1 DESCRIPTION SILICA POWDER, PROCESS FOR ITS PRODUCTION AND ITS USE 5
TECHNICAL FIELD  The present invention relates to a silica powder, a process for its production
and its use. BACKGROUND ART 10To meet requirements for downsizing, weight saving and high
performance of electronic equipment, downsizing, reduction in thickness and high densification of
semiconductors are rapidly in progress. Further, with respect to the mounting method for _
semiconductors, 15 surface mounting suitable for high density mounting on a printed board or the like
is predominant. In recent years, for a semicondtfet6¢k BUERM surface mounting type, an ultrathin
semiconductor package has been used to lower the mounting height on a printed board, whereby the
20 thickness of the package has become very thin. More recently, a POP (Package on Package)
mounting method ée mount pgifier semiansuctaron & semisendeiny ips,een pradieally used
whereby reduction in thickness of semiconductors has been in progress more than Ver>o50n the
other hand, from an increasing consciousness about environmental problems in recent years, it has
been common to use a lead-free solder which does not contain 2 lead having a large environmental
load, for méunti S ridorftid? on a circuit board, and the temperature at the time of mounting
has become higher bﬁf\bfew tens degrees in centigrade than ever. Namely, a semiconductor 5

package which has bécBm& HifR& thal E5BF I8 hdtmiéd 88 &Poded id Asanperstar higher than
ever, whereby ﬁP&Z@SE‘ gﬁ%g%ﬂ%%%?%% beccgng frethggted, and a sealing material for
i ' e S

semiconductors is required to have t exura strenagt;?h, older cracking resistance, etc. 10 further
improved. In order to satisfy such requirements, it has been attempted to improve the flexural
strength or to reduce the stress by such a means to improve e.g. an epoxy resin or phenol resin curing
agent to be useRfIFIREEWAlIRRTIS material for semiconductors (Patent Documents 1 and 2).
However, the effects to improve the flexural strength by such means have been inadequate, and there
has been'fo sealing MateMaFfor SBRHCHRIRS WfeBpupatrage thimssrahan et isxdurable at a
mounting tempefatu ith a-lead-free solder and the salder cracking resistance can be remarkably
improved. I%lrt é%é%;gngé?%%ﬁ%?%gdi ?ngeg%gl};arrﬁﬁap%mﬁfﬁ,lgr&ﬁ?& m&PEE FrichitidBed wherein

for the purpose:etimprovig ihe bishdempssaluieisioiage ety A5(ielighiiy) of a sealing materia
for semiconductors, the chemical adsorption of ammonia is controlled, and impurities in the sealing
material for semisoncontirstirers are rapidly in progress. Further, with
respect to the mounting method for semiconductors,
15  surface mounting suitable for high density mounting on a
printed board or the like is predominant. In recent
vyears, for a semiconductor of such a surface mounting
type, an ultrathin semiconductor package has been used to
lower the mounting height on a printed board, whereby the
20 thickness of the package has become very thin. More
recently, a PoP ({(Package on Package) mounting method to
mount another semiconductor on a semiconductor, has been
practically used, whereby reduction in thickness of
semiconductors has been in progress more than esver,
25 On the other hand, from an increasing consciousneszs

about environmental problems in recent years, it has been

common to use a lead-free solder which does not contain



3

3 trapped (Patent Document 3). Patent Document 1: JP-A-2001-233937 Patent Document 2:
JP-A-10-279669 Patent Document 3: WO/2007/132771 S DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION It is an object of the present invention to
provide a silica powder useful for preparing e.g. a sealing material for semiconductors having the
flexural strength improved and having solder cracking gesistance further improved. MEANS TO
ACCOMPLISH THE OBJECT 15The present inventors have conducted an extensive study to
accomplish the L580e bRjEtRang hhREISuRIE IRA oW whitkdacdomplishes thagbject. The
present inventiosn |T§ .basrel: uocr}é%}%choa discoX%ré/ alq_.d %rOVidﬁf the following. 20(1) A silica powder
characterized in that it has & Freundiich acdsorp ibn consta ’K%‘Fﬁyﬁ@iﬁe R 353655 B (2) The
silica powder agaoedingrie the: aheve (Wnyhereinthe-ighal of egatents (as caleylated as oxides)
degrees in centigrade than ever. Namely, a semiconductor
5 package which has become thinner than ever, is mounted as
exposed to a temperature higher than ever, whereby a
problem of package cracking has become frequented, and a
sealing material for semiconductors is required to have
the flexural strength, solder cracking resistance, etc,
1c  further improved.
In order to satisfy such requirements, it has been.
attempted to improve the flexural strength or to reduce
the stress by such a means to improve e.g. an epoxy resin
or phenol resin curing agent tc be used for the sealing
15 material for semiconductors (Patent Documents 1 and 2}.
However, the effects to improve the flexural strength by
such means have been inadeguate, and there has been no
sealing material for semiconductors whereby a package
thinner than ever is durable at a mounting temperature
20 with a lead-free solder and the solder cracking
resistance can be remarkably improved.
Further, as a method of modifying a ceramic powder,
a case may be mentioned wherein for the purpose of
improving the high temperature storage property
25 {reliability) of a sealing material for semiconductors,

the chemical adsorption of ammonia is controlled, and

impurities in the sealing material for semiconductors are



25 of Si02, Al203 and B203 is at least 99.5 mass"6, and the total of contents of Al203 and B203 is
from 0.1 to 20 mass%. 4 (3) The silica powder according to the above (1) or (2), which has a specific
surface area of from 0.5 to 5 m2/g and an average particle size of from 1 to 60 pm. (4) An inorganic
powder characterized in that it contains the silica powder as defined in any one of the above (1) to (3).
(5) The inorganic powder according to the above (4), wherein the inorganic powder is a silica powder

and/or an alumip 'y 1,91(:6(2 Atp%%ge%s fc:)r[ r?qucing the silica powder as defined in any one of
the above (1) to | ii 2haracterize At At least fwo burners are disposed in a furnace body with an

angle of from 2 to 100ggdhe cepialawds.of the fuspace bery, andftom one burner, a raw material
silica 15 powder is sprayed and from at least one burner, an aluminum source material and/or a boron

source material is spraytsattolitamen {7 2The progessdormegyeing the silica powder according to
the above (6), wherein the aluminum source 20 material is an aluminum oxide powder, and the raw
material silica powder ¥R ARPO3 S itENtOf atia'st A0MASS®7 71(8) The process for producing the
silica powder according to the above (7), wherein the aluminum oxide 25 powder has an average
particle size of from 0.01 to 10 pm. (9) A resin composition characterized in that it contains the silica

powder as defiredsipraranere 8Ethe; S ahpve#)iR4(3) or the inorganic powder as defined in the

above (4) or (5). (10) The resin composition according to the above (9), wherein the resin if'the resin
composition is aBepaxy TesikE (K)dveealingmatesial farsemicangdetars, employing the resin
composition as defined in the above (9) or (10). EFFECTS OF THE INVENTION 10The present
invention provides a fdsirt BoAposHiDACEartifulaly aresivcoinpositiortden sealipg matgeal for
semiconductors, having the flexural strength and solder cracking resistance improved, and a silica
powder useful for e prepar ISt ARAZ feshPoRpEEifsH " BEST MOBR FORICARRYING OUT

THE INVENTIQN - Q. the.PresgidByenlion il be deserbed indetall. o ot rengtn
improved and having solder cracking resistance further

improved.

MEANS TO ACCOMPLISH THE OBJECT

15 The present inventors have conducted an extensive
study to accomplish the above object and have found a
silica powder which accomplishes the object. The present
invention is based on such a discovery and provides the
following.

20 {1) A silica powder characterized in that it has a
Freundlich adsorption constant K of pyridine of from 1.3
to 5.0.
(2) The silica powder according to the above (1),
wherein the total of contents (as calculated as oxides)

25 of 8iC;, Al:0; and B,0; 1is at least 99.5 mass%, and the
total of contents of A1,0; and B,0: is from 0.1 to 20

mass%.



The silica powder of the present invention is a 20 silica powder which has a Freundlich adsorption
constant K of pyridine of from 1.3 to 5.0. Pyridine as a basic substance will be adsorbed to acid points
on the surface of the silica powder. Accordingly, the value of the adsorption constant K of this
substance being large means 25 that the number of acid points on the surface of the silica powder is
large. When acid points of the silica powder are many4bonding points with a basic silane 6 coupling
agent such as aminosilan enylamiposilane will he many. Accordingly, the adhesion between the
silica powder sﬁrr%ce%g%d%%%gi%acoéﬁg&mnee%tasﬁgr?géﬂaﬁ%p%éyégﬁn YA Bhehbl r&in P4 sealing
agent for 5 sem)] rs will be.fi w c‘:@ﬁ lexural strength will be improved, and moisture
tends to hardl;%%%rﬁfge%ﬁt\gth%ﬁg%% I:?egtlvgiggn t eggiﬁéia Sgw%ﬂnéﬂagné fhge fe3irT ch%nent, and
thus the solderanackimgy sesistapgee pelt-atsole remaskaldy Bﬂmvgdt@olgm%ﬁreundlich adsorption
constant K of pyridine is less than 1.3, bonding points of the silica powder with the silane coupling
agent will be lesé wHste by HisEtvhre PRTRSIMIS BrRAtEkdmgdnprovetthe sbider cracking
resistance _or flgxurgl stren%t{jl of the sealing 25 material for semiconductors. On the other hand, if the
Freundlich’adsSiption constatt IS o pyitine Ec3edd S G SheHrimbet GHaridpsiniion-ife surface of
the silica powdgpwillbe oo manygzyhereby the epoxy resin will be cured. Consequently, there will be
problem.such that at 20 the time of packaging a semiconductor by means of a sealing material for
semiconductorg Sthe Viscosity ofthei sealipgdaatesial dasreases and-the meldability,will be impaired.
The value of the Freundlich adsorption constant K of pyridine is preferably from 1.5 to 4.5, 25
particularly prefét&Biyfrorize0 iga:30 hbee vakide ure snmueidnd-distinstdscomgated with from
0.07t0 0.8 i.e. tI;Le value of the Freundlich adsorption constant K of 7 conventional silica powder.

