1 DESCRIPTION AMORPHOUS SILICA POWDER, PROCESS FOR ITS PRODUCTION AND ITS
USE 5 TECHNICAL FIELD  The present inventioh relates to an amorphous silica powder, a
process for its production and its use. BACKGRQUNBTART 10In recent years, from an increasing
consciousness about global environmental protection, a sealing material for semiconductors, to be
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hazardous flame retardant such as a brominated epoxy resin or an antimony compound having a large

enwronrrnh%%ﬁgﬁi EE%HBO provide heat resistance to a lead-free solder which contains no lead. A
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propertié§ H8%mentioned above, it is common to adopt a method of using one having a structure
containing many aromatic rings to have high flame retardancy and heat resistance as the epoxy resin,
phenol rBsigkeisOdhd Ardthod of highly filling an inorganic filler. However, by such methods, the
visaosity of thenseadimyanaidriat tor seraimpcstiars 20iendbtaintreasadtdhe dinepbizening Oon
the othesdiaing riatbreabiRerfrautiesnsslsfet Righ RertesmaneariiidesiueiRmighiize rRdikMaight of
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of elements, [edHCHAmA ﬁam;%ﬁh%a& vg'rs@e'@ﬁ\q@m@r@%g&aﬂereoa&g\mgmé’a%@é&g?%%m?f wiring
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having ISCOSI ge ormation of go eres WIF clination of semiconductor
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of sealing 8 PEHEENASRANG FARA SITHEHIGSCHURR VA PR R he fddide®een a method to
reduce tistavgscosiaphhrptoeSBiRNTROYE tireapdid s Phyneligesimelthoer effeiprs\ahbieiydiioryaresin or
a phencirregamictiiey ddpvive. iy aseul fathhessthalivigensiveriahéoresding cortduat brss@fratend Dimcsiments
1 and 2)e=husthencfeasayirbeaimentf akaliegring accelerator, a so-called latency method has been
adopted to pratachadiaactiveisidsisatenbydtfingr SRMPORBEdAGHRARSH e auiog Rrapeshufor the
purposeyRfisaisingdhrriiesURiiation [erngraike el tiesnesyrsis(RAICRLEIgSHMERIS RRRL ).
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viscositynghiieiige st essdhasihesmeldabilityriey themivaniaysskavripptandpregaaic filler is
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silica powder tio of UB IS at rtrp]o where t ela N ne esorbed un ersheatlng
at from Ffov\/e‘c‘?%t;ﬁanogtoﬁé! 3 & Amount of p "fr‘ ihe desor @8 Under e %ﬁeﬁ’ V'at from
150C to G é’F QWQA%%D"C“%W}%S@W% p‘?&&’&ﬁ?’in% thﬁt Eliaiew %f&uh‘é%‘%’éﬁéﬂ on the
amorph&EERiteVisEaRtEPr ihdNsrBlRRHoH BRI AGAEEIIY FRRIRR 8588 RRsE ORERNSAIRE R from
150C tofpswemipsiiiiptosohare ey aaduifteAsn By diedrived anerty vb M 9 GaRIBDL to
lovi@r thean3B800yéred(BRA ke 006 Ak tyesdrubisr dnmeatstd20%.  The amorphous silica powder of the
present inventiarepr Bleratdytias dFspe2iiic Adfee® area of from 0.5 to 45 m2/g, an average patrticle
size of from OHztenbOquandan sverage spberasty of at least 0.80. 20Further, the present invention
provides an inesganiSoeawsigrcontainipgdde ammyphous silica powder of the present invention.  In
the present insaplipPothe,ahave inRiaBimRewsls is preferably an amorphous silica powder other than
thgaoresent '”ﬁ%@%‘i’ﬁ@d&q@ﬁ’{%ﬂ aliming,peweleds4-urther, the present invention provides a process for

producing theFat rﬂn u’%gg‘,{l%a g&q cterized in that a mixture comprising a raw material
silica powder ang an Al'Source material 15 sprayed into a flame formed by a burner to produce an
amorphous silica powder, and then, the produced powder is held in an atmosphere having a relative
humidity of from 60 to 90% at a temperature of from 60 to 150C for from 15 to 30 minutes. Further, the
present invention provides a resin composition containing the amorphous silica 30powder of the
present invention in a resin. The resin is preferably an epoxy resin. Further, the present invention
provides a sealing material for semiconductors, employing such a resin composition. EFFECTS OF
THE INVENTION



