SPECI FI CATI ON Cer ami ¢ Powder and Applications Thereof Technical Field The
present ‘invention relates to ceram c powder and the applications thereof.
Background Art The m niaturization, thinning or slimmng, and pact
eduction of sem conductor packages haw rapidly been accelerated, in
response to the recent requirenents for the O developnent of conpact and

| i ght weight, and high quality electronic nachinery and tools. In addition,
t he surface nounting techni que has tﬁ@fﬁ mai nstream of the
packagi ng nmet hod because this is qggﬁgeggéora (ggﬁor realizing high density
packagi ng of a w ring boar d iasitskdat end ApplidagiocseThaesduct or packages and
the nmet hods for packagi ng the sane have thus been advanced, there have been
requested for the sem conductor-sealing material to 15satisfy the

requi renents_for. Hgg i, mprovenent of functions thereof such as the quality,
in particul aFF"WsHdAH0 i ty, heat resistance, and flane-retardancy, For this
reason, for instange estfVR2hi@datiaRl (@S, NesB-IBRARI BRAGHIAIIAG thdd&lr por ation
of ceram c powder, in particular, anorphous spherical silica powder into
epoxy resin in a high density. The problens arising when incorporating
ceram c powder into a resin at a high density (or high content) are those
20 that the BackemapdWZrdf the resul ting seniconductor-sealing naterial
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formed during the no ng a processing o m conduct or devi ces such

as the generati@es QhveUrdpidiy @dePQEdelPNEd, hh@sBEUES SIC eecaiit Mtlienfdnawfonghe
W re-cutting and chi p-shifting. To sol ve the foregoi ng problens,

t he senilfondigetiormaeal cogpavhtedt fightsvhgveadesh RBilitpeleviedtid meshitdie a4 &RPoi nt
of resins o thg.one hanp and fromthe vie oinH Q{ the.ggran”plgowg%;lon
the ot her hahdddition. the sufage mqunting teghiaup hat BRP8 relfitd 5t MPRE R8T Ani'e PO eF |
there have heen, KOWM. «fiOfs cfun§‘i’e§1?9a%le B PREDRIn{oR e NG T8a8 LAY kheiMA Beld to
a level ranging from0.7 to 1.0 (see Patent cunment "I specified below); a
met hod i n whi elbstrite. gradihe sémiobnduber pidkageghtd themesthdds figtiraltaging the e have

particle size distribution expressed in terns of the Rosin-Rammer |ine
di agram i s sl been gadvaged. Beregiage beerprasestysl {ofUEe sYpAAVCIESHARE iRAtg1S[1Y e
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nul ti-peak Parthiel eoxaBRitdinshirrbHUbiico@rfahakiatdacpar Focihg 8isag, for instance,
di stribution 5thereof may have several peaks to thus bring the ceranic
powder cl osévegigehart hhavesy ntale cohoswsg ip@okirpipnsof aerurcepsdss Papaftular
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when incorporating ceramic powder into a resin at a high density (or high content) are those
20  that the viscosity of the resulting semiconductor-sealing material increases and that this in
turn increases the rate of defectives to be formed during the molding and processing of the
semiconductor devices such as the generation of unfilled portions, the occurrence of
wire-flowing, wire-cutting and chip-shifting.
To solve the foregoing problems, the semiconductor-sealing materials have been
25  improved from the viewpoint of resins on the one hand and from the viewpoint of the ceramic
powder on the other hand.
As means for the improvement of the ceramic powder, there have been known, for
instance, a method for increasing the Wardell to a level ranging from 0.7 to 1.0 (see Patent

Document ! specified below); a method in which the gradient of the straight line illustrating



sol ved such a problemthat when increasing the rate of incorporation of
ceram c powder into a resin, the resulting sem conductor-sealing materi al
causes an abrupt increase of the viscosity 10t hereof Recent |y,

el ectroni c machinery and tools have w dely been applied to autonobiles and
therefore, it has been requested for these electronic nmachinery and tools
to satisfy the follow ng requirenents: they should have an i nproved
flame-r et ar daRgyriiel NRULstISHBE cQYsstd ANl AkdREsinMRLERITBYe ARPhY, 18 sdliagh

| oad to the environment; they should have an 15 inproved ability to
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one of a resin and rubber and the foregoing ceram c powder incorporated
into thet%sartBereNeans for Sol ving the Problem The present i nvention
thus provides ce terl [ : uency
distribution pat tR%?éﬁﬁKa%%%r%%!cgnalc il rty a{ld %ooqs %/ Wé I 3agee§ra Cﬁd t0 B&g}%oél{e?%m?

di stri buti onhdebesr ni nedbus i’Lﬁu@tédaﬁﬁ?rtthef é 5@@5&0&3&9@&& e nc@ol% yt@esaﬁﬁy tihel e
si ze-anal yzer, the maxinumparticle size for the first peak rangi ng from 40
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powder of the present invention incorporated into the
20 Patent Document 1: JP-A-3-066151;

Patent Document 2: JP-A-6-080863;
Patent Document 3: JP-A-8-003365

Disclosure of the Invention
25  Problem to be Solved by the Invention
Accordingly, it is an object of the present invention to provide ceramic powder which
permits the preparation of a semiconductor-sealing material having excellent moldability even
when increasing the rate of content of the ceramic powder in a resin, and also having excellent

heat resistance and flame-retardancy; a composition and, in particular, a



20 sane. Furthernore, the present invention also relates to a

sem conduct or-sealing nmaterial conprising the conposition of the present

i nvention, wherein the conposition conprises an epoxy resin. Effects of the
| nventi on The present invention can provide a resin conposition or a
rubber conposition (hereunder both of themw || conprehensively be referred
to as "conposition") and, in particular, a sem conductor-sealing nateri al
which can maintain its higher noldability and which is excellent in a heat
resi stance ashieordhaneseneicametamndywhiel ebmbfisds he ldaatede of 2itorpbriberomdohe t he
ceram c powder in the resin or rubber conposition is increased up to a

| evel of not foreees celanc povehiicoragsied Begthendee for Carrying Qut the

I nvention The present invention will hereunder be described in nore detail.
The powder according to the present invention conprises ceram c powder and
exanmpl e of cRf.am &orROMHRI L PRJoudes powder of for instance, silica, alumna,
titania, magnesia, silicon nitride, alumnumnitride and boron nitride.
These povidery pr ctlucpssamaynieetias goisapondeorceamii xoude ofraateritaady ltawpg a
powdery products, but preferably used herein is silica powder since the use
t her eof per fi'ti&-Refl HgIUCsy eHsFaRtoen Pty heBRE cBNLt t1B1P- RB4T idg mattsls ape

havi ng a they exp I coefficient. €l ose Ne f a senlc
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resi stance ti@adifemnmktiShaeksor (EOoflsi paikheatihh oyl ©S0 antnd Mgyt T8 Wle second
wear -resi stant properties. In this respect, particularly preferably used
herein are, Heok ringsidiwe 3 taforphodsthsidte ohthsrrapitee dabiys pokiticligsier fstoaldss ne

silica at, a_high. tenperature, and 15 anorphous sil| prepared .accerding to
any Synoiter 1B gt hater e Tk a0Gim SRR neREQe ot s R Mo BracE S Py
powder is pqg&@rably not | ess than 95% as determ ned according to the
nmethod as will ‘be detailed |ater. The ceram c powder according to

t he present i nveit itlon réspecg e acker iimedtiby phdiaitig campnidet iat fpestkorferangwe mognt
distribution pattern having at | east two peaks as a particle size 20

di st ri but i ofiClEEESFRIMEY SipsPhepraisingser Ddhe peramic Rf)’h"-délbgﬁf‘@rhaﬁﬁ thiyReasa¥iose| e
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| ess than 40 Rin being not nore than 20% by mass (inclusive of 0% by
mass). The thiparcerent pofdet hedisa phadacnéhryng en phopestiéne sangmgtiiem E&aHoe0
powder would permt the 25 preparation of a sem conductor-sealing materi al
whi ch can rrﬁf”ﬁtain its higher noldability and which is also excellent in a
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of the ceram c powder in an epoxy resin or the like is i ncr eased up to a

| evel of notfhess tikbubBO%mbyha@ssniclpowidat sf he preettiiornptidminthpocerantiocthe
powder having a nulti-peak particle size distribution as disclosed in .