The FreundlicHad bt 5o 88Nt K of pyridine can be measured by the following procedure. (1)

Preparatign of pyridine %g s%x}io $ 5.mal of. pyridine, for spectrometry is_taken into a 500 ml
measuring fIasE a)nd adjusted to the co stg(r%!ﬁ/%ﬁ?r%e%v]f?%n% n‘elﬁt%l%e SrSSetrotlRE TR, 0.25 mi,

0.50 ml and 1.69:mief suelz aqwridine solatien are) raspeetvely Jaken inta 200.ml measuring flasks

and adjusted to the 10 constant volume with n-heptane to prepare pyridine standard solutions of 0.25
mmo1l/1, 0.50 MmcH2ahd-O0PImOEtls ar2)didsprxtiod dmsilica pewedes 4y eachof silica
powder preliminarily dried under heating at 200C 15 for 2 hours, followed by cooing in a desiccator, is
accurately wei§fe FEAd puPintd HaBe25tmI Meastfing Haskesntwathe asspective theasuring flasks, 20

ml of
furnace body, and from one burner, a raw material gilica

15 powder is sprayed and from at least one burner, an
aluminum source material and/or a boron scurce matrerial
is sprayed, into a flame.

(7) The process for producing the silicé powder
according to the above (6), wherein the aluminum source

20 material is an aluminum oxide powder, and the raw
material silica powder has an Al,0; content of at most 1
mass%.

(8) The process for producing the silica powder
according to the above (7}, wherein the aluminum oxide

25 powder has an average particle size of from 0.0l to 10 um.
(9} A resin composition characterized in that it

contains the silica powder as defined in any one of the



the pyridine standard solutions of 0.25 mmo1/1, 0.50 mmo1/1 and 1.00 mmo1/1 are put and mixed by
shaking for 3 20 minutes. These measuring flasks are immersed in a constant temperature tank set at
25C for 2 hours to have pyridine adsorbed on the silica powder. (3) Measurement of adsorbed
amount of pyridine: From the above measuring flasks having the pyridine standard 25 solutions and
silica powders mixed therein, the supernatants were réspectively taken and put into measuring cells of
an ultraviolet-vigj ctiophptamegter t trati sidual pyridine.remaining
without being ads%%ggd ?3 ?qu%fig%qbygﬁe%{go?gg%%%?(%%gglgg‘jlpétélg-n %%F%)%%l |§ﬁi aﬁ%orption
constant K of pyrdingbdtie Ffeundlich (@dsorption constant K of pyridine is calculated by the
Freundlich adsorption formula of logA.logK+(l/n)logC. Namely, when a graph is drawn so that Y axis
represents logA'aid XBgs ke semeTPATlogCotogkds wbttined frontXMentencept, 1@ whereby K can
be calculated. Here, A is the amount (Timol/ %\of pyridine adsorbed on 1 g of silica powder, C is the
concentration (Ut 3%%15’0&&&% ’p%’ria?ﬁeg Fhé Stipdtn SERP MK SR d rPaicdizeamts. Here, as
an examplg of the Witraviolet-visible 15 spectrophotometer to be used for the measurement,
"Ultraviolet-visible Spectrophotometer, Model UV-1800", tradename, manufactured by Shimadzu
Corporation mayize) menieagd.rs gﬁ%@pl@@ofm&re@g@ﬂ%@d@c%%torQﬁgﬂgﬁgg q[lrllée pyridine
standard solutions, pyridine 20 (spectrometry grade) and n-heotane (spectrometry grade),
manufactured B§&&aRo Famp Ghidmical mduseitsnitd., imayhe mantioaed sFuiier | the wavelength for
measurement of the absorbance was 251 nm, and only n-heptane was measured, and background
correction was carried out. For 25 the preparation of a calibration curve, the pyridine standard

solutions of 0.0gﬁ@%/%w.ggéngﬁ%&&%%mmolll and 1.00 mmol/1 were used. 9 Further, a

characteristic of the silica powder of the présent invention is that the total of contents (as calculated as

oxides) 0f 5i02, AI203aad 320305 ol least 90 £-massib ad Inelalalafpoplain gl 28 and 5203 is
5 from 0.1 to 20 mass%. If the total of contents of Si02, Al203 and 3203 is less"than 9 .glfnass%, i.e. if

the content otheathtancSi02rAl208 aned203-exgerds ibmassYs Wwherlthepavudearss farmed into a
sealing material for semiconductors, unnecessary substances will increase as 10 impurities, such
being undesirablRr FEEBLGRPRYKEDDSFeDeY g8, Ahelilelpiobe parktigiatizedndd elute to

present damages emiconductor chips.or wirings. MgO 1&%, CaO, etc. are likely to increase the
seiase Siffca Y5t 1 PR afvérbe kR cPRYRYsolder

.ora Sigt .
thermal expansion coafficient of sifica POW: eFand tht&spre

cracking resistanses 1 o0l of goalents.ef $102 o/%'ZQécﬁ{‘da%Oe?s‘%rPr%@f%%'z&géi%?t 9.6
mass%, more preferably at least 99.7 mass%. Further, the total of contents o 03"and B203 in 20
the silica powder is preferably from 0.1 to 20 mass. When Al and B are present in the silica powder,
the BEST MODE FOR CARRYING OUT THE INVENTION
Now, the present invention will be described in
detail.
The silica powder of the present invention is a
20 silica powder which has a Freundlich adsorption constant
K of pyridine of from 1.3 to 5.0. Pyridine as a basic
substance will be adsorbed to acid poihts on the surfacs
of the gilica powder. Accordingly; the value of the
adsorption constant K of this substance being large means
25  that the number of acid points on the surface of the

silica powder is large. When acid points of the gilica

powder are many, bonding points with a basic silane



positions of Al and B will be strong acid points. By such acid points, bonding points of the silica powder
surface with the basic silane coupling agent will 25 increase, whereby the flexural strength and the
'solder cracking resistance will be improved. If the total of contents of Al203 and 3203 is less than 0.1
massl, the 10 increase of acid points tends to be inadequate. On the other hand, if it exceeds 20
mass%, the thermal expansion coefficient of the silica powder tends to be too large, which is likely to
adversely affec ing |stance Pe total of contents .of Al203 and 3203 is more
preferably fromEO.Z 0 lggmgs%%%%urs{ﬁgﬁp%e er%% y rom 036 5 n%%%%le aMERE &i0PDShtent (as

calculated as amoxidepin thersica pewses ohtepresent invantion canhe measu Eby 10 a mass

reduction method, the Al203 content (as calculated as an oxide) can be measured by an atomic
adsorption analy$isiaad w8203 sontbatascalcdated asran-exigenean be meassised By an ICP
emission spectrometry, as follows. 15(1) Measurement of SiO2 content: 2.5 g of silica powder is
accurately weigfe@?oh & pRARURTdIBhPESTSpedifitiadd Feay et Aydmfluadentidt special grade
reagent su[g‘uricsac%%ozlL agd llffr:%%vaetser ar la?ledf'n amoung]{ 20 ml, 1 ml and 1 ml, respectively. Such
a platinum 20 dish is Tett to stand still or 1 &8'6 FFRK hehfed 4E300¢@ o let the powder

mindted'6h a

dissolve and besdred,Jihen,inte aypufflefumace heated ngi,gg%:ethee latinum q&%hri put and

heated for 10 minutes to let fluosilicic acid evaporate. In a desiccator, the plaﬁnum |slﬁ’is left to

cool to room teprpeeature; anthihen the nasseffthe plativpuwedish i aceurately weighed, whereupon
the content of Si02 in the silica powder is 11 calculated from the mass reduction. (2) Measurement

of Al203 conterft™f gtdiSilEaHoN ™ aBem hte P waighked Dnta platinlidedish rantk $pecial reagent
hydrofluoric acid and special reagéﬁelnt 5 perchloric acid are added in amounts of 20 ml and 1 ml,

respectively. SUCH A Pratintm dishts RFER spfﬁn& SHPfHFaB f¥inhiEesY8and bath heated at 300C
and then g¢goled to ropm Eﬁ‘[@p%@éﬂﬁdﬁ%ﬁh%8@3%%955?”8@5@?&%a £> il measuting flask and
in

adjusted to 10 the constant volume with pure water. The Al amoun is solution 157 Nified by a

calibration methad by seartseof an.atpmieabsergtign phetomster. TheAhamgunt,isgalculated into
Al203 to obtain the content in the silica powder. As an example of the atomic absorption 15

photometer, "Atohe ABxorstioharisotommeri Maderen 9694, tfadenaines snantfaeisisd by Nippon
Jarrel-Ash may, be mentioned. As an example of the standard solution to be used for preparing the

calibration curvaT APRERJARPSSITISH for HorRIsbRtton (EBREsTratiohs 1500bds3m) 20
e DL e Ca e ek e DS S s L
15 material for semiconductors. On the other hand, if the
Freundlich adsorption constant K of pyridine exceeds 5.0,
the number of acid points on the surface of the silica
powder will be too many, whereby the epoxy resin will be
cured. Consequently, there will be problem such that at
20 the time of packaging a semiconductor by means of a
sealing material for semiconductors, the viscosity of the
sealing material increases, and the moldability will be
impaired. The value of the Freundlich adgorption
constant K of pyridine is preferably from 1.5 to 4.5,
25 particularly preferably from 2.0 to 4.3. These wvalues

are unigue and distinct as compared with from 0.07 to 0.8

i.e. the value of the Freundlich adsorptioﬁ constant K of



absorbance at a wavelength of 309.3 nm was measured for quantitative determination. 25(3)
Measurement of E203 content: 1 g of silica powder is accurately weighed on a platinum dish, and
special grade hydrofluoric acid, special grade nitric 12 acid and a 1% aqueous solution of special
grade mannitol are added in amounts of 20 ml, 1 ml and 1 ml, respectively, and the platinum dish was
left to stand still for 15 minutes on a sand bath heated dt 300C to let the powder dissolve and be dried.
Then, to the driecdopl@duggogléqe glaiinum dish,ds ecial reagent grade nitric acid and pure water are
added in an amount of 1 T éach for redissbittio Fand then, the solution is transferred to a 25 ml
measuring flask and agjust igthe-spnshantyalume. wj e water. The B amount in this solution
is quantified by a cali%%lﬁzf grc(l%?lvllgamethocl@n.‘gttfly means o(%laréiI %&%%ﬁ%s%n%%e%ﬁgﬁ %ﬁngﬁ?er. Such
a B amount is chleutetedsinte 8263 tolpbtdioThesorigniiaihe silica powder. As an example of the ICP
emission 15 spectrophotoanalyzer, "Model SPS-1700R", tradename, manufactured by Seiko
Instruments Inc. may b&’'méErtRirfes bheithe Ersiysicriintensity at davavelengthiaf:249.8 am is
measured. As an example of %ﬂilstandard solution to be used for preparing the calibration curve,