35According to the present invention, a resin composition excellent in fluidity, viscosity properties and
moldability, and a sealing material for semiconductars, employing such a resin composition, are

prov@ded,g@fg@guﬁ@ @mgr@w&cp@ppowder suitable for preparation of such a resin composition, is
provided~4 ﬁm %Bg\é%QME&WﬁNENTION Now, the present invention will be
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than 250@4d a pracesé st ripsietisitica, if Al is substituted at the position of Si, for example, in the case
of -0- Si-O-Al-O-Si-0-, such a point will be a Lewis acid point (electron pair acceptor) as a solid acid
point 3 dtRARSTOROEDIE bSWwERE thBJ&rdination number of Si and the coordination number of Al.
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under heating Htefeormrdiz0E sidowewteani 3BT eserd Bvisntim gmeterabigihagridineciiesorfred arder
heating at fram15H0Q@1enfayyen thank80G  neans thavthe amoeniof Bioastadagid spoisisiisdasger by
at least 125 times than the amount of Lewis acid points. When such an amorphous silica is used, it

beggmes possibigde RESHBER R SRaHRShPRIAGR axaallenhit3ipvlid Ry MisrRsit: BraRpHies and,
moldabilj vJ@értBﬁ gggle{qgwqgﬁeason Inversely, in a case where the ratio of L/B exceeds 0.8,
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resin currfaeRsomsdrashfich i groatorachece syt a g tlstivainucodipohéars 58 dfifioat the
amorphoersshaiarp oivden. 8/ e hEHTE sexdliony hadtedahfousamiconductors is heated at a temperature of
from about 258 &0(@rith2 QeSS ditingantisupicthdsmoeattingtpupdsatusatimplging demperitisa)aprotons
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polymerization-ghain #2358 HiweeBriheeRexY 5@5&&@%{8&%@%@%%@@9&%& iyl piipceed,
and the ge@ggg; @{gjlnwnl be thermally cured. When the amorphous silica powder of the present
invention is used, protons will be discharged from the Bronsted acid points by heating. Such 30protons
will be b fgﬁ{g 8?— gFilg Léﬁrmlnals whereby the polymerization chain reaction will temporarily
be stoppe us resulting in suc henomenon that thermal curing of the sealing material is
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excellerpipvitigdity dRbes secEng PRepe fikss Rewre tisrBablaie diffg aStien Pareish\r 3Buepmpasdion,
remarkablprdédetoped only when the ratio of UB is at most 0.8, where L is the amount of pyridine
desorbed under heating at from 450C to lower than 550C and B is the amount of pyridine desorbed
ungler heasonab e 0EReoMe b TREANY Eleratefore, there has been no instance reported
wherein latengysis iRRRAERG L FehBRUNMNRUSSHIBR PRWERLDY such a mechanism. On the other hand,
if the ratio of YR.exresds Q- Sl ssadeiH it FRoUAL AT AVIAINSAesArhss AURdEs RiRRLing at from
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pomts nversely the fluidity of the amorphous silica 45powder tends to be inhibited, and the
fluidity and wéﬂé@?t?"%kb‘@rﬂé%‘IEP’EH%%&&TH@WQ%F%@WEW@ Bb BR[O %’l?c‘ﬁ:‘ﬁ%ﬁigo'
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and amount for desorption of pyridine from the amorphous silica powder can 4 be measured by the
following procedure. (1) Preparation of pyridine solution: 7.91 g of pyridine for spectrometry is
taken into a 500 ml measuring flask and adjusted to the constant volume with n-heptane for

spectrometry. Then, 1 ml of this pyridine solution is taken into a 200 ml measuring flask and adjusted
tn the conctant voliime Bwith n-hentanea (7 Adeorntinn nof nvridine on amornhniice cilica nowdar:



