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DESCRI PTI ON SPHERI CAL SI NTERED FERRI TE PARTI CLES, RESI N COWPOSI TI ON FOR
SEM CONDUCTOR ENCAPSULATI ON COVPRI SI NG THEM AND SEM CONDUCTOR 5DEVI CES
PRODUCED BY USI NG THE SAME Technical Field The present invention
relates to spherical sintered ferrite particles of good el ectromagneti c wave
shieldability, 10 to a resin conposition for sem conductor encapsul ation
conprising them which is to be a cured body-form ng material having both
good el ectromagneti c wave shi el dBBSCRIBTESN good el ectric insulation
properties, and to a sem conductor device of high reliability produced with
the resin conposition. 15 Background Art In general, in a process of
produci ng sem conductor devices, the sem conductor elenent finished after
bondi ng t QPAERILALIM SIRTERER FERRITEAPAEATICLES RS TN NOOMEESS ITIUMCFo’s a 20
thernosetting resin for preventing it frombeing in contact with the

out si de. FRRITONOUOVORENCAFSYLATE PR COUIP RTINS AN DBEMICONDY Ca0R
di spersing a silica powder-based inorganic filler in an epoxy resin.

Regarging the net hod gEyengapsrbaicen pv thsie 7 diapg: resin, for exanple, a
transfer nol ding nethod has 25 been put into practical use, which conprises

putting a sem conductor el enent bonded to a substrate into a nold,
transferring a nolding resin thereinto under pressure and curing and nol di ng
t he nol di [ : in. Heretofore, resin-encapsul ated sem conduct or

. nhizal g a or €, ; P ( .
devi ces g%%é%rlcatg ggy encapsul ating a sem conductor elenent with a nol ding

resin are excel t ] Lnt_Qf rel.iabLli , th - R ihility, and
t he cost thereo#&gaﬁgeﬁggg BQ%S Ehﬁﬁcﬁegggégi%gtﬁghgfg%éﬁo%d%%%?ﬁg
ceram c-encapsul at ed. sem cqnduct.or, devi ces that conpri,se.cetam.cs as the
constitu&%&hliﬁt%?¥5}° %ﬁfﬁ£988?.8165%r°m%ﬁﬁ?ﬁl€|8%?$H%P%ﬁﬁ§3§&ﬁ§§¥: a probl em
of ﬁ%ﬁctkpnagnetic.co atib%b%%%h(ghty has. been sgecificalg%&n ted. For
exanpt e, “PecBnt EFHtOr RSP nitQat i BFPLEPPFURTRE SRS HG8Mard much
nore down-si zed .and function-advanced ones, and for_further 15 Lngroving t he
per f or neORPSE SLBR ERFAUICTIESi ERPT & FETRSRPAN LM nhPRERES, the
signal anplitude is reduced so as to | ower the power consunption. As a
resul t, DRF-BY BOFRCILRL| PP G TRFEGNHTC YavRath 2SR hotY Hingh 9PPdquency
noi ses naﬁ cause mal function of sem conductor devices. Accordingly, 20
devel opmERECEE 16| Brs P bt EoR PHOPES tASE  rand 4 AgS eRjcontiteeys deylice
el ectromagnetic waves or resistant to el ectronagnetic waves generated around
themis & hggpr oediabilinygpnedused \Wickh & heyrk&s gy spmpesdtignresin
conposition
15
Background Art
In general, in a process of producing semiconductor
devices, the semiconductor element finished after bonding to
a substrate is encapsulated with a2 molding resin such as a
20 thermosetting resin for preventing it frombeing in contact with
the outside. The molding resin is prepared, for example, by
mixing and dispersing a silica powder-based inorganic filler
in an epoxy resin. Regarding the method of encapsulation with

the molding resin, for example, a transfer molding method has

25 been put into practical use, which comprises putting a



for sem conductor encapsul ati on has absorbed el ectromagnetic 25 waves, then
it converts the energy of the waves into heat. The energy conversion
efficiency is correlated with the values of the inaginary part of the
conplex dielectric constant of the dielectric constant of the cured resin as
conpl ex expression, and the imaginary part " of the conplex nmagnetic
pernmeability, 5 of the netic perneability thereof as.conplex ression.
These valﬁfé‘glcé’é‘t‘f{‘r’qtr?(ﬁ cat E¢He g?’é‘?%@t FPc Eﬁyoi'gb%ﬁﬁ?rt?lelﬂg@né‘t ir9:°%1xcgss,
respecti velay, of the incident el ectromagnetic energé; and when t hese val ues
are | ar gerEINHET NG 2RQLEYNE SRFe PG AF ST ERERY PESSARGRANd G Nher ef or e
the el ectromagnetic wave 10 shieldability is higher.

Onenet hodd¥d diakidigich sdisoreledngi sRsdNeLBBYeBAmgnetic interference problemis
proposed, which conprises building a sem conductor el enent-containing

i ntegrated circlipregefpee, i nealpaehagpsehatedgiephernductirn dsvingskage base
and a package cap forned of ferrite or of a substance having

ferri fe- cialnssipared y cdrerapetdEtsnioc s fadniomerdiuntoi relieglemity wartdapsul at i ng
it therein so as to nake the case absorb el ectromagneti cwaves i nside

andout si declidingseesRat art Refel bawe i) pditvl 8@ pheppskiabislBcy, the

resi n-encapsul at ed sem conduct or devi ce, which conprises a sem conduct or

el enent  hergsgroduzididiie yhashdtthedcvé € e aaeaGt e6d iy deBegome earhict or
elenent and a lead, and in which the wire, the sem conductor el ement and a

part of tihsd eadcke exreneapaylwiedl airahiz-Rgaekutaredi selSethdirddat ent
Reference 2)-In this case, the surface of the sem conductor device is

coat ed WiddyiddsefharecdnpResecdeRENEEsCake8he oSO PhEi $e\and weraad
resi n-encapsul ated structure, or ferrite is used in place of the silica

parthel escia-dyg used as a filler in the nolding resin, thereby formng a
one-l ayered 5 resin-encapsul ated structure. Al so proposed is a sem conduct or

package, for _casiilende SELL00 s abn@keeato il it BE' o fl crRMdiarel . Of

whi ch t he sem conduct or pac yI's of a nmagnetic powder-m xed

pl astic r&ﬁﬂ;%t(i%qﬁ i agﬂ?CB‘?Ja%r@@&? s%;:%%ﬁ%aﬁh?%&tfeé .es'gBt\:h]%raglfH;I%ﬁi ses a

magneti ¢ powder suc ferrite or a ous afl oy m xe in which
LD ot hedlngd 15FBRAELLF PG i HEF LSO RL L 0 20,00y ve ot o
I nef f ect in\\/LFch more down-sized and function-advanced ones, and for further

15 improving the performance of semiconductor devices to be used
in such appliances, the signal amplitude is reduced so as to
lower the power consumption. As a result, there is increasing
a possibility that even minor high-frequency noises may cause
malfunction of semiconductor devices. Accordingly,

20 development of electronic devices not releasing any unnecessary
electromagnetic waves or resistant to electromagnetic waves
generated around them is being promoted.

In general, when a cured product of a resin composition
for semiconductor encapsulation has absorbed electromagnetic

25 waves, then it converts the enerqy of the waves into heat. The



for preventing el ectromagnetic noi ses; but even if larger than 15 60 % by
wei ght, the effect of the magnetic powder is saturated. Al so proposed is a
sem conduct or device conprising a sem conductor part, a wire netal substrate
to which the part is bonded and a nolding resin to directly cover the part
and the necessary area of the netal substrate, in which the nolding 20 resin

conprises an organic resin d.from35 to 95 t by weight of a ferrite powder
Sdded { nEPEEEY SHRVERELOMGRICIEREANLS Pl SHENOrhe RERTHATIPRG et | o

from14 to 20 ppm C (see Patent Reference 4). The nolding resin may conprise
an epoxythesimaginkry PaEstEneé Uic gorplanl &l eMRDC ¢onRbanE 208 theher ei n 25
Mis a divalent nmetal, and n is an integer) added thereto as a ferrite
powder. dielectzipseonsersaf thescured resdmpasi SPMRl §3 e XPEHsEdRBuct or
encapsul ation conprising a thernosetting epoxy resin, a phenolic resin-based
curing agedtthierinawE nepyxparegihefatiss lcdooplpavwagnét angdeameadpidiity powder
serving as a filler for the epoxy resin, wherein the nean particle size of
the s3liof poedemrgnetiaapbemesbahithathexfedhe sragpmailicx popdess@isae Pat ent
Reference 5) . This is characterized in that the magnetic powder is ferrite
of whi chTheeemmllugmebichl indiatd shé rdimleR trd Slogmamadthd malgaregest particle
10 size is at nost 200 gm Al so proposed i s an epoxy resin

conposi t 198 s¢ QENpeiti%e 135 éflehéﬁﬁﬁﬂﬁ@ﬁ@i&if&ﬁ@@i@iﬁéeﬁ@?@?pﬁnd( A) an
epoxy resin, (B) a curing agent, (C) a magnetic powder and (d) a curing

accel er aygen idhedd Chalhes MBgBENGqRWI &M EC) thasS edekglaldoreka j@RgNEt i C
pernmeability of from50 to 3000 ang its content is from30 to 90 % by vol une

of the Olé%i‘l:heﬁes}x&{s reSdHk £OTRRS theRBrbeeer Rat &1 c IR RS Shvave _
Preferably, the relative magnetic perneability of the megnetic powder (C) is

highed QRdehHabilify! 88ShifRE- 50, then the conpl ex magnetic permeability of
the 20 resin conposi %{i on 1s"low and the el ectromagneti c wave shieldability

thereof may be dnsuf fﬁlg{:ﬁg{{" ] FQe t hgaﬂ?gg tic.pawder. e—me@rt;ifoﬁéﬁed is a

ferrite-based powder; an Zn- bas ite or M-Zn-base errite may be

f bl ' i pel . Zr - d. ] Ti - M- d
Perrite SiUREinnindior yivdite Al EAPRRBR cby pitdadlan MIFR oG, 1

Patent Reference.2 Rafanl; Ref of engg 3 PALENL o Fer o125 % ARRLERL AT er ence 5

integrated circuit device in a package case equipped with a

15 packagebase and a package cap formed of ferrite or of a substance
having ferrite-corresponding characteristics followed by
airtightlyencapsulating it therein so as tomake the case absorb
electromagneticwavesinsideandoutsideit {seePatent Reference
1).

