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1 DESCRIPTION AMORPHOUS SILICA POWDER, PROCESS FOR ITS
PRODUCTION AND ITS USE 5 TECHNICAL FIELD The present
invention relates to an amorphous silicalpowder, a process for its
production and its use. BACKGROEMIRIRRDIOIN recent years, from an
increasing consciousness about global environmental protection, a sealing
MatatrPecteMEnaRIUStUS ER eriseddarraaling SRBIMANTINOAND ITS USE
elements, is required to provide flame retardancy without using a
TECHW@@E%@L@?me retardant such as a brominated epoxy resin or an

tlmon ompo nd alar V|ron enta ad and to

e s efPesls aﬁ%\ée?ooe{‘ Ig’ag reoeasnofg“ qh TOMBME nB fRGER %Ea{llﬁ roduction and

ﬁﬁatenal for semiconductors is constituted 15mainly by e.g. an epoxy

resin, a phenol resin curing agent, a curing accelerator, an inorganic filler,
BACKGEQIEND ARBrder to satisfy the required properties as mentioned above, it

idrcsernoretcsatioptan inewrsihofcasinpustesaaiogtgistraictavecomataingtection, a
sealinpamicic foatemingsitethes éolighuskeier retdidarmyicodiheat sesigistace asuired to
providbéi@pexytaesingphienalt iesiy, £tezoteusreiiedobkighlyihing aBrominated epoxy
resin BIQAY ARG cdRPHENE haR)hg WOR TSROt eI Seas M PhIPR F8RIGt resistance to
a ieadnﬂ;@@a‘df&r\@%m'ﬁgﬂg%%t%%%@eng%égllﬁg:ﬁeﬁéﬁammgnﬂb%@@constztuted

rnaanlptgjtf% Aherdandse Mﬁaﬁﬂwﬁﬁ@%@@n of QEEMS&E%‘E F%m}%{ nic filler,
' EhOQ H%r%'g %% n}‘j Wel%htu%g I‘Er(t:)tf%grrt]fes aesvrlr%:ee S(??Hed 2 grga tructu ?o adopt a
’zhoc§e iean %geofqg\nr?SaUS uc éone r‘%% hy aron Inpln 10 hav h fEame
MENCEGUCHON N dlamege GO Y P IRD& S %Ha ﬁaﬁ’
etaro R A 5 TP AR B P AL SR Ao Car SCBRRPBy" iy fling an
inoraapicdierof H Wi iRehiRessIer JBmiissAeticed fae raving RMRIiFVRICERAItiponductors
tends defBprAatval Sy BrPwireaaliBeeakage of gold wires, inclination of

demiitoathectvrneldments tior fediurersisfofiliol refeonaspaessd, risiliktidy fo size and
weighingrelaseofib épgfore, tHasrstroaigiydasiced $hatdtbedseialin gaxatekaldos rapid progress
in thins@rrgicsldumernss asctiania deiakdansygartiitas, olayspscastyiatidiedimaigh
densififatienl g iantasiueednoicinenfadiicohdiger 4. satrly Spsle 488 UIE NRNEY material
for seFIBERIRTRE BBvihT & HIQIMIQIRHY Gt BRnUIRG ST AN 0 SOIBIREQUS B wires,
mcimm%gwmcﬁ)&oﬁé’@ﬂgﬂg (Bfr @B(’QYﬁnggaﬂiﬁ%O@/nr&ﬁ'éb%e%g B to increase.
There¥8|%'1it9¥ éﬁgn ecﬂat P 9 ?ﬁ%lsﬁ Fhe %e e%g fm%tegnrwlfacbﬁo k2l %r%tg Fetardancy
S L L

o SiHs e i ) ragm*a'ae P e 't S PREL TR R Gy sty and o
ImProYg hRGHFRIEY B P tHed A dTRTRAIRGI T ReFRR SRS BFRBEBbIEFRSHing agent
to be lﬂﬁ%ﬁé?&%é@@ﬁ%f@%@ﬁﬁ A sIBEeRdHEREERERt BeeHB e dane Aller ather, for
improyaewisPof adinsthegalataiserdcle-sidlecisritoutiosned; o besaansiptebdeprotect a
reactigdgiitsichsothasitigeaviscositydfttheseee ¢hmatanigbvatleniytfincheasepegenf raising
the cuvehiehidtighlyfilechiiPatenhOanuy entis Frand@)otipveees, sich) methods

sy inpEeKMe: ibf the ipfieahlodmver andsedal)uonHg thepaHrRw te distribution has,
for exaMprOVR e daptdabiitiaaind IReRiAs bre AR %@Al@gam@rﬁq{!ﬁl fBfease even when
highly SRENCLRHEIUSMBRIEDY ANANOTaaS Bllsr 6o Jyga e 8e in the effect to
lower 3 sségé éP%éK%e#PJ&‘? “’Rgrgﬂp Cﬁ!’% H&oié) WS dn%rt'g ?%m%ldgg |r|1|oyseahng material

rove atent OCU

for s.er*f:vjccmclruc:r{n % E)ea{aelg{taﬂé%%r am eﬂg%Pe Cur%%]ﬁﬂ%vigg?gm at the time of sealing
can baJgATRRyS e RO 92@15’6% EIBTRIB(567-262385 JP-A-2006-225630
FetenbBesumgnito JBABEFREEE02 W0/2007/132771 2
Besot BDureGr PRERPOERAGZEN OBJECT TO BE ACCOMPLISHED
BateriBaNEN BIONP-A-2R06-8R56B]ect of the present invention to provide
g=xealiDganatetidl falFsarpit@nehAdes, which has a low viscosity at the
tenernTrealingiemd basitheomotemadity further improved even if an

binerganisufiller: i higltyfiled epe-to provide an amorphous silica powder
suitable for its preparation, and a process for its production. MEANS TO

ACCOMPLISH THE OBJECT The present invention provides an
amorphous silica powder characterized in that after having 10pyridine
adsorbed on the amorphous silica powder, the ratio of 1113 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 under heating
Aat from 150C to lowear than 250C Einirthar in the nreacant invvention
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45lower than 550C, and B is the amount of pyridine desorbed under

heating at from 150C to lower than 250C. In the structure of silica, if Al

is substituted at the position of Si, for eRample, in the case of -0-
DISCEEUAEQSTFAE pughnar [maint will be a Lewis acid point (electron pair
oJeesceotan Asaxalidiasidipeint i dveQAdsiifference between the

Cl@grgm@é@@t BWE\?SF&%%M&B# LRRIBEUON I AR TN o FNES nuctors, which
has aﬂ)%pv@é (?tr é {Rgﬁ!ﬂ? opseg‘ SW has Iﬁjldé) Q‘tglgﬂa%ﬁg fﬁr&%‘!‘ \{&%\%d% en rf an
inorg mct:ﬁ £ pP!'th rgt mvngr rllt% ass ica S(I)(\:N 2y suatnlc?le of rts re aration