. As examples of the reagents to be used for preparation of the pyridine solution, pyridine (spectrometry

grade) and n- heptane (spectrometry grade), manufagtured by Wako Pure Chemical 35Industries, Ltd.,
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sealing material for semiconductors, whereby the rnoldability tends to be impaired, such being '
undesirable. Inversely, if the average particle size exceeds 60 pm, there will be a problem such that
semiconductor chips are likely to be thereby scratched, or there will be a problem that a uniform

package free from irregularities can hardly be 6 obtainable. A preferred range of the average particle
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_ 40the 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
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35Further, the content of Al203 in the amorphous silica powder of the present invention is preferably
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an epoxy resin, or a curing agent for an epoxy resin and a curing accelerator for an epoxy resin. The
10 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, cresol, xylenol, resorcinol, chlorophenol,
tbutylphenol, nonylphenol, isopropylphenol and octylphenol with formaldehyde, paraformaldehyde or
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As a flame retardant, a halogenated epoxy resin or a phosphorus compound may, for example, be
mentioned.  As a coloring agent, carbon black, iram oxide, a dye or a pigment may, for example, be
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evaluated as follows. The results are shown in Tables 3 and 4. (1)Viscosity properties (Curelastometer
tararie) The vieerncityy nronartiee nf the cealina matarial for cemicondiictare nhtained ac AdAeceribed 192



20(3)Fluidity (spiral flow)  Using a transfer molding machine having a mold for measuring spiral flow
attached thereto in accordance with EMMI-1-66 (Eppxy Molding Material Institute; Society of Plastic

Industry)rthe spirabfiowaalueof eachssaling %%@?J&%%@'@&F@é %ifew@%@ﬁaﬁ%ﬁaa ERgtn
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ccng Stbq)gal'@j_lc%,ﬁ@_:ﬁxmd F’M sphenca’stes of optional 200 particles thus obtained, were
determined, and their average v.alue was taken as the average sphericity.

Another method for determining the sphericity is such that the sphericity is obtained from
circularities of individual particles quantitatively and automatically measured by a particle image
analyzing device (e.g. "Model FPIA-3000” tradename, manufactured by Sysmex) by calculation

10 based on the formula:  Sphericity=(circularity)®.

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

The process of the present invention is a process for producing the amorphous silica powder
charactetized in that a mixture comprising a raw material silica powder and an Al source material is

15  sprayed into a flame formed by a burner to produce an amormhous silica powder, and then, the
produced powder is held in an atmosphere having a relative humidity of from 80 to 80% at a
temperature of from 80 to 150°C for from 15 to 30 minutes. The mixture comptising a raw material
silica powder and an Al source material is sprayed into a flame formed by a burner to carry out
melting {conversion fo amorphous staie) and spheroidizing of the raw material silica powder and

20  substantialiy simultaneously to fuse the Al source material to the surface of the silica powder thereby
to let a ~0-8i-0-Al-0-8i-O- structure form, and then, the produced powder is held in an atmosphere
having a relative humidity of from 80 to 90% at a temperature of from 60 to 150°C for from 1510 30
minutes to carry out adjustment of the amount B of pyridine desorbed under heating at from 150°C
to lower than 250°C and the amount L of pyridine desorbed under heating at from 450°C to lower

25  than 550°C. It is thereby possible to produce for the first time the amorphous silica powder having |
the characteristics of the present invention.

As an apparatus to spray the mixture comprising a raw material sifica powder and an Al
source material into the flame thereby to melt, fuse, spheroidize and collect it, one having a
collecting device connected to the furnace body equipped with the burners may be used. The

30 furnace body 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, an electrical dust
collector, etc., and is capable of collecting the produced amorphous silica powder by adjusting the
collecting conditions. Examples of such a coflecting device are disclosed, for example, in JP-A-11-
57451 and JP-A-11-71107. In order to hold the amorphous silica powder in an atmosphere having

35  a relative humidity of from 60 1o 80% at a temperature of from 80 to 150°C for from 15 to 30 minutes,
for example, a line fo supply steam may be instaiied on the above collecting device, and the steam
temperature and the steam supply rate may be adjusted to attain the desired temperature and
relative humidity. To adjust the holding time, the opening/closing time of the discharge valve fo
discharge the amorphous silica powder out of the system from the above collecting device, may be

40 adjusied fo attain the desired time. :

immediately after the mixture comprising a raw maiterial silica powder and an Al source
material is sprayed into the flame formed by a bumer, the type of acid points having a -O-Si-O-Al-O-
Si-O-structure is mostly a Lewis acid due to the influence of the high temperature flame, and only a
part thereof is changed to a Brensted acid having bonded H,O contained in the combustion gas of

45  the flammable gas used o form the flame, whereby the ratio of the desorbed amounts of adsorbed
pyriding, i.e. /B, exceads 0.8. Therefore, with an amorphous silica powder not treated by the
process of the present invention, there will be no improvement in the fluidity and viscosity properiies
at the time of molding, by the latency effects.
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If the humidity during the holding is less than 60% or if the holding time is less than 15
minutes, the ¢hange of a Lewis acid to a Brensted acid tends to be inadequate, and it tends to be
difficult to control the pyridine desorption ratio L/B to be at most 0.8.  On the other hand, i the
humidity' exceeds 20%, or the holding time exceeds 30 minutes, the amorphous silica powder tends
to be agglomerated, and moldability of the sealing material for semiconductors tends to be low, such
being undesirable.