B-standard 20 sofutioR foP §iotit AbsbrtictPRohE&atisH: £.806PpaT) rakafagtiFéd by Kanto

Chemical Co., Lid gy bementigned, . ; The gffect for.improving the flexural strength and the solder
cracking resistance by the gra['(;]sin compo%ﬁio%é%f tﬁ% %égs%?\t i%%gntléﬁr?ﬁ/ﬁﬁﬁgﬂ}fﬁ%éf“iﬁcr@éé:@d when 25

the specific surtachapea nbthecsilicopewderisyyithin arange offrom (P top m2/g,and the average
particle size is within a range of from 1 to 60 um. If the 13 specific surface area Is less than 0.5 m2/g,
the bonding ared-dfaha@silied psweler surface dithethe silaneicoupling Agesat andsitodp too small,
whereby the flexural strength or the solder cracking resistance tends to be hardly improved. On the
other hand, if the SpEtifit SiRfate bk SREesyS 5aD/§ Larhsmands ti wsd siica potider contains a
large amaynt of fi rticle a part.or,whole of the particle surface has irregularities, whereby at
the time (o)#gaclfa%}i%g %lti% S%Jn?i(érgf?dgclt%?lbi} ﬁ”lgeeﬁé% SeRIiRg BEBAEIP%E uctors, the

viscosity of the sealifigsratesisl {ICIeRSeSe Impady t%g}p}(ia’bilgy.s'gh%&a%r}g of thg sPegiéic surface
area is preferably from 0.6 to 4.8 m2/g, more preferably from 0.7 to 4.7 m2/g. .§|9urthe'r, It the
average particlensizé of the silica powder is less than 1 pm, likewise, at the time of packaging a
semiconductor by means of a sealing material for semiconductors, the viscosity of the sealing material
increases to impair thefmhoftEBRER SSUh 8InG 20 LRdesirie 10N the ®ther anth ifdbie average
particle size exce%dfCGO m, since theéhickness of the semiconductor package is very thin, there will

be a problem that a semicondictoP &ip Wit iierdby b& Bafhgeadsrsdiarhineg or it BRGS0 be
difficult to;ebtain&-2% UniéRrA: Pagkagefiee frop ggggﬁéjtig% Theyange of the. average particle size

is preferably from 2 to 55 pm, more preferably within a range of from 3 to%% pm! 14
accurately weighed and put into three 25 ml measuring
flasks. Into the respective measuring flasks, 20 ml of
the p?ridine standard solutions of 0.25 mmol/1l, 0.50
mmol/l and 1.00 mmol/l are put and mixed by shaking for 3

20 minutes. These measuring flasks are immersed in a
constant temperature tank set at 25°C for 2 hours to have
pyridine adsorbed on the silica powder.

{3} Measurement of adsorbed amount of pyridine: From
the above measuring flasks having the pyridine standard

25 solutions and silica powders mixed therein, the
supernatants were respectively taken and put into

measuring cells of an ultraviolet-vigible



Further, the maximum particle size is preferably at most 196 m, more preferably at most 128 m.

The average particle size of the silica powder of the present invention is measured based on the
particle 5 size measurement by a laser diffraction scattering method. As the measuring machine to be
used, for example, "Cirrus Granulometer Model 920",éradename, manufactured by CIRRUS, is used,
and silica powder is dispersed in water and further subjected to dispersion treatment by an 10

ultrasonic homegrnizeicanexipubel 200WW-for 1aninets, fellowed by, measurement. Here, the

measurement of the particle size distribution is carried out by particle size channels of 0.3, 1.5, 2, 3, 4,

6, 8, 12, 16, 24p32 .48 16, 961428 tmd ¥ pouin the inepsited paitie is sizedistriution, the

particle size where the cumulative mass becomes 50%, is the average particle size, and the particle

size where the Binftl&iV@RIESBEESMes 100%, is the maximum particle size. The specific surface

area of the silica pow, ﬁ}r oé 29 C;h éesent i@/elgtion is r?ea ured based on the specific surface area
method: 238

measurement by a B ir &5 hedBaRNg apparateS it forfexample, be

L OIL C?
€ SpecCItc sur

"Macsorb ModelHW:1208! rizadenamermanyfactwad hyMouatech Ccoong@aame gica powder of

the present invention is able to exhibit its effects even when niixed to another inorganic powder. The
content of the sifjcaigdmeeriaf t5 he:prasedt nveatien Frsuchan vprgalic ppwdenis preferably at
least 0.5 mass%, more preferably at least 2 massl. The type of the inorganic powder is preferably a
silica powder af8foRakFalGminepowdes Fhésé pohveafs majare ived wlvre e ipcapibidation as a
mixture of two (C)ifrthem. In order to lower.the thermal expansion coefficient of the sealing material for

semiconductorS b7 16 rétiuce & abrasiar of ST A 5fica pafvdePR gel&cted for use, and in order to
impart thermal 10.condugtivity 2n.ajurgina, powdar i selegled.for use. Here, the silica powder is

preferably such that the value of the amorphousratio as measured by the a ter-mentioned method is

at least 9566. Thissatkdapawderrnfiike peasent inveationts such 45 thatdhe agerpheus ratio measured
by the following method is preferably at least 95%, particularly preferably at least 98%. The
amorphous ratioHs@btaihe® fropythedatensiyl saticosfdpegific diffrattien beaks bywasryingout an
X-ray diffraction anagsis by means of a powder X- 20 ray diffraction apparatus (such as "Model Mini

Flex", tradenar&, ﬁufé%ﬁﬁ@&%?%@kd_m?)%]n 9@0%5?&%&_ RPEISH@KdIne is within a
range of from 26.t0 %Lée%@%%é? OJLHE? ﬁllg@igoydg&g)&%g@e Slt|:IC<’;1 has the main peak at 26.7,

while amorphous silica™28 has no peak. When amorphous silica ana%r;}sstalline silica are present in a
mixed state, a peak Height, ata26.£:€082spENENG £0 the-propektiop:ofthe crystalling
15 spectrophotometer to be used for the measurement,
“Ultraviolat—visible Spectrophotometer, Model UV-1800",
tradename, manufactured by Shimadzu Corporation may be
mentioned. As examples of the reagents to be uged for
preparation of the pyridine standard solutions, pyridine
20 (spectrometry grade) and n-heptane (spectrometry grade) ,
manufactured by Wako Pure Chemical Industries, ntd., may
be mentioned. 'Further, the wavelength for measurement of
the absorbance was 251 nm, and only n-heptane was
measured, and background correction was carried out. For
25 the preparation of a calibration curve, the pyridine

standard solutions of 0.00 wmmol/1l, 0.25 mmel/l, 0.50

mmol/l and 1.00 mmol/]l were used.



16 silica is obtained, and from the ratio of the X-ray intensity of a sample to the X-ray intensity of the
crystalline silica standard sample, the mixed ratio of the crystalline silica (X-ray diffraction intensity of
the sample/X-ray diffraction intensity of crystalline silica) is calculated, and the amorphous ratio is
obtained by the formula, amorphous ratio (%) = (1-mixed ratio of crystalline silica) x 100. The average
sphericity of each of the silica powder 10 of the preser?t invention, the inorganic powder and the
alumina powder is preferably.af leastR-80% paciqularlypreferably at least 0.85, Itjs thereby possible to
lower the viscosity of the resin composition and to improve the moldability. For the average sphericity,
a 15 particle image photegraphecby ety ansteseadcapicynisrassene (sch-as iMadel SZ-10",
tradename, manufactured by Nikon Corporation) is taken into an image analyzer (such as "MacView",
tradename, maﬁéﬂa%ﬂir@ﬁ%% MEUMEERTD., P.)S &Rd frév the pholodraph,ithe 20 frejected area (A)
and the periphegg I@%héPM) of a particle are measured. When the area of a perfect circle
corresponding o thé periphefal ﬁl&%gtﬁi?ﬁl\/ﬁ% PepraderiBl byRET tRé sphefiity e the Partiele is

representeg by /B Ascardingly,yvhen aperfed cirgle 25 having the same peripheral length as the
peripheral length (PM) of a sample is assumed, PM.2Rr.acﬁll%a\ﬂ\l.;}..ngrJ : and r%ﬁ‘g‘ﬁ:?/gszi’(b‘ﬂﬂ/2762. The

sphericity of anAnddividaaki 1 particle wilde sphericiy. A{BrAx4a/(PN)Z Sphericities of optional 200

particles thus obtained, were determined, and the average value was taken as the average sphericity.