B fc’o ch acid & ot acg ot the am%rp ous'silica pow P ’
and a JIACER IR él&ﬁﬁ’é%‘é%’%ﬁ/ndme will be desorbed at a higher temperature

5when heated. In the case of an amorphous silica powder, the structure is
MEANSo M-85 bPhpareldWritPdRrystalline substance, whereby the acid

stfenges¢dbisaapiion peovigesa rs auiindizs/ellivalistribetidraréfbstievdinithiat after having
pyridige reésaihed onsitdess thiats\sidin e desorifedraiadie@iingptempedaiund ot L is the
amoufiainplAfite &0 isi enadipaaRt et Branstedar dpeintsrassbay KHaes is the amount
of pyrBROEBESHA AURBRIREIRGRETAMFSOIdrRM Bk 226€ is one bonded to

Lg i AGIIRONER ADHOERIRAMRY YIS AdsotRedBayBR tﬁ@qmﬂ%s silica
powdS) lg Qﬁ” t*&%ﬁ%t %h?@ 6?&%@98%93%@%‘&%@&'?&&%8 QU 95 C to lower
than M eis?a eat(P 501 eé unaer eo%vf\llﬁrt {%’8 % Ci)ower than

.78 the amount o {inder heating a ower
580G @%% %ptf?é?r iaﬁq 0 Bronsted acid points is larger by at
Ierggtaf‘ﬁ@’?@téﬂﬁﬁﬁ?Wg%[rﬂf&ﬂﬁtpéeﬁeé\’}\)lev%’f&t'&'beﬁfl%raWh%S ﬁ&‘he%{ﬂc surface areq

of frorg g iU iR RVAESE, REBELOTHTELCHEEINE 18 PRdparshasbarRgye sphericity of at
least riRkerial excellent 15in fluidity, viscosity properties and moldability for the

ditethenghtionesk nelmsentidnversighs #n dncaseiwhenaliehearddviof B amorphous silica
powdexddiee sreBnwherstibris the amount of pyridine desorbed under heating at

frome4n0satoilveieidinansaifdleanst s theaos ptaé pyRn e tleaHtIRNslica powder
other ihaderdeaiiag: alvkamelaMbiatomeanithange@e, such means that the

et AL Bressted arithRpiiadsdassdhen lo2prtimes %E%Bﬁfﬁ%%ﬁca powder,
charalRE AT AHNLPE Wi AGH PR aWQEGﬁQééHaP?ﬁQQb%%{ UAgE AR RY EB:%% haterial is
spray %?oammg rg%aet?yglgﬁ% ;% c‘é'iﬁosnt 5888‘@. a”di”ro'.%? WY the

t(w)ei avm Ven

produ%edegowd%r 15 men%tere e% S ve umt at =

ali n(}; ma er|a rsemlco
tempeé?{“éf)é’i( @sﬁq 1tfai %%Hofr’tfégﬂiﬁ‘ éér ﬂ&%ﬂ@?ﬂ &hd a curin pr omoter are N
G$E8s eOFﬁéﬁ’ﬁ*dBYﬁB‘&teW%’WPéd‘dﬁﬂﬁ 8 IReANB ASHELRNSIIES PaRaBPYs silica
powdapgfdhetReeserliRgeRigtelial fepiRenticd RIS et spaieitiierature
dluftaen Hisope29150CN 00T Hesriysealisgandietahtsatingeediptaratgreplioying such
a resir{motgiogtimmperature), protons of the phenol resin curing agent will be
withdrawn by the curing promoter, whereby an anion polymerization chain

EFFECgacten betwesmther’poxy resin and the phenol resin curing agent will

PRGREAy andhhasealingdrairrialil Bsdhesmalyedres: Watidh@scosity properties
and m@f&ﬂﬂ O%%I'ge?a gtre%l%? ﬁﬁﬁ%’ﬂh%\(&@“Qﬁﬁ%ﬂﬁf}%ugﬁoat%'ﬁﬁ'\egrp;?osstlon are
prov;dgtlsc g%dr f&ﬂ@rﬁh?fﬁéﬁ’ sied SVQdBP Gt%éﬂé figatn ét%% LPARIOIONI WL o cifon,

is prow d to anionic po ymer ermlna S ere e polymerlzatlon chain
actlon will temporarily be stopped, thus resultlng in such a phenomenon

that thermal curing of the sealing material is delayed. That is, by the
BESTMQ%#&%%&%E%WO%PBFM% Yl ention, thermal curing of the

Sl deraERRITIRER i Mt de ﬁ?%féiq’ﬁteﬁdiﬁfﬁihereby it becomes possible

it prepaiichausesillivigonyeter el tog cutiesntimfritity iard erscmpbioppsdipe nipwdiat
charadfeezen e thanetdingy Edich ilbtenoy 8 aféents ane feenalkaibedevetopedting, the ratio
of L/B @iy whgin tevratie 0k LAB isnatinteshRBine e hbda theameuinteh Midim® C to

lower S18RGHRE UHEES RAAEREBLNAT b fRYke QNI AReP RESRNE Bd H°C to lower
than 28A8unt of pyridine desorbed under heating at from 150C to lower than

%ﬁ%rsttettgtq&;gwéa%n@%Lt;oggttgvg FRISRARAU S WPSIEHIRI P Base of -0-
Si —O-Alr%?g -tS sdu ﬁt}gomilo OEE acl péng (e n pai accestor) ats afsoild acid point

er hah ra exceeus ere L RE'tSEEm
pyridine desorbed 40under heating at from 450C to lower than 550C and
B is the amount of pyridine desorbed under heating at from 150C to lower

than 250C, it is not only difficult to develop the above-mentioned latency
nhanomennn nf the cealina matarial diie to diecharne of nrotone from
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45 oven temperature: 300C, inlet temperature: 280C, measuring mode:

SIM, spirit ratio: 30 against 1, and monitor ions: m/z=52 and 79. Here, the

sum of the amounts of monitor ions 52 &nd 79 is taken as the amount of
due tQyriffascesbebestrSincecthd amauniabgysidinerdasedietdisarry amaks ibf Al
Furihés, diflicd ineasaatelydantfydhe 22iapseltteamopsh: avevesoRstbe acid point
(protdRaRiad, (e @aNRIANC B S XISIBEER AR FESRIHERADY HHE2RMSts on the surface of
the ally énﬂhg%%g\ﬂgér It heCOmER BQr?gfélalE)ﬁ%ﬂ%%ﬁ%%%é%%%%t&earﬁi%ﬂeq temperature
Whent}be?a% qgtﬂ%%fagg ggg}\eagﬁeosl‘ QSQ s‘dfc‘:%%ro(b pg east ltll:E(()) s rancio as compared