The humidity is more preferably from 65 to 85%, and the humidifying time is preferably within
a range of from 20 to 25 minutes.  Accordingly, if the humidifying temperature is lower than 60°C,
H,O tends to be hardly bonded, and the change of a Lewis acid o a Brensted acid tends to be
inadequate, whereby it is difficult to control the pyridine desorption ratio L/B o be at most 0.8. On
the other hand, if the holding temperature exceeds 150°C, the temperature is too high to bond H,0,
and it is difficult to bring L/B 1o be at most 0.8.  Only when the obtained powder is held within a
temperature range of from 60 {o 150°C, it becomes possible o adjust the ratio of L/B to be at most
0.8. The holding temperature is more preferably within a range of from 70 to 120°C, further
preferably from 75 to 100°C.

As a raw material silica powder, it Is possible to use a powder of a naiuraliy produced silica~
containing mineral such as high purity silica stone, high purity silica sand, quariz or rock crystal, or a
high purity silica powder produced by a synthetic method such as precipitated silica or silica gel.
Howaever, when the cost or availahility is taken into consideration, silica stone powder is most
preferred. With respect to the silica stone powder, ones having various particie sizes, pulverized by
a pulverizer such as a vibration mill or a ball mill are commercially available, and a suitable pariicle
size may be selected so that a desired particle size of the amorphous silica powder can be obtained.

in the present invention, the Al source material is preferably an aluminum oxide powder. The
Al source material may, for example, be aluminum oxide, aluminum hydroxide, aluminum nitrate,
aluminum chloride or an aluminum organic compound. Among them, aluminum oxide is most
preferred, since it is ciose to the melting point of the raw maierial silica powder, whereby when
sprayed from the burner, it fends to readily fuse on the surface of the raw material silica powder, and
its impurity content is low.

Further, the average particle size of the aluminum oxide powder is preferably from 0.01 to 10
um. If the average particle size is less than 0.01 um, the powder tends to agglomerate, and the
composition when fused on the silica powder tends to be non-uniform, and likewise, if the average
patrticle size exceeds 10 pm, the composition when fused on the silica powder tends tc be non-
uniform. A preferred range of the average particie size is from 0.03 te 8 um, and more preferred is
from 0.05 to 5 pm. '

Further, the content of AlbO; in the amorphous silica powder of the present invention is
preferably from 0.1 o 20 mass%. [f the content of Al;O; is less than 0.1 mass%, increase of acid
points tends to be inadequate. On the other hand, if it exceeds 10 mass%, the thermal expansion
of the amorphous silica powder tends 1o be so large that it is likely to adversely affect the functions
of the sealing material for semiconductors. Apreférred content of AlbO5 is from 0.15 to 18 mass,
and more preferred is from 0.2 to 15 mass%.

The Al,Os content (as caleulated as an oxide} in the amorphous silica powder of the present
invention can be measured by means of an atomic adsorption analysis as follows. Thatis, 1 g of
the amorphous silica powder is accurately weighed on a platinum dish, and special grade reagent
hydroflucric acid and special grade reagent perchioric acid are added in amounts of 20 ml and 1 ml,
respectively. Such a platinum dish is left to stand still for 15 minutes on a sand bath heated at
300°C and then cooled to room temperature, and the content is transferred to a 25 mi measuring
flask and adjusted to the constant volume with pure water. The Al amount in this solution is
guantified by a calibration method by means of an atomic absorption photometer. The Al amount is
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the measuring, as the frame, an acetylene/nitrous oxide frame is used, and the absorbance ata