Now, the proceS8¥&ERodasingths Riita pbkededf1he predeBL Dy ention avils be desedbed. The

process of the %&—:‘sent jnvention_is a process for_producing the silica powder, characterized in that at
e

least two burnef&&Pe HR_PoBEN IFL furfat8HBaF wWithtah angledt ioeh Pas2D4e thé eentral axis of the
furnace 10 bod¥eglq%glnggr&%9gr’_ne]ﬁn%%%\gs %tgo{/ials%ilgiac&%onwder iS S éayed and from at least one

S8 Wi 1
burner, an aluminum source matefial and/or a boron source matetial i rayed mts’ g ffatne. If the raw

material sitica pioveder; and #he aluslnwa:soyree.matarialgnd/or thgborgn sgdice mateyial, 15 are
sprayed from the same one burner, the sprayed materials necessarily spread in a conical shape,
whereby the prBpeftion ®f the, alaminumlselyce: makteriaband/os the barenisorsce maternaldfysed on the
surface of the raw material silica powder tends to be small, and it becomes 20 impossible to produce
the silica powd&PoPHeS5785eaRde tontwh & Fend ks bpeomBARSIAM203 ahud203 is from 0.1
to 20 masse. Fyrther, n in_g.case where the.raw material silica powder, and the aluminum source
material and/oth g'bol%\érsla’so%?%)e’ m%%grfal,agr% éga]ﬁ%rﬁ%iﬁa?ilﬁﬂﬁfe ,?ﬁeﬁ?\’/ﬂl @?ﬁf@%\ﬁ in a conical

shape at the tiragyof spraying-aag wilkhe disnerser and sepasatedy whereyythe qarapgsition will be
non-uniform. 18 _
15 an adverse effect tc the solder cracking resistance.
The total of contents of 8i0,, Al,0: and B0z is
preferably at least 99.6 mass%, more preferably at least
99.7 mass%.
Further, the total of contents of 21,0, and B,0; in
20 the silica powder is preferably from 0.1 to 20 mass%.
When Al and B are present in the silica powder, the
positions of Al and B will be strong acid points. By
such acid points, bonding points of the silica powder
surface with the basic silane coupling agent will
25  increase, whereby the flexural strength and the solder

cracking resistance will be improved. If the total of

contents of Al-.0; and B,0s 1g less than 0.1 mass%, the



-

At least two burners are disposed in a furnace body with an angle of from 2 to 10 to the central axis of
the furnace body, to form a focal point, and from one burner, a raw material silica powder is sprayed
and from at least 5 one burner, an aluminum source material and/or a boron source material is
sprayed, into a flame, whereby the silica powder of the present invention can be produced very
efficiently. By using a plurality of burners to spray theja?ﬁminum source material and/or the boron 10
source material; #ds-passiblestodurtherjpgrease the, Haifqrmityof the gomposition of the,silica powder
of the present invention. A preferred number of burners is two burners to spray the aluminium source
material and/or tfi&eordresdyrce ndteriakperane bnekiospray the kayeipmaterabsilica powder.
Here, the disposed angle of burners is required to be from 2 to 10 to the central axis of the furnace
body. If the disptetifantiedt bafnekd s [833 iven Bawdsacat poils wilbbeeut obthesflarae, and the
proportion of the,aluminum (ﬁggcg 20 material and/or the boron source material to be fused on the

i

e Swdtr AHEE 15 Be%ridiE Btthetitnertaify irmeadidpased angle of

1C 18
surface of the raw material

burners exgeeds.L0, the focal pojatwill be formed '?t%[g){%xtlr%esalugi$linbsourc material and/or the

boron 25 source material is fused on the surface of the raw matefial SAica Sgwdgﬁ%uc}r?being.
undesirable. Thecdispesed: anglp10f berasis is more pﬁ_@efﬁéys\%li,thi&?réﬁé@”g?élfé'&?dg%%#f’ 8. Inthe
present invention, the aluminum source material is preferably an aluminum oxide powder. The
aluminum souré& afatérial rhgy, ¥6r eraraple, be aluminum 5 oxide, aluminum hydroxide, aluminum

-sulfate, aluminum chlgride or an aluminum arganic compound. However, aluminum oxide is most

preferred, since it is cio8e o Bre AR oISt 2 Fan R&efapsiicpowdes soithatibss readily

fused on the sutface of the raw 10 paterial sili owder when sprayed from a burner, and the
impurity content is also sgnall. Here., th@%e%ggg gé’r |cllen§ir§en3flt%% afdirftin BRRETGRFd&Ris

preferably frome0. A2 de 184nult theaveiagapartidle sizeisdess than.0.01 pm. thepgwder tends to be
agglomerated, and 15 the composition when fused with the silica powder tends to be non-uniform, and

likewise, if it exeeeds 10:phicthe wampositiveashers tisied with thesilica paysdardends, to be

non-uniform. The range of the average particle size is preferably from 0.03 to 8 pm, more preferably

from 0.05 20 tPEF-Y = 1 thafleddiRt ifréhtice e AR0Bc0meAtn trs s avaterial silica powder is

preferably at mo tigiéqascs;@z. %@thga{*' angl; in the sil%:époowd,er, only one located on the surface of
0

the powder will form & strong acid pormt 25 and i capabletof BUhaRo £BSSEEARAL Bupling agent.
Thus, Al203 presentdn theyinterior of the raw material silica powder will present an adverse effect to

20 increase the thermal expansion coefficient of the silica powder. Accordingly, the Al203 content in
the raw material silicajpoviitter 3 meame prefefabiy &t mosh Ohmasso, Sughersprefarably at most 0.5
mass%. powder is accurately weighed on a platinum dish, and

special grade reagent hydrofluoric acid, special grade

reagent sulfuric acid and pure water are added in amounts’

©f 20 ml, 1 ml and 1 ml, respectively. Such a platinum

20 dish is left to stand still for 15 minutes on a sand bath
heated at 300°C to let the powder dissolve and be dried.
Then, into a muffle furnace heated at 1,000°C, the
platinum dish is put and heated for 10 minutes to let
fluosilicic acid evaporate. In a desiccator, the

25 platinum dish is left to cool to room temperature, and
then, the mass of the platinum dish is accurately weighed,

whereupon the content of $i0, in the silica powder is



The raw material silica powder may contain Fe203, Na20, MgO, CaO, E203, etc. in addition to the
above- mentioned Al203. However, the Si02 content in the raw material silica powder is preferably at
least 97 mass%, more preferably at least 98 mass%. 10As an apparatus to spray the raw material
silica powder and the aluminum source material and/or the boron source material to the flame thereby
to fuse them and collect them, one having a collectinglavevice connected to the furnace body equipped

with the burners-emaybesdsed. iaskbhe fllnaee: Rody-may.be an open or closed type or a vertical or
horizontal type. The collecting device is provided with at least one of a gravity settling chamber, a

cyclone, a bag filter, a2 ele¢trical desteallestor Aatog artbisteapable of gollgeting the produced silica 20
powder by adjusting the collecting conditions. Examples of such a collecting device are disclosed, for
example, in JPRLYES7458 Feircatel.y 1967 9heite presenpihwention tHeé Freundlih adsorption

constant K of p)érideiré%,aqf tge silica }é)q?v%%?r mﬂ be 25 increased or reduced by adjusting the sizes of
the aluminum sotirce materar andor tH&horo gézblﬂh‘é RiatetiatislhEResSEPan HRasinteace of the raw

material siica 2ipawdss the ALROS coglepl e, 5205 conignt p thg siica powder, the specifi

surface area and the average patrticle size of the silica pow e Al ent Bhd the B203

content in the sitieapowderangy. respedivalydiesinereased ok reduced ycadjusting the ratio of the
spray amounts of the raw material silica powder and the aluminum source material and/or the boron

source materialtothé blieneriffarme rittteespenifiasustacd araarhpavesane;partigle-sizengtc. of the 10
silica powder ma}\é1 be a%%ited by e.g. the particle size constitution of the'raw material silica powder or

the flame températiteCFOrRgr, tRe B9GP &t affefplidies e TRREbE adjusted by e.g.

the amount of the raw snaterial silica pgwder sypplied ta the flame.or the, 15 flame temperature.
Further, various silica powders different\glln %?e %gé;%ﬁ%rsluz%%ce FE8, ARRATAFEF& iciPsize, the

AI203 content, t1e-B20% seatent LicumayLe Rrejminariy pimduced, angd{wg or more.of them may
suitably be mixed to produce a silica powder having 20 the Freundlich adsorption constant K, Al203

content, B203 ddrtentsspadifiosurifacerarest atéragelparticle sizepeto: fwtherspreified; The resin
composition of the present invention is a resin composition containing the silica powder or the 25
inorganic powd®F ftheFre@Bn Bt THe ghictR o et siiet pawdeF o tHelinarganic powder in

the resin compoytiQn is.{em 10,10, 95 MaspYs, more preferably from 22 ¢ in the
silica powder. As an example of the atomic absorption
15 photometer, “Atomic Absorption Photometer Model AR-B569"
tradename, manufactured by Nippon Jarrel-Ash may be
mentioned. As an example of the standard solution to be
used for preparing the calibration curve, Al standard
solution for atomic absorption (concentration: 1,000 ppm)
20  manufactured by Kantoc Chemical Co., Ltd. may be mentiocned.
Further, at the time of the measurement, as the frame, an
.acetylene/nitrous oxide frame was used, and the
absorbance at a wavelength of 2092.3 nm waé measured for
guantitative determination.
25 (3) Measurement of B,0; content: 1 g of silica

powder is accurately weighed on a platinum dish, and

special grade hydrofluoric acid, special grade nitric



30 to 90 mass%.  The resin may, for example, be an epoxy resin, a silicone resin, a phenol resin, a
melamine resin, a urea resin, an unsaturated polyester, a fluororesin, a 5 polyamide such as
polyimide, polyamideimide or polyetherimide, a polyester such as polybutylene terephthalate or
polyethylene terephthalate, a polyphenylene sulfide, an organic polyester, a polysulf one, a liquid
crystal polymer, a polyether 10 sulfone, a polycarbondte, a maleimide-modified resin, an ABS resin, an