20 Alsco proposed is a resin-encapsulated semiconductor
device, which comprises a semiconductor element bonded onto a
die pad and a wire connected to the semiconductor element and
a lead, and in which the wire, the semiconductor element and
a part of the lead are encapsulated with a magnetic resin (see

25 Patent Reference 2). In this case, the surface of the



JP- A- 64- 41248 JP- A- 3- 23654 JP- A-6- 151626 JP-A-11-40708 JP- A-2002- 363382

JP- A-2003- 128880 Di sclosure of the Invention Problens that the Invention is
to Sol ve 10However, the sem conductor package with ferrite in Patent
Reference 1 is difficult to work and is not practicable in point of its
cost. Therefore, a nethod of sem conductor encapsulation with ferrite is

desired, whi,ch is si rrpciﬁe and, easy,_and. icrge Is more effectjve andnore
ol i abl & FOH COBAYFTOR ARV Ao FONEGAEEF B O F T A D RRES SRR | 1 Pat ent
Ref erence 2, a sem conduct or, devi ce hayi ng a one-:| aé‘gr ed resin structure is
easi |y priédifeli® GeFRg iefeThavered, resiparnraPsthatag) SR ®Sn Tand t he
device is_prevented from mal functioning wth el ectromagneti c noises. In
this, 20 figgwerer 1ssusrd imeleeerof dheoftaiArRRFESFIEs £9 RedrseE@Scont act
with the sem conductor elenment, the resin conposition that contains an
ordi nary ¥ didiles havthg mekdind|ugsiia, Sherebypfopnenata conarlavenesd j ability.
Further, also in Patent Reference 3, the device is problematic inits
reliabil izesigi-eosap5ud aseni sbmdattoe. el enent and others are encapsul at ed
through direct nolding with a magneti c substance-m xed plastic material .
| n Pat ent Ref erBhse gropdeed eld abisleitiyonsurchorepsckaby foe asseirmyf aa nol di ng
resin containing from35 to 95 % by weight of a ferrite powler added thereto
and havi ngrd coheub reapaishOand other elements therein, of which the
semiconductor package body is formed of a magnetic powder-mixed
plastic resin (see Patent Reference 3). The plastic resin
10 comprises a magnetic powder such as ferrite or amorphous alloy
mixed therein, in which the amount of the magnetic powder is
preferably from 30 to 60 % by weight or so. If the amount is
smaller than 30 % by weight, then the resin may be ineffective
for preventing electromagnetic nolses; but even if larger than
15 60 % by weight, the effect of the magnetic powder is saturated.
Also proposed is a semiconductor device comprising a
semiconductor part, a wire metal substrate to which the part
is bonded and a molding resin to directly cover the part and
the necessary area of the metal substrate, in which the molding
20 resin comprises an organic resin and from 35 to 85 % by weight
of a ferrite powder added thereto, and the thermal expansion
coefficient of the molding resin is from 14 to 20 ppm/°C (see
Patent Reference 4). The molding resin may comprise an epoxy

resin and a substance of a formula, MFe;0, or MO-nFe;03 (wherein

25 M is a divalent metal, and n is an integer) added thereto as



5 coefficient of from19 to 20 ppmi C. However, this reference does not

di scl ose the noldability and the dielectric breakdown property of the resin
as well as the short-circuit test result with the resin under a |oad of bias
vol tage applied thereto, in which, therefore, there are sonme problens in
point of the 10 noldability of the nmolding resin having a high ferrite
content and of ;the reliability thereof under a | oad of bias voltage applied
thereto. @ ferrite ROPE@ERt Reference 5, the inventors specifically noted the
mol dability of a ferrite powder-m xed nolding resin and the 15 risk of

mal function t hrdbgp RAARGERA [Eak ERS IGWCARPE6 1EhENcHME HaMiFranRbiet o

sem conduct or el enent and the cured product of the nolding resin, and

pr oposed eacrpsii atsap@aimpird:s ihgra shedrasaticing epowapessint B@heniedticcont ai ns a
specific silica powder and a specific ferrite-based magneti c powder, as so
ment i onede2@nkbasedaborveng oyenie fort hive regsiny cesposi &i ol ica gowder
unsatisfactory in point of the reliability thereof in practical use. In

Pat ent Reher emmgpfetinr ppesed serain@pexy fikldar darpehetémsxyd aesdani conduct or
encapsul ation, which contains a 25 magneti c powder having a high magnetic
per meabi hhieye@h tremddh phet3000. sHyweethe ofi lfidd pbRdbased speuders that are
said to be preferred for use therein, the magnetic perneability of those
havi ng athagh:NERgBEHtie REEAEADE DoideiaYs e pat e R He £33 e@lceS) . aMUisi N fact,
therefore, the powders are far fromthose capable 5 of satisfying the

requi r emant cid rd die RN hAhd e hOnd gndh i rSdRer 18 AdYSicd 8 adidichi on,
nothing is referred to relating to the reliability of ferrite, and its use
is probl t : 0] dj | 8l i ] or

sem condairarinparsirie FAZeEL PR I0% fo LR A O3 L EQUBE RN g 10

t enpef at yr.e t her eof a its requirement for | ow pressure transfer
ol 0o | :‘J’tl?? PERE “‘lggg‘rgggi %d to have high flowability. In such a nol ding

| t ok A d.Ni -7p- d b
oo o PO MRRDIS S 8L AN Mo ASE i pa 0 By

i ncreasin fildl] ratio w.th errige riicles therein for the
our pose OF PHE Eidadih s TR nEr bt Bat Resitddd " o7 bh e 2R esn.
Specificglly, it i,s necessary L0 _optimze the shape_an he particle size of
ferrite 3%?tﬁcf@§lpg Sgﬁﬁi’a(Fésﬁn“5595§§FtP8H%F5ra§§nﬂ9§n8u5P5an

encapsul ation as. a filler therein, and to |lower 20 the ionic._inpurity
Contont GFCEHETREPFr  sPpubi I FEEReRiLeRONAGE L he) (iAd doiHeie S5

resi p-encapsul at ed sem caonduct Qr_devices. _T i nventi on has been nade in
Consh oo ERDRTOF AR MR SR BI G0 000 S St GOmtrot bS rah: do
spherical_ 25 sintered ferrite garticles useful as a filler for a resin
conposi t F8nte G0 T ¥ohENR Yy TRAQHRARA L RBAXY (18 SN0t PHROSL F &%  S€6nposi t i on
for sem conductor encapsul ation conprising it, which has good )

el ect r onEghentc BpbRrarsel @abi | i Pyeigsedlyol Fa5i | Felakive gagdetasility, and
to provide a sem conductor 5 device encapsulated with the resin conposition.
Means foPesoeabaditieoPr ot aragnetic popdest &) nishkighgectans igbdte, the
present invention has the follow ng constitutions. ' 1. Spheri cal
si nt er ed isel e#s &hgay 60¢| ekemabliengomhbes nganatow pgrpeabétiteof heto (c):

(a) the soluble ion content of the particles is 5 ppmor |ess;
20 resin composition is low and the electromagnetic wave

shieldability thereof may be insufficient. For the magnetic
powder (C), preferredisa ferrite-basedpowder; and Ni-Zn-based
ferrite or Mn-Zn-based ferrite may be preferably used in spinel
type, and Zr-Mn-based ferrite or Ti-Mn-based ferrite may be

25 preferably in magnetoplumbite type.



(b) the nean particle size of the particles is from10 to SO gm (c)
the crystal structure of the particles by X-ray 15diffractionetry is a

spi nel structure. 2. Spherical sintered ferrite particles as
described in the item1, which have the follow ng property (d) in addition
to the properties (a) to (c): 20(d) the particle size distribution of the
spherical si e r' article has. a in each of a particle size
range of f? %%EE g %§E a part %p@ %fi@ﬁﬁg%ge of from20 to 50 gm 253.
Spherical sintere ferrlte article e iped in the item1l or 2, which
are an oxi A8 6PtF egﬁﬁeﬁF Igast onei%éﬁaﬁtéfé%gnt M sel ected fromthe group
consi sti ng_of Ni and sintered ferrite
particles &8tg2 cPPS@HePﬁetﬁe |tem‘§P %m%r%gig%ée mol ar ratio of the neta
elenent Mto Fe (MEe) constituting the s fherlcal sintered ferrite particles
is wthin ZatgR§eReferrree=41/1. 57 % A7bl14070®5. spherical sintered
ferrite particles as described in any one of the itens 1 to 4, which have a
speci Bi ¢ sketgps Beégrepca BET net hdbrAf20G2ami@B3IB2 to 0.1 np/g.

6. Spherical sintered ferrite particles as described in 15 any one of the
itens 1 toPatenti Befhaence pore vol IPRARBOGSd88AG penetration net hod of
0.2 liter/kg or |ess. 7. A resin conposition for sem conductor
encapsul ati on, which conprises a filler containing the spherical sintered 20
ferrite particles of any one of the itenms 1 to 6, and silica particles.

8. The r axisticyresidi ahd dnveamieanduct or encapsul ati on as described in the
item 7, wherein the proportion of the filler 25 is from®65 to 80 % by vol une
of the restsblompatidy @he Invention 9s ¥bessesen conposition for

sem conduct or encapsul ation as described in the item7 or 8 wherein the

propaption of tRewsplel ittdl sehitHRE TR pddiafonitritegrifetinepdddder is at
| east 50 % by volune of the filler. 5 10.The resin conposition for

sem conduygd M rSNGARSIY alEeNcast deSEstRaARd s e biest S-anhiergighidie bl end
constitution of the filler neets the followng (dl) to (d3): (dl) the silica

particl es,hawi pasa. mﬁmep@fsfélsm&%@d%ff ééﬂe&%éﬂbzlén a”%mwn for from
4 to 30 % by vol une of the filler; (d2) the spherical sintered ferrite

partlclesnﬁga/'feq 3cEeag @%retfféq wﬁ&éﬁ:@é fl&r@?ﬂgggnaoeé% RINaagR PRt f or from

50 to 93 t by vo une 0 the silica particles having

a mean pq{&xfnecéffﬂ:&fvé’fanﬁrn%?e@é’lizaﬁfé £oPTAGE WAl f O &t Pl AA 130 %0 DY

vol une of t
15 dinterference problems.

In Patent Reference 2, a semiconductor device having a
one-layered resin structure is easily produced, using ferrite
as a filler for the molding resin, and the device is prevented
from malfunctioning with electromagnetic noises. In this,

20 however, since the ferrite-containing resinis indirect contact
with the semiconducteor element, the resin composition that
contains an ordinary ferrite having many scluble ions is
problematic in its reliability. Further, also in Patent
Reference 3, the device is problematic in its reliability since

25 a semiconductor element and others are encapsulated through



11. The resin conposition for sem conductor encapsul ation as described in the
item9, wherein the blend constitution of the filler neets the foll ow ng
(d4) to (d6): 20(d4) the spherical sintered ferrite particles having a nean
particle size of from5 to 15 pmaccount for from4 to 30 % by volune of the
filler; (d5) the spherical sintered ferrite particles having a nean
particleéﬂ ze of fé,om 20 to 50 pm.account for from50 tg 93 % 25hy vol une of
the fill SEreCHRPIAINEWITR pORGRELICS W%&%Qﬁéﬁ%mﬂ%’sﬁ -e of from
0.2 to 2 maccount_for from3 to 30 % by volune of the filler. 12.
The resin conpodht PakerbRef@renGsdfet PR oreliability is increased by

encapsul ati onasdescri bedi nanyoneoftheitens7tol | ,wherein the silica particles
are sphertitéabisgi of Gampading|easin containing18rom@d feshh dcbpoidhiton for

sem conduct or encapsul ati on as described in any one of the itens 7 to 12,
whi ch 10 aatfsints tenpepdsy addedthanete phdlviving ashermaleakpansinp agent .

14. The resin conposition for sem conductor

encapsul ajdedifisdesar olfiefiran bl tten®d, ppingtTontawasaeyr thys acefd ssradeor al ong
with the epoxy resin and the phenolic 15 resin-based curing agent.