Pat ent Bocufféit Irthemorg dife PEFeH HBVEEPAMIC 5t ©] e semisedypioadEahyS tHeE!
having a particle sjze rangi m t, f al 1.5 RLn of
f rom about é%n@gﬁgﬁ&éﬁymﬁgggggdﬁ%gpN%gRlgyéﬁﬁgggkﬁﬁﬁ#?éﬁg@g%gﬁgpﬁFéﬁgﬁgnthe
first peak yhgseeswaxi mum particle size ranges from40 to 80p in are
princi pal constituent particles of the ceram c powder according to the
present invention, but if the maxi num particle size thereof is less than 40
p. in, thedﬁﬁxanif pqmder'causes an abrupt increase of the viscosity

t her eof and™tfits ot edfysttitkes, quite difficult, the preparation of an

I nt endegk conposi 0By Y'iﬂ%llpbrgr%aw:'gﬁgé ld thin Dfdigiot fieh D60 cdufpokingn
maxi mum particle size thereof exceeds 80 p in, the flow resistance of the
particl es i(hetehedaresih toif NEent G OSintpireenkinelly eas agerssddiot hwe “cmbpdatiioh)t yndofin t he
conposition is |likew se 10i npaired. The maxi rum particle size of the first
peak pr ef errgpligilarapgesgichrdysioreealios porigyighnwhish sar aspere tsthghce sindetlitrnd he
particles ose.particle size falls w,ithin the range of..fro . g m
e or ot e anryehsroreed! Pt oy S el e M B RRe Peish Ok Pk By
thereof is pref&rablcyron@tr ih@&Srelinan rdD% BYmPBRSn SintAReY uptihe 11RPef ndtiiddl t

t hereof is, for instance,



70% by mass, 15A group of particles constituting the second peak whose

maxi mum particle size ranges from3 to S pmin enter into interstices
present. in the group of particles constituting the first peak to thus nake
t he packing structure of the particles denser and as a result, the presence
of such particles constituting the second peak would permt the further

i nprovenent of the packing characteristics of the ceram c powder and the
further redutin8odly tdye vi scosity of the 20resul ting conpositionThe

maxi mum particle size thereof preferably ranges from4 to 7 n in. In
particular, if the maxi mum particle size of the particles constituting the

second peak h&t q%”éﬁﬁg:LQﬂtthéhw@npnl to 0.2 tines the maxi mum particle
size of the p es constP Irst peak, the resulting ceramc

powder is fl u (herhelprmemmnmcsh xl*ﬁl'laleﬁﬁﬁéfél g dekRabaCh&lorsddigs. I n this
respect, however, the content of the particles whose particle size falls
within the range "B opodeomcsortiog 8o e npiegnpriefeeti@blcymprases IC@@@H@ Hawd20 % by
mass and in part ar; the content of suc ‘HE'EIC|GS i's. rably .not

i Ay t'°

| ess than 3 ‘Sﬁferrﬁ SUQING ABNYET PREIETH BN t HRY 6T 1 Caf prinAs fiHce,
60% by MBSS. pnaanesia, silfon GQMP ?xfmr}?xﬁ{1§1{rfﬂ|e%ﬁ%8<g'8§mtrti&g' ng the third peak whose
maxi mum particile Size ranges fromoO . ch may arbitrarily be
used in the presémkse povaiis prodent @fayibt @ed aiidh'fe&frsd @S off at Nespaskbsgdery
structure formed by the particles constituting the first and second peaks
to thus rrakéﬁf?%wpgzékméer@w weediheret ISt ﬁécqoapwﬁw gecedidpsse theyeef P%@UF tthe ¢ he
presence, of
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conposi tion and accordingly, the use of the particles constituting the

third peak weistahcpertim tresftecpr ®pahanihbrshotksa (wohmppsiatinpneykiel rgdf tet hedd
excel l ent heat resistance and f]anme retardancy i's connection, the

nt
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i's preferabl z}étzﬂ% lrr‘r:o% 10(19%@8;324/69%%% ggq‘%étu?rngrlyktg zgﬁsﬁl'c& W 2k gh tEmbeQ‘rﬁtule a?d

preferably not [éss t uita |n1t ereof is,
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whose partlcle size is not less than 20 it in and less than 40 it in are
not necessafyihremormeutdireopsens Rpfathinapues tearsts tutetamipd prrordag it es
constituting the foregoin (oo, Or t hree peaks and therefore, it is nost
pref erabl e } e ceranlc pomUer is free of (0% any such particle and
the content ther ﬂ%‘ cdrin@tpolidaN e brd@2%cb¥e LRIBS SnvehG] MV QcRfizQ%Wy Rithd 4 1S
suitable that the content thereof is preferably at highest 10% by nass

(i nclusive mmteg@&Thwswoﬂndmuﬂmnomamq@mtéwmmp@tﬂanttandxmhenezh@sﬂmbtmyet
been propose aQ§b%eranlc deer |ch t he content of %pe |cIeF
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g for

sem conductor- sealin Gt er i al purpo he accel eration o
t he reacti opezhetmeenfran 2pOXY ni, @sd fheatk ¢ el qahrﬂgleagﬁmo Exanpleeszeadf mu s
curing accel erators are organi c phosphorus
than 20« m and less than 40 ;2 m being not more than 20% by mass (inclusive of 0% by mass).
The impartment of these characteristic properties to the ceramic powder would permit the
25 preparation of a semiconductor-sealing material which can maintain its higher moldability and
which is also excellent in a heat resistance and a flame retardancy, even if the rate of
incorporation of the ceramic powder in an epoxy resin or the like is increased up to a level of

not less than 90% by mass.  In this connection, in the ceramic powder having a multi-peak

particle size distribution as disclosed in Patent Document 3, the rate of the ceramic particles



atom cont ai ni ng ones such as tributyl phosphine, methyl-di nethyl

phosphi ne, triphenyl phosphine, tris(4-nethylphenyl) phosphine, diphenyi
phosphi ne, phenyl phosphi ne, tetraphenyl phosphine tetraphenyl borate, and
tri phenyl phosphi ne tetraphenyl borate; and 25organi c nitrogen
atom cont ai ni ng ones represented by cycl oam di ne conpounds such as

1, 8-di aza- bi cycl e(5, 4, 0) undecene- 71, 5-di aza. - bi cycl o( 4, 3, 0) and nonene,

5, 6-di - butyl am no: 1, 8-di aza- bi cycl o(5, 4, 0) undecene-7.1n_general, the rate
ot Caddi 110n BPuHREL g PRt auer srbrsois e SEona0k POn AT bt dht oEeht
such a mannegqL gt b «f 8ok §, Wathi n the range of from0.1 to 5% by nmass
depending on the desired curing rate of each specific conposition. However,
all of these curimgroagetipenialocssginone ster @B0psaharaed enkigfuhCparfide aizk eMmigss
acid and accordingly, they nay inpair the ability of the resulting

seni conduct d¥fes éafe \é@u materirakiptlconstittest aaticlhd ghthe eprparcataivder egsidigriAemt al
conditions (heat resistance). 5S5For this reason, th eram c,_powder .
aocor di ng t O1ERe BPRLERE R bR eT Sl Ln et rer brkeh y T i ao B gpromic
absor pti on Bt cQfseRMABA: §RRGLNGr HOMQsdy 1RrdorBinlii (hiTBL &LG mMBEE quite
preferably, the absorption anount of anmoni a adsorbed by the ceram c powder
ranges fr omdiffitult, shelpi@pdratimnl of/ag iraerded nomarsttionlaging high npridéfbeitabl Yrthagesr
from0.2to 1.4 it nole/a. The level of the amoni a anount chem cally

adsor bed r epredéhifie TEREYRRBHI ¢ B dee Brreoheceady SQur dbellaw ireistapcopt t{%a%@%m c
powder. The. traly. ur f i.dj f c 1 C -
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w t hstand hi gh tenperature environnental conJ?tions. In this respect, if a
cheni cal abdoflpt icopechriuenntast ohwrpaitialer srhoespartitianize falls prithiothe rgige toh érom

curing accelerator is not easily trapped at the acidic 15 sites on the
surface of_ﬁﬁg)%gVﬁhFé”g%ﬁE@ﬁmﬁﬁﬁs?ﬂ?gg%éyfpﬁsﬁﬁ H1W§§%W¥>¢ﬁcWﬁg“%mmd?”_
deteriorati gregho A6 BRI dhbit ¥sRfuy LR r esukbifng, MRS hRMd QMW Fhshand.hi gh
tenperature environnental conditions (heat resistance). On the other hand,