wavelength of 309.9 nm is measured for quantitative determination.
In the present invention, when pyridine is adsorbed on the amorphous silica powder and
desorbed under heating, the amount of pyridine desorbed and the desorption temperature can be
10  adjusted by the size or amount of the Al source material fused on the surface of the raw material
silica powder, the condition for holding in humidity, the specific surface area, the average particie
size, etc.
The specific surface area and average particte size of the amorphous silica powder can be
adjusted by the particle size constitution of the raw material silica powder, the flame temperature, stc.
15 Funher, the average sphericity and the amorphous ratio can be adjusted by the amount of the raw
material silica powder supplied to the flame, the flame temperature, etc.  Further, it is possible that
various amorphous silica powders different in e.g. the size or amount of the Al source material fused,
the condition for holding in humidity, the specific surface area, the average particle size, etc. are
preliminariiy prepared, and two or more of them are suitably mixed to prepare an amorphous silica
20  powder having further specified the amount of pyridine desorbed at the time of adsorption and
desorption of pyridine, the desorption temperature, the specific surface area, the average particie
size, etc.
The resin composition of the present invention is a resin composition containing the
amorphous silica powder or the inorganic powder of the present invention. The content of the
25  amorphous silica powder or the inorganic powder in the resin composition is from 10 to 95 mass%,
more preferably from 30 fo 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 poiyester, a fluororesin, a polyamide such as polyimide,
polyamideimide or polyetherimide, a polyester such as polybutyiene terephthalate or polyethylene

30 terephthalate, a polyphenylene sulfide, an organic polyester, a polysulfone, a liquid crystal polymer,
a polyether sulfone, a polycarbonate, a maleimide-modified resin, an ABS resin, an AAS
(acrylonitriie/acryl rubber/styrene) resin, an AES (acrylomtrlie/ethyiene/propyiene/dtene
rubber/styrene) resin or the iike.

Among them, an epoxy resin having at least two epoxy groups in one molecule is preferred as

35  a resin for a sealing material for semiconductors. For example, a phenol novolac type epoxy resin;
an orthocresol novolac type epoxy resin; one having a novolac resin of a phenol and an aldehyde
epoxidized; a glycidyl ether such as bisphenol A, bisphenol F or bisphenol S; 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 epoxy resin; a heterocyclic epoxy resin;

40  an alkyl-modified pofyfunctional epoxy resin; a f-naphthol novoiac type epoxy resin; a 1,6-
dihydroxynaphnthalene 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 o impart flame retardancy, may be mentioned.  Among them, from the viewpoint of the
moisture resistance or the solder refiow resistance, an orthocresol novolac type epoxy resin, a

45  bishydroxybiphenyl type epbxy resin or a naphthalene-skeieton 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
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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, cresot, xylencl, resorcinol, chiorophenal, t-
butylphenal, nonylphenal, isopropylphenol and octylphenol with formaldehyde, paraformaldehyde or
paraxylene in the presence of an oxidation catalyst; a polyparahydroxystyrene resin; a bisphenol

5 compound such as bisphenol A or bisphenol S; a tri-functional phenol such as pyrogaliol or
phloroglucinol; an acid anhydride such as maleic anhydride, phthalic anhydride or pyromellitic
anhydride; or an organic amine such as metaphenylenediamine, diaminodiphenyimethane or
diaminodiphenylsulfone.

In order to accelerate the reaction of the epoxy resin with the curing agent, a curing

10 accelerator such as triphenyiphesphine, benzyldimethylamine or 2-methyiimidazole, 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

15 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 silicons, an epoxy silicone or an
alkoxy silicone may, for example, be mentioned.

As a silane coupling agent, an epoxysilane such as y-glycidoxypropyltrimethoxysilane or 8-
(3,4-epoxycyclohexylhethyltirimethoxysilane; an aminosilane such as aminopropyliriethoxysiiane,

20 ureidopropyltriethoxysilane or N-phenylaminopropyltrimethoxysiiane; a hydrophaobic 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 example, be mentioned.

25 As an auxiliary flame retardant, Sb,0s, Sb,O, or Sbo0Os may, for example, be mentioned.

As aflame retardant, a halogenated epoxy resin or a phosphorus compound may, for
example, be mentioned.

As a coloring agent, carbon black, iron oxide, a dye or a pigment may, for example, be
meniioned.

30 Further, as a mold release agent, a natural wax, a synthetic wax, a metal salt of a linear fatty
acid, an acid amide, an ester or a paraffin may, for example, be mentioned.