Wi L o e e SR DRl e@ﬁ@@ﬁ%{ﬁﬁ%eam il have 2

d'smb%@%orfi'@&’%‘f?&é FREsIREL FRICEsH e @wams?ﬁ%@@é%Btﬁsﬁmarfempera*we of
from 5 Sust R olsRitineedrsssrBe tipd ée HeRiME anfranidispdersforder thipating
tempBHOE. AN iR 35976t adserieien Wdsorisetidroiaisundance

btorhedrg, mrdittteaagbedre dusenbedrordedioshenvdendtiatativedBicgeis at most 0.8,
wherehasabeadaneeol poidies teohtait thecefiestindaimproveotiedlwdidy than 550°C, and B
is the ViBGOBILY RiPREId esunskmeldabHixNiAg B Menpresenim@tiRa: B48°C means that the
amouResessARhatitheomaximugevelug Rhine sbundanesiife 2R16&PIREMOcid points.
WhenRWEHIRE HrspIed BRdershealingialBems 180510 opepihan s?e%(ﬁgg'ﬁ]%nai excellent
in fiunc*ﬁ;?%éc%g?t\%%g % é@?g%%@%ﬁépﬁé%%mﬁ‘éﬂ%%@ dé’!.é m a case

e esent Inventio
where?g ral qq_/:!BOeXc ds . oFr_/ lQ{PSfaES tl[l1 egesor e gr Ht]eating at

alna e even I e fa e value.

from 430\ ndalREe TR MianTehi @ RGNS ‘f’ ugssoaeaﬁng at from
150°Cripipiseidheme Hteciyeh Wﬁf&i&%@Eflﬁﬁﬁfﬂ%xﬁé@é%"ﬁ}%%?&cﬁew%&!%dhaﬂ 1.25
times afstARBHG R ED HIFRIMBUHOMIBHYE RS RAVEALIBRCARBYIFSRTSEaSMHEs e prepare a
sealingmalgifrd axcsiiRe Foivisily iyisrndy tredetiew g cundatidity. That is, the

piigpeaism &fr thevalorouentBidh g pfiditebddse hescunideeitieatingy dteflmwlained as
followd 50K dbidoiner dham@ bR ialtive sotabamioctotsh 0f gyviginsidesoredivaseturing
agent Beang et dreambhiG i evderst il Corh BodBAR)M1QRMe ns AtHe asio?Pibus silica
powdehS TVRRHARE d-ahRy raldhavial eRmastItine empetatre (BaeldiBGire of from about
150°clRMBBratlLM ! IReeMingG Ralsia %E%%CM&HBO{QHE&MW éﬁ%[@ns of the

pheno%g}htc?tﬁggg@e%?m% \ﬁiﬂ%ﬁ% ¥h @ryﬂb%}@ ea?'noé %(?1 potymerization
na,(l'hfrom 250C.10 Io rthan har \,‘% con rlet

chain eiacFon 4] % aﬁln OX aig[eésm FP s rﬁggro] rlﬁag Brcsur 3] roceed and the
sceng N TR B P&#]guae%gﬁo%%ﬁd%f e gt

o e RS SRR L AR AR o
pfofmér’ﬁtﬂrﬁb%a%d@mé%WOWWéFéwtﬂ@%imaﬁgﬁah%%@ww%whégl gaction wil
tempofpehskaRipPRedtdied fesiding dertdbmphesaetetrintelieasrbeeng of the sealing
materigHerisfeyed25ilhatisopy itio arobthieoasrriinat B \wig\widre desotbodiiedethermal
curing g dtingpalifpona e do mvexdbant2E6Ency e total drhecmt & pbpsitidineprepare a
sealinglesashaicbxglenfiratingas feDmsdeRCiodenies than5nRG! (BoA)Hd 0080 cisiatency
effectsiRIeERRIN I ERS R4 YWYRmMENSHRr RRRIEOIVES Rh{aRE: 33/ BRI is the amount of
pyridinB'ESLANY BhIRRAAE N ATHRFOYSHREND 3RE fiuiEyPRd Yiss asihg amount of pyridine
desorﬁ%rcpgﬁégpﬁe% I-% '%‘?110{58% H‘%M@P;R&%G‘fé"a%%j%%% ti@ Yol dhe,

eecst0| ve the flui

instance repg e:n latency 1S L;trX r? CcP ts It pro%erklgussasr]ica 0 3 ¥ uch a mechanism.
Gy AN bl Bt e

P on wi

o ﬁ?@&a@a R RIS A ST D BT AU AL AL g esorbed
under a?ém FHMHS% 4@ chj ”ﬁﬁ@ REAGEIRI R eiraqR RbRYTSInRSlerpiRier under
heatingatfieie dveiade 'SpReiem R0y iddsnotovfifiewdtedackntheakpegrpentioned
latencyipENPORSIR0 S Bt caow dmiesabdacimA Tirae ff ristons frerotBBagtes efid points of
the amrpravosple pswilfrapbalde osygéace ivitlenheyepsxyprésimberetiesiphiendd to be
coordinatin-baritedagentviends imbesiomarial] iwberahyitbdedfsotiforlatetgyous silica
powdetlté®de iherpipnedisthangerieadstahabaidly eptairaiene Bclip ek ial are likely
to be deanRdtdhesapestinpuntasaaea enrerds &maéqg@%bt?%a%émﬁﬁhﬁm

prefer&rp%qm&f%ggci%gowdgéé ?:ontalns ai}zrlége amount of s;na hpea:rtlcles (ﬁor the
¥ QRGeS ¥ Pl SAPTROA 17, '.r X d
v%c?oesn‘i/ ?Q%e sealing materléa reases8 ' e4 tlme 0 paj& gsiﬁc’ gy poweercan
semiconductors by means of the sealing materlal for semiconductors, and
the molding properties will be impaired. A preferred range of the specific

surface area is from 0.6 to 20 m2/g, and a further preferred range is from
N71to 10 Mm?2/n Einirthar it ic alen 1indecirahle that the avverane narticle
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determined, and their average value was taken as the average sphericity.

Another method for determining the sphericity is such that the sphericity is

obtained from circularities of individual $articles quantitatively and
be ménsioepticallyaneasiy eebbytarparticle image analyzing device (e.g. "Model

Fie) Ara94ididrastananee Soamdiactareddy SyramexhPypealrsnlignskaaseth a 500 ml
meas@h IR Y RRRE G IS (oiheiiar i gne Witwﬁmem&grﬂggﬁécmfmetry Then, 1 mi
of thaﬁfﬁ’%ﬁ%ﬁﬂ%ﬂ %RQ%%SA' %%rs@lfi r@%&’éﬁﬁ@%&ﬁ]v&%%v}v cgﬁstant volume

with r3€s ribed e process o e present invention is a’process fo
ucm mor@hous S|I|ca owdgr characterized in that a mixture

5% szﬁyﬁm P& MR B ALFARAGIT Al Sl hRamarphous silica
POW(*&*S@&P%*‘MH%%@H@VM@& Y aBurRER PP ELIEE anaRrBRImdaYwed by cooling
in a degierisbinaetn it MagneHHoeREs patRdisrascHENRP I e thed Gsgetidnto a 25 mi
measiigiig relerivdshoalitnofliadme icDberaretemignasateion fegrmt @0d mixed by
shaking 50 G fortéom THs to @G uninuitesk Fhemerdesenca nypiiting emaaamat éxidd set at
25°C wilica powaerrbamhkseismpmatarialisspiryrcing gflaame formed by