i f the anoufi’ofy nedsem cal | y adsor bed amoni a exceeds 1.8 IL nole/g, the
curing accelerator is trapped at the acidic sites on the surface of the
ceram clpowder t 0 SEYPSEPREREH yORyH R hesprond weak Whese Fegohdn AYFGe S8R M€Y t he
20 curing r resul t i . sition. and ifed
cur od conpodrfi o SAmmerbut A FRey BRyb M RCRo RS of pEGH s pE R £

conposi ti ONpeak to thus nlaRe GRSAMAE kRt o CBE PAFELPOMIET antl S5 2 rBBuRARE p@Wnal of
silica powder, the amount of 6ﬁen1cally anmoni a adsorption can be

control | ed fuUshaugitishengdjpus fentecofd phé wond eatmipftheAllper prieseament of thee
silica powder,. More specifically, when the surface of the silica powder 25
s doped i HITAE hrBTRienat OF edAmHigRat R A Seoid o b arveaSB L

aci di ¢ gi t egsdigy Lo fhgiodl T IBIERLEMLA JaRICOY @ERBE | ORBUTRRLs BREVE RN, F'
atomand Al atom The anount of chem cally amoni a ‘adsorption can easily be
control |l ed o andestiaued if exehaxiangipagicla om &.the patidleBcgnistitvohgethg sbyond peak

adj usting the content of Al 203 Qresent in the silica powder to a |evel
ranging fr oimnsq ediuties Babid 1qu3}n‘c0 0.2 times the maximum particle size of the particles constituting

the first peak, the resulting ceramic powder is further improved in the packing characteristics.
In this respect, however, the content of the particles whose particle size falls within the range
25 of from 3 to 8 1 m is preferably not less than 20% by mass and in particular, the content of
such particles is preferably not less than 30% by mass.  Suitably, the upper limit thereof is,
for instance, 60% by mass.
A group of particles constituting the third peak whose maximum particle size ranges

from 0.1 to 0.8 . m which may arbitrarily be used in the present invention enter into
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The average degree of sphericity of the ceram c powder of the present
invention is preferably not. less than 0.85 and in particular, not |ess
than 0.90. The maxi num | evel thereof is preferably 1.00. The control of the
sphericity of the ceram c powder would permt the further reduction of the
viscosity of the resulting conposition. The particle size
distribution of the ceram c powder according to the present invention is
one determ ned on the basis of the particle size neasurenent carried out
accordi ng t ointdhsicesaslethe gpdldnsagticorne waed by i mt@mhnmquemHmHéeﬁaﬁ@n@h@oeize

di stribution-apaly able herein is r instance, "Model the
particle sizg? hﬁ)nﬁ%ﬁ ‘“H%? tg%tpﬁﬁkﬂtgt'ﬁtm%ibe(()f tfe PHYLClEs gy vl % féFef S

Beckman Coul tfesrucﬁgma@yco&mnnt e 68k SLm ag&mgaaum tehﬁalgettrtcglo? R &eelicpat er
is used as a solvent and each ‘L%arrp l'e i's su I Sper si on
treatment, ascldaiplig-dveeateRiiic rafcos QO@pohndiL 6f theicBPmic pONRgeninzensedhh lte:
appl yi ng a power of 200W In addition, REDS (Polarization Intensity
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i nstance, the refractive index of anorphous silica I's assune to 1. 50.

The term ' maxigmgripard i ¢b €.8simel pusedblheneless eang, bhenasentd al pamadum it is
(medi an) for the particle S|z§ range shomnngla maxj num val ue in the .

f requency pé??pépé’@ffésﬂp%tpﬁﬂﬂtm - Aytaflet Be PRddingE B6reaf g far dntaes |1 zaer
di f fractjjon-, 29@£§er|ng t echni que. For instance, when, in 20the cunul ative
partlcle siz I'stribution, the cunulative value up to the particle size of
32p in is 50% byimassy esteﬂi’tahvdtlpo;ﬁ Qhd patigad Ivh@de?a&lc?ees@g is 48t leds ihan 26 L GDYaDY
mass and that up to the particle size of 64 1 inis 70% by nmass, the

maxi num par #9se fengpzen aietiol neaebrarpar thieglersegiagldng sirggeurs h@wlwgedebyrmpmms

val ue and exten 0 4Sz in can be ca uIa ed to be 4

e oant SHFROLNE A PRl Qrairr Fah: pRd Sreqio b anget aztergnhghad iy ©f

25 The amughmefpdier @WE@@T@M@"SQEH Wldléaﬂﬁﬁtgﬁt‘;ﬂtaﬁq}le@&)tfsoalt|hﬂ%st MSI g a
tenperature raisi ng t hermal desor pti on-nass spectroscopi ¢ anal ysis device:

TPD- M5 Qﬁornmmsmmmme@cﬁOdéwmdexamamh&bhetﬁ¢0ﬁm@meMAqunp@nmnn@mmymdem%the
trade nane " Model MAOOJ (Pretreatnent): About 0.1 g of sanple powder

i s precisel gy EaS (iPE Y nelo0%) pl dthinesritios B q‘t“FF‘eW‘HOHé‘“t?’é‘ﬁﬁé?léthﬂ? aolgyet tbh“é1
sanpl e mwm AeJol r 0 t. |n a
Fubul ar " fur FaBb Rl PR P R L L B PR Y sl R
rate of 40 mss/mmo,t hﬁinﬂaﬁ@h&nmm&ﬁs gt@cttyttemrmnt ained in the fur nace for
10 mnutes at that tenperature and the tenperature of the sanple powder is
reduced to 100 Gt (sAmurinathiidsorpgioroaThi ifigrimaged v Beacuapedictos- valowum

whi |l e ntalpl o.t e 5te dﬁqéure f the nple $ pder at 100C, about, 13
kPa of AoRFS 4 (& PHPYBaticen s iobry e Bur e PUFREEE EB DTS 86t b
anmoni a on {fig.Sapplie POWISH,OVesr 1M RULES AMbRfardfe aleubith i le'fdg ?o@us' S
evacuated to vacuum helluntgas i s passed through the furnace at

rate of 50 atbhontainorg dbesmbunlit es thitmtylhpisosphing emethel- dze&tidzttaihommmtap felnp

the furnace and . then the tenperature of the sanmple is reduced to room
t enper at ur POPNARer It aHRAIPIYD 10h0peR gligheE! bRiSBREEF. mheu@h PRRPEINGat er

ﬁ‘Lma dT :c IO\éV drtgtgagah% é}%}@ Ol{l/{/{y tra% ra 0859 %&%? y 4 !md p {p%ezg LPhV\%%lple t@?ra) 1e§ﬂ gottg'tg,asénd

havi ng @& r elradnk/ @ithdBi Gidny c&fiaidR% &nrd I%hesetterdegplcvgomﬂpkec WABHs kisth as
exposed to this gas flow over one hour to thus repl ace the adsorbed ammoni a
with water.l %@ezeebimqte(ﬁlﬁidﬁ of undoLent- 7of Adiéedltlyeda%w’m%,@) Thendgnenper atdur e

of the sarT% %g fro omte rat o 100? %(5\1; a rate
of tenperateﬂ@ R At n L R e tfeﬁhe‘g‘ shiits of Fifiiare o
40 /N, fQo Lhius, ARLRLm0% th@%oﬁttetm& efsete@edct?%@&lbaegn ANEIRAL 3¢ a0 kil
connection, the quantitative analysis of “ammoni a adsor bed was carri e

usi ng the piattaegnodfromml 2 t&=5%7bobhed Mgendhd ef tnmkdshgl eatilpeatd arbafslot,IJdche

i nfluence of water. The rate of anorphousness is determ ned by subjecting
each sanple powder to the 20X-ray diffraction analysis within the range of
2 0 for the CuK a -rays extending from 2@ to 27.5 using a powder X-ray
diffraction device (such as a device available from R GAKU Ltd. under the
trade nane of "Mbdel Mni Flex") and calculating the rate on the basis of
the intensity ratio of characteristic diffraction peaks. For instance, in
case of the silica powler, the crystalline silica shows a principal peak at
26.7'" while the anorphous silica is free of



such a peak.I|f both crystalline silica and anmorphous silica are present in
a sanple, the height of the peak observed at 26.7 would reflect the rate of
the crystalline silica present therein, the rate of the crystalline silica
m xed in the sanple powder [(X-ray diffraction intensity of sanple)/(X-ray
diffraction intensity of crystalline silica)] can be calculated fromthe
ratio of the intensity of X-ray observed for the standard or reference
sanple of crystalline silica to that observed for each sanple powder and
the rate of amrphionsnéssveoanall herrdorarihe selahdsr nedy aceQ thangtdigtidshe a
following relation: Rate of Anorphousness (% [I - (rate of crystalline
silica m xed-9iy] aXd10@d accordingly, Thg ANR03irgont etht mhijithe ofietler mesddhg
using, for instance, a fluorescent X-ray analysis 5device P) , .an _ener gy
di spor si ve X P S RAUTFHLE I HEN BT ERE B eewa%%%&%ﬁ@}élmm thect
spectromet er{{AARk) Or a plasma em ssion spectral analyzer (ICP). In the
present invention, ceram c powder was dissolved, with heating, in a 20:1
(vol ume mati o) hydr agienrefidonorhedesraper phbvdri £c@ding i hedpsahy énenfiol blowked by
the dilution thereof with pure water, the determ nation of the A content
usi ng an at ghEleraalSBrpe ickiniep abtorpriast apouat ef anupiréa fanging foShY frd@l 48 1 mole/g.