AS (acrylonitrileé%%rél rubger/sti/gene resin, an AES (acrylonitrile/ethylene/propylene/diene

rubber/styrene) T83in ot the fike. ‘AMBAG THEM =8 Bhokyrésin, SPSifdche [BERAS pRBASIaESIn is, for
example, 15 prefeged 4. AMong them,an g@ogoregli@ halvirg@atalggstltwrglepoxy groups in one

molecule is preferred as a sealing agent for semiconductors. For example, a’ phenol novolac type

epoxy resin; anmsthestaspladyolagdype BROXY sy, one 201auing.a novelac sesin of a phenol and
an aldehyde epoxidized; a glycidyl ether such as b sphenol A, bisphenol F or bisphenol S; a glycidyl
ester acid epoxytédin obtained byiaueastionof a pobhasiszacid such ag phthatie eeid of diner acid

with epochlorohydrin; a 25 linear aliphatic epoxy resin; an alicyclic epoxy resin; a heterocyclic epoxy

resin; an afkyl- S&ifiga‘ﬁoﬁﬁm%nﬁﬁéﬁ&&’r@esﬁﬂ‘é -REpRthdERovolabeype 23 dpoxydesieda

1,6-dihydroxyn tg%lggec%petg oxYy; resin; a 2,7-dihydroxynaphthalene type epoxy resin; a
bishydroxybiphényl type epoxy reesirg?i aar‘?tdléiﬁl rélpé(lygrgsmsﬁz%ﬁr%‘ nha Fat8irdfch as bromine

introduced to s impart dame; etardangyay edpentioned sAmengthem, fram the vigwpoint of the
moisture resistance or the solder reflow resistance, a orthocresol novolac type epoxy resin, a
bishydroxybipheayitygeepoadiesiv dua haphthalehesskeletoplepoxy Te%iA i%: farzexample, 10
preferred.  The epoxy resin to be used in the present invention is one containing a curing agent for
an epoxy resin, P8 EdGigr SerftToP an Bpbxy FesF Bid Becufhg e celetlatmd forstredpaxy resin. The
curing agent fo an eﬁg%%%srilr% 1\%’1‘%}(@” ex mOEIe, be a novolac resin obtainable by reacting one or

more selected ffom the Group consistng of phahdt tr&sdiakyiémol, T&SrBinBneHRFopfenol,
tbutylphenol, nemylhanol.sapsopylphenshand gebiphengl with fyrmaldetyde, araformatdshyde or

paraxylene in the 20 presence of an oxidation catalyst; a polyparahydroxystyrene résin; a biSphenol

compound suckastisphenof Azor bisphenel s adirfunstionalphenabsueh 2 eyrogaoher 5
phloroglucinol; an acid anhydride such as maleic anhydride, phthalic anhydride or 25 pyromellitic
anhydride; or aR GHaNE antife SutRekFhetphehieRefiarhmertiaaiinodiphemylmetinane ar
diaminodiphen)élgulfonel 24 1In grder to accelerate the reaction of the epoxy resin with the curing
agent, a curing accelerator sublt 48 TipheAipROsPrHE BERzNHintétRy RrRnE B 25 Aféthylimidazole,

may be used. Sq.the resincaampasiton.of theyprasent inyention . the following components may
further be incorporated, as the case rfequires.  As a stress-lowering agent; a rubbér-like substance
such as a silicomerubber; arpaly dufide tohber @t ruments Inc. ‘may be mentioned,
and the emission intensity at a wavelength of 249.8 nm is
measured. As an example of a standard solution to be
used for preparing the calibration curve, B-standard
20 solution for atomic absorption (concentration: 1,000 ppm)
manufactured by Kanto Chemical Co., Ltd. may be mentioned.
The effect for improving the flexural strength and
the solder cracking resistance by the resin composition
of the present invention will be further increased when
25 the specific surface area of the silica powder is within
a range of from 0.5 to 5 m’/g, and the average particle

size is within a range of from 1 to 60 um. If the



io acrylic rubber, a butadiene rubber, a styrene block copolymer or a saturated elastomer; a
thermoplastic resin; a resin-like substance such as a silicone resin; or a resin having a part of or whole
of an epoxy resin or phenol resin modified with e.g. an amino silicone, an 15 epoxy silicone or an
alkoxy silicone may, for example, be mentioned.  As a silane coupling agent, an epoxysilane such
as y-glycidoxypropyltrimethoxysilane or Z-(3,4- epoxytyclohexyl)ethyltrimethoxysilane; an aminosilane

20 such as amingpro&\éltriethoyﬁilane ureidopropyltriethoxysilane or
s

Nphenylaminopropyltrimethoxysians: gﬁ%rolp%o Ess‘ﬁaﬁg%‘m?)oﬁnﬁ‘zs/&h e bonding

phenyitrimethoxysiane, mehydmeihnslangor etadenyliipethoyglans g 25 mercaptosiane

may, for example, be mentioned. As a surface treating agent, Zr chelate, atitanate coupling agent or
an aluminum cauplipg aggntonay: fare29 exampe: bednertigned, wmi;u@ﬂ@ry flame retardant,
Sb203, Sb204 or Sb205 may, for example, be mentioned. As a flame retardant, a halogenated epoxy
resin or a s phoSpR&HEEonHIcIRTERAY Ofor Exampie] exmentiorieting  esd soloring agemiscarbon
black, iron oxide, a d)ée géﬁé)'gment may, for example, be mentioned.  Further, as a mold release -

agent, a naturah®a¥ % fc WART 8 ¥iétal s8R of 2fin@iMatty Berd anifD 4416 amide, an ester or a

paraffin may, for.example, be mentigned. .The compo itiqn ofsthe present invention can be produced
by blending predgtermined amounts of Sﬁgaéb%vg?gs%%c ve' gtérigi%coy gﬁ%‘f’lg%lgg’cﬁ dri¥Henschel

15 mixer, kneading the: blepdad predusiye gaa hattoll, a kngader, a single SgLey Péi\gi&screw

extruder, and cooling and grinding the kneaded product.  The sealing material for semiconductors of
the present invéntion iBawadeof teaesincdoripesifiorr2( cdrtaning apepexy resin, which further
contains a curing agent for the epoxy resin and a curing accelerator for the epoxy resin. To seal a

semiconductor ﬁ§ﬁ§3H%%§éﬁﬁ§ﬁmté’#ﬁ%ibé’erﬁ?éoﬁéﬁ:tér%“ﬁ thé ppeserrgrivadition, a conventional
o Sl Eane D A AGRIENEY RIS BENRIALA {37 Ty BRI rolding method may be
: semiconductors, the viscosity of the sealing material
increases to impair the moldability. The range of the
specific surface area is preferably from 0.6 to 4.8 m®/g,
more preferably from 0.7 to 4.7 m¥/g.
15 Further, if the average particle gsize of the gilica
powder is less than 1 um, likewise, at the time of
packaging a semiconductor by means of a sealing material
for semiconductors, the viscosity of the sealing material
increases to impair the moldability, such being
20 undesirable. On the other hand, if the average particle
size exceeds 60 um, since the thickness of the
semiconductor package is very thin, there will be a
problem that a semiconductor chip will thereby be damaged
by scratching, or it tends to be difficult to obtain a
25 uniform package free from irregularities. The range of
the average particle size is preferably from 2 to 55 um,

more preferably within a range of from 3 to 50 um.



26 EXAMPLES Now, the present invention will be described in further detail with reference to
Examples, but it should be understood that the present invention is by no means s restricted to such
specific Examples. EXAMPLES 1 to 9 and COMPARATIVE EXAMPLES 1to 7  Various raw
material silica powders different in the average particle size and in the Al203 content, aluminum source
materials and boron source materials were prepared, 19 and they were subjected to melting, fusing
and spheroidizing treatments in the flame to produce various silica powders shown in Table 1 by
means of an appHrttE disclolEd TRIBIAN 1IP574515 ke af Eppaidtus vefesmkd plurlitposburners are
disposed in a furnac Q\od){n%% 15 th%tfthe)c(lg{e adjéjstable at an aé}?ée of from 0 to 15 to the central axis

of the furnace body. Further, Sl?ct}rjgowﬁgrs Wgreasuitrggﬁ/tbléﬁose ‘produce silica powders and

inorganic powders asishowi.Eable 2. Hereadiusiment of tog Frewndiich adsorpton 20 constant K
of pyridine, of the silica powder, was made by changing e.g. the average particle size of the aluminum
source material @nel/@the doton souwnce imatetial t@émﬁm&@@%éhg&uggcg@étli%@y\ig@;erial silica
powder, the Al203 content and the 3203 content in the silica 25 powder, or the specific surface area
and the avéragé {FicIe 3FFeT6TIRE Sillkd powidkd eAdjdsthfon: of thmAREStconte nicantkthiec3P03
content in the smga Qg\évd%r 27 was carried qut by adjusting the ratio of the raw material silica powder

and the alumind source materiat AAd/B? e BBrorsotifcériathrial Sprayetielifie bhfieisus
Adjustment of tag spealsutacanies, thegverage 2nallle size, elc: ol g sljca powder was

carried out by adjusting e.g. the particle constitution of the raw ‘materia %ﬁc&lpowde or the flame

temperature. Furtiferpadjustment of the.aversgeisphedeiya amorpheus Fatios gt of the.silica powder
- was.carried.out by adjusting 10 the amount of the raw material silica powder supplied to the flame or

the flame tempéaturé upeke xhewalentiattenpeataspes vbtherflanre aasanithib @ range of from about
2,000C to 2,300 The amorphous ratio of the silica powder was at isleast 99.5% in each case.