) aBehity cREMOPhHIEIINg(FORNYErSI andRIGNO ERROUSISIAIEhaPysically adsorbed
on theSRRBRNEIANGIQS Haa-daw iaterialigHisaRRMleR 300HR BAKIRRIAIN mperature tank
is shak¥d aﬂa@?&v@m@sﬁaﬁa f&%\ﬁ%@%ﬂ&lﬁ{éﬂéﬁ%mﬁ&g ifes 83&9&?31%@9 The
supenpé%é%q%? mg Fa% ﬁi i% d(gcpijdgd % e_[JHFE‘H %1 UM h%n%\ne‘?cg sQe trometry is
adde and dgi/e%%tlgsnng ésﬂ i5 shapgfdp ?eéfab awind,a r? atl é) lgnlgsgo ffn

ature

S“pe”i‘ﬁ ﬁﬁ‘té‘sspt‘g E‘é‘?r’i‘/ Bgead| %t?ﬁ%ﬁf ot H%téaéﬁﬁ?{%h‘ﬁ%’é'%f%%ﬁ Hé"&’é%%%»e?f‘d the
adSOfW&r’%é&fﬁY&‘ﬁWBﬁ‘?Q_’%é’ {EIBURR INaACIHD S SirptHERdiRGGATMhe absorption of
pyriding AidiRé 148 soMEICRARIEIHRREGIRIP BIMED iir st e0 9 soReaESt Hat HsaEriding absorption
is no lgnepsisprpiossible tepehicafal ehe ligstatme Wbemborpheossilicy poiditeris no
longetrawitgtie tbhargeieastitdsofithergre sant imventophous Agapoapipaiatisedoat room
tempesatlay drdamixivirey ecimptisingg aasmatetial wiiica pewdesand; dashkt a flow rate of
100 msureemaiedal into the flame thereby to melt, fuse, spheroidize and

9 Ipchi.RARRAMIRERFIR HIRGHRUICREBESISSHIAHREFUENARRIRRAY 10 mg of the
dried SAPRSA Wi NG REFEE: MaYeRavafda tha 30f W{&aégak-]ﬂﬁé/ DPE @hvle shot
pyroly%)regnarvﬁlgé %gat%( f t%fa ﬁg llSO£ %r&gg; éyrR e&?ullgcc; ?Jgr%‘?n zg manitored,
Whereh\é rg;«?eso \{Vlthte{ng a t%egda Sg ! n& afm dm axilmeasurﬁ%i The

ust c tor 2] Ie 6)

desor A Ao A ik *e§a SRS A b e
%ﬁnﬁé”é‘W@W&%ﬁﬁéﬂﬂﬂ‘d%ﬁ@@?@%@&?ﬁ EHWSYBé%H?p‘FéGWO" determining
the pregengetcr absgnee ghalypically adspier mivdierr tgirRyig et sirorpRetPSMemeter,
Model SB{vidiSI0Int g enpiospherel ariving Boahisladine Paindditipoffagivedeiignsy.  For the
measlggaaeirperhined ob fpmBQiasd sBaC orfgenhidkie B Mibh otesydesed.
Axampielas i ertorsagpplis steamgmaioberépstatied cnibeabineschlieatipgidine
(spect@eniag gradbihe Giepm e paaiusmanddhasieasn FupR dREWRY Pere Chemical
Indust@iusiediayatiaindhefesired temperature and relative humidity. To adjust
Rl diog,tme dbs: eReqipaislosneime ot ihsmd ﬁ%@é&%‘@:&vﬁ iRe desorpt;on
tempe% Q%F%%ﬁ@%@s@%%h& 3&?4!'8 Sl 5&%&;&%% ﬁ%’es E\% RSUS sﬁ’c% &o\%ader the

pyroiyys s R PR HSA PO STND (et Wonuteetisr v
FroNH AR §8 S s ST o PR oA e
ma””fﬁ'?ﬂge&%’cﬁ@' TR &G AISHE8-0-Al-0- Si-0-structure is mostly a Lewis

MErrHiReriiRTRIBhES BY PRI BsHhpEr ausFetfRitrenraTatyiialsiparate: the
tempethigreof isigtthivgenntd@iBrORSteal acideneh\abY o md ET-H2treoritain itk e th@rature is
raised tomiusBonogziD ol 4Abthenflasnringble da € GoeTHIdFAPROBe flaeaeysivigerahitions by
GC/M3hegatichahéhedlesorbedamausngwaiadsigbecpysidioe.s anliBdiexeaads2.5 m,
oven téhipeldi@efane: withaneapornheLsslicaRANORTRoHEARd Ry Ratio: 30 against 1,
and meNRSGSAL eI GRENYINVABHO IdRERS WD S RLIRREPYRMIBPIIRS B and 79 is taken
as the QH{QJM ap s@ﬁ@%@é nnperties at thﬁ t||rc?e of n|10Id|ng bé g(:/e Iatefr}[ﬁy

umidt ring the holdi an o or if the

ﬁm%%ng tlme%s(?lek}s %aﬁél mlnu?e'g Vt rﬂ%ﬁi ?e O?L E ugva?sag\%lda {elgquaniffy the

Bronsted 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, if

the humidity exceeds 90%, or the holding time exceeds 30 minutes, the
amornhoiice cilica nowder tende Bt be analomerated and moldabilityy of
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The specific surface area and average particle size of the amorphous

silica powder can be adjusted by the particle size constitution of the raw

material silica powder, the flame tempe&Fature, etc. 15Further, the average
absolsharicity andcihesamar piobssiatiotsaahe ddjus edidyriterampoabefieby the
abovd A ABatad M ailics povsiendnRint withaflamelytbedlanme ieroRRIBHEount B of
pyridifiCaderrtear,itis ROsHY athahvariPEs MM PAHS sHie:paders e te B idine
deso%-b %JQ&@%&E&%R@%&H%&L@%&%W@rb@'tﬁ%%%ﬁo &0 btlf?x'i‘ Ot pyridine
deso ungemh%um]ﬂan e%@&' S [sur a&]e a&%abg.' 1o ;i/@e re}gl a%art 9%?1! Dytidine

0 or

desorﬁ%%*a? Fe%geeas E}n*os%ﬁot&?%%?&éhﬁaééwer el sgroed o
desorfc IsRibRTeBes8raed @Ftﬁégﬁ%ecﬁdas&ék&ﬁﬁ%H%ﬁ%‘éé&%‘ﬂﬂn"he larger
the a ﬂEﬁne “’tt?édﬁégb?ﬁfﬁﬁfh hesferstindraievefaefiddiyrrieersife frangrties and
mold%)éy&@erﬁaﬁi@lésgrw\@eﬂqrhé leBRERSRIP 5 Gre oranE pregeleipl/datrindance Le.
the aripantedipyddimpdsstdredonténirgiihe @rmorphslre dditavpotvale RS0 iés at least 100,
prefeizidygatdesp @d@leriohthapiesent e nfite. abhedzonteltiafstiiean 100, the effects of the
preseRbiaeatiphesrsisiisa pawdenerihsdratganiedoemsler irBtbatisfsithe prescribed value.