Cor poration ! onversion of the content in he Al 703 content to
Chus det er i ke CaB e Ear R oS reHRerenn CRbahE! By bPaEmipRerRE TR <
determ ned o @ki 0018 ARGIEECIHE hIBIRUMST P&t ER GIHS COPR ( 3Uch.1gg. one
avai l abl e from Ni kon Corporation under the trade name of "Mddel SMZ-10
Type"), incdhpdeat iafght henpart iobeti dhagealintadsaiedi rageenan dleymegnitiduch tles a
15 devi ce avail able. fr Mount ech Conpany under the trade nane of ,

" Mac Vi e\kﬁ) AndPeaeeEit irR‘Fgcet”l‘i@CpPrO&jdé%t edMaredrof A th&n%rfft%acps%m phiér &Fanéngt h
(PM on the LS t hgt. o e i e o ine
sphericity 8§@§%e“§§gi§§gﬁ ?%egéﬁﬁ%S&ga@ggﬁwg‘#ﬁ?ghﬁgg%gﬁﬁgxi?agﬁemgﬁék of
a true circkempasidsgontidegus oith e pehicphigdnal of |tRO@bity( Bieot htswitlatzad migred
is assuned to be (B), the circularity of the particle is equal to A/B

Accor di ngl y fenperagBeariyagental ponddicnst r ethisi resrleet, Haay Plivgniep] pbsarpiingr aoupiepigt h

identical to_that .(PM .of e_sanpl the follow ng relation holds: B =
T 5 Cowe e T i bR RS ol RPN S b g e e
circul ang tysigk ®ashsRakt belhe camhibgokeRasent edy Ayrbbhesfiol] o reliat bon:
Crcularity - AB - AX4 IC/(PM2. The circularity was determ ned for

arbi traril ytheeblgbtyedf 280 rpatitngcbesp@aticor ¢ ngtisend Heglf oeregoing procedantels
and the resulting average value is squared and this is deened tgQ be a

i nt ended avet4HE léﬁﬁ@w fitgce). On thepehes hagn & Wovidet e oramigly G
present | NVERLLAN &8RAN| ¥oRE RECORAL MY BRI AGeaa] AL BLELAY: on phe
conmponents, particles having am averag partléie Si ze rangi ng from 0.1 to
0.8R 1", thasgchavitageamiayer@geo pAlkkirehey Sightextaanghdighid £08ddhel0reBuges Meand
t hose having an average particle size ranging from40 to SQo in. Moreover,
when t h& cefuamcatpohdieresising somertior ayl aspheilicaly desirdlecusesicty mepssisiphernietal
silica pomd&gdx59§1desiée ce”%nic gomder can be prepared according to a
met hod conpri SFHEFGHHET &¥E Hee Be NG00 EFs WG PP howder into a flame having a
hi gh tenperat urgntQsd busremBlb teeidc SRAREL id he phAWROVIRE aRthes URS SeHIgRT by
recovering the resulting spherical powder using a collecting machi ne such
as a gravi tétingnly ammosedidventiat icon be hambekesd tawoogicthe rgjustyagt Hf kiteeqopteor ofan
el ectrostatjc _precipitator, wherein processing conditions such as the
particle si2eQopretay mékl%%lkf%@%&uerlv,forteﬁ@ecgwagwhﬁﬁé}eéafmqe&%e jilkjederde and
the tenper 3 HegQliyt AP L1aTR: AL AR ORL WFLERY SHABARD: 1L DL SROVEL £]
powder I's subjected to an operation such as classitication, sieving or

bl endi ng, oke UHRrdRE QY EiLELPANERIN hiEnBdijebtdca kit o O Nk Ahe Qinclleor
foregoing two kinds of treatments. The Al 203 10 content can be controlled
by, for inshanpeelly soapiiagdioneionneh gzeelydie contaelicd nga dedijed devpbwdgns WiotH. 1 to

al um na partj cl es havi a particle si rangi ng fromabout 0.1 to 5p.min
an amount rAHGIRE'S oM SBHELTOCTIY 6T S0y Ed e dich R PeRt T g e RB e
coat ed pomq%gimypgg@o@h@gp to thus inch and sphere the coated powder. The
raw powder can be coated with alum na particles using a comrercially
avai l abl e coating device or a blender. 15The conposition of the present
invention is one obtained by incorporating the ceramc



powder according to the present invention into at |east one of a resin and
rubber. The content of the ceram c powder to be incorporated into the
conposition in general ranges from 10 to 99% by mass and nore preferably 30
to 95% by mass. Exanpl es of such resins usable herein include epoxy resins,
silicone resins, phenol 20 resins, nelamne resins, urea resins,

unsat urated pol yesters, fluorine resins, polyam des such as polyi m des,

pol y(am de-i m des), . and | yet herim. des ol yesters suc S_pol.) 1 ene
terepht hal ate an3ﬁ561§%§£3h%%%0 b#%ﬁﬂﬁh%i@ éﬂ“Bb vghgayfg%éﬁgﬁk?ﬁgéé?ﬁ‘s
whol Iy ar Oﬁaf)ﬂefera{bgl YaSitar an DRk YSulif QBRI | WIids GayiSt 8l | 1 Nde RRLYAERS Sevel

pol yet her sul fones, pol ycarbonates, nal ei m de-nodified resins, ABS resins,
AAS (acryl oniterepf iepre&ertyy 1 00bbERY shyplerfe)e pheiars of trdeREMBSwder would permit
(acrylonitriIe/ethy!gne/prggyleneldiene rupber- styrene) resins.

Among them [F STEEGISIYFIGE 8GNF KiseoLE 7 S AEURPELoRRAS%"g materi al are epoxy
resins each havi n%e?%rtilc%%% dEsYWou%BQ)éythgrcgr'ﬂﬁfc Opl%%\;depp lcgl%Hll &o tl!:'e’éﬁgg%tqme%ﬁ&{ eof
are phenol novol ak type epoxy resins, O-cres novol ac ?ype poxy resins,
epoxy resi nsisobt déBadndlyore@exysifodihk WaA@lcndeohakukasiingroll @heaoldngmotthe

al dehydes, glycidylethers such as bisphenol A bisphenol F and b sphenol
S, glycidyl legrdiffrasionsegyieniyg reeliiis pr Epapatcle hirodghibuhen-prerdieel vyigledrein

pol ybasi ¢ aci ds such as, t hali.c acid and dineric ids with o o
bpi bl or hyarPrior FIFFAEs AT D a0 aBbky el 8. AL TR F o ok Fad g o
het erocycli G gp@xy fr&ﬁ%&ﬁlmaﬁbﬁﬁitérn@%gdngd RO MO QL LR BPY Me OIS RSsize,
-napht hol novol ac type epoxy resins, 1,6-di hydroxynapht hal ene type epoxy
resins, 12, 7-withrydnoxy naphidhahened teygesapoxys pdsdcted, toandishersioy draxyenhi gpheny|
type epoxy resins, as well as epoxy resins in which a hal ogen such as
bronine is iMEBFPOFHt Bd TR TBpHerNG 4 bpsaeenieyatklcrepiitah ey EoOTHEY. 0
conposi ti 9”!adéﬁ&‘{'va@'@e(%mﬁ%ﬁ%ﬂ%%n%@eﬂif@%ﬁézrsc'a{?&ln 9‘80@&%4%9'@ agualek, & ype
epoxy resins, DblIshydroxy-bipheny pe epoxy resins’ and epoxy F 831 ns