15. A serdazenduoctdisalende ehprmsivds hiyt eandpsha afiiedgca rderbreakbimdror el enent
with the resin conposition for sem conductor encapsul ation of any one of the
items 7 tprcpbrid0oFothé ke siur §9se1df agbt Ré NEHIE B-diaiul tcoapeStdduait to be an
encapsul ati on material which has good el ectronagnetic wave shieldability and
has good Wi ahiel keyiandndegha reddalifl bivs vBlthhe PHEEEEd tHwEirs have
made assi duous studies of 25 essentially the constitutive conponents of the
encapsul atd QhichBt @heabfo¥€, NewerSNesd fddndl e oRQedd anSPbigt-dypaderrite
whi ch has heretofore been used for i nparting el ectromagneti c wave

shi eh gdabinditdaria 1#3C 8PS bR HB ALd A havahd qu@m@frétéeédr@éer&f_ studi es
for obtaining a spinel-type ferrite material "5 having good noldability and
hi gh relighjls : h E ' j iJity. As a
I e s i S R R s P
having a Qe ion content of at nost 5 ppm (b) having a mean particle
size of from 10 to 50 Am and (c) having a spinel structure as 10 the

crystal struct Ui dRErRoRoRY oLa SEOLTACHL B KoREe tsgth U A s N

conposition, thén resrn conposi‘t eIy express

Forrit opdtid BpbeRAvE:cY ok ¥ BRE Bde O B ot e noad S end s abi 111y
Fesi 1Sconith SF BR LRI ERERE KPR e oo S LS eV TR PR G 1111 ng
i § nor cAFIRT AaFEAFORRGHOF I HMHe S50 SepFUGEE PERGREDIOL F T hat 1 he

resin conpasjtion may 20 have good nol dability; .and on the basis of these
f i ndi ngs MRS 4R § GhcHAP RO SRR 8 &6 IPRABIRASHS Lon foT semiconductox
encapsulation that contains a specific silica powder and a
specific ferrite-based magnetic powder, as so mentioned
20 hereinabove; however, the resin composition 1is still
unsatisfactory in point of the reliability thereof in practical

use.

In Patent Reference 6, proposed is an epoxy resin

composition for semiconductor encapsulation, which contains a

25 magnetic powder having a high magnetic permeability of from 50



Ef fect of the invention As above, the invention provides spherical sintered
ferrite particles having the above-nentioned properties (a) to 25 (c) and to
provi de a resin conposition for sem conductor encapsulation that contains a
filler conmprising the specific, spherical sintered ferrite particles and
silica particles. Accordingly, the resin conposition has |ow viscosity and
good fl owabiljtyanghasgoodel eciro neticshiel dability;andwhen, 5 the resin
conposi t;l%h ‘%dso segogggﬁﬁ'eﬁga#ﬁ{ﬁja 'g?‘? BOVESE S ﬁbﬁtt ABer 23tf tihg

sem conduct or devic as good EMC characteristic. ... Wen the spherical
sintered PPFF srﬁsﬁt 190 &3e FAGESiNN FIRFE IO PERBeaABL Y At Kot FRRRR
properties (a) to (c), an additional property (d) that the_particle size

di stri buthdping & fragaetacpRakme 2L bhEhY g2 Biaal BPetsPPecF a¥fye of from
5to 15 gmand a particle size range of from20 to 50 mm and when the
particl esawd, iRefaghpe thegefose, thepovders d1¢ Ifasi from thoseuzararle nproved
and they may have nuch better flowability and nore excell ent el ectronmagnetic
wave shi ebtiabtisfyingSheimaquilrerepnerf tix isvantied ihathis veParenad es have a
specific surface area by a BET nethod of from0.02 to 0.1 nR2/g, then they
may have ImrtHier, het teditbiongabnbthing is referndrenot melaphegi talths ntered
ferrite particles have a pore volune by a nercury penetration nethod of 0.2

liter/ kg p£lissislitdp dheferddiee, maydhave buet herpbeblematiowability. Brief
Description of the Draw ngs Fig. 1 is a cross-sectional view show ng

one exanpl e of trhe rkArdicRNEREIDIn €@sGe Cmpdia Hivrefdt 8miESddgetdr i S
across-sectional view show ng anot her exanple of the sem conductor device

of the i nvedipfilathich rud® Raparhi ¢be wizeodisly putdOnKrvel@ing he
spherical sintered ferrite particles used in Exanple 5. 5 Description of

e M e e s e L S R
the Inventifkfermoldability, and it is required tohavehigh flowability.
In such a molding resin system, ground Mn-Zn-based ferrite and
Ni-Zn~-based ferrite prepared by mechanically grinding ordinary
ferxite ingots are unsatisfactory for increasing the filling
15 ratio with the ferrite particles therein for the purpose of
increasing the magnetic permeability of the resulting resin.
Specifically, it is necessary to optimize the shape and the
particle size of ferrite particles to be in a resin composition
for semiconductor encapsulationasafillertherein, andto lower
20 the ioni¢ impurity content of the ferrite particles for
increasing the reliability of resin~encapsulated semiconductor

devices,

The invention has been made in consideration of the

situation as above, and its object is to provide spherical

25 sintered ferrite particles useful as a filler for a resin



In the invention, specific spherical sintered ferrite particles are
obt ai ned, and the nost characteristic feature of the invention is that the
specific spherical sintered ferrite 15 particles are used in the resin
conposition for sem conductor encapsul ation of the invention. For exanple,
the resin conposition maybe prepared by fornulating an epoxy resin and a
phenolic resin-based curing agent, and additionally a curjing accel erator and
a sili ca FRESEEIANIEP R SEBACPRRUCT QL ERCARSIAET2ON HARBIVIHRASC T t abl et s
produced by tabletting it. | For the specific spherical sintered
ferrite pamFOsiddon Hostmmisrpduater Ancansalsddiond GAmAT idngr 1then
sintered in spheres and thereafter further washed with water; or after

si nt er ed Wi ofphbres, gedky edrytbemtgheyiqastave t shikddabylicfuced®Bl t he
soluble ion content of the resulting particles to at nost 5 ppm

Pr ef er abimpldalid 1SdindArb@high redntbnlity, reditedrovide anpsti dorphmtothus
reduci ng the soluble ion content to the lowernost Iimt may increase the
reliabil idewiefe theapessilatednpdshtthe tesisecdmposicien. encapsul ation that
conprises the 5 resulting particles. Specific exanples of the soluble ion

i ncl ude Nean234br3.s0ARdnglthel Prépsemvhere the sol uble ion content is |ower
than the detection limt, then it is expressed as 0 ppm and the total

amount of the depesttadir @A8 diFjARYtKbvelhenepsdAdntSt Abehti8nhasX-ray
diffractionmetry of the 10 specific spherical sintered ferrite particles is a

spi nel  stdhiCtAdna owReeetonkcitiei8Rsr ating frequency of sem conductor devices
is over a level of 17°GHz, and sem conductor devices nust be shielded from

unnecessary adio WYY sah1N AfiRlerPHERFYre XL SUE N SRR T UCt U e,

the ferrite particleés may satisfy 15 this requirenent. Preferdbly, the

spher hcale Si [ ferri arnticles g an oxide of at |east one neta
elen%Rt ﬁé}é@&@ﬁ@gpfﬁ ﬁf?ﬁggggéhpkgoﬁgféting of My, Zn, Ni, M and Cu, with

For ool ol shllbiks APEaHIERt e BheChILeAL LO9L50 HiifoRT ddl M ert

for sem co or ~encaps ron’rs requir
{b) the mean particle size of the particles is from 10 to 50

pm;
(c) the crystal structure of the particles by X-ray

15 diffractiometry is a spinel structure.

2. Spherical sintered ferrite particles as described in
the item 1, which have the following property (d) in addition
to the properties (a) to (c):
20 (d) the particle size distribution ¢f the spherical sintered
ferrite particles has a peak in each of a particle size range

of from 5 to 15 pm and a particle size range of from 20 to

50 um.

25 3. Spherical sintered ferrite particles as described in



20 as possible. Also preferably, regarding the conposition of the spherical
sintered ferrite particles, the nolar ratio of the netal elenment Mto Fe
constituting the particles is within a range of MFe = 1/1.57 to 1/2.17.
Specifically, when the nolar ratio of the two oversteps the above range,
then the particles 25 could not be sufficiently ferritized and could hardly

have sat| r net | acterjstics. ~.On t e n the

f orm of t#gé g‘%%?‘eileo?gér‘?ﬂﬂf%ﬁ%get ?él%%lcliés%%ogesa&#;sfzgg%g? %?‘gk%gn%fe, when
the partic|es haye variou ha .. then_the viscosit f the resin

conpbel I SHERRY Fnet LREEES AFThEhe pPSRRiATRaLF IR o6 Thny ol et
Preferablag/, '%ge spherical sintered ferrite particles have a specific surface
area by et hod of from0.02 to 0.1 n2/g. Al so preferably, the
particles have a pore volunme by a nercury penetration nmethod of 0 . 2

liter/kg or less. Having 10 such a specific surface area and such a pore
vol ume, the spherical sintered ferrite particles may have an increased
degreé@ of sint efi-nFPheEl e¢xbixing@redcte npit 9 Pasdcliesdas deparibedf e t he
flowability of the resin conposition containing themin encapsul ati on of
sem condueh®rit@medenvbereifincheaddr Fatineef tite sigtcdl elemenrb¥rtef t he
pores in the particles is small, it is easy to renove soluble ions fromthe
parti cl esFdyMiEshicopstthieamttimgat hbevphepicsl gimterekdeferr iepartiches ticl e
size of the specific spherical sintered ferrite particles of the invention
nmust fal lisviwitihira a argegeofo2M Afleom 101t 87500uly2ndie preferably from 15 to
40 um Even nore preferably, particles having a particle size of 63 um or
nore do not substantially exist in the specific spherical sintered ferrite
particles of the invention. In order that the resin conposition for

semi gonduct or enlcapshe i ¢HN sihtleted fveniiopa2tide sCadiistriibediBirite
particles in an increased filling ratio and may have good flowability, and

in order dhalonlehef alipctitem@oneid @, CHRi ¢ tRveShi Soddi e sheFadeCOR@OSI tiON,
g" at 1 GHz thereof could be kept high, it is desirable that, in the

particl e 1y ze Bt iMddNdd AT tdheneal. 0ot ke betritggparticles may

6. Spherical sintered ferrite particles as described in
15 anyone of the items 1 to 5, which have a pore volume by a mercury

penetration method of 0.2 liter/kg or less.

7. A resin composition for semiconductor encapsulation,
which comprises a filler containing the spherical sintered
20 ferrite particles of any one of the items 1 to 6, and silica

particles.
8. The resin composition for semiconductor encapsulation
as described in the item 7, wherein the proportion of the filler

25 is from 65 to B0 % by volume of the resin composition.