GOERR AR IRRLIRIARD 14 @ HuPe Bassite MOVECRIGISHRINYIIOBY 3R 980 methods.

MRSSHcts 1o WJ@!HJHQM:t{PG@W&aP&%@Hs%B%}H %%?ha%;ﬁt&)%%@@rdmg to the
preseﬁ‘?ﬁ%{)e%ms% J&ﬁ%@@mgﬁﬁﬂ‘é%ﬂ&%gg% 4ifa %&)&‘eﬂ@ Mﬂf% EHE""F& V\gng condition.

That zgq[h/e r ono rgglnr]' S‘n?%%?ml 2 nm a id e”ﬂ% gC to lower
h as ?Qb h

len e ere
e S e el % e e Epa oo ower
550°Co i dB1&* A0B ey S AfdRRS 20 i Wﬁi‘ﬁ}ﬂ?ﬁ%‘?\’% BURRAHBEEIIRS i Glemperature
(“"O’dﬁﬂéliﬁiﬁ?ﬁfﬂ%@,%tﬁ%@%i@éﬂﬁ*@ﬂﬁié@ ESSHFORAUARSS ke sitiadin frosabout 150°C to
200°Czny loptimilk/Rergrobtel swidne pessthedrniBheating at from 250°C to lower than
550°Q( herytp nitniiiets/le meAmaypylreeddring madbt Sty sens)vedintorstieslikegroton
dischagipohng tenandnhepoxyure inhavitigaddeasttivmepmeatigupgomeisecC to lower
than S5WiecHiecisdigies peipis RhdesihéoseRIRGMABHRLER whereby the fluidity and
viscosH9 SRNELEIALE c ERRMPMAIRIRPRERDIAONSAE YR SRMY/ U8 @le. Therefore,
the prOSHIRGH R AOQVRIAR B/BESRGRY FRSIHOERRYINGAGUY ARG fz%%“t% Tower than
250° &H%l&él%%@f@%’&%ﬂ%g% aaugl:}’ecr'ﬂ}ék Hoek FUAD-@BRUSBIGH tﬁ‘an 550°C,
(B/A)xlqlé@%elrsloplr':feorgglsgﬂeas 2%"‘/6‘ 9 aSX tﬂ it%ergacc 959 XYEégg ¥ {I?ljn?e prgferably at

least 58 CII Ogntyn ?II'nSI t?i !t SH viscosity pro e%nés at Imera wsil be
achIBrofyarin; a Thesr aYlp atic epo%fr Sin;, an alcyc cepoxy red

Pa“'C‘H%fééfaﬁ ¢ epoxy resin; 40an alk I-modified polyfunctional epoxy resin: a

b Wﬁlﬂﬁﬁvg ﬁfﬁ%& EWB@%M‘F@ %E%"HF?‘E?%?SWH%F y Ord"”g to the
preserifaygtiesiiide W%ﬁWMﬂ?ﬁ&pﬁ*ﬂﬁ&l@ﬁ@W@%@'?@ﬁﬁW@E’ IS Uﬂdef such
conditisishifuidRyIsipsredingufpecapexysrisein Odia 45 wpoxyhecsiertga/igtigle size is from 0.1
to 60 Ima) egdnhateversyels@astiviynas iesdsoduited to impart flame retardancy,

mee BeariRnEones. Asaai ghthemorieridbiicd popodnioktienneBaing/g, the contact
area JiGRISEANGBRILENGISRISRLIEI OV AES WIRNGEE BB BARARPIHOMAAS DERR curing agent
tends RPOXYoEEsHbARPEHNAERHRIPRERXL AP B RPRYE PR s charge tends to be hardly
obta;ngﬁgh“@lﬁﬂg o?h@!%%be.PQ?éstp?e%ﬂd%ufrPJcé@Q&%%&J&é@{ﬁ% suIH?neans that the
amorp%l%&é‘% { e&'”ox%)dgrecgﬁ%‘?né”at aei' Y ERRIh o‘(e“t"ﬂ” ARl & %‘% fainind a (8 ot WP0%ctes
pama@?%feﬁevaﬁar% L&ﬁi E R e A
time ofagKegiE, oL SRR P RER AR PLISE RIS B L i BRicapes: and he
mom’%’?é‘é‘?éﬁ‘?ﬁ)‘fﬁ'ﬂh%'@‘ﬂﬁfﬁ%or%%’% "gf r!i*%l‘i’o?f E?%§8P°}J§Hé’ﬁ PGRamRIdIom 0.6 0 20
m?/g, anicrdptensretbus pregsos fiemohint ié&propylphenol and octylphenol

Wwithhfor sl dishyoee peabiotnabitielaydegr pataie/reeoiihbepragencesiitapowder is
less thaxidation, catatysy, tacpabgpakaly dioxgstyxemeireisine adbisphe mateased at the time of
packaGifgEpeUbeiGHesas hisphebpind ssdiisphannibioadenfioastionalnhenredoy the
moldaBHEN@vPW 0L BNIOEABHANOHREIRBIE. aNRYEIEES BURD A% M@iSisrice size
excee@é‘@d%ﬂ%zé?@‘ik}m'ﬁé YHIAe QL RYRAMEHRG AR IfG L ANRIGHIR thereby

Scratci?ga Q{? tﬁ%ﬁ?vﬂﬁ t{F RISREN '%?9'@”}'&% gera ﬁé%hf Im&%q%ﬁﬁe%rcan hardly be

diaminodiphenyisul one. In order to acc e reaction e epoxy
resin with the curing agent, a curing 10accelerator such as
triphenylphosphine, benzyldimethylamine or 2-methylimidazole, may be

used. To the resin composition of the present invention, the following
~rombponente mav fiirthear be incarnnrated ac the fcace randliirac Ac
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10were 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 témperature at the time of
obtaickser péamaépydidingeanitbehed andhearicieorpb aus silicapssveer aneseurther
prefeadiListogh by reangmngothe sizeanrames MaitomAhar ce-aaiger) issest most 196
um, rifkdhesadBgaohte regvymaterial silica powder, the 15holding-in-humidity

CRRRR NN NG SREE HE YRR 6 AEAnIDR IR QUEHNES S13Re BlEsent iaGtion is
prefe%ﬁ%I (.}e%g{f&% %%’P&ﬁ}a@l #g{g%g size of the amorphous silica