carryi ng naphichahg&ne fiskelsab ans, byf ham t NEe\ERWAC Mllex0df WMat 8fuMaPrbe 1.33,
resi stance and resistance to solder reflow As curing agents for the
epoxy resi ngvhile frking inmycobeddritsnabl refrostivieniiea né tie nrovsl &k treessinply poreparidd by

reacting_a m xture conprising one or at |east tw menbers selected fromthe
0r oup cdfiai STEHYPGR BhBRGITPErGSGr,  xgPeTrcer GEGHE T Mgt G GERSHOF o

t - but yl phened .o nouavl, poenel , i sopropyl phenol, and octyl phenol w th

f or mal dehyde, paraformal dehyde or 15 p-xylene in the presence of an

oxi di zi ng cat al y$he tepol“yraxinwydt pxyisleysin @ped @séinsieain $phemodl vebrgoudas fsuch
as bi sphenol. A and hisphenol S, tri-functional phenols such as pyrogallol
and f 1 uor ogFi§diaHBIS S78¢ RECaHAY Hgi AdBE BHEH 28€ hrHliedTeaudh it e ize St ripE 25
anhydri de a onmel Litic ide. and aromt.i i_nes;s| . -
n}pheny|eneH%?ﬁ%#%ﬂ?‘%ﬁgﬁ#ﬁgg%%%ﬁéﬂ§F¥ﬁ§%ﬁ%ﬁ%ggﬂﬁ&ﬁggkhih%ﬁgﬁgﬁgﬁyW“m’m
sul fonegd cufeicn@uRGeEepLhat ekc daibuasn, thecafdieaenté apedihe particle size of 32 1 m
20t ri phenyl - phosphi ne and 1, 8-di aza- bi cycl o(5, 4,0) undecene-7 can be used
for the accsl®atbyomsefthithe retetiaglofizepba§ . mesi #1§° Wiytrhass umi ribpt ageintike

The foll ow ng .conponents na j f _necessary, .be incorporated.into the .
Compos t 1 onPRTIERES T Get o) MU SRONER e SBa FERIT 317 SR b o s tieh
optional coppengitsnd NehudRnAvaLd 35k SAHG MG 208Ms 1 FiQlnHISERAGR to be 40
rubber-1ike materials such as silicone rubber, polysul fide 25 rubber,
acrylic rubbenwhbitade eaeratledliveltthe Ghbeving witylesie degd Bedo b pak. copol yner s,
various kinds of thernoplastic resins, resinous naterials such as silicone
resi ns, 2%epoxy r eBierigiouphenbe amewinisadipripben Brdstepaied at foflows. it Bfepijture

modi fied wth, T%’érn‘maﬁ]s&e‘%&% 1011*%'%139cs)éesc%rlolsc%gigednagfggx ! e ers ?f%g instance, a

al koxy-si | i cone; “a silane“coupling agent, “for ‘Instance, epoxy-silanes’such
as -glyci doxyicer faydbid HoretEIW S id@ngatid@nehder the trade name of “Model M-400"):

- (34- epoxy-cyci ohexypet hyl -tri met hoxy-sil ane, at ni no-sil anes such as

ami nopr opy| @retteptimentioklyes 0l lanef, saupé ihovder opydcistlyinetehioxy igd k ahepumdgh, then

N- phenyl - anj nopropyl tritnethoxy-silane,  a hydrophobic silane ound, such
as phenyl ttbt F‘ﬁ’%}’[@r‘%‘%g‘?-%ﬁt QAETPIRERET 1 1are E@%yrﬁqﬂr é%oeémeofet@ﬁé@wm 30
trimet hoxy-silane, and nercapto-silane, a. surface-treating agent such as
Zr-chel ate, titaniumcoupling agents and al um num coupling agent; a flane
retardant aid such as 8b203, Sb204 and Sb205; a flane retardant such as

hal ogenat ed epoxy resins and phosphorus atom contai ni ng conpounds; a

col oring agent such as carbon bl ack, iron oxides, dyes and pignents; and
further a rel easing agent such as naturally occurring waxes, synthetic
waxes, nmetal salts of linear fatty acids, acid am des, esters and paraffin.
10The conposition of' the present invention can be prepared by bl ending
desired




anounts of the foregoing conponents in, for instance, a blender or a
Henschel m xer, then kneading the resulting blend using a heating roils, a
kneader, a single-screw or tw n-screw extruder, cooling and then

pul verizing the sane. The sem conductor-sealing material according to the
present invention is preferably 15 the conposition of the present

i nvention which conprises an epoxy resin. Wen a sem conductor is seal ed
using the sentgaduetonlsanicagvint Beiak halbooedi thyugb theHerpeegentiow rate of

i nvention, deI commonl y used nol di.ng ans such a ransfer pold
or a multi V% éP“?p 8§§m&8ri30§éi%é9 ten o ’I’éﬁ‘& waﬁxbﬁ%wei‘% @d“‘%”“afn%f that

Conparative Pylv d u t

gquartzite wég%ﬁgpbgizgﬁdhgpﬁg?%ﬁm Y %f H}yﬁagﬁﬁhgg&ggdﬁif%ggﬁg gfane for med
t hr ough t he (aemusi-pasorefond I’Thé(tﬂlheic@OIBt avadi g LPGandn oxyigenngasinig theus
forn1spher|cal anor phous silica powder. In this respect, 10 ki nds of

spheri cal® arfoppiigus oithg @@pmr étaW@I(ésabmltt I8 quagg m@m@m gap ix IHeoqustd 81R ng

Table 1 wer r|ous

cond tione, WhBTRRF Fieel b pSe N Ep iRt i P PopAe FEEL PPuTor Y ¢ aw
material, thg ﬁb@&%fﬂd@@% Ic%u&@m $dcQNE, @nglmtgt;@ls BhsL G SN #1018 at T W
HHX|nun1part|cIe size and the content of particleées having a particle size
of not | ess rithafi 520nlpninfoantinliess tohams @Ggpthemesvdiabanontindhdredhefprnace and
approprlateléaad justing or changing the particle size of the starting

material, th ncf&ﬁd?w% %fef%rthwlw @ét a@"@% @vﬁoﬁk}j EMPSRE S ph EPBRSEHEER and
the Dl qul NG, §bﬁl§b1gdht%1 H%ﬁrep\%&te} gtl $how rﬁtg%f @@ll’ }n%l] eﬁgox’ljlﬁs igfb Pge 3

particles rec e?e e Sl eving operations. e con

was contr ol ket thyreggatd lﬂgmﬁﬂﬁed gwefta%mfatetdrao pMetd t&@ﬁomﬁledueﬁenogas Raingr al
quart2|te with ultrafine ﬁpartlcles of alum na having a particle size of 0.5
ft in in anaapstiiethuadiyi g?Of/cr o e Gxregan2grivle iraislst isprpesed tothisgss fewaverg

and spheri ng { t he pul ve g &ﬁt of natural gu rtzite aver age
aphertcrty B tisas B pbre e BESRERerBlnba il Nort b il o AP PR
flame tenpenatith&l ARohiAS 1 "ﬁl%@ﬂdﬁe%tﬁl Qr tﬁ&%m&a%o%&% l“ﬂed ft%'nll rd¥fn feRBerature
spherical anorphous silica powder sanples A'to J were found to have a rate
10 of am®r pholU®NES st ofatnat tehpsstutdiaine 99 26%miThesi: powte hylisampt as: lwer vic
subjected to the determ nation of the particle size distribution to thus
obtain the AaX WiHpa? thue ri%te@wQ%tfﬁﬁal%lﬁteofébﬁfi%ﬁ&be%fimblamau 8188 REvCHE &'
particle si n Ies Ltji-on,
t hese pov\deaﬁ'@anﬂ atlo%)tana!l ?s oft Fl%kgémlgsagd’s?llﬁgd g«g % IZ_FO {]ﬁﬂn Jﬂ@ 2 ﬂuq%] Ca7| ly
adsor bed ansmmhéd 3&3‘@1&@@@'@6{“@@1@5 f&dta@&ﬂamebhaa@ver age Spherl city of the
particles having a particle size of not less than 45 p m The maxi hum
particle SI zes (T’d@r wimelermarpliasned it detagniPid b\P@me@dnéPEaClr@@p?é@:WWéql V) the

b t t
of “Tr onfta0 K8 BBPEEORE SN N SR 6 4 P60 R TR LBl g Pher o
determ ned BNgh hE‘iﬁgf 5%\%&%{ FJ}‘/L{ﬁfﬁ%@ttxéH D&5eqbRh %&Jmfxdezeﬁvgi due E@R'I@G%I@J gen

bel ow. he purposé of assessing the resulting spherical

anor phous sitdi cralepdwdere aamé he“Mdhdel ddine Flest) ad priopetiid &s ras ohhbe basis of the
sem conductor-seal ing material, there were added, to 90 parts (part b
mass; thoselieAsityatio 8f thatactsy strediEFicHen aprkar e FORGWHNFS 1t Ff‘ée%ﬁ’é P%‘V%%)

gggg d°f4 tzhenéBgf%{a 152! siRTRL RN Y S rBbiph CRONAB SAIR! G2 afchfhols sh JJ? LSrdLLe