10



5 have a peak within a particle size range of from5 to 15 gmand a peak
within a particle size range of from20 to 50 gm More preferably, the
spherical sintered ferrite particles to be in the resin conposition my have
a peak at a particle size of around 10 gm and a peak at a particle size of
around 30 gm For obtaining 10 the spherical sintered ferrite particles
havi ng such two peaks in the particle size distribution thereof, for

exanpl e, herei n%feoyadie compasibinpfoatsenidargiuaten gpezspodlapimy i cal
sintered ferrite particles, or that is, spherical sintered ferrite particles
havi ng a axdesgaribed énsilee idemf 7 oom B ,t shébedm wnsl preopepitenncaf et er ed
ferrite particles having a nean particle size of from20 to 50 gm The
spheri calspiedisraad sfatered ferditd earbavieg in paet fLlkesiizcaefladaund 10 gm
may have a high g" at 1 GHz, andtheymaybe effective for inproving the

el ect r omeRmed iy wdltarhios adali Ifiiiyeef the resin conposition for

sem conduct or 20 encapsul ati on containing them The nean particle size and
the particle size distribution of the specific spherical sintered
ferriteparticl esmenti onedabovenaybe determ ned, for exanple, by the use of a
| aser-diffracti@get rieppartigd & Si z@mRalit38h TRE-SPegihi Cosphard.cal

sintered ferrite particles may 25 beproduced, forexanple, as follows : First

describedd SANRRAG, Us WeQRaibad SnSLRE Len' 61 MihErAdte piaid | Ng

t R §
materials for 1t are melghgg to be a deS|reg conposi tion, andnlxeéimjth

51111110 ASh A BRGNS S OhUCBLy L0 e SAENS4B. SRS o S|4ty havi g o

slurry concentration o by wei g en e slurry is

dried by snugyi g, A9 Lher el LeLs WIS s, heatedaat; BOD 410 13006 g so to

produce sp sinter rTte par e resurti'mg spherica
n cfbot r oGoHRULE MR FHEBI B ol roR .58 3h§ RYavP LIS iy S0Bl HhELSH 10 about
Intended, 4925 FH SRl SIPRAEPROETERTE Bahe encBaving a el 0duce the
particle size of from 20 to S0 pm account for from 50 to 93 %
by volume of the filler;

{d3) the silica particles having a mean particle size of from

15 0.2 to 2 um account for from 3 to 30 % by volume of the filler.

11. The resin composition for  semiconductor
encapsulation as described in the item 8, wherein the blend
constitution of the filler meets the following (d4) to {(dé):

20 {d4)} the spherical sintered ferrite particles having a mean
particle size of from 5 to 15 um account for from 4 to 30 %
by volume of the filler;

(d5) the spherical sintered ferrite particles having a mean
particle size of from 20 to 50 pm account for from 50 to 93 &

25 by volume of the filler;

11



The starting ferrite powder that is to be the source of the constitutive

el ements of the specific spherical sintered 15 ferrite particles of the

i nvention may be an oxide, a hydroxide an oxal ate or a carbonate with any of
My, Zn, Ni, M1, Cu. The Fe el enent source may be iron oxi de. These el enent
sources may be mxed in a ratio to give the intended ferrite conposition.
Regardi ng the particle norphol ogy thereof, the particles 20 of the starting
ferrite powdd) Bag Havicaparrbephs hAgingf adugan pagshighedsbie odcfremar or
tabular fornms. Preferably, the nean particle size of the starting ferrite
powder is for.@nmd.DfkmtacEéohtpfiorntr@n 3r ed Aablyy vodome. df tthe2f 01 peén. When t he
size is smaller than 0.01 pin, then the slurry viscosity may be high and 25
acci dents may happen in spraying and drying the slurry. On the other hand,
when the size is larger than 5.0 um then the surface roughness of the
sintered producti2nay Ther easesbnd tdwnpyrEaiiforc s@bkacesameeohdeteef nay be
too large with the result that the filling ratio of the particles in resin
conpogi t i emGapaull Lt ol a5 deBer@B8E.in any one ot HEr diiHTRSS] Of wRELEAEI Ng t he
specific spherical sintered ferrite particles, a anticoagulant may be used

in the slugdvsfOrdtd O I akRe spileiZdeagukant cgByabeigidinary surfactant,
preferably having a functional group capable of 10 binding to the hydroxyl

group that the surfaces of inorganic conpound particles and sintered ferrite
particles may have. Mre specifically, it includes sodi um pol ycarboxyl at es,

ani oni ¢ annnniugbpolygﬂgboxyégi sz(ﬁﬁﬁgdgyey%ghth%ggnesyg%QEéﬁ&ucéé?

consi deration of the residues of i Inpurities after tiring,

Sider it ioe af .
polyoar b e et b Uk R AR LR AR e W RL D BTRD ilen

pol ycar boXy production ne escr

and Mol i ReAL i o PRl Fof Tt RS bRy fo PRREP B SRER R a0 Sooc

and then dry-ground or wet-ground to give ferrite crystal particles of from
0.1 to 5.0 jimin size. Next, a slurry that contains the ferrite crystal

14. The resin composition for  semiconductor
encapsulationasdescribedintheiteml3, whichcontainsacuring
accelerator along with the epoxy resin and the phenolic

15 resin-based curing agent.

15. A semiconductor device produced by encapsulating a
semiconductor element with the resin composition for
semiconductor encapsulation of any one of the items 7 to 14.

20

For the purpose of obtaining a resin composition to be
an encapsulation material which has good electromagnetic wave
shieldability and has good moldability and high reliability,
we, the present inventors have made assiduous studies of

25 essentially the constitutive components of the encapsulation

12



particles is processed to give an aqueous dispersion slurry having a slurry
concentration of from60 to 90 % by weight, then 25 this is dried by
spraying, and thereafter heated at 900 to 1300C to give spherical sintered
ferrite particles. The resulting spherical sintered ferrite particles are
washed by stirring themin pure water having an el ectroconductivity of at
nost 1 gS/cmin a ratiobyvolunme for dilution of about 1/30
(particl esaverial., e davgbepecificrhdvesotaddat Bphndl+eype oferotiee t he
i ntended spherical sintered ferrite particles of the invention. In the
slurry fovlnith dastheretpliersabeeamseddind dnpaas inhae Moot romegnéeiei nabove
in the production of the starting ferrite powler nay al so be used. 10The
ferrite cwyes adhipdridabdldxymay bAyepanyapben ingd e rizhokadyhate ondde,
pol yhedral , acicular or tabular fornms. Preferably, the nean particle size of
the ferrijeeeiystod spaaiésires dstdirdmda @bihel5tpameriiite paeéelably from
0.2 to 3.0 gm Wen the size is smaller than 0.01 gm then the slurry 15
Vi sCOgi t YhiPim P Ggdidhcadnadgegenhs Whyh hanpabilltSPbaW REvand gédd ng the
slurry. On the other hand, when the size is larger 'than 5.0 Am then the
surface r@y@&@m@{er.tif@wﬁwts%&%qdlab@%fe@,.rmeys WG RASE ghaRergpegific
surface area thereof may be too large with the result that the filling ratio
of the Patiic] ehmel dlergshh CONPOPLAI L QI AGlc1ielCl RSyl fly PL 0DUCT NG
t he spherical” sinter errite particles of the invention, tﬁe s?urry IS
pr ef er abl i . i co 1.0 . 0 90 % by
Yo il £ ];B)ﬁ %%@%’A{‘ng%t ﬁgﬁgbﬁ @(}ég\y \%’?%’5’% epm%aﬁx eﬁé’f‘%?&c{

wei ght, nore prefera rom en t concentration 25
is |lower than b Laht .. .then the pore_volume of the resulting particles
may i ncr e¥sE %Frﬁﬁb&ﬂ g8 “‘Pha?f“gd‘ﬁ/() B?VV}\B%%SPW SFFBCEPEF@S vi scosity
may i,ncrease and the resulting particles coul.d_hardly keep their_ spherical
for mtPand i CRdarer Gtk St e Peret BYR- G B e Ra Pt er eyt Sule T T curt
to contro]. 5 Thoug? d%PerLQg on tqﬁ?fegilte 09§805|t|0n, hgreof t he
particl es*taf bESF1R e FUPF efMfer at iR 61 r BT B0 LEPL66CBr WWfor 1. to
S hours in_the jnvention. Wen the partlﬁles are fired at a tenperature

| over t hatt Ve len S¥RRPSTay i RXGPLLEPENt PYSFEFPTRFBRELC hu¥aVhen hi gher
than 1300C, then 10 the sintered particles nay fuse together. and nuch

t hi ckenedSRiRERR gt B pahe isé’lhég 1Ry SWAEEESSE e O FRA T T4RE P ratio

of the specific spherical sintered ferrite EarticLes.in the resin

conposi t i B#RY% §Pedaf iFoRENES HE t LAk BBYARAY Th the e L iadgildamyn9eR$sarY of t he
conpl ex 15 magnetic perneability of the cured product of the resin
conpadsi t i ¥d A spensabde far spgeptrafrandveatdoaRa BT 2 bhutdakakse an

i ncreased el ectromagnetic wave shielding effect; and _
resin composition may have a low melt viscosity while having

a high filling ratio of the fillex component therein, that the
resin composition may have an increased mechanical strength of
the cured product thereof, and that the resin composition may
20 have good moldability; and on the basis of these findings, we
have reached the present invention.
Effect of the invention
As above, the invention provides spherical sintered
fexrrite particles having the above-mentioned properties (a) to

25 (¢) and to provide a resin composition for semiconductor

13



for this, the blend ratio of the spherical sintered ferrite particles in the
resin conposition is preferably at least 32.5 % 20 by volune of the resin
conposition, nore preferably at |east 40 % by volune. The uppernost limt of
the blend ratio is generally 80 % by vol une or so. The uppernost |imt is
generally within a range within which the flowability of the resin

Co”pos't'&hat%ﬁiﬂl%%% elre UEcnddiad's BLEDC: \abi ol LRRScdLie 26 upor st

limt, then e Pesth conposl ard t he
j f
Lg?:ainnggo %Sér{ '?1 ﬂa’%ﬁs cpq’realtcﬁ'r o?nfti Aﬁ%é? npngglth‘lposﬁl on for
sem condugct or psul ion_of the in nt| that it .contains t
specific qﬂ ?‘ﬁ‘t EP 2t FMRASE ﬁ ow vrhfctc}‘?é‘ YeaPfl 9 03| tions

may cont aj for exa an y reS|n and a ph nol i.G .resi n-pased curing
agent optfiHE o‘?rﬂT‘gdWFﬁoﬁd g CHEGEFE G i& i G2 r. Not

specifically deflned t he epoxy resin may be ani 10 conventignal known one
f

that Ps 01§ aea%nrc@maqséﬁaepaltwée@mn enﬁem& §lopgmaterifgl &shep

bi phenyl -type epoxy resin, a phenol -novol ak-type e resin,
cresol - ndWis ERS‘HJEBN@;5@%‘9-CPégilﬁtOE)ﬁ’@Véiceﬁéﬁ%gépth}&'éxﬁﬁ@ﬁ%ﬁﬁhtJtﬁhe

conposition either singly or as conbi ned. 15Al so not specifically defined,
the phenolic re¥hanbasedradinglagéntenad frruiie eamrdsliesnbdvandun one t hat
acts as a curing agent for the epoxy resin and is solid at zoom tenperature
(250, i rddidiiog fortkganpbee-paphbbredvpragertiesol(ahovsl alc) ;biaphenol
A-type novol ak, napht hol - novol ak and phenol -aral kyl 20 resins. One or nore
of these addithernal tdrpearipyodid)i ahati therpsrhgtyeosias dosrited-icthe bl end
ratio of the epoxy resin and the phenolic resin-based curing agent may be so
desi @d0ed tHeedth@alydr payk Fgwacd edt ai patticphenicld canheei oft Hrand

equi val ent of the epoxy 25 group in the epoxy resin could be fromO . 5 to

1. 6, norgs pseikd ¥ pdrorelk 8ike darge of fromNd cP8Gidd, cahiwiaf i ned, the
curing accel erator may al so be any conventi onal known one, including, for

exanpl e, 4 pladitycadsnes shi€t e ir8-died zaliatyahei5£410xbiubfegene-7, 5
triethyl enedi am ne; i m dazoles such as 2-nethylim dazole; and

phosphor usreMurak RpREvEHr i thegahey Ha@eSmatE basc 4o ifpBRAKE Phespide,
t et raphenyl phosphoni unt et r aphenyl borate. One or nore of these may be in the
conposi t gy LidR@ 19nt0le) @t ramaghBRl Beflave shieldability.
15 When the spherical sintered ferrite particles have a
specific surface area by a BET method of from 0.02 to 0.1 m/q,
then they may have further better flowability.
When the spherical sintered ferrite particles have a pore

volume by a mercury penetration method of 0.2 liter/kg or less,

20 then they may have further better flowability.