The composition of the present invention can be produced by biending predetermined
amounts of the above respective materials by e.g. a blender or a Henschel mixer, kneading the
blended product by e.g. a hot roll, a kneader, a single screw or twin screw extruder, and cooling and

35  grinding the kneaded product.

The sealing material for semiconduciors of the present inveniion is made of the resin
composition 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

40  invention, a conventional molding means such as a transfer molding method or a vacuum printing
molding method may be employed.

EXAMPLES
Now, the present invention will be described in further detail with reference to Exampiles, but it
45  should be understood that the present invention is by no means restricted 1o such specific
Examples.
EXAMPLES 1 to 10 and COMPARATIVE EXAMPLES 1 o8
Crystaliine silica powder (SiO; content: 99.9 mass%) manufactured by Kinsei Matec, alumina
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5  They were melied, fused and spheroidized in the flame, followed by holding-in-humidity treatment to
produce various amorphous silica powders shown in Tables 1 and 2 by means of an apparatus
disclosed in JP-A-11-57451 and an apparatus having a boiler to generate steam and a line to supply
steam, instailed 1o its collecting devices and adapted so that the steam temperature and the steam
supply rate can be adjusted 1o a desired temperature and relative humidity. Further, such powders

10 were suitably blended to produce amorphous silica powders and inorganic powders as shown in
Tables 3 and 4.

Here, the amount of pyridine desorbed and the desorption temperature at the time of
desorption of pyridine adsorbed on the amorphous silica powder, were adjusted by changing the size
or amount of the Al source material fused on the surface of the raw material silica powder, the

15 holding-in-humidity condition, the specific surface area, the average particle size, etc.

The specific surface area and average particle size of the amorphous silica powder was
adjusted by the particle size constitution of the raw material sitica powder, the flame femperature,
eic., and the average sphericity and amorphous ratio of the amorphous silica powder were adjusted.
by the amount of the raw material silica powder supplied 1o the flame, the flame temperature, etc.

20  Here, for the formation of the flame, LPG and oxygen gas were used, and oxygen gas was used as
a carrier gas to transport the raw material powder fo the bumer. The maximum temperature of this
flame was within a range of from about 2,000°C to 2,300°C.

The adsorption of pyridine on the amorphous silica powder, and the measurements of the
armount of pyridine desorbed from the amorphous silica powder and the desorption temperature,

25  were carried out by the methods described in the above paragraph (0014).

The amorphous ratio of the obtained amorphous silica powder was at least 99.5% in each
case. With respect to these powders, the specific surface area, the average pariicle size, the
average sphericity, the temperature for desorption of pyridine and the desorbed amount were
measured, and the ratio of L/B where L is the amount of pyridine desorbed under heating at from

30  450°C to lower than 550°C and B is the amount of pyridine desorbed under heating at from 150°C to
lower than 250°C, and the proportion of the amount of pyridine desorbed under heating at from
150°C to lower than 250°C in the total amount A of pyridine desorbed under heating at from 150°C to
lower than 550°C, i.e. (B/A)x100%, were calculated. The results are shown in Tables 3 and 4.

The properties of the obtained amorphous silica powders and inorganic powders as a filler for

35 the sealing material for semiconductors were evaluated, that is, to 87.8 parts {parts by mass, the
same applies hereinafter) of each powder, 5.9 parts of a biphenyl type epoxy resin (YX-4000H,
manufactured by Japan Epoxy Resin), 5.1 parts of a phenol aralkyl resin (XLC-LL, manufactured by
Mitsui Chemicals Inc.), 0.2 part of triphenylphosphine, 0.6 part of an epoxy silane coupling agent, 0.1
part of carbon black and 0.3 part of carnauba wax were added, followed by dry blending by a

40  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 paddie:
50 to 120 rpm, discharge amount: 2.5 kg/hr, and temperature of the kneaded product: 99 to 100°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 viscosity properties

45  (Curelastometer torque), the moldability (wire deformation ratio) and the fluidity (spiral flow) were
evaluated as follows. The results are shown in Tables 3 and 4. '

(1}  Viscosity properties {(Curelastometer torque)
The viscosity properties of the sealing material for semiconductors, obtained as described
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above, was measured as follows. Using a Curelastometer (e.g. “Curelastometer Model 3P-5”
tradename, manufactured by JSR Trading Co., Lid.), the sealing material for semiconductors was
heated at 110°C, and the torque upon expiration of 30 seconds was taken as a viscosity index. The
smaller the value, the better the viscosity properties.