4,4 -bi (2 sac}ea%wpr 0REXYth-cBystallithe Slicd 8id aNBLRNs-PicEphepydseityipa QRPKY the
resin, 4.3 parts of a phenol resin, 0.2 part of triphenyl- phosphl ne, 0.5
part of y -hglgptiotitheypapk opserved 28 26t F wetldoxflecs itheamt, of0thg cptalligf silgcar iesant

bl ack, and rt of rnauh t hen the resul

dry- b endedg‘?fFf“ alﬂe’i?&‘cﬂé%erﬁfﬁf% ’a?nd’1‘§65§@&%é’ht“l‘%ﬁﬁ%‘ﬂ%%é?§8’g]&ﬁ w{‘ﬁévﬁf’ﬁ& 'n an
i nter rreshl n rot, 3 m
nesieg. SRy R EIRSGH ALY BILLUDSE Lt A gesbg (b Eoncn

di schar ge rat &tio 5f thhbend’t@aﬂ‘e{-ratyempﬁw&t o ghe dDBatior 1dBichce Ahipds oftopdidling t he
kneaded product (discharged product) in a cooling press, the product was
pul verized to thus give a sem conductor-sealing material and the |atter was
i nspected for the noldability, flane retardancy and heat resistance
according to the foll owi ng nethods. The results thus obtained are |ikew se
sumarized in the followng Table 1. (1) Ml dability/Spiral Flow Test

Each sem conductor-sealing nmaterial was evaluated for a spiral flow value
using a transfer nol ding nachi ne equi pped with a nold for the spiral

fl owdeterm nati on according to EMM -1-66 (Epoxy Mol ding Mterial

Institute; Society of Plastic Industry). The transfer nolding conditions
used were as follows: Ml ding tenperature: 175C;, Ml ding pressure: 7.4 MPa;




(3) Heat Resistance/Ability to Wthstand Hi gh Tenperature Environnent al
Conditions 20 After a TECt-M.. 1020 chip was nounted on SOP-28p (made of
Lead Frame 42 Alloy) and the |lead franme and the chip were connected at 8
positions with gold wires each having a dianeter ¢'D 30 p. in, the
resulting assenbly was packaged with each sem conductor-sealing material to
t hus produce 20 each of the corresponding mmc or sinulated
sem conduct osilsa 1@BiTheseva0forkmhcasgRipoenduad oresataef ansubjusadse danttberefore be
after-curing operation at a tenperature of 175C for 8 hours and they wer e
al | owed to stCHRITEH 2gaer @ps o DArfelkviRarvtian nBefc & APYBIFEIes 56D~ nourgte of
fol | owed by cg&hingfthe.sane Qﬂ%ﬁ to roomtenperature and the confirmation
y

on whet her th %ﬁu‘8a8&§§la el'ectric current therethrough or not to thus

enunerat e the nunhen)of, cBhBhiGnSe8 CRRAMES OhSy ifd) MMLH SVRRsee XouY afystshe 8
wired positions was found to be failed in the continuity. Table 1 EX. No.

1 2 3 4 5 Spheict CaRFamephgudisgdrtive X-ppwitetrosappiieidid EDX) BirGitPnie abgotpiramm

Particle Size o .

spectrometer (AAS), or a plasma emission spectral analyzer ICP).  In the present invention,
ceramic powder was dissolved, with heating, in a 20:1 (volume ratio) hydrogen fluoride:
perchloric acid mixed solvent followed by the dilution thereof with pure water, the
determination of the Al content using an atomic absorption spectrometer available from

10 Shimadzu Corporation and the conversion of the Al content into the Al,Os content to thus
determine the desired Al,Os content,

The average sphericity is determined by taking a particle image using a
stereomicroscope (such as one available from Nikon Corporation under the trade name of
“Model SMZ-10 Type”), incerporating the particle image into an image analyzer (such as a

15 device available from Mountech Company under the trade name of “MacView”) and
determining the projected area (A) and the peripheral length (PM) on the basis of the
photograph to thus determine the average sphericity on the basis of these two data.  In this
respect, if the area of a true circle corresponding to the peripheral length (PM) thus

determined is assumed to be (B), the circularity of the particle is equal to A/B. Accordingly, if

20 bearing in mind a true circle having a peripheral length identical to that (PM) of the sample,

2

the following relation holds: B = = ><(PM/275)2, since PM = 2nr and B =xnr’, and

accordingly, the circularity of each particle can be represented by the following relation:
Circularity = A/B = A X4 = /(PM)”. The circularity was determined for arbitrarily selected 200
particles according to the foregoing procedures and the resulting average value is squared and

25  this is deemed to be an intended average sphericity.
The ceramic powder according to the present invention can easily be prepared by
blending, as arbitrary components, particles having an average particle size ranging from 0.1
to 0.8 2 m, those having an average particle size ranging from 3 to 8 2 m and those having an

average particle size ranging from 40 to 80 um. Moreover, when the ceramic powder is

10



PL ( gin) 48 48 55 55 64 P2 (t in) 5.6 7.6 3.5 4.5 4.5 P3 (gin) 0.5 0,5
0.6 0,9

powder of a spherical oxide such as spherical silica powder, the desired ceramic powder can
be prepared according to a method comprising the steps of injecting raw powder into a flame
having a high temperature to thus melt and sphere the raw powder and subsequently

recovering the resulting spherical powder using a collecting machine such as a gravitational

R

sedimentation chamber, a cyclone, bag filter, or an electrostatic precipitator, wherein

processing conditions such as the particle size of the starting powder, the amount thereof to be

injected and the temperature of the flame are appropriately changed, or the recovered powder
is subjected to an operation such as classification, sieving or blending, or the recovered
powder is subjected to a combination of the foregoing two kinds of treatments. The AlLOs

10 content can be controlled by, for instance, coating the surface of starting silica powder with
alumina particles having a particle size ranging from about 0.1 to 5 u m in an amount ranging
from about 0.01 to 2% by mass and then treating the coated powder with a flame to thus melt
and sphere the coated powder.  The raw powder can be coated with alumina particles using
a commercially available coating device or a blender.

15 The composition of the present invention is one obtained by incorporating the ceramic
powder according to the present invention into at least one of a resin and rubber. The content
of the ceramic powder to be incorporated into the composition in general ranges from 10 to
99% by mass and more preferably 30 to 95% by mass.