Brief Description of the Drawings
Fig. 1 is a cross—-sectional view showing one example of
the semiconductor device of the invention.

25 Fig. 2 is a cross-sectional view showing another example
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10The anount of the curing accelerator to be in the resin conposition nmay be
generally fromO0.5 to 10 parts by weight (hereinafter sinplified to "parts")
relative to 100 parts of the phenolic resin-based curing agent therein. The
resin conposition for sem conductor encapsul ation 15 of the invention may
contain, as a filler along with the above-nentioned spherical sintered
ferrite RAY U Semitldnidt Ral Hehes bBAtnd! fnpehelgfore used as a material
for sem conduct or encapsulation for reducing burrs in nolding. Not
specifically detipeds t.he bl rati Q.qQf, t i.cal sinter ferrite

P y E‘hg 3 tl@ a pea :|.c'33_te 2% c{l%b\:ﬁﬂ%%tlg?m cﬁ.{ﬂ?tg tqr?dtt%}

particles to thé“silica particles is preféerably so designe a e

' f . i.cal csi d | icl i s f
ot oasi APHHTS e B b eHe R HE0E R R AP Ha THEY Bt TSI Composi ti on.

More specifically, the blend ratio of the spherical sintered ferrite
particles to the 25 silica particles is preferably such that the proportion
of th spheri cal, sintere% ferrite partjcles may be at | east 50 by vol une of
t he whol £E54HIRTICTREr RE FrgpﬁﬁewégeF%i?ite particles and silica particles)
. Al'so preferably, the total volune of the spherical sintered ferrite
particle§xhﬁﬂm{ﬁé silica par SPRLESNGUEEOF rB#YESEt 0 80 by vol ume of the resin
conposition. Wien the total volune is smaller than 65 % by vol une, then the
l i near exidaridbrflcoef fici ent SePStEateesi n conposition for sem conduct or
encapsul ation nmay increase with the result that the cured resin may crack in
thermal cdAklaas @&ing to the Semiepafueton Ehemenfear 10 expansi on
coefficients between the cured resin and sem conductor elenents. On the

ot her harkh amse24t he total vEkued Pzotlaefer than 80% by vol une, then the
flowability of the resin conmposition for sem conductor encapsul ati on may

| owekQand the resin conposition could hardly encapsul ate sem conduct or
elements 15 with the result that the netal wires to bond sem conduct or

el ement s Beut Mosiet fodeSamraryihg datothedlovert oden. The silica
particles for use herein preferably have a nean particle size of from1l to
40 pm and a | ar gesthpalnveiteiai zepefcidicnephe2Babmsinoeee@rifriaded y a

| arges particle size 20 of at nbst 100 pm even nore preferably at nost 63
gm Stil lpamyieclschee adnaindd,i 6Adpald nekescHrd e AL gEaNfpathtrelof si ze of
from5 to 15 pmand silica particles having a nmean particle size of fromO0.2
to 2 um aire ¢alBhBednt D¢ thee RREEipaciiM Bhkhe caQnsihtotbantamkias it
possible to increase the filling ratio 25 of the spherical sintered ferrite
parti gl epdrtildlR s 88ENisE@NRPShEI H8s B &P JsN @RS ok "eerhd @idddryy of the
resin conposition. Describing nore in detail, it is desirable that the

silica paddsed RAGNGo R WBAN DXFdACIh Si 200l dfaphetotha praAgcount for
from4 to 30 % by volune of the filler, that 5 the spherical sintered

ferrite w&ﬂo%li%%o%amgp%? mgg}byck@rﬂmﬂ{ﬁ farnotghgseyt Pe2fh WRACCOUNt

for from50'to 93 % by vo e"filler, andthat
o . . _ . . ¢ i) ount
From 3 16 BBeGobyt AT us TR Ehe iy Soehp0 ahd WA IR T R T

particles, havwilror and a silica powder, and in general, it is in the

20 form of powder or tablets produced by tabletting 1it.

For the specific spherical sintered ferrite particles,
the starting materials are washed with water, then sintered in
spheres and thereafter further washed with water; or after
sintered in spheres, they may be fully washed to thereby reduce

25 the soluble ion content of the resulting particles to at most

15



10 a nean particle size of from5 to 15 gmmay be replaced with the
spherical sintered ferrite particles, or that is, they may be replaced with
the spherical sintered ferrite particles having anmean particle size of from
5 to 15 panwhereby the el ectromagnetic wave shieldability of the resin
conposi tion nay be further 15 enhanced. Like that of the above-mentioned,
speci fic sphgn! CalreHed@1¢d LRE' bbELPAE 114 Conddit TRARRALEHCES stze of the
silica particles may be déterm ned, for exanple, by the use of a
| aser-dif tyo ri cppagt icl Lze al 1 The sill rélc may be,
TFI%QG gﬁh. pﬁ% 5%98“’2.5‘@ £l %ﬂ%rble Neors dédsxﬁaelr&a {4 V\glgé

for exanp sphefical Tuse i ca powder, groun ca po r,

pul et 26f L LLER. POWIEE Eoperatby PLaterid da SpRPrI£ g Lagdui | o0
commos! | ol or S SRICUELOL. SlansUaLLon, EORL 8L 0120 v Doperdpo on (e

resin_conposition for sem conductor_..encapsul ation_ of, the jnvention may
cont aifn atSSBh RS (PFFE]CLttied THRGAIE SHRPRARA (3 ort® (791 &8 ntPhdes, for
exanpl e, cal ci um carbongte powder, titaniumwhite, alum na powder, silicon
nitride poREiide Had 6Re orrfifore of IRKESE WhBL STRR Sod e IFhperRFERbN ei t her
singly or as_ conbi ned. In addition, the resin conposition for

sem condut$ okOWSHe FhAn Fhcodekartapni bREFy B dith idnpxprREFeddaFtf ves such
as stress reducer, pignent, lubricant, coupling agent and flane retardant,

i f desireRPmi0THE Bhe deatalecimainy 0f fdes detecesdeiebfApbindemRyesdas poly
(ethyl ene glycol)-branched pol ydi net hyl sil oxane, and acrylonitril e-butadi ene
r ubber. THaepicgstali atrudbgredrpohras e f firiacidionatoyi d€. thke

| ubri cant includes pol yet hyl ene wax, carnauba wax, 15 fatty acid salts.

The ddupl $pecifient spheridat sihaaeedofipririgjeagenttscdesh ims a spinel

y-gl yci doxypropyl tri net hoxysi | ane,

cl - (3, 4- epoxycsreteoheRelceathyl, ttherepbpaying dxequency of sekbdecondhectdane
retardant, a bronoepoxy resin may be used, 20 optionally conbined with a
flame retdevibdendspsvebdtel ewaic bfak GHal | andhgeini cornddet oAmmvii dersanusthe above
flame retardant, also enpl oyable herein are netal hydroxides of the

f ol | owi ngoé axhmélaie(dl ¥ rofhenmat &d s dvid raxiidenahey e f highekedr auernygt al form
differing from25 conventional hexahedral tabular crystal forns or thin

tabul ar gIysiQbubRaE TEhsepudt iy, tRE Ferribesartadlfelsealy yarifgy net al
hydr oxi des have granul ar crystal forns approxi mted to nore

t hr eg5di nemsd AeyuiddchetRNer bEatfe M5 1P, thel sEHErDELl JintieR@dNeastite
dodecahedral , nearly octahedral or nearly tetrahedral 5 forns, as both the

| ongi t udi pade Sdies ard LROAiYLhbRlatShdEsEr e Bler@hodt dndic Mg IBERLG

hydroxides is large in the thickness direction thereof (c-axis

di recti ongydpre X yMG cto?mtgﬁls%'f‘i.n%r&;?t%,s dﬁ,erm.t,al EREOXLIEF1 PRVEe 9T OWN i N

t he thickness direction thereot (c-axi§ ction) therefore having the

pol yhedr aépé@{ﬂscefﬁ ,0&?1?9\@5 piRatle(ftl edebk iRahOFM St drlde oY Life @t | €ast
one netal ‘atom sel ecte roma
material for semiconductor encapsulation is required to as high
20 as possible. Alsopreferably, regarding the composition of the
spherical sintered ferrite particles, the molar ratio of the
metal element M to Fe constituting the particles is within a
range of M/Fe = 1/1.57 to 1/2.17. Specifically, when the molar

ratio of the two oversteps the above range, then the particles

25 could not be sufficiently ferritized and could hardly have
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group consisting of Mg, Ca, Sn and Ti; Qis at |east one netal atom sel ected
froma group consisting of Mh, Fe, Co, Ni, Cu and 15 Zn; and x is a positive
nunber of from0.01 to 0.5. The netal hydroxi des having such

pol yhedral crystal fornms may be produced, for exanple, by controlling
various conditions in producing netal hydroxides in such a manner that both
the longitudinal side and the |ateral side crystal growh of the 20 netal
hydr oxi des?prfRrtar cbagriebic chagacrariatieni cidretle aichesthand twherof

(c-axis direction) so as to have the desired pol yhedral crystal forns of,
for exanpthlkes flrear lof dbdesahedrad, fernitey prottdledérsali sonohesphgriadk ahedr al
forms. In general, mxtures of nmetal hydroxides having such various

pol yhedr af o 22 xeipdled| whenntheia g disedhheeevarious shapes,Rehesstid ati ve
exanpl es of the polyhedral netal hydroxides are Mys-xNix (OH) 2 (0.01< X<