With respact to?ﬁgﬁaﬁﬁﬁﬁowag\%?ﬁ{élﬁ%nﬁﬁcﬁﬁdéﬁfﬁmc&%taﬁpK%f PyHdiheMthersio?2

content, the Al293;contem, the 3203.come0t, the spegific s%glace area, the averaéggp rticle size, the
) |

average sphericity, etc. 20 wére measured and shown in' Ta g7 easllr%%erglgﬁ% & properties of

the obtained silisa:poredess anddnerganicipawders as filler fardhe sealing material for,

semiconductors, to 86.5 parts (parts by mass, the same applies hereinafter) 6f each powder, 25 6.7
parts of a 4,4'-bis(2:3-6peryprdpoxyd-303 B 5,5 tetrametiylbipheny] type epoxyeresing 5.5 parts of a

phenol resin, 0.3:’>2par:[4%f triggen%%ho%%hén%,n%G 9aét of _
. ; , ; pm. In the measured particle
15 size distribution, the particle size where the cumulative
mass becomes 50%, is the average particle size, and the
particle size where the cumulative mass becomes 100%, is
the_maximum particle size.
The specific_suriace area of the silica powder of
20 the present invention is measured based on the specific
surface area measurement by a BET method. The specific
surface area measuring apparatug may, for example, be
“Macsorb Model HM-1208”, tradename, manufactured by
Mountech Co., Ltd.
25 The silica powder of the present invention is able

to exhibit its effects even when mixed to another

inorganic powder. The content of the silica powder of



28 phenylaminosilane, 0.1 part of carbon black and 0.3 part of carnauba wax were added, followed by
dry blending by a Henschel mixer. Then, the blended product was heat-kneaded by a parallel
matching twin screw extruder (screw diameter D: 25 mm, kneading disk length: 20 Dmm, number of
revolution of paddle: 80 to 120 rpm, discharge amount: 2.5 kg/hr, and temperature of the kneaded
product: 100 to 101C). The kneaded product (discharged product) was pressed by a pressing machine
and cooled, andﬁ}gen ground 10 to produce a sealing material for semiconductors, and the flexural

* strength, the softfet P fesiSifEE-3R8 then bl (sbrar Bien) wereowdauated as follows. The
results are shown. | (L).Flexural strength isThe flexural strength of the cured product for the
sealing materiaV#6 Ogg'é%i%lg) u%)%rs?,eoab%ingdgasmée%%ﬁbeglaﬁgvaw ristrettad RABHS2 That is,

each of the abowe sealingThatetiglsdobsemicondieiors.was molded in @ shape of 10,mm in width x 80
mm in length x 4 20 mm in height by means of a transfer molding %ghﬁﬁ% r?deeg%%\é}%ﬁ bnditions at

175C for 120 secohdsafaiowéd hygpost-curing ak duemperatdeddd75GHil hguisdpepare five
test pieces for evaluation in each case. And, using "Autograph Model AG-5000A", tradename, 25
manufactured B)8hiRfad2§ hrpd RN thelffiexepaizireagthomas smeasuied inracoafdanes with JIS

1(7171. Here, the djstance between supporting points was 64 mm, the 29 loading rate was 5
oF ABARES bE ker, -
i $ IBBTUNGRF 2 TBRFTE huRTaRA6158%. The average

mm/min, and the measuring eﬁvi?grﬁjn% nt\Wa

value of the respggtive; meagyredvalyes (5o) i d taken as the flexural strength. 5The
larger the numerical value (MPa), the higher thg&Lf?gx?J%\ §t%gr%:hg&5 dorder¢ia ﬁ&?&sﬁsﬁlﬁce

The solder crackingrredistancehef the sealing nﬁe@l&ﬂ@p@cm@%&ﬂ@ig;dpg described
above 10 was measured as follows. That is, a simulated semiconductor chip of 9.6 mm x 9.6 mm x 0.4
mm was bonde8%heE Shverisastaiira |etframeamatierofccoppepant havingna Silver plating with a
thickness of 150 m UEagjttpjied. Then, by using each sealing material for 15 semiconductors, sealing was

carried outby me: 4 trhh¥fer MIGNYIEchIRS ARG th|dfRY &6t diRors 128G for 120

seconds, followgd, by pestcuLing gt a temperature of 175C for. 6 hours to obtain 60, pin QFP (Quad Flat
Package) samples of 15 mmx 19 mmt“)B( 1.8 n%mgfor Pre%arabaly £348 B the value

of the amorphous ratio as measured by the after-mentioned
method is at least 95%.
The silica powder of the present invention is such

15  that the amorphéﬁs.ratio measured by the following method
ig preferably at least 95%, particularly preferably at
least 98%. The amorphous ratio is obtained from the
intensity ratio of specific diffraction peaks by carrying
out an X-ray diffraction analysis by means of a powder X-

20 ray diffraction apparatus (such as “Model Mini Flex”,
tradename, manufactured by RIGAKU K.K.) within such a
range that 20 of CuKa-line is within a range of from 26°
to 27.5°. In the case of the silica powder, crystalline
gilica has the main peak at 26.7°, while amorphous gilica

25 has no peak. When amorphous silica and crystalline
silica are present in a mixed state, a peak height at

26.7° corresponding to the proportion of the crystalline



20 evaluation of solder cracking resistance. Then, in each case, ten such samples for evaluation were
treated for 72 hours under environmental conditions at 85C under a relative humidity of 85% and then
heated in a solder reflow apparatus at a temperature of 250C. Then, each 25 sample for evaluation
was cut into a half, and the cut surface was polished, whereupon the size of a formed crack was
observed by a microscope. A case where the 30 size of the crack is 70 pm or more was regarded as
"no good", and the_number of "no good" among ten samples was obtained. The results are shown in

Table 2. (3) Spift HoGPSISingR-Frser § RifaRhireehavig & nedid thremBasaning spiral flow
&/Iolding Material Institute; Society of Plastic

attached theretgg}[%%cso{ggn%efwith SEaI\T/InMi-EL-GQO(EE%g (
Industry), the spiral flow value of fhe$8 INg material for s&MicondbEiors Whs Meddtfed. The transfer
lo molding conciiapsxuaressichibat e melthiempneraluiguas LAC. e molding presure was 7.4
MPa and the holding time was 120 seconds. The larger the spiral flow value, the be ferthe fluidity. 31
aspmod soms MWM%BDiﬁaAIBme oxilerky Bl i@Faction intensity of
5 the sample/X-ray diffraction intensity of crystalline
silica) is calculated, and the amorphous ratio is
obtained by the formula, amorphous ratio (%) = (l-mixed
ratio of crystalline silica) x 100.
The average sphericity of each of the silica powder
10 of the present invention, the inorganic powder and the
alumina powder is preferably at least 0.80, particularly
preferably at least 0.85. It is thereby possible to
lower the viscosity of the resin composgition and to
improve the moldability. For the average sphericity, a
15 particle image photographed by e.g. a stereoscopic
microscope {such as “Model gMZ-10", tradename,
manufactured by Nikon Corporation) is taken into an image
analyzer (such as “MacView”, tradename, manufactured by
Mountech Co., Ltd.}), and from the photograph, the
20 projected area (A) and the periphery length (PM) of a
particle are measured. When the area of a perfect circle
corresponding to the peripheral length (PM) is
represented by (B), the sphericity of the particle is
represented by A/B. Accordingly, when a perfect circle
25  having the same peripheral length as the peripheral
length (PM) of a sample is assumed, PM=2mr and B=mr®, and

thus, B=ax(PM/27)°. The sphericity of an individual
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particle will be sphericity=A/B=Ax47z/ (PM)2. Sphericities
of optional 200 particles thus obtained, were determined,
an& the average value was taken as the average sphericity.

Now, the procesg for producing the silica powder of
the present invention will be described.

The process of the present invention is a process
for producing the silica powder, characterized in that at
least two burners are disposed in a furnace body with an
angle of from 2 fo 10° to the central axis of the furnace
body, and from one burner, a raw material silica powder
is sprayed and from at least one burner, an aluminum
source material and/or a boron source material is spravyed,
into a flame. If the raw material silica powder, and the

aluminum source material and/or the boron source material,

are sprayed from the same one burner, the sprayed

materials necessarily spread in a conical shape, whereby . .

the proportion of the aluminum source material and/or the
boron source material fused on the surface of the raw
material silica powder tends to be small, and it becomes
impossible to produce the silica powder of the present
invention wherein the total of contents of Al,0; and B,C,
is from 0.1 to 20 mass%. Further, even in a case where
the raw material silica powder, and the aluminum source
material and/or the boron source material, are
preliminarily mixed, they will be spread in a conical
shape at the time of spraying and will be dispersed and

separated, whereby the composition will be non-uniform.
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At least two burners are disposed in a furnace body
with an angle of from 2 to 10° to the central axis of the
furnace body, to form a focal point, and from one burner,
a raw material silica powder is sprayed and frgm'at least
one burner, an aluminum source material and/or a boron
source material is sprayed, into a flame, whereby the
silica powder of the present invention can be produced
very efficiently. By using a plurality of burners to
spray the aluminum source material and/or the boron
source material, it is possible to further increase the
uniformity of the composition of the silica powder of the
present invention. & preferred number of burners is two
burners to spray the aluminum source material and/or the
boron source material per one burner to spray the raw
material silica powder. Here, the disposed angle of
burners is required to be from 2 to 10° to the central
axis of the.furnace body. If the disposed angle of
burners is less than 2°, the focal point will be out of
the flame, and the proportion of the aluminum source
material and/or the boron source material to be fused on
the surface of the raw material silica powder tends to be
small. On the other hand, if the disposed angle of
burners exceeds 10°, the focal point will be formed
before the aluminum source material and/or the boron
source material is fused on the surface of the raw
material silica powder, such being undesirable. The

digpoged angle of burners is more preferably within a
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range of from 3 to 8°.

In the present invention, the aluminum source
material is preferably an aluminum oxide powder. The
aluminum source material may, for example, be aluminum

5 oxide, aluminum hydroxide, aluminum sulfate, aluminum
chloride or an aluminum organic compound. However,
aluminum oxide is most preﬁerred, gince it is close to
the melting point of the raw material silica powder, so
that it is readily fused on the surface of the raw

10 material silica powder when sprayed from a burner, and
the impurity content is also small. Hére, the average
particla.size of the aluminum oxide powder is preferably
from 0.01 to 10 um. If the average particle size is less
than 0.01 pm, the powder tends to be agglomerated, and

15  the éom?ogition when fused with the silica powder tends
to be non-uniform, and likewise, if it exceeds 10 um, the
composition when fused with the silica powder tends to be
non-uniform. The range of the average particle size is
preferably from 0.03 to 8 um, more preferably from 0.05

20 to 5 pum.