.caeiﬁiwﬁﬁﬁﬁ ke ALt 0 B L R B T measures

ase‘iﬂﬁ‘o RiLg 8&5%?1?1%53??1@%}\8&? éfi‘ﬁ%dﬂgﬁia@r”\ﬁ%?ge&ﬂﬂﬁt 1§95} g the measuring
machifie, i HF?Hef?éWﬁﬁ%‘i@ma@ngéﬁﬁﬂHH’Wﬂ}ﬂﬁgﬂ' P theRemEnAcTRvgctured by
CIRRidpseratdrénditie 20 pebeusor it Foirritd Aigtaried Bnvetemaddpdher subjected to
dispetpigiytnadasweyansbgisand bygeaniss svas astediad 200alfitr Jaminote, followed by
meastrenspurt tHereathamadesiakepaniartie tHaaibarsiee. didiebuaxiiawarried out by particle size
chaniempesaureics, this flareeswes vailan saarmyenfdeone@baat 82000C 1A the measured
partich 3R Gistributioh thadaarnt e Slpyridine A theiaeaHIb PHesHIEEEDANVEERe average
particRNg e MeRsBEemRNS ShineAMOUNh LR IFInG desarhad Hem Hfe maximum

pamc%rg%ohous silica powder and the desorption temperature, 25were carried

OH‘tl by i C%Hgn s?&r?e?c%sadgggﬁ?\%d InOtJB%O%tS)OSYheC g%aé;ar%? ﬁoo regenthgven’iion is measuwred

ous. ratio taln amo was a
basediende spedlic tifece iR TEaRRATIEH Rt & el fagace avea
measypag W%gbaé/ RS HhRGEPR M%‘ﬁ)ﬂ&%lt&?%etféﬂ?ﬁ@%u‘?@?&amred by
Mounige8drptidifof pyridine and the desorbed amount were measured, and the

&Hi® BB WIRTER ROHRC R SimPISEpRtaNAEteEB ARk taRibib I EaRfacts even when

mixecfito 805 00 taidvwermiiein SBEC enenBoisith@@nipomiiosifsaicimaler of the present
invenilesorbath andesrhadt pgveddrinp E5Oebpdoweast thare 280Cn@ngtiferably at least 5
mass .0 PTE oy © bthireanaegtntioppytiek neptiersaiiig dnacherdreat ngial fowvastoer than the
presel IWEEdAARZSMA BiReiiahasount AP PYHEIDmEEseRad UREE o in combination
as a rhiRRHESrakH eMnERDC ilPdRWEL AR ARE thek®al BIPIARA%0 MREEN of the sealing
mater@'fﬁ\" @ﬁ%oﬁ@@cf&%%ﬁ@@dﬁggm 'ﬂ)ﬂ%@ﬂ’?éf% md4 apl-gﬁ\Brr&%%g@ﬁcg linf‘vn'der is
seiec’%h I%%Ws% 8 R I?)Péé? ”I%Q@mgﬁnal% 8r\g9n§npqwqgrs ) episesfeg d for use.
Here of] rT’\ataerlgt err Ssena']@ era FC e twet ﬁ?ev%ua (? h g

gns% g ° amooﬁ P o

ereina fger o FEACH

mea%fsﬂi A G T
EPSAMREIAYS §'&C%8ﬂ‘é"%ﬁf a?%%ﬁé?%ll(&)’?i‘é% iBauen L*F_afﬁﬁﬁrﬁi‘f‘&&fb?éa ratio
measypdhivsiiednenitargaiied orrehrintds #isrehYichasimEry Brefarally ahleast 97%.
The agpmiosiaaiodd apliiepediom o intensivfretivdsistaik aiffcrOignuzaeiesfby carrying out
an X-regitisliovaxaleie addedndatiavwed tyr drabldifidingpbypapdGiisrsctiels “Model Mini
Flex”, nrdxienahtee mdhe ddenstecyraalucuwas hedtkeedadeddagatparadlef CuKa-line is within
a rand®3IGRIRCOBVIR Serew axtisiesdserams difcaetander 25y amMinknardingsditkmain peak at
26.7°,| GRS s NEMBRN RS peyelutipnAlpaddig L2 Qile 120 R HRERA I e
prese @Y R P ANG A0d R?é@%?@oﬁ?&f&ﬁ&%%%@ WERoRRAQ %ﬂgg?ystamne
silica .I'BS%{.I.%B‘% gn%rf??rlﬁ%gdg g{g]eed)pgg H?t é’x{c?%ip T3R5 X %QFSSI ensrty of the
CWSta[nne sélbcr? dotors 3%@ aLé h‘c’égBX%t ;ra 'O 0 %’r%eétscli%%‘ueta ?oﬁﬁ Cté n intensity of
the Sam&'%f&éﬂﬁ? f(ﬁ‘i()ﬁ?é’lﬁ%%‘ Yn%it%}‘g}%{ s %lh‘iﬂt‘%cﬂ’lﬁaﬁﬁf‘s&'? Bi 8\%’5‘%?@“5 ratio is
obtaingg Ay, Hie (LHBUEHSMS PRRES Eints e S HBMRMiFR T Bl €8 talfire 4ilica) x 100.
(hvres3ey sropiitieef obabiw aTeesthos SETTRavdstasine preprttiegestion, the
inorgattie mwedierpnddterdbfons emicon fuowesaldh edilkedt sB8eperibeld 'l Rratsosiay at least
0.85. whis theabyessibléalomwss isingsecEityr efdistorsterfepgsiticurdltstpraster invention
and tolteslel3thSmiiadenamer anmeaufastyed oy lRR 4 rding Gagb thdtdh@phed by e.g. a
stereogs@éne%m%@gf@uaﬁ%em@cmwst%&n%@t Y araenmsthe RIksIE

Corpob4ieh) %&l@mﬁwgé i was ?@éﬂgaﬁw&wn@w?wd@ﬁ&%eTrhsn%ab%d by
o e e A e A Bonas e

semlconductors obtained as described above, was measured as follows.
On a BOA (Ball Grid Array) substrate, two sheets of simulated

semiconductor element with a size of 8 mm x 8 mm x 0.3 mm were
nverlaid via a die attach film and connected by a2 anld wire Then 1ieinn
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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 having the same peripheral length as the peripheral length (PM) of a sample is
assumed, PM=27r and B=2", and thus, B=mx(PM/27°. The sphericity of an individual particle will
be spheticity=A/B=Ax4m/(PM). sphericities of optional 200 paricles thus obtained, were
determined, and their average vaiue 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, manufaciured by Sysmex) by calculation
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
characterized in that a mixture comprising a raw material silica powder and an Al source material is
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 1o 90% at a
temperature of from 60 to 150°C for from 15 to 30 minutes. The mixture comprising a raw material
silica powder and an Al source material is sprayed into a flame formed by a burner o carry out
melting (conversion to amorphous state) and spheroidizing of the raw material silica powder and
substantially simultaneously o fuse the Al source material to the surface of the silica powder thereby
to let a ~0-5i-0-Al-0-3i-0- structure form, and then, the produced powder is held in an atmosphere
having a relative humidity of from 60 to 890% at a temperature of from 60 o 150°C for from 1510 30
minutes to carry out adjustment of the amount B of pyridine desorbed under heating at from 150°C
o lower than 250°C and the amount L of pyridine desorbed under heating at from 450°C to lower
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 o spray the mixture comprising a raw material silica 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
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
coliector, etc., and is capable of collecting the produced amorphous 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 order to hold the amorphous silica powder in an atmoesphere having
a relative humidity of from 60 to 90% at a temperature of from 60 to 150°C for from 15 to 30 minutes,
for example, a line to supply steam may be installed 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 to
discharge the amorphous silica powder out of the system from the above collecting device, may be
adjusted to attain the desired time.