0.5), Myivadpodidy Sf(GHA fedif Qomposithese n(%]ainei’ééé)éi deg aftfe
(0]

comercially avail able, for exanple, as Tateh em cal Industry' s

COMERCi afy e A= elollV. _The aspect ratio of the polyhedral
hy?iir oﬂ%;i&% ‘%‘e gene?“aalyl 3‘)’°f“e“

nmet al roml to 8, preferably from1l to 7, nore
rd

preferably fromgl, lTheé%%’%@be%?ELf g§n£§£§ér ?5%’9&%6%%& s aratio

of the major di arret'tegr Poyfh angter o ne droxi de
particle.. WWen the aspect ratio is |arger n 8, the he | 1., viscosity of
Uhe. epoxy B it SBEMIcats FOrLe6R: APRR N5 thE Hatar IRFdPox FHEMy 7 1t case.
The resin, conposition for sem conductor encapsul ati on of the invention may
be produc®d! r;?dff-q'ex’%ﬂ'r“p‘? e* ’fag?libvxéheArPafﬁlE;S)?yhPE@i A, PAr{nedoite

resi n-based curing agent, a curing accel erator, spherical sintered ferrite
parti cl ePY AMEIEHYORBNE YL &kl omBeghedoF Pt R i taFdhdaRr deSiSca FAFINT| es and
other Additives such as stress reducer, pignment, |ubricant, coupling agent
and fPanesuch aspest facs s fantear ¢ mand fushad PRt Vod urgy itheosphewkadf . Next
the m xture is nelt-kneaded and di spersed sufficiently by the use of a hot
rol 1, an sktvemst feriiteadsrriorclde ndkdiavorareximpiensed degmrperfat ure of
95 to 100C. Then, the resulting mxture is cooled and ground, and passed

t hrough asiiOzefeivly anteete 1o sginfacz paywdke gmoeshadc ambsherefiotertiizb

sem conductor encapsul ation.|f desired, it may be conpression-nolded into
tabl ets. fhdwrigh itthie PEOGERS @bs@nSeidmifosdft iswChcshePbninde them Nin
conposition for sem conductor encapsul ation having a desired formof the

i nvent i oned@ip N LRI GefemPIONEu OB PEDEMent §€ 55 OTre a6RAN0SKE Ok A,0T
sem conduct or encapsul ati on may be used essentially for encapsul ati on of

evenjihe delal leheChuRbat ARGt 86 ek eI he gérﬁﬁgléQ“fEJ%‘xr@rllqu{ G5

wher ebyt hesem conduct or el enent simaybepr ot ect edf r onphysi cal contact with the

out si de qgggp b i el rog net L.c: .

sem conduc r){:gegletcﬁnggssc&?glsk{lne- %ﬁggﬁé&){{%%t ﬁ%f‘?’éé?%éﬂ%yng‘éé}‘% Pgntl}é(%

sem condu&g oy ]tenc ps%u %ti on. of tlhe invention is described with reference to
a e

t he draw nhgs ac e PE0 %o "SRGW t he cross-sectional view t hereof .

15Fig. 1 shows ar ea- nount ed sem conduct or device,10,. i.n which the
throggh-holes O?HFﬂgﬂﬂﬁ%{ \g efizgﬁgpgp?ﬁgac '%ﬁ%ﬁqﬁﬁfqé;siﬁF??%wsubstrate
11, fornmed is,.an electrode 15 . connected to the m& es, 12, and a sem conduct or
el erent | BET-ORATEUCLAS, UorF RONTYRBE LER M 461611 HELR GhEPaF o1
provided 20 are solder balls 13, and these are electricallé connected to the

el ecfPodet A 03t Phed WieBCFs PIRES St ¥ FifRt dor Tl Hhett- 1BVeR more

el ectricall yconnectedtothe _electrode 15 via aw rebonding 17. In Fig. 1, 16
is a cur REGITRRAY f BRFEdCoP St RRAVIRG | PESTPGLEt FHREIRF SEMMCBRIRE DT

encapsul ation of the invention, 25 and this encapsul ates the sem conductor
el enent 18P not substantially exist in the specific spherical sintered

ferrite particles of the invention. In order that the resin
composition for semiconducter encapsulation of the invention

25 may contain the ferrite particles in an increased £illing ratie
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Fig. 2 is a cross-sectional view of another exanple of a

sem conduct or devi ceas resin-noldedwith the resin conposition for

sem conduct or encapsul ation of the invention. The sem conductor device 20 is

a peripheral term nal -nmounted 5 sem conductor device, in which the

sem conductor el ement 22 nounted on the substrate 21 is connected to the

el ectrode 23 via the wire bonding 25.  The sem conductor elenent 22 is wholly

resi n-nol 8B VA ¥ ufeqdpr SRRaAb YU h bEPR siiff REReHT HRE sthStrate 21,

10The sem conductor devices 10, 20 having the constitutions of Fig. 1 and

Fig. 2 naglbotpendgunetic o ciepietiacebtiempesin aopospricsure’ at

transfer-nol ding process that conprises putting a substrate 11, 21 with a

senm condutt@iz elhenmat tépldlberdiemtetigheriznris desarabiel that hem thansferring

a heated resin 15 conposition for sem conductor encapsulation into it under

| ow presspaetiche sxsoandietelibubtonrodeessof s thescerbete gdytticles may

sem conduct or elenent 14, 22 is disposed on a substrate 11, 21, as connected

to an ¢l eghyQ4L pkak ¢3tKiA 95\&:&%@@@1{@ rahge? 8t %Porﬁ‘rsdtbhi§t|.|!rr§aﬁ§t In a

nol d conprising an upper nold part and a |l ower nold part. Next, a resin

conpositi Q1 .cond G u L.Qn_ ferr j.nt o nol d

under pr egg%éréglE @@l& %ngg%eigﬁ% %g%t lr%%ggrojf)?%%{snﬁ?? g%t ig‘?j "llnp i bsjﬁ."’(@:gr ed.

After cur rtja ) : lit,.25 off
BEefe bRl indarhetlcbO0inl dfed BB TR RO B Rel In

from each us-a sem con evice 1 ained in
whi ch the l.cond e 22 _1syresin-onl i.th the cured
pr oduct 1858;@55‘1’91 é'&ﬁﬁ’ésftlhlﬁgggi\%&rgoanaﬁiltc&% %Béﬁégigﬂ}& ?%ﬁ%“gﬁ?ai ned,
t he sem coBductor element 14, 22 is grot ect ed r{ég the ogutside, and 5 is
shi el ded £P ¥ AL EREHRHR B WLASSS boF R§ a%PU ﬂ]ﬂﬁhetff“&r PB§8 1Bt Ehe
specific sjntered ferrite powjer contained, in the cured oduct 16, 24.
Accordl nng,e %Rﬁe%’é}ﬁ]{:éhﬂﬁﬁ\é\g & P@r’ébﬁ}?%J’cﬂvé-%sﬁgé&%ﬁﬁekﬁevi ces or
el ectronic appliances that require EMC. 10The invention is described in nore
detai | with tha erEféelecs iz dEarrdbiRgoRddAAass ahBr MR kR VBT EANI es.
Exanpl es ~ Spherical sintered ferrites were produced as follows:
15 Pr oducemphoprbipHer 2 a@thgdmemédinava eyped odt sphenicdlepinterpdwder
conprising 15 nol % of NN O, 25 nol % of ZnO 12 nol % of CuO and 48 nol % of
Fe203 andfhavihg @articles, or that is, spherical sintered ferrite

particles having a mean particle size of from 3 to 15 pm and

15 spherical sintered ferriteparticles having a meanparticle size

of from 20 to 50 um. The spherical sintered ferrite particles

having a particle size of around 10 um may have a high u" at

1GHz, andtheymaybe effective for improving the electromagnetic

wave shieldability of the resin composition for semiconductor

20 encapsulation containing them. The mean particle size and the

particle size distribution of the specific spherical sintered

ferriteparticlesmentionedabovemaybedetermined, forexample,

by the use of a laser-diffractiometric particle size analyser.

The specific spherical sintered ferrite particles may

25 beproduced, forexample, asfollows: Firstdescribedisamethod
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overall weight of 4 kg was put into a ball mll along wth 2.6 kg of pure

wat er thereinto, and stirred for 20 m nutes. Next, 20 20 g of an

anti coagul ant, 40 ani oni ¢ pol yammoni um car boxyl ate (San Nopco s SN

Di spersant 5468) , and 10 g of a silicone defoam ng agent (San Nopco' s SN

def ormer 465) were added thereto and m xed to prepare a slurry. The

resulting _slurry concentration S .60 % by weight. Next, the slurry was

e od by ShRARATIAS SOLALY 108 LETHRPAPARE poddart iy TALEF A EPhg powder

the starting particles aggregated into spheres, and the surface, roughness

| evel anditR&edFihed YoRgRASSs IAAAMRO G 10Re HREXSGWHERSELFESNGer e

directly transferred onto the surfaces of the aggregated spheres. Next, the

powder Wwa3lRREAILEGHS 80bvenbroahorpB adeeus dimneiidaredl¢Fry 8aying 1000C

for 3 hours to obtain surface-snoothed, spherical sintered ferrite particles
Next, tBesbumey eongsnsd apiot ofr Engmtélkbma Bi0cé buorefaht 2@ned nbers in

i on- exchanged water of which the overall amount. was 30 tines bywei ght of

t he padtichesslhwand, tisedrileddiyespadagddy| exhd therehyftd@ phoguc hgaspderi cal

sintered ferriteparticles a havinga soluble ion content of at nost 5 ppm

Through Xatagoglidd residoemeir ¥o Ebeﬂﬁéaﬁé@sgﬁéﬂ(‘éam &1t elrR@ Barkigkes was a
spi nel structure. Production of Spherical Sintered Ferrite b A starting

ferrite p?ﬂ@lﬂcwgprimedengeé,éwp:!aa@%e%.@al?ﬁnk%ﬂaa 26 pf1208art2clBE % of CQUO

and 48 nol % of Fe203 was m xed in wet, then dewatered, and heat ed

(pri mry- hirped)a@ted00y f U 2N S tASROT hNGiL 2 GAENHAGARL PERCESS. The

resulting ferrite powdér was ground In dry to o errite crystal

Crystal  parercPeeludae R o Beag S AR Blpg oy Noathe 8F 'R0 °
20 B or B LS e SR AR, B8 ABIIE R RIARY Bk e Moo
def ormer 465 Le ad eg th reto, a ddm' xed a d stsi [aed t? RLepare,a slurry.
25 The r e8BLER nBOSPAPRY BoRBEnCALETBR e s D751 by SREPGHES NHT
ferrite particles.
The starting ferrite powder that is to be the source of
the constitutive elements of the specific spherical sintered
15 ferrite particles of the invention may be an oxide, a hydroxide
an oxalate or a carbonate with any of Mg, Zn, Ni, Mn, Cu. The
Fe element source may be iron oxide. These element sources may
be mixed in a ratio to give the intended ferriﬁe composition.
Regarding the particle morphology thereof, the particles
20 of the starting ferrite powder may have any morphology of cubic,
polyhedral, acicular or tabular forms. Preferably, the mean
particle size of the starting ferrite powder is from 0.0l to
5.0 um, more preferably from 0.1 to 2.0 ym. When the size is
smaller than 0.01 um, then the slurry viscosity may be high and