In the present invention, the 21,0, content in the
raw material silica powder is preferably at most 1 masss.
Among Al and B in the silica powder, only one located on
the surface of the powder will form a strong acid point

25 and is capable of bonding to a basic silane coupling
agent. Thus, Al,0; present in the interior of the raw

material silica powder will present an adverse effect to
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increase the thermal expansion coefficient of the silica
powder. Accordingly, the Al,0; content in the raw
material silica éowdex is more preferably at most 0.8
mass%, further preferably at mest 0.5 mass%.

. The raw material silica powder may contain Fes0,,
Na;0, MgO, CaO, B;0;, etc. in addition to the above-
mentioned Al.,0:;. However, the $i0; content in the raw
material silica powder is preferably at least 97 masst,
more preferably at least 98 mass%.

As an apparatus to spray the raw material silica
powder and the aluminum source material and/or the boron
source material to the flame thereby to fuse them and
collect them, one having a collecting device connected to
the furnace body esquipped with the burners may be used.
The furnace body may be an open or closed type or a
vertical or horizontal type. The collecting device is
provided with at ie;st one of a gravity settling chamber,
a cyclone, a bag filter, an electrical dust collector,
etc., and is capable of collecting the produced silica
powder by adjusting the collecting conditions. Examples
of such a collecting device are disclosed, for example,
in JP-A-11-57451 and JP-A-11-71107.

In the present invention, the Freundlich adsorption
constant K of pyridine, of the silica powder, may be
increased or reduced by adjusting the sizes of the
aluminum source material and/or the boron source material

to be fused on the surface of the raw material silica

tfl O
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péwder, the A1,0; content and the B,0:; content in the
silica powder, the 5peéific surface area and the average
particle size of the silica powder, etc. The Al.C;
content and the B,0, content in the silica powder may
respectively be increased or reduced by adjusting the
ratio of the spray amounts of the raw material silica
powder and the aluminum source material and/or the boren
source material to the burner flame. The specific
surface area, the average particle Size, etc. of the
gilica powder may be adjusted by e.g. the particle size
constitution of the raw material silica poﬁder or the
tlame temperature. Further, the average sphericity and
amorphous ratio may be adjusted by e.g. the amount of the
raw material silica powder supplied to the flame or the
flame temperature. Further, various silica powdexrs
different in the specific surface area, the average
particle size, the Al,0; content, the B:O; content, etc.,
may be preliminarily_producéd, énd“two or more of them
may suitably be mixed to produce a silica powder having
the Freundlich adsorption constant K, Al,0; content, B,O,
content, specific surface area, average particle gize,
etc. further specified.

The resin composition of the present invention is a
resin composition containing the silica powder or the
inorganic powder of the present invention. The content
of the silica powder or the inorganic powder in the resin

composgition is from 10 tc 95 mass%, more preferably from
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30 te 90 massk.

The resin may, for example, be an epoxy resin, a
silicone resin, a phenol resin, a melamine resin, a urea
resin, an unsaturated polyester, a fluororesin, a
polyamide such as polyimide, polyvamideimide or
polyetherimide, a polyester such as polybutylene
terephthalate or polyethylene terephthalate, a
polyphenylene sulfide, an organic polyester, a
polysulfone, a liquid crystal polymer, a polyether
sulfone, a polycarbonate, a maleimide-modified resin, an
ABS regin, an AAS (acrylonitrilé/acryl rubber/styrene)
resgin, an AES (acrylonitrile/ethylene/propylene/diene
rubber/styrene) resin or the like. Among them, an epoxy
resgin, a silicone regin or a phenol resin is, for example,
preferred.

Among them, an epoxy resin having at. least two epoxy
groups in one molecule is preferred as a sealing agent
fer semiconductors. For example, a phenol novolac type
epoxy resin; an orthocresol novolac type epoxXy resin; one
having a novolac resin of a phenol and an aldehyde
epoxidized; a glycidyl ether such as bisphenol A,
bisphenol F or bisphencl 8; a glycidyl ester acid epoxy
resin obtained by a reaction of a polybasic acid such-as
phthalic acid or dimer acid with epochlorohydrin; a
linear aliphatic epoxy resin; an alicyclic gpoxy resin; a
heterocyclic epoxy resin; an alkyl-modified

polyfunctional epoxy resin; a B-naphthol novolac type
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epoxy.resin; a 1,6-dihydroxynaphthalene type epoxy resin;
a 2,7-dihydroxynaphthalene type epoxy resin; a
bishydroxybiphenyl type epoxy resin; and an epoxy resin

having an halogen atom such as bromine introduced to

"~ impart flame retardancy, may be mentioned. Among them,

from the viewpcint of the moisture resistance or the
solder reflow resistance, a orthocresol novolac type
epoxy resin, a bishydroxybiphenyil type epoxy resin or a
naphthalene-skelston epoxy resin is, for example,
preferred.

The epoxy resin to be used in the present invention
is one containing a curing agent for an epoxy resin, or a
curing agent for an epoxy resin and a curing accelerator
for an epoxy resin. The curing agent for an epoxy resin
may, for example, be a novolac resin obtainable by
reacting one or more selected from the group consisting
of phenol, cresocl, xylencl, resorcinol, chlorophenol, t-
butylphenol, nonylphencl, isopropylphenol and octylphenol
with formaldehyde, paraformaldehyde or paraxylene in the
presence of an oxidation catalyst; a
polyparahydroxystyrene resin; a bisphenol compound such
as bisphenol A or bisphenol §; a tri-functional phenol
such as pyrogallol or phloroglucinol; an acid anhydride
such as maleic anhydride, phthalic anhydride or
pyromellitic anhydride; or an organic amine such as
metaphenylenediamine, diaminodiphenylmethane or

diaminodiphenylsulfone.
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n order to accelerate the reaction of the Epoxy
resin with the curing agent, a curing accelerator such as
tripheﬁylphosphiﬁe, benzyldimethylamine or 2-
methylimidazole, may be used.

To the resin composition of the present invention,
the following components may further be incorporated, as
the case requires,

As a stress-lowering agent, a rubber-like substance
such as a silicone rubber, a polysulfide rubber, an
acrylic rubber, a butadiene rubber, a styrene block
copolymer or a saturated elastomer; a thermoplastic
resin; a resin-like substance such as a silicone regin;
or a resin having a part of or whole of an'epoxy resin or
phenol resin modified with e.g. an amino gilicone, an
epoxy silicone or an alkoxy silicone may, for example, be
mentioned.

As a silane coupling agent, an epoxysilane such as
v-glycidoxypropyltrimethoxysilane or R-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane; an aminosilane
such as aminopropyltriethoxysilane,
ureidopropyltriethoxysilane or N-
phenylaminopropyltrimethoxysilane; a hydrophobic silane
compound such as phenyltrimethoxysilane,
methyltrimethoxysilane or octadecyltrimethoxysilane or a
mercaptosilane may, for example, be mentioned.

As a surface treating agent, Zr chelate, a titanate

coupling agent or an aluminum coupling agent may, for
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example, be mentioned.
As an auxiliary flame retardant, Sb,0s, Sb,0; or Sh,0s
may, for example, be mentioned,
A8 a flame retardant, a halogenated epoxy resin or a
5 phosphorus compound may, for example, be mentioned. |
As a coloring agent, carbon black, iron oxide, a dye
or a pigment may, for example, be mentioned.
Further, as a mold release agent, a natural wax, a
gynthetic wax, a metal salt of a linear fatty acid, an
10 acid amide, an ester or a paraffin may, for example, be
mentioned. |
The composition of the present invention can be
produced by blending predetermined amounts of the above
respective materials by e.g. a blender or a Henschel
15 mixer, kneading the blended product by e.g. a hot roll, a
kneader, a single screw or twin screw extruder, and
cooling and grinding the kneaded product.
The sealing material for semiconductors of the
present invention is made of the resin composition
20 containing an epoxy resin, which further contains a
curing agent for the epoxy resin and a curing accelerator
for the epoxy resin. To seal a semiconductor using the
sealing material for semiconductors of the present
invention, a conventional molding means such as a
25  transfer molding method or a vacuum printing molding

method may be employed.
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EXAMPLES

Now, the present invention will be described in
further detail with reference to Examples, but it should
be understood that the present invention is by no means
restricted to such specific Examples.

EXAMPLES 1 to 9 and COMPARATIVE EXAMPLES 1 to 7

Various raw material silica powders different in the
average particle size and in the Al1,0; content, aluminum
source materials and boron source materials were prepared,
and they were subjected to melting, fusing and
spheroidiiing treatments in the flame to produce various
silica powders shown in Table 1 by means of an apparatus
disclosed in JP-A-11-57451 i.e. an apparatus wherein a
plurality of burners are disposed in a furnace body so
that they are adjustable at an angle of from 0 to 15° to
the central axis of the furnace body. Further, such
powders were suitably blended to produce silica powders
and inorganic powders as shown in Takle 2.

Here, adijustment of the Freundlich adsorption
conétant K of pyridine, of the silica powder, was made by
changing e.g. the average particle size of the aluminum
source material and/or the boron source material to be
fused on the surface of the raw material silica powder,
the Al,0; content and the B,0; content in the silica
powder, or the specific surface area and the average
particle size of the silica powder. Adjustment of the

21,0; content and the B.0; content in the silica powder
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‘was carried out by adjusting the ratio of the raw

material silica powder and the aluminum source material
and/or the boron source material sprayed to the burners.
Adjustment of the specific surface area, the average
particle size, etc. of the silica powder was carried out
by adjusting e.g. the particle constitution of the raw
material silica powder or the flame temperature. Further,
adjustment of the average sphericity, amorphous. ratio,
etc. of the silica powder was carried out by édjusting
the amount of the raw material silica powder supplied to
the flame or the flame témperature. Here, the maximum
temperature of the flame was within a range of from about
2,000°C to 2,300°C.

The amorphous ratio of the silica powder was at
least 99.5% in each case.

With respect to these silica powders, the Freundlich
adsorption constant K of pyridine, the Si0, content, the
Alz0; content, the B.0; content, the specific surface area,
the average particle size, the average sphericity, etc.
were measured and shown in Table 2.