Examples of such resins usable herein include epoxy resins, silicone resins, phenol

20 resins, melamine resins, urea resins, unsaturated polyesters, fluorine resins, polyamides such
as polyimides, poly(amide-imides), and polyetherimides, polyesters such as polybutylene
terephthalate and polyethylene terephthalate, polyphenylene sulfides, wholly aromatic
polyesters, polysulfones, liquid crystalline polymers, polyether sulfones, polycarbonates,
maleimide-modified resins, ABS resins, AAS (acrylonitrile- acryl rubber/styrene) resins, and

25 AES (acrylonitrile/ethylene/propylene/diene rubber- styrene) resins.

Among them, preferably used in a semiconductor-sealing material are epoxy resins
each having at least two epoxy groups per molecule.  Examples thereof are phenol novolak
type epoxy resins, o-cresol novolac type epoxy resins, epoxy resins obtained by

epoxy-modifying novolak resins of phenols with aldehydes, glycidylethers such as bisphenol

1



0.4 Rate (% of particles having a particle size of not |less than 20R m and
| ess than 40a in 6.4 13.9 7.4 15.6 14.3 ... Am. of chemcally adsorbed
anmonia (a nole/g) 0.8 0.6 1.2 1.6 0.05 Al 203 content (ppm 1190 910 2600

5810 310

A, bisphenol F and bisphenol S, glycidyl ester acid epoxy resins prepared through the
reactions of polybasic acids such as phthalic acid and dimeric acids with epichlorhydrin,
linear aliphatic epoxy resins, alicyclic epoxy resins, heterocyclic epoxy resins, alkyl-modified
polyfunctional ~ epoxy  resins, [ -naphthol novolac  type epoxy  resins,
5  1,6-dihydroxynaphthalene type epoxy resins, 2,7-dihydroxynaphthalene type epoxy resins,
and bishydroxy-bipheny! type epoxy resins, as well as epoxy resins in which a halogen such
as bromine is incorporated in order to impart flame retardancy to the composition.  Among
them, suitably used herein include o-cresol novolak type epoxy resins, bishydroxy-biphenyl
type epoxy resins and epoxy resins carrying naphthalene skeletons, from the viewpoint of
10 water vapor resistance and resistance to solder reflow.

As curing agents for the epoxy resins, there may be listed, for instance, novolak resins
prepared by reacting a mixture comprising one or at least two members selected from the
group consisting of phenol, cresol, xylenol, resorcinol, chlorophenol, t-butylphenol,
nonylphenol, isopropylphenol, and octylphenol with formaldehyde, paraformaldehyde or

15 p-xylene in the presence of an oxidizing catalyst, poly(p- hydroxystyrene) resins, bisphenol
compounds such as bisphenol A and bisphenol S, tri-functional phenols such as pyrogallol and
fluoroglucinol, acid anhydrides such as maleic anhydride, phthalic anhydride and pyromellitic
anhydride, and aromatic amines such as m-phenylene diamine, diamino-diphenyl-methane
and diamino-diphenyl sulfone. A curing accelerator such as the aforementioned

20 triphenyl-phosphine and 1,8-diaza-bicyclo(5,4,0) undecene-7 can be used for the acceleration
of the reaction of epoxy resins with curing agents.

The following components may, if necessary, be incorporated into the composition of
the present invention. More specifically, examples of such optional components include
a stress-reducing agent, for instance, rubber-like materials such as silicone rubber, polysulfide

rubber, acrylic rubber, butadiene-derived rubber, styrene-derived block copolymers, various

o
7]

kinds of thermoplastic resins, resinous materials such as silicone resins, epoxy resins, phenol
resins which are partially or completely modified with, for instance, amino-silicone,
epoxy-silicone, and alkoxy-silicone; a silane coupling agent, for instance, epoxy-silanes such

as v -glycidoxy-propyl trimethoxy-silane, and B

12



Aver age sphericityof particles having a particle size of not |ess than 45
fl. in(-) 0.92 0.91 0.89 0.90 0.90 Mol dability/ Spiral Flow Val ue Fl ane
Ret ar daney/ OL-94 (cnm) 135 127 V-0 131 V-0 119 120 V-0

fo3

10

20

-(3,4-epoxy-cyclohexyl)ethyl-trimethoxy-silane, amino-silanes such as aminopropyl-
triethoxy-silane, ureido-propyl triethoxy-silane, and N-phenyl-aminopropyl trimethoxy-silane,
a hydrophobic silane compound such as pheny! trimethoxy-silane, methyl trimethoxy-silane
and octadecyl trimethoxy-silane, and mercapto-silane; a surface-treating agent such as
Zr-chelate, titanium-coupling agents and aluminum- coupling agent; a flame retardant aid
such as Sby0s, Sby04 and Sb,Os; a flame retardant such as halogenated epoxy resins and
phosphorus atom-containing compounds; a coloring agent such as carbon black, iron oxides,
dyes and pigments; and further a releasing agent such as naturally occurring waxes, synthetic
waxes, metal salts of linear fatty acids, acid amides, esters and paraffin,

The composition of the present invention can be prepared by blending desired
amounts of the foregoing components in, for instance, a blender or a Henschel mixer, then
kneading the resulting blend using a heating rolls, a kneader, a single-screw or twin-screw
extruder, cooling and then pulverizing the same.

The semiconductor-sealing material according to the present invention is preferably
the composition of the present invention which comprises an epoxy resin. When a
semiconductor is sealed using the semiconductor-sealing material according to the present
invention, widely and commonly used molding means such as a transfer mold or a

multi-plunger press can be used.

Example

Examples 1 to 5 and Comparative Examples 1 to 5

A pulverized product of natural quartzite was melted and sphered by supplying the
product to a flame formed through the combustion of a mixture containing LPG and oxygen
gas to thus form spherical amorphous silica powder.  In this respect, 10 kinds of spherical
amorphous silica powder samples A to J as shown in the following Table | were prepared,
while variously adjusting the flame-forming conditions, the particle size of the raw material,
the feed rate of the raw material, the classification conditions and the mixing conditions.
The maximum particle size and the content of particles having a particle size of not less than

202 m and less than 40 m were controlled by appropriately adjusting or changing the

13



V-0 V-.0 Heat Resistance/Ability to Wthstand H gh Tenp. 0/20 0/20 0120
0/20 1/20 Table I (Co nued) Conp. Ex. No. 1 2 3 4 Spherical anorphous
silica powder sanple No. F

[wn ]

10
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particle size of the starting material, the conditions for multi-stage sieving of the sphered
powder and the blending amounts of the crude particles, fine particles, ultrafine particles
recovered through the sieving operations. The content of Al,Os was controlled by coating
the surface of the pulverized product of natural quartzite with ultrafine particles of alumina
having a particle size of 0.5 1 m in an amount ranging from 0.01 to 2% by mass, prior to the
melting and sphering of the pulverized product of natural quartzite.  The average sphericity
of these particles was controlled by properly adjusting the flame temperature and the feed rate
of the raw material.

All of the spherical amorphous silica powder samples A to I were found to have a rate
of amorphousness of not less than 99.5%.  These powdery samples were subjected to the
determination of the particle size distribution to thus obtain the maximum particle size and the
content of particles having a particle size of not less than 20 4 m and less than 40 pm. In
addition, these powdery samples were likewise inspected for the amount of chemically
adsorbed ammonia, the content of Al,O3 and the average sphericity of the particles having a
particle size of not less than 45 m. The maximum particle sizes (hereunder referred to as
P1, P2 and P3, respectively) observed for the particles having particle sizes falling within the
range of from 40 to 80 £ m, 3 to 8 xm and 0.1 to 0.8 1 m, respectively, were determined and
the results thus obtained are summarized in Table 1 given below.

For the purpose of assessing the resulting spherical amorphous silica powder on the
characteristic properties as the semiconductor-sealing material, there were added, to 90 parts
(part by mass; those in the following description are shown in the same way also) each of the
spherical amorphous silica powder samples A to J, there were added 4.2 parts of
4,4°-bis(2,3-epoxypropoxy)-3,3°,5,5 -tetramethyl-bisphenyl type epoxy resin, 4.3 paris of a
phenol resin, 0.2 part of triphenyl-phosphine, 0.5 part of v -glycidoxy-propyl-
trimethoxy-silane, 0.3 part of carbon black, and 0.5 part of carnauba wax, then the resulting
mixture was dry-blended in a Henschel mixer and subsequently kneaded with heating in an
intermeshing co-rotating twin screw extruder (screw diameter (D). 25 mm; kneading disk
length: 10D mm; rotational number of paddle: 130 rpm; discharge rate: S kg/h; heater

temperature: 105 to 110°C).  After cooling the kneaded product (discharged product) in a

14



C HI MximmParticle Size F] (i/-in) 8 35 48 55 42 P2 ( 4 m 5.6 5.6
2.2 11 3.5

cooling press, the product was pulverized to thus give a semiconductor-sealing material and
the latter was inspected for the moldability, flame retardancy and heat resistance according to

the following methods.  The results thus obtained are likewise summarized in the following

Table 1.

(1) Moldability/Spiral Flow Test

Fach semiconductor-sealing material was evaluated for a spiral flow value using a
transfer molding machine equipped with a mold for the spiral flow-determination according to
EMMI-1-66 (Epoxy Molding Material Institute; Society of Plastic Industry). The transfer

10 molding conditions used were as follows: Molding temperature: 175°C; Molding pressure: 7.4

MPa; and Holding time: 90 sec.