25 accidents may happen in spraying and drying the slurry. On the
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the slurry was dried by spraying to obtain a granul ated powder. In the
resulting powder, the ferrite crystal particles having a nean particle size
of 3. tun aggregated into spheres, and the particle size distribution of the
crystal particles was directly 5 transferred onto the spheres to be the
surface roughness thereof. Next, the powder was heated (fired) at 1000C for
3 hours to_pbtain surface-snoot hed,, spherical sintered ferrite particles.
Next,  t heSEREPERFAoHReh EPoctise A Ag-ATHER HIFRS Ol EBFNIBISPRECRES  n
ion-exchangedhwat er of whi,ch the overall anpbunt was 30 tines 10,%3’/| wei ght of
the partiEPBENNERY okl FIRLEEEEP r M8y, 1R HsRT PR FdGFRGEL pher i cal
sintered ferrite particles b having a soluble ion content. of at npst 5 ppm
Through X8WE§2 @t fF5aik thereptnay e EPgstarae mifdy the Hsilie thatt FRfes was a
spinel structure. Production of Spherical Sintered Ferrite Particles c to k
15 The sthiling npdvidepf the rasaicpaptiniresdinzeonpdsihtord@eedid heh of the
ferrite crystal particles, the slurry concentration, and the dilution ratio
of washi ngneweasewere varied as in Table 1 nentioned bel ow. Except these,
the sane process as that for the above-nentioned spherical sintered 20
ferrite particl &n atloe proassenpfopedduzipmoditee spéeifial sphatgcel ferrite
particles ¢ to k. Through X-ray diffractionmetry, the crystal structure of
all thesespatéred rrTedpapt Nales) AUghbiBoagulant may béhesspher teal
sintered ferrite crystals h were not washed 25 wth water. In producing the
spheri cal sshpt@r edrigtibhesthplti Gh@s fhtihodgrAhtk mdPto&nby¥dihgrg! urry
concentration was varied but also the nean particle size was controlled
through cigssitt st ] Ore FOECBNHAVINS o FuURRdnand orBEpSEREELEE! o8I Ntered 5
ferrite particles a to k are shown in Table 1 below™ The physical properties
of t o] j ' Loge I rd | a 0 . freasur ed
accolr’l I ngﬁ?%&?ﬂ% érrélgt oédgyger%?pgnégg%%%lééﬁ :tn t‘%}"{ef:fl %’?g gtrfel}éﬁ)gﬁ/éﬁll?Tabl e 2
bel ow. Th ti . I .qea : h articles were
EaRbogkE gﬁ%%t{%f%gganci A il LIS b5 W g;,grwggeg fapohehe!

produced acc same net hod “as "t hat oducl € spherica
sintered ferri A s .a;..and e_production ho ns. L hat the
particIesmmﬁ?gbgfggﬁ%éghgbégﬁ‘%%54%} éé}%%ﬁéiﬁﬁ?ﬁgéﬁ%£5§$gﬂQE%?Ebéoducing
the spherical _sintered ferrite particles b. | he prodyction nmethod (a) ,
the mean PERPRLFE BPLECTIRHAARE 1he ofl P AR A Ae S50 TR S8t ar Thng
powder; and ip.the prodyction nethod b) , the nean particle, size indicates
the mean PaReteFERCIOR O3(the EPLARTE STt 9at S iMBY L ePEe ARt FbiTon of
Particle NbrPhoIo y o UBinq%a scanni ng_el ectroni c m croscope
(Hitdchi Preter usedheFipartd Pt ROLPRIPBRL ARSI RFMOBEE R ni nat i on
of Mean Particle Size and Particle Size Distribution The nean particle size
and the pRPlyearEbeXyka®Rstribution were deternined according to a dry

met hod, using a 25 laser-diffractionetric particle size anal yser (Synpatec s
HEWS & RODOS) . AReahsar probecsien pethededls odesemilngt+i The odruhdngand the
mean particle size is a 50 % particle size. The dispersion air pressure was
set at 300efnite powtiegpas siborvet i sweaimgheld bbbk 5 des Yresbcompesinhont he

perneability was sel ected
then stirred and mixed in a dry or wet mixing mode,

20 primary-sintered at 800 to 900°C, and then dry-ground or

wet=ground to give ferrite crystal particles of from 0.1 to 5.0
pm in size. Next, a slurry that contains the ferrxite crystal
particles is processed to give an aqueous dispersion slurry

having a slurry concentration of from 60 to 90 % by weight, then

25 this is dried by spraying, and thereafter heated at 900 to 1300°C

20



5 froma range of from2 to 50 % for good reproducibility. Determ nation of

Pore Vol une

Using a nmercury penetrator Autopore 922 (by Shi madzu),

t he pore volunme was determ ned. Determ nation of HET Specific Surface Area
10Using a full-automatic surface area neter, 4-Sorb by Yuasa-Ionics,
specific surface area was determ ned according to a nitrogen adsorption

£8P i &3 e Ses PR ALE or s M T 1Bt FeBpr A5 g

process.
cont ai ner
seal ed up. This

t he BET

nd then cool ed, and the

s . extracgted at 121C faqr 20 hour
Joul ti ngSRRFFLCET SABTARAR AR HRRATI GG 2FF BRSPS RILAGE TR BHERED onex s

DS- 500 and DS- AQ

to thereby identify the ion species and determ ne their

anmount . 20n mxRivetesnhaGhmdian shechrpoendnciRarity off MM sy InpSéemt i nes byl
>CS V9 UV 3 cPre \t.

Ut
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inaratiobyvolume fordilutionof about 1/30 (particles/water),
for about 30 minutes, and then dried to produce the intended
spherical sintered ferrite particles of the invention. 1In the
slurry formation step, the same anticoagulant as that'mentioned
hereinabove in the production of the starting ferrite powder
may also be used.

The ferrite crystal particles may have any particle
morphology of cubic, polyhedral, acicular or tabular forms,
Preferably, the mean particle size of the ferrite crystal
particles is from 0.01 to 5.0 um, more preferably from 0.2 to
3.0 um. When the size is smaller than 0.01 pm, then the slurry
viscosity may be high and accidents may happen in spraying and
drying the slurry. On the other hand, when the size is larger
than 5.0 um, then the surface roughness of the sintered product
may increase and the specific surface area thereof may be too
large with the result that the filling ratio of the particles
in resin compositions could not increase.

In producing the spherical sintered ferxrite particles
of the invention, the slurry is preferably dried by spraying
at a slurry concentration of from 50 to 20 % by weight, more
preferably from 50 to 80 % by weight. When the concentration

is lewer than 50 % by weight, then the pore volume of the resulting
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particles may increase; but when larger than %0 % by weight,
then the slurry viscosity may increase and the resulting
particles couldhardly keep their spherical form, and in addition,
the particle size of the particles may be difficult to control.

5 Though depending on the ferrite composition thereof, the
particles may be fired at a temperature of from 800 to 1300°C
or so for 1 to 8 hours in the invention. When the particles
are fired at a temperature lower than 800°C, then they may be
insufficiently ferritized; but when higher than 1300°C, then

10 the sintered particles may fuse together and much thickened and
aggregated particles may increase.

Regaxrding the blend ratio of the specific spherical
sintered ferrite particles in the resin composition for
semiconductor encapsulation, the imaginarypartu" of the complex

15 magnetic permeability of the cured product of the resin
composition must be large in order that the cured resin could
have an increased electromagnetic wave shielding effect; and
for this, the blend ratio of the spherical sintered ferrite
particles in the resin composition is preferably at least 32.5 %

20 by volume of the resin composition, more preferably at least
40 % by volume. The uppermost limit of the blend ratio is
generally 80 % by volume or s6. The uppermost limit is generally
within a range within which the flowabllity of the resin
composition could be ensured. If the blend ratio oversteps the

25 uppermost limit, then the flowability of the resin composition
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may lower and the resin composition may be difficult to work.

As so mentioned hereinabove, the most characteristic
featureof the resincomposition for semiconductor encapsulation
of the inventioen is that it contains the specific spherical
sintered ferrite particles; and the resin compositions may
contain, for example, an epoxy resin and a phenolic resin-based
curing agent optionally along with a curing accelerator and a
silica powder.

Not specifically defined, the epoxy resin may be any
conventional known one that is solid at room temperature (25°C),
including, for example, a biphenyl~type epoxy resin, a
phenol-novolak-type epoxy resin, a cresol-novolak-type epoxy
resin. One or more of these may be in the composition either
singly or as combined.

Also not specifically defined, the phenolic resin-based
curing agent may be any conventional known one that acts as a
curing agent for the epoxy resin and is solid at room tempexature
(25°C), including, forexample, phenol-novolak, cresol-novolak,
bisphenol A-type novelak, naphthol-novolak and phenol—~aralkyl
resins. One or more of these may be in the composition either
singly or as combined.

The blend ratio of the epoxy xesin and the phenolic
resin-based curing agent may be so designed that the hydroxyl
equivalent in the phenclic resin to one equivalent of the epoxy

group in the epoxy resin couldbe from0.5to 1.6, more preferably

23
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from 0.8 to 1.2.

Not specificallydefined, the curingacceleratormayalso
be any conventional known one, including, for exémple, tertiary
amines such as 1,8-diazabicyclo(5,4,0)undecene-7,

5 triethylenediamine; imjdazoles such as 2-methylimidazole; and
phosphorus—~containing curing accelerators such as
triphenylphosphine, tetraphenylphosphonium tetraphenylborate.
One or more of these may be in the compesition either singly
or as combined.

10 The amount of the curing accelerator to be in the resin
composition may be generally from 0.5 to 10 parts by weight
(hereinafter simplified to "parts") relative to 100 parts of
the phenoiic resin-based curing agent therein.

The resin composition for semiconductor encapsulation

15 of the invention may contain, as a filler along with the
above-mentioned spherical sintered ferrite particles, silica
particles that are heretofore used as a material for
semiconductor encapsulation for reducingburrs inmolding. Not
specifically defined, the blend ratio of the spherical sintered

20 ferrite particles to the silica particles is preferably so
designed that the proportion of the spherical sintered ferrite
particles is larger for increasing the electromagnetic wave
shieldability of the resin composition. More specifically, the
blend ratio of the spherical sintered ferrite particles to the

25 silica particles is preferably such that the proportion of the
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spherical sintered ferrite particles may be at least 50 % by
volume of the whole filler (spherical sintered ferriteparticles
and silica particles). Also preferably, the total volume of
the spherical sinteredferriteparticlesandthesilicaparticles
is from 65 to 80 % by volume of the resin composition. When
the total volume is smaller than 65 % by volume, then the linear
expansioncoefficient of theresincomposition for semiconductor
encapsulation may increase with the result that the cured resin
may crack in thermal cycles owing to the difference in the linear
expansioncoefficieantsbetweenthe curedresinand semiconductor
elements. On the other hand, when the total volume is larger
than 80 % by volume, then the flowability of the resin composition
for semiconductor encapsulation may lower and the resin
composition could hardly encapsulate semiconductor elements
with the result that the metal wires to bond semiconductor
elements and electrodes may be deformed or broken.

The silica particles for use herein preferably have a
mean particle size of from 1 to 40 um and a largest particle
size of at most 200 um, more preferably a larges particle size
of at most 100 um, even more preferably at most 63 pm. Still
more preferably, silica particles having a mean particle sgize
of from 5 to 15 um and silica particles having a mean particle
size of from 0.2 to 2 um are combined for use herein. Having
the constitutionmakes it possible to increase the filling ratio

of the spherical sintered ferrite particles in the xesin

25
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composition and to increase the flowability of the resin
composition. Describing more in detail, it is desirable that
the silica particles having a mean particle size of from 5 to
15 um account for from 4 to 30 % by volume of the filler, that
the spherical sintered ferrite particles having a mean particle
size of from 20 to 50 um account for from 50 to 93 % by volume
cfthefiller, andthatthesilicaparticleshavingameanparticle
size of from 0.2 toe 2 um account for from 3 to 30 & by volume
of the filler. A part or all of the silica particles having
a mean particle size of from 5 to 15 um may be replaced with
the spherical sintered ferrite particles, or that is, they may
be replaced with the spherical sintered ferrite particles having
ameanparticle sizeof from 5 tol5 umwhereby the electromagnetic
wave shieldability of the resin composition may be further
enhanced. Like that of the above-mentioned, specific spherical
sintered ferrite particles, the mean particle size of the silica
particles may be determined, for example, by the use of a
laser-diffractiometric particle size analyser.