Immediately after the mixture comptrising a raw material silica powder and an Al source
material is sprayed into the flame formed by a burner, the type of acid poinis having a -G-5i-O-Al-O-
Si-O-structure is mostly a Lewis acid due to the infiuence of the high temperature flame, and only a
part thereof is changed to a Brgnsted acid having bonded HoO contained in the combustion gas of
the flammable gas used to form the flame, whereby the ratio of the desorbed amounts of adsorbed
pyriding, Le. L/B, exceeds 0.8. Therefore, with an amocrphous silica powder not treated by the
process of the present invention, there will be no improvement in the fluidity and viscosity properties
at the time of molding, by the latency effects.
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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 to a Brensted acid tends to be
inadequate, whereby it is difficult to control the pyridine desorption ratio L/B to 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 1/B to be at most 0.8.  Only when the obtained powder is held within a
temperature range of from 60 to 150°C, it becomes possible to 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 powdet, it is possible to use a powder of a naturally produced silica-
containing mineral such as high purity silica stone, high purity silica sand, quartz or rock crystal, or a
high purity silica powder produced by a synthetic method such as precipitated silica or silica gel.
However, when the cost or availability is taken into consideration, silica stone powder is most
preferred. With respect o the silica stone powder, ones having various particle sizes, pulverized by
a pulverizer such as a vibration mill or a ball mill are commercially available, and a suitable particle
size may be selected so that a desired patticle 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 close to the melting point of the raw material silica powder, whereby when
sprayed from the burner, it tends to readily fuse on the surface of the raw material silica powder, and
its impurity content is fow.

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 pm, the powder tends to agglomerate, and the
composition when fused on the silica powder tends to be non-uniform, and likewise, if the average
particle size exceeds 10 ym, the composition when fused on the silica powder tends to be non-
uniform. A preferred range of the average particle size is from 0.02 to 8 ym, and more preferred is
from Q.05 to 5 um.

Further, the conient of Al,O; in the amorphous silica powder of the present invention is
preferably from 0.1 1o 20 mass%%. If the content of Al;Oy 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 to be so large that it is likely to adversely affect the functions
of the sealing material for semiconductors. A preferred content of Al,Os is from 0.15 to 18 mass¥s,
and more preferred is from 0.2 to 15 mass%.

The AlLO, content (as calculated 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
hydrofluoric acid and special grade reagent perchloric acid are added in amounts of 20 ml and 1 mi,
respectively. Such a platinum dish is [eft 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 a2 25 ml measuring
flask and adjusted to the constant volume with pure water. The Al amount in this solution is
quantified by a calibration method by means of an atomic absorption photometer.  The Al amount is
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caiculated into AlO4 to obtain the content in the amorphous silica powder. As an example of the
atomic absorption photometer, “Atomic Absorption Photometer Model AA-969”, tradename,
manufactured by Nippon Jarrel-Ash may be menticned. As an example of the standard solution to be
used for preparing the calibration curve, Al standard sofution for atemic absorption (concentration:
1,000 ppm) manufactured by Kanto Chemical Co., Lid. may be mentioned. Further, at the time of
the measuring, as the frame, an acetylene/nitrous oxide frame is used, and the absorbance at a
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
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 particle
size, efc.

The specific surface area and average particle size of the amorphous silica powder can be
adjusted by the particle size constitution of the raw material silica powder, the flame temperature, etc.
Further, 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 .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, efc. are
prefiminarily prepared, and two or more of them are suitably mixed to prepare an amorphous silica
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 particle
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
amorphous silica powder or the inorganic powder in the resin composition is from 10 to 95 mass%,
more preferably from 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 polyamide such as polyimide,
polyamideimide 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 suifone, a polycarbonate, a maleimide-modified resin, an ABS resin, an AAS
(acrylonitrile/acryl rubber/styrene) resin, an AES (acrylonitrile/ethylene/propylene/diene
rubber/styrene) resin or the like.

Among them, an epoxy resin having at least two epoxy groups in one molecule is preferred as
a resin for a sealing material for semiconductors. For example, a phenol novolac type epoxy resin;
an orthocrescl novolac type epoxy resin; one having a novolac resin of a phenol and an aldehyde
epoxidized; a glycidy! ether such as bisphenol A, bisphenol F or bispheno! S; a glycidy! 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;
an alkyl-modified polyfunctional epoxy resin; a p-naphthol novolac type 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 viewpoint of the
moisture resistance or the solder reflow resistance, an orthocresol novolac type epoxy resin, a
bishydroxybiphenyl type epoxy resin or a naphthalene-skeleton 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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anhydiigeyar an organic amine such as metaphenylenediamine, diaminodiphenylmethane or
diaminodiphenyisulfone.

in order to accelerate the reaction of the epoxy resin with the curing agent, a curing
accelerator such as triphenylphosphine, 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-loweting 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 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 epoxy silicone or an
alkoxy silicone may, for example, be mentioned.

As a silane coupling agent, an epoxysilane such as y-giycidoxypropyitrimethoxysilane or 3-
(3,4-epoxycyclohexyljethyltrimethoxysilane; an aminosilane such as aminopropyitriethoxysilane,
ureidopropyltriethoxysilane or N-phenylaminopropyltrimethoxysilane; a hydrophobic silane
compound such as phenyltrimethoxysilane, methyltrimethoxysilane or octadecyltrimethoxysilane or a
mercapiosilane 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.

As an auxiliary flame retardant, Sb,O3, Sh,04 or Sb,O5 may, for example, be mentioned.

As a flame 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
mentioned.

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 blending predetermined
amounts of the above respective materials by e.g. a blender or a Hensche! 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 containing an epoxy resin, which further contains a curing agent for the epoxy resin and
a curing accelerator for the epoxy resin.

Te seal a semiconductor using the sealing material for semiconductors of the present
invention, a conveniional 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 Examples, but it

should be understood that the present invention is by no means restricted to such specific
Examples.
EXAMPLES 1 to 10 and COMPARATIVE EXAMPLES 110 8

Crystalline silica powder (SiO; content: 99.9 mass®) manufactured by Kinsei Matec, alumina
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powder manufactured by Nippon Light Metal Co., Lid. and aluminum hydroxide powder were used
as raw materials for preparation of the amorphous silica powder of the present invention. The
respective powders were pulverized and classified to adjust the particle sizes thereby to prepare
various raw material silica powders and Al source materials, different in the average particle size.
They were melted, 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 o generate steam and a line to supply
steam, installed to its collecting devices and adapted so that the steam temperature and the steam
supply rate can be adjusted to a desired temperature and relative humidity. Further, such powders
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
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 silica powder, the flame temperature,
etc., and the average sphericity and amorphous ratio of the amarphous silica powder were adjusted
by the amount of the raw material silica powder supplied {¢ the flame, the flame temperature, efc.
Here, for the formation of the flame, LPG and oxygen gas were used, and oxygen gas was used as
a carrier gas fo transport the raw material powder to the burner.  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
amount of pyridine desorbed from the amorphous silica powder and the desorption temperature,
were cartied 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 particle 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
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 1o lower than 250°C in the total amount A of pyridine desorbed under heating af from 150°C to
lower than 550°C, i.e. (B/A)x100%, were calculated. The resuits are shown in Tables 3 and 4.