(2) Flame Retardancy/UL-94

Each semiconductor-sealing material was subjected to transfer molding to form each
15  corresponding specimen having a thickness of 1/8 inch, followed by the after-curing of the
specimen at a temperature of 175°C for 8 hours and the evaluation of the flame retardancy

thereof according to the specification: UL-94.

(3) Heat Resistance/Ability to Withstand High Temperature Environmental Conditions

20 After a TEG-ML1020 chip was mounted on SOP-28p (made of Lead Frame 42 Alloy)
and the lead frame and the chip were connected at 8 positions with gold wires each having a
diameter ¢ 30 u m, the resulting assembly was packaged with each semiconductor-sealing

material to thus produce 20 each of the corresponding mimic or simulated semiconductors.

25 These 20 mimic semiconductors were subjected to after-curing operation at a
temperature of 175°C for 8 hours and they were allowed to stand in an environment
maintained at 195°C for 1500 hours, followed by cooling the same down to room temperature
and the confirmation on whether they could pass an electric current therethrough or not to

thus enumerate the number of mimic semiconductors in which even one out of the 8 wired



P3 (uin) 0.5 0.5 0.50.519.8.0.6 Rate (% of particles having a particle
size of not less than 20 p. in and less than 40/1 in 5.9 18.6 14.6 37.0
Arm of chem cally adsorbed ammonia (p nole/g) 1.6 1.8 0.1 1.1 0.2

positions was found to be failed in the continuity.

Table 1

Ex. No. 1 2 3 4 5

Spherical amorphous silica powder sample No. A B C D E

Maximum Particle Size Pl (um) 48 48 55 55 64
P2 (pm) 56 176 35 (45 |45
P3 (pnm) 0.5 105 |06 (09 |04

Rate (%) of particles having a particle size of not | 6.4 | 13.9 |74 156 | 143

less than 20 1 m and less than 40 u m

1.6 005

™o

Amt. of chemically adsorbed ammonia ( 2 mole/g) |08 [ 0.6 1.

Al,O; content (ppm) ' 1190 | 910 | 2600 | 5810 | 310

Average sphericity of particles having a particle | 0.92 | 0.91 | 0.89 | 0.90 | 0.90

size of not less than 45 . m (-)

Moldability/Spiral Flow Value (cm) 135 1127 131 119 120

Flame Retardancy/UL-94 V-0 | V-0 | V-0 | V-0 |V0

Heat Resistance/Ability to Withstand High Temp. 0/20 | 0/20 | 0/20 | 0/20 | 1/20
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Al 203 content (ppn) 5660 6670 390 1560 560 Average sphericityof particles
having a particle size of not less than 45 pin (-) 0.89 0.94 0.90 0.91
0.88 Mol dability/ Spiral Flow Value (cm 80 72 106 103 86

Table 1 (Continued)

Comp. Ex. No. 1 2 3 4 5

Spherical amorphous silica powder sample No. E G H I J

Maximum Particle Size P1(pm) 85 35 48 55 42
P2 (12 m) 56 |56 {22 1] 3.5
P3 (e my 05 |05 |05 |05 |00

Rate (%) of particles having a particle size of not | 5.9 18,6 | 14.6 | 19.8 [37.0

less than 20 4 m and less than 40 4 m

Amt. of chemically adsorbed ammonia (¢ mole/g) | 1.6 1.8 101 1.1 02

Al,O3 content (ppm) 5660 | 6670 | 390 | 1560 | 560

Average sphericity of particles having a particle | 0.8% 1094 | 090 | 0951 {088

size of not less than 45 u m (~)

Moldability/Spiral Flow Value (cm) 80 72 106 | 103 |86

Flame Retardancy/UL-94 V-0 | V-0 | V-0 | V-0 | V-1

Heat Resistance/Ability to Withstand High Temp. 1/20 |1 0/20 | 2/20 | 0/20 | 3/20

As will be clear when comparing the results obtained in Examples with those obtained

in Comparative Examples, the ceramic powder according to the present invention permits the

7]

preparation of a composition, in particular, a semiconductor- sealing material which is
excellent in the moldability, the heat resistance and the flame retardancy as compared with the

compositions obtained in Comparative Examples.

10 Industrial Applicability
The ceramic powder according to the present invention can be applied to a
semiconductor-sealing material used in, for instance, automobiles, portable telephones,
personal computers and domestic appliances; multilayer plates on which semiconductors are

mounted, and further fillers such as putty, sealing agents, various kinds of rubber materials,

17



FIl ame . Ret ardancy/UL-94 V-0 V-0 V-0 V-0 V-1 Heat Resistance/Ability to

Wt hstand H gh Tenp. 1/20 0/20 2/20 0/20 3/20 As will be clear when
conparing the results obtained in Exanples with those obtained in
Conpar ati ve Exanpl es, the ceram c powder according to the present invention
permts the preparation of a conposition, in particular, a sem conductor-
sealing material which is excellent in the noldability, the heat resistance
and the flame retardancy as conpared with the conpositions obtained in
Conpar ati ve mxaanb8kindtQF pckisdefih@blaARP! | dakildiiidry the ceramic fhedes etcandieg pokader
according to the present invention can be applied to a
senlconductomegwaMNﬂgwn&mer<awma§@dmmha5ﬂbrnwﬁm@anmgﬁaadbbﬁﬁleé§1Hﬁ@ﬁ@able

t el ephones, personal uters.and dones ic a nces: multil

on whi ch serifGUHREISIROGEE uﬂPféanﬂ“aM FUPCH @rﬁﬁi%éa&s NI ’ﬁ%p‘} ? i
seal i ng agen&? r oYl QUS| ﬁé &gﬁ 1[%%@1%&15%%6} & fe invBRONURHBYSY Aﬂoﬁgl%n@sf
engi neering p asticsln a & e ceram c powder according to

present imnvesfehgifegiag plabti@@,\/m&@mben usiedfoagoifg@emicosdiancaealipg erareeagls for use
in, for instance, printed boards produced by inpregnating glass woven
fabrics, glass nonwoven fabrics and other organic base materials with the

ceram c powder of the invention as well as various kinds of engineering
plastics, in addition to the foregoi ng sem conductor-sealing material.
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VWhat is clainmed is: 1.Ceram c. powder having a multi-peak frequency
distribution pattern having at | east two peaks as a particle size
distribution as determined using a |laser diffraction-scattering type
particle size-analyzer, the maxi mum particle size for the first peak
ranging from40 to 80 i.r m 5 and that for the second peak ranging from 3
to Sir mand the rate of the particles having a particle size of not |ess
t han 20/ 2 meng: sessmbdhan 40; m being not nore than 20% by mass (inclusive
of 0% by mass). 2.1he ceram c powder as set forth in claim1l1, further

havi ng a thilrd pEakmivhoselenrbximmmplariicek freqehaedistahges phrtegmhyilg tideddt BvoLi
in. 103. The ceram c powder as set forth inclaiml or 2,  hayi ng a chem ca
absor pti on atfdknis dPaRiroicad FER st Sarmined s Bse difigragtationg Fies
ceram c po . S . Se th.in. f. clal ' bk
pouder . 5. HFEUASl oL The ooy BRI s B M iy b8y Fuo B 20N S
content ranginAghd: FOMhd Q& oh® p&A0RNERMrokDE tAS G ONPABtHeir®B of ONParsdleighaaingl east
one of a resin and rubber and the ceram c powder as set forth in any one of
clains 1 to Bitidendergorataethah@peimandless demite omtborprotsveikitiig T4t BY maps
conprising the corrpg&oi ion as set forth in claim6, wherein at |east one of
the resin and*HiBpat Py &Hs¥poxy resin. 20

2 The ceramic powder as set forth in claim 1, further having a third peak whose

maximum particle size ranges from 0.1 to 0.8 u m.

10 3. The ceramic powder as set forth in claim 1 or 2, having a chemical absorption amount

of ammonia ranging from 0.1 to 1.8 1 mole/g.

4. The ceramic powder as set forth in any one of claims | to 3, being silica powder.
5. The ceramic powder as set forth in claim 4, having an Al,O3 content ranging from 100
to 8000 ppm.

15 6. A composition comprising at least one of a resin and rubber and the ceramic powder as

set forth in any one of claims 1 to 5, incorporated therein.
7. A semiconductor-sealing material comprising the composition as set forth in claim 6,

wherein at least one of the resin and rubber is an epoxy resin.
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