In order to evaluate properties of the obtained
silica powders and inorganic powders as a filler for the
sealing material for semiconductors, to 86.5 parts (parts
by mass, the same applies hereinafter) of each powder,
6.7 parts of a 4,4'-bis(2,3-epoxypropoxy)-3,3’,5,5" ~
tetramethylbiphenyl type epoxy resin, 5.5 parts of a

phenol resin, 0.3 part of triphenylphosphine, 0.6 part of
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phenylaminosilane, O.i part of carbon black and 0.3 part
of carnauba wax were added, followed by dry blending by a
Henschel mixer. Then, the blended product was heat-
kneaded by a parallel matching twin screw extruder (screw
diameter D: 25 mm, kneading disk length: 10 Dmm, number
of revolution of paddle: 80 to 120 rpm, discharge amount:
2.5 kg/hr, and temperature of the kneaded product: 100 to
101°C}. The kneaded product (discharged product) was
pressed by a pressing machine and cooled, and then ground
to produce a sealing material for semiconductors, and the
flexural strength, the solder'cracking resistance and the
moldability (spiral flow) were evaluated as follows. The
results are shown in Table 2.
(1) Flexural strength

The flexural strength of the cured product for the
sealing material for semiconductors, cbtained as
described above, was measured az follows. That is, each
of the above sealing materials for semiconductors was
molded in a shape of 10 mm in width x 80 mm in length x 4
mm in height by means of a transfer molding machine under
molding conditions at 175°C for 120 seconds, followed by
post-curing at a temperature of 175°C for 6 hours Eo
prepare five test pileces for evaluation in each'case._
And, using “Autograph Model AG-5000A”, tradename,
manufactwred by Shimadzu Corporation, the flexural
strength was measured in accordahce with JIS K7171. Here,

the distance between supporting points was 64 mm, the
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loading rate was 5 mm/min, and the measuring environment
was 25°C under a relative humidity of 50%. The average
value of the respective measured values (n=5) was
obtained and taken as the flexural strength.

The larger the numerical value (MPa), the higher the
flexural{étrength.
(2} Scolder cracking resistance

The solder cracking regsistance of the sealing
materials for semiconductors obtained as described above
was measured as follows. That is, a simulated
semiconductor chip of 9.6 mm x 9.6 mm x O.4Hmm wag bonded
by a silver pasﬁe to a lead frame made of copper and
having a silver plating with a thickness of 150 mm
applied. Then, by using each sealing material for
semiconductors, sealing was carried out by means of a
transfer molding machine under molding conditions of
175°C for 120 seconds, followed by pest-curing at a
temperature of 175°C for 6 hours to obtain 60 pin QFP
{Quad Flat Package) samples of 15 mm x 19 mm x 1.8 mm for
evaluation of solder cracking resistance. Then, in each
case, ten such samples for evaluation were treated for 72
hours under environmental conditions at 85°C under a
relative humidity of 85% and then heated 4in a =solder
reflow apparatus at a temperature of 250°C. Then, each
sample for evaluation was cut into a half, and the cut
surface was polished, whereupon the size of a formed

crack was observed by a microscope. A case where the
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size of the crack is 70 pm or more was regarded asg “no
good”, and the number of “no good” among ten samples was
obtained. The gesults are shown in Table 2.
(3) Spirai flow

Using a transfer molding machine having a mold for
measuring spiral flow attached thereto in accordance with
EMMI-I-66 (Epoxy Molding Material Institute; Society of
Plastic Industry), the spiral flow value of the sealing
material fo? semiconductors was measured. The transfer
molding conditions were such that the mold temperature
was 175°C, the molding pressure was 7.4 MPa and the
holding time was 120 seconds. The larger the spiral flow

value, the better the fluidity.
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I-) rt Proportion of spherical silica 1 powder(*) blended (mass%) 1, | Proportion of spherical alumina
powder (**) blended (mass%) Freundlich adsorption constant K of pyridine (-) Content of Si02, Al203
and 8203 (mass%) Content of Al203 and 8203 (mass%) Specific surface area (m2/q) Average
particle size (pm) Average sphericity (-) Amorphous ratio (%) Flexural strength (MPa) Solder
cracking resistance (number of "no good" among 10 Sémples) Spiral flow (cm) 1 Proportion of the

- 0
SmcapOWderbbndeﬂém?gségparent_from the comparison between Examples

and Comparative Examples,“according to the silica powder
of the present invention, it is possible to prepare a
resin composition, particularly a sealing material for

5 semiconductors, which is excellent in flexural strength
and solder cracking resistance, as compared with

Comparative Examples.

INDUSTRIAL APPLICARILITY

10 The silica powder of the present invention is useful
for a sealing material for semiconductors to be used for
e.g. automobiles, portable electronic eéuipments,
personal computers, household electric products, etc.,
for a laminated plate for mounting semiconductors, and as

15 a filler for e.g. patty, sealing materials, wvarious
rubbers, various engineering plastics, etc. Further, the
resin composition of the present invention is useful for,
in addition to a sealing material for semiconductors,
prepregs for printed boards cobtained by impregnating and

20 curing it in glass woven fabric, glass nonwoven fabric or

other organic material, or various engineering plastics.

The entire disclosure of Japanese Patent Application
No. 2008-018973 filed on January 30, 2008 including
25 specification, claims and summary is incorporated herein

by reference in its entirety.



35 Asis apparent from the comparison between Examples and Comparative Examples, according
to the silica powder of the present invention, it is possible to prepare a resin composition, particularly a
sealing material for 5 semiconductors, which is excellent in flexural strength and solder cracking
resistance, as compared with Comparative Examples. INDUSTRIAL APPLICABILITY ioThe silica
powder of the present invention is useful for a sealing¥&aterial for semiconductors to be used for e.g.
automobiles, portable electronic equipments, persgnal computers, household electric products, etc.,
for a laminated plate for mounting semiconductors; hhdaE 45 a filler for e.g. patty, sealing materials,

various ubbers; verioys.snginegring,plasics, £, ELUDey i tsin gampgsiton of e presen

invention is useful for, in addition to a sealing material for semiconductors, preprégs for printed boards
obtained by imregnatiiiand 2@ suting iidh glasssvoven fRbHG glassiramuoven faprg of other

organic material, or various engineering plastics. =~ The entire disclosure of Japanese Patent

Application No. 2008-018973 filed on January 30, 2008 including 25 specification, claims and

summary i%\inc%rpora%%%hgl&%iﬁr}.g% r%fg&%récf igr:itczsoexr‘]ctiig(i[g}' to Claim 1,. wherein the
total of contents {(as calculated as oxides) of $i0;, Al1,0,
and BzO; is at least 99.5 mass%, and the total of
contents of AL.0; and B0, ig from 0.1 to 26 mass%.

3. The silica powder accoxding to Claim 1 or 2, which

10 has a specific surface area of from 0.5 to Srﬁ/g and an
average particle size of from 1 to 60 pm.

4. An inorganic powder characterized in that it
contains the silica powder as defined in any one of
Claims 1 to 3.

15 5. The inorganic powder according to Claim 4, wherein
the inorganic powder is a silica powder and/or an alumina
powder.

6. A prodass for producing the silica powder as defined
in any one of Claims 1 to 3, characterized in that at

20 least two burners are disposed in a furnace body with an
angle of f£rom 2 to 10° to.the central axis of the furnace
body, and from one burner, a raw material =ilica powder
is sprayed and from at least one burner, an aluminum
source material and/or a boron source material is sprayed,

25 intc a flame.

7. The process for producing the silica powder

according to Claim 6, wherein the aluminum socurce



36 CLAIMS: 1. A silica powder characterized in that it has a Freundlich adsorption constant K of
pyridine of from 1.3 to 5.0. 5 2. The silica powder according to Claim 1, wherein the total of contents
(as calculated as oxides) of Si02, Al203 and 3203 is at least 99.5 mass%, and the total of contents of
Al203 and B203 is from 0.1 to 20 mass%. 3. The silica powder according to Claim 1 or 2, which 10
has a specific surface area of from 0.5 to 5 m2/g and an average particle size of from 1 to 60 um. 4.
An inorganic powder characterized in that it contains the silica powder as defined in any one of Claims
110 3. 15 5. ThEFSHGART pbivdt RLERIRGD Clalfia, prwdss thamdrglsic pawder is a silica
powder and/or lumina powgder. 6. A process for producing the silica powder as defined in any one
of Claims 1 to B?r%ﬁgrﬂm:?;izse%\% aatpé%%g Jéag;ta_ts’voaﬁhrﬁ‘ r%géré38f§58§’é'd fifa FrnEee body with an
angle of from 2 {@ 4@40 the central axis of the furnace body, and from one burner, a raw material silica
powder is sprayed and from at least one burner, an aluminum source material and/or a boron source
material is spraged, 2Briatadlases Theproeesiifor prpdusingdhe siicapawdsr according to Claim 6,
wherein the aluminum source 37 material is an aluminum oxide powder, and the raw material silica
powder ha$ an APOF €dMeEnt-6f & dst 17masbere iThetpreceds for producingithessilica: powder
according to Claim 7, wherein the aluminym_oxide powder has an average patrticle size of from 0.01 to

10 um. 9. A resin Sco?‘nnpo%ﬁ%ﬁa&%rgagﬁié:&ﬁw RAtE cBAtainsIMe Silitd povdet a¥tdefined in any one
of Claims 1 to 3;0r thg inrganicpayyer asidefined.in Claim 104 ar 5. 1ghgge Jesin composition
according to Claim 9, wherein the resin in the resin composition is an epoxy resin. A sealing
material for sermicandueisrs; eepiaying éheweie eormpogtien as defined in, Claim 9 er 10. 15

Claims 1 to 3 or the inorganic powder as defined in Claim

10 4 or 5.

10. The resin composition according to Claim 9, wherein

the resin in the resin composition is an epoxy resin.

11. A sealing material for semiconductors, employing the

resin compogition as defined in Claim 9 or 10.

15