The propetties of the obtained amorphous silica powders and inorganic powders as a filler for
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 paris of a biphenyl type epoxy resin {YX-4000H,
manufactured by Japan Epoxy Resin), 5.1 parts of a phenof aralky! resin (XLC-LL., manufactured by
Mitsui Chemicals inc.), 0.2 part of ﬁiphenyiphosphine, 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
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:
50 to 120 mpim, 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
{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 viscosily 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 3F-5”
tradename, manufactured by JSR Trading Co., Lid.), the sealing material for semiconductors was
heated at 110°C, and the torgue upen expiration of 30 seconds was taken as a viscosity index. The
smaller the value, the betler the viscosity properties.
(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 overlaid via a die attach film and connected by
a gold wire. Then, using each sealing material for semiconductors, moiding into a package size of
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
deformation ratio 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-holding time was 90 seconds. The smaller the value, the
smaller the wire deformation and the better the moldability.

{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 Material 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 molding pressure was 7.4 MPa and
the pressure holding time was 120 seconds. The larger the spiral flow value, the better the fluidity.
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(AsRyEidiRedRR BIRSkRSOR RRINE B/ EXHANLS o PESRIfiS SWIAELAISEs, according to
the alidbABlsANREIASBEFUFIRSZ B MAIMHT PRI RIZFIIY VG nposition,
paﬂicgpcjlf}@récgé{aﬁﬂ 'ﬂ%ggillplllié tllﬁ’ogé) c%lf'lsr,e l %Rri%estg ré[aggg‘rlweﬂgt\ldwy K\;/s\;/clzro%ity.properties
and mcﬁd%é)rm?t'%'b amtlo E{?_ e%olg%m ow cm)  Proportion of the amorphous silica

pow erplen edj?mass 0)5
INDUSTRIAL APPLICABILITY

The amorphous silica powder of the present invention is useful for a sealing 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 aiso for prepregs for printed boards obtained by
impregnating and 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. 2008-129122 filed on May 16, 2008
including specification, claims and summary is incorporated herein by reference in its entirety.
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17 As is evident from comparison between Examples and
Comparative Examples, according to the amorphous silica powder of the
present invention, it is possible to prepgge a resin composition, particularly
a sealing material for semiconductO@LNymggh IS superior in quidity,

omparative Exa S.
1. Ifg%@%{éﬁ Q@ E}%S;%J%éﬂ_! é‘%ﬁ? {ngt aE%ruhsagi gn ads ed on the
S A )
unde e 18, AL T ARt B IEL AT ElecHROrT S R BEHES ShRKRg fesorbed undier
heatingdh Hatere Ui 1BRLate Broducts, etc., and as a filler for e.g. a
2. IJWWW@WMWQW%@C%%|¥5b§@lf@tb,r§’hletﬂﬂhéﬂeﬂi’@\r@§|ﬁvridlﬂe adsorbed on
the amorppusitidicoptueprdsentdpudntion e useduhhBtod nlyifdreadseallivg under heating ai
from taaterialidersemicesildctotschotablsodion prepsegsderpsinied beasdBeating at from
150 Cobtadned thyn mgney natiny andanng # is-gtassavoven fabric, glass
3. NOUVAVERHaRSI6IRE PRI SraRBisimRAteRlNOT WREOWRBNAIReLENG RIS IfSe area of
from d-5Tesantite disg) REAFPEDESE RN APRICANIORNR. RBA8 ety of at

glgé‘i on May 16, 2008 including specification, clalms and summary is

i %q Oorated her in b reference in |t ntlret %‘]

4, anc er containifg the amoy| er as c%f A éo‘
amorprous gl?ca powc}er Chiarac eI’IZ%CPIn t?1a a ter aving p'yﬁ f&ny one of Claims

1103, dsorbed on the amorphous silica powder, the ratio of L/B is at most 0.8,
5 \IR&IBYRREHABLARSY ‘Eﬂ}%‘?r%%@s”or%%‘ AR RELS RPHER igBHERePhous
silica pyeptRHIF SBBT g RIGSaE! {RECAHMGANCET SV RIHBIRFEROMIEH under
6. BhReGAESAeTIORYUBTIC TS A6WE WidinsHiSe CoVRIeT he Gatiapody sitieef Claims 1 to 3,
charagievizderiadvge mpyitocClaim ibjngeminafterd alicgppyritines ddegrbadioa material is
spraytheréonzofipine dsrsitiddpe Wderr e prayer tioaobthecamslivat iR oi@yEaingen, the
produtiesprherus der heatngralsame HNnda leweavdhamf) o othedataboos at a
tempeRRRLTH A BTisling deraagd undesdemingsat from 150t to lower than
7. 206inl SR8 A0ailerRlRASHE KL LA LD ARG BhﬂH%ﬁH'E%Mggg defined in
any O@ecgpéqlmstq f5lgim 1 or 2, WhICh has a specific surface area of from 0.5
8. ngn cacp?'%\c/)e{t? Qg‘é’t ?ozfigﬁnf@r\pvh%r]éltotﬁg r gn n {fw gxea pegxecor%pos:tlon is an
Oxy er|C|ty of At Teas An Inorganic powder cont aining the
hous silica powder as defined in any one of Claims 1 to 3. 155.The

|ﬁ8?6§H%%W@éF%é&&?‘&ﬁﬂj“fﬁ%f?au?ﬁ“ﬁ%ﬁ%?@ﬁﬁﬁ@ RSTgaRiiop AR deined in Claim 7
or8. gn amorphous silica powder other than the present invention and/or an

alumina powder, 6. A process for producing the amorphous silica powder

as defined in any one of Claims 1 to 3, characterized in that a mixture

comprising a raw material silica powder and an Al source material is

sprayed into a flame formed by a burner to produce an amorphous silica

powder, and then, the 20produced powder is held in an atmosphere

haying a relative humidity of from 60 to 90% at a temperature of from 60

to 150C for from 15 to 30 minutes. 7. A resin composition containing the

amorphous silica powder or inorganic powder as defined in any one of

Claims 1 to 5. 8. The resin composition according to Claim 7, wherein the

resin in the resin composition is an 25epoxy resin. 9. A sealing material

for semiconductors, employing the resin composition as defined in Claim 7

or 8.

least