5 (2} Moldability {(wire deformation ratio)

The moldability of the sealing material for semiconductors, obtained as described above, was
measured as follows. On a BGA (Ball Grid Array) substrate, two sheets of simulated semiconductor
element with a size of 8 mm x 8 mm x 0.3 mm were overiaid via a die attach film and connected by
a gold wire. Then, using each sealing material for semiconductors, molding into a package size of

10 38 mm x 38 mm x 1.0 mm was carried out by means of a transfer molding machine, followed by
curing at 175°C for 8 hours to obtain a BGA type semiconductor. The gold wire portion of the
semiconductor was observed by a soft X-ray transmission device to measure the gold wire
deformation ratio. For the gold wire deformation ratio, the shortest distance X of wire before sealing
and the maximum displacement Y of wire after sealing were measured, and the gold wire

15 deformation ratic was obtained as (Y/X)x100 (%). This value is an average value of 12 gold wire
deformation ratios, Here, the diameter of the gold wire was 30 um, and the average length was 5
mm. The transfer molding conditions were such that the mold temperature was 175°C, the molding
pressure was 7.4 MPa, and the pressure-helding time was 90 seconds. The smaller the value, the
smaller the wire deformation and the better the moidability.

20 (3)  Fluidity (spiral flow)

Using a transfer molding machine having a mold for measuring spiral flow attached thereto in
accordance with EMMI-1-66 (Epoxy Molding Materiai Institute; Society of Plastic industry), the spiral
flow value of each sealing material for semiconductors was measured. The transfer molding
conditions were such that the mold temperature was 175°C, the moiding pressure was 7.4 MPa and

25  the pressure holding time was 120 seconds. The larger the spiral flow value, the better the fluidity.
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17
As is evident from ‘comparison between Examples and Comparative Examples, according 1o
the amorphous silica powder of the present invention, it is possible to prepare a resin composition,
particularly a sealing material for semiconductors, which is superior in fluidity, viscosity properties
and moldability to Comparative Exampies.

INDUSTRIAL APPLICABILITY

The amorphous silica powder of the present invention is useful for a Seaiing material for
semiconductors to be used for e.g. automobiles, portable electronic equipments, personal computers,
household electric products, etc., and as a filler for e.g. a laminated plate for mounting
semiconductors.  Further, the resin composition of the present invention is useful not only for a
sealing material for semiconductors but also for prepregs for printed boards obtained by
impregnating and curing it in glass woven fabric, glass nonwoven fabric or other organic materiai, or
various engineering plastics.

The entire disclosure of Japanese Patent Application No. 2008-129122 filed on May 16, 2008
including specification, claims and summary is incorporated herein by reference in its entirety.
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Japanese Patent Application No. filed on May 16, 2008 including specification, claims
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powder as d%flne,d |r% atg% one of Claims 1to 4. 6. The inorganic powder according to Claim 5, wherein
the inorgafR RIS RORRSHEEn amorphous silica powder other than the present invention and/or an
alumina pdwdefn nogprisdesyedrraorieitiottpetenarnbeph silisasilived poss diefissddefinedria efny one of
Claims 1 tgdéighargcterized in that a mixture comprising a raw material silica powder and an Al source
material is6spra¥ﬁgi!1r(1)tp a lﬂargve\zl gr@%glrgmlx Ob&&r‘]}%r ow%r&d%ci%eag] amor houg silica powder, and then,
the produced powder IS held m an a%mosp%ere aving a relative hamidi ypgyv ront by Lo 90% at a
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resin composition is an epoxy resin. 10. A sealing material for semiconductors, employing the resin

Compositio‘w a‘é’ Sy ma&%%]t%.sprayed info a flame formed by a burner fo produce an
amorphous silica powder, and then, the produced powder is held in an atmosphere having

a relative humidity of from 60 fo 90% at a femperature of from 60 to 150°C for from 15 to
30 minutes. _

8. Aresin composition containing the amorphous silica powder as defined in any one of
Claims 1 to 4, or inorganic powder containing said amorphous silica powder.

9.  The resin composition according to Claim 8, wherein the resin in the resin composition
is an epoxy resin.

10. A sealing material for semiconductors, employing the resin composition as defined in
Claim 8.



