; and the balance
of particles having a particle size of greater than 4z m and less than 15z m, and
wherein the maximum frequency value for the mode peak 1 falls within the range
20 offrom 1.5 to 3.5 u m, while that for the mode peak 2 falls within the range of from
25 to 40 um, and wherein the shoulder for the mode peak 2 is present in the
particle size range of from 4 to 20 . m.
3. The silica powder of claim 1 or 2, wherein the average sphericity degree of
the particles having a particle size of not less than 30 1 m is not less than 0.85.
25 4, A composition comprising the silica powder of any one of claims 1 to 3,
which is incorporated into at least either one of rubber or resin.

5. A semiconductor-sealing material comprising the composition of claim 4.
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