The silica particles maybe, for example, spherical fused
silica powder, ground silica powder, pulverized silica powder.
Especially preferred is spherical fused silica powder, as
effective for reducing the melt viscosity of the resin
composition for semiconductor encapsulation containing it.

Depending on the use of semiconductor devices and the

service environment for them, the resin compesition for

26
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semiconductor encapsulation of the invention may contain any
other filler added thereto. The additional filler includes,
for example, calcium carbonate powder, titanium white, alumina
powder, silicon nitride powder; and one or more of these may
be in the composition either singly or as combined.

In addition, the resin composition for semiconductor
encapsulation may opticnally contain any other additives such
as stress reducer, pigment, lubricant, coupling agent and flame
retardant, if desired.

The stress reducer includes silicone compounds such as
poly(ethylene glycol)-branched polydimethylsiloxane, and
acrylonitrile-butadiene rubber.

The pigment includes carbon black, titanium oxide.

The lubricant includes polyethylene wax, carnauba wax,
fatty acid salts.

The coupling agent includes silane-coupling agents such
as y-glycidoxypropyltrimethoxysilane,
B-(3, 4-epoxycyclohexyl) ethyltrimethoxysilane.

For the flame retardant, a bromoepoxy resin may be used,
optionally combined with a flame retardation promoter such as
antimony trioxide.

Apart from the above fléme retardant, alsc employable
herein are metal hydroxides of the following formula (1). The
metal hydroxides have a polyhedral crystal foxm, differing from

conventional hexahedral tabular crystal forms or thin tabular
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crystal forms such as flaky forms. More specifically, themetal
hydroxides have granular crystal forms approximated to more
three-dimensional and spherical forms, for example, having
nearly dodecahedral, nearly octahedral or nearly tetrahedral
5 forms, asboththe longitudinal side and the lateral side crystal
growthof themetal hydroxidesislarge inthe thicknessdirection
thereof (c-axis direction), for example, tabular crxystals of
metal hydroxides have grown in the thickness direction thereof
{c-axis direction) therefore having the polyhedral forms as
10 above.
M;-xQyx {OH) 2 ' (1)

In formula (1), M is at least one metal atom selected from a
group consisting of Mg, Ca, Sn and Ti; Q is at least one metal
atom selected from a group consisting of Mn, Fe, Co, Ni, Cu and

15 Zn; and x is a positive number of from 0.01 to 0.5.
Themetal hydroxides having suchpolyhedral crystal forms
may be produced, for example, by controlling various conditions
in producing metal hydroxides in such a manner that both the
longitudinal side and the lateral side crystal growth of the
20 metal hydroxides produced could be large in the thickness
direction thereof (c-axis direction) so as to have the desired
polyhedral crystal forms of, for example, nearly dodecahedral,
nearly octahedral or nearly tetrahedral forms. In general,
mixtures of metal hydroxides having such various polyhedral

25 crystal forms may be used herein.
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Representative examples of the polyhedral metal
hydroxides are Mgi.xNix (OH)z {0.01 < x < 0.5), Mgi-xZn,(OH), (0.01
<x<0.5). These metal hydroxides are commercially available,
for example, as Tateho Chemical Industry's commercial products,
EcoMag.

The aspect ratio of the polyhedral metal hydroxides may
be generally from 1 to 8, preferably froml to 7, more preferably
from 1 to 4. The aspect ratio- as referred to herein means a
ratio of the major diameter to the minor diameter of a metal
hydroxide particle. When the aspect ratio is larger than B,
thenthemelt viscosityof the epoxy resin compositioncontaining
the metal hydroxide may increase.

The resin composition for semiconductor encapsulation
of the invention may be produced, for example, as follows: An
epoxy resin, a phenolic resin-based curing agent, a curing
accelerator, spherical sintered ferrite particles, and
optlionallyaninorganicfillersuchassilicaparticles andother
additives such as stress reducer, pigment, lubricant, coupling
agent and flame retardant are blended in a predetermined ratio
thereof. Next, the mixture is melt-kneaded and dispersed
sufficiently by the use of a hot rell, an extruder, a kneader
or the like, for example, at a temperature of 95 to 100°C. Then,
the resulting mixture is cooled and ground, and passed through
a l10-mesh screen to give a powdery resin composition for

semiconductor encapsulation. If desired, it may be
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compression-molded into tablets. Through the process of a
series of such steps, the resin composition for semiconductor
encapsulation having a2 desired form of the invention may be
obtained.

5 Thus obtained, the resin composition for semiconductor
encapsulation may be used essentially for encapsulation of even
the details of semiconductor elements of semiconductor devices,
wherebythe semiconductorelementsmaybeprotected fzomphysical
contact with the outside andmaybe shielded fromelectromagnetic

10 waves.

A semiconductor device as resin-molded with the resin
composition for semiconductor encapsulation of the invention
is described with reference to the drawings attached hereto to
show the cross-sectional view thereof.

15 Fig. 1 shows an area-mounted semiconductor device 10,
in which the through~holes of the substrate 11 are filled with
wires 12. On the substrate 11, formed is an electrode 15
connected to the wires 12, and a semiconductor element 14 is
mounted thereon. Onthe other side of the substrate ll, provided

20 are solder balls 13, and these are electrically connected to
the electrode 15 via the wires 12. The semiconductor element
l4iselectricallyconnectedtotheelectrodelSviaawirebonding
17. In Fig. 1, 16 is a cured product formed of the resin
composition for semiconductor encapsulation of the invention,

25 and this encapsulates the semiconductor element 14,
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Fig. 2 is a cross~sectional view of another example of
asemiconductordeviceas resin-moldedwiththeresincomposition
for semiconductor encapsulation of the invention. The
semiconductor device 20 is a peripheral terminal-mounted
semiconductor device, in which the semiconductor element 22
mounted on the substrate 21 is connected to the electrode 23
via the wire bonding 25. The semiconductor element 22 is wholly
resin-molded with the cured product 24 on both surfaces of the
substrate 21.

The semiconductor devices 10, 20 having the constitutions
of Fig. 1 and Fig. 2 may be produced, for example, according
to a low-pressure transfer-molding process that comprises
putting a substrate 11, 21 with a semiconductor element 14, 22
mounted thereon, into a meld, then transferring a heated resin
composition for semiconductor encapsulation into it under low
pressure.

One example of the process is described. First, a
semiconductor element 14, 22 is disposed on a substrate 11, 21,
as connected to an electrode 15, 22 via a wire bonding 17, 25;
and this is set in a mold comprising an upper mold part and a
lowexr mold part. Next, a resin composition for semiconductor
encapsulation is transferred into the mold under pressure by
a plunger, and kept under pressure until it is cured. After
cured, the upper mold part and the lower mold part are split

off from each other, and thus a semiconductor device 10, 20 is

31
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Spherical Sintered Ferrite Particles 13 .0 C 21 0 g-i117..0 ..1 F-1
Exanples 1 to 8, Conparative Exanples 1 to 6 Usi ng bi phenyl -type
epoxy resin (softening point 105C, epoxy equivalent 192) , phenol aral kyl
resin (softening point 60C, hydroxyl equivalent 169) , a flane retardant of
br onobi sphenol A-type epoxy resin (softening point 77C, epoxy equival ent
465) , antino

5
ny trioxide,. tetraphenyl phosphgni um tetraphenyl b te, carbon
bl ack, a § Itﬁrliéegoujprlli it cthagg'ﬁ'g y3 % p?IL‘LFmFF’%Et ﬂ%ky?&a &ne
, pol yet hyl enewax, erical silica powder a (spherjcal fused silica, nean
particle fﬁsé‘PZ@OéaggpﬁftPaFﬁ%s?“ﬁ%‘ﬁ)tl?"c‘?‘é‘%q z]ee’p'Qe?dl 'on), and spherical silica
powder es (spherical fused silica, nean,particle size 1.5 gm | argest

particle size 1.50 e SSHEWRGUTFEeEhEsel frem § oHiets SHened: $PRt er ed

ferrite a to k, these were blended in a ratio as in Table 3 and Table 4

bel ow. | nSERaFpnaycrorzlemeng: 1 w22 5s ymascirdshheR ithe cutaid@ednferrite
particles each having a different nean particle size were previously m xed
and us®d. ishehpatded| Erem Alafstonagnetde seveheowingdc s piie ime@inesiiat er ed
ferrite particles in Exanple 5 is shown in Fig. 3. In Fig. 3, peaks are seen
at aroundl®8sgof stttk @apeunidid0sgntesedifardite powdee pantathed sirzehe
distribution of the particles in Exanples 4, 7 and 8 was al so determ ned. As
a resul t, cureBxpepliecd, 16 he2 par Bicebedsihgby di stie i damiaondarctcr peaicat around
10 gm and around 30 pm In Exanple 7, the particle size distribution had a

peak at aseuapplZcgbl @nth aylait ol g devh Be Exard e rdiie: RpliiGnes25 size
di stribution had a peak at around 12 gm and around 30 pin. Next, the
m xture wasatekbgi¥edemeth a hot roll heated

10 The invention ig described in more detail with reference

to the following Examples and Comparative Examples.

Examples
Spherical sintered ferrites were produced as follows:
15 Production of Spherical Sintered Ferrite a
A starting ferrite powder comprising 15 mol% of NiO, 25
mol% of 2n0, 12 mol% of Cul and 48 mol% of Fe;03; and having an
overall weight of 4 kg was put into a ball mill aleng with 2.6
kg of pure water thereinto, and stixrred for 20 minutes. Next,
20 20 g of an anticoagulant, 40 % anionic polyammonium carboxylate
{San Nopco's SN Dispérsant 5468), and10gofasilicone defoaming
agent (San Nopco's SN deformer 465) were added thereto and mixed
to prepare a slurry. The resulting slurry concentration was
60 % by weight. Next, the slurrywas driedby spraying to obtain

25 a granulated powder. In the resulting powder, the starting
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at 85 to 110C, for 3 mnutes, and then cool ed, and thereafter passed through
a 10-nesh screen to produce a powdery resin conposition for sem conduct or
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particles aggregated into spheres, and the surface roughness

level andthe surface roughness profile of the startingparticles

were directly transferred onto the surfaces of the aggregated

spheres. Next, the powder was heated at 800°C for 2 hours, and

5 then heated (fired) at 1000°C for 3 hours to obtain

surface~smoothed, spherical sintered ferriteparticles. Next,

these were washed by stirring them twice each for 20 minutes

in ion-exchanged water of which the overall amount was 30 times

byweight of the particles, and then dewatered and dried, thereby

10 producingsphericalsinteredferriteparticlesahavingasoluble

ion content of at most 5 ppm. Through X-ray diffractiometry,

the crystal structure of the particles was a spinel structure.
Production of Spherical Sintered Ferrite b

A starting ferrite powder comprising 15 mol% of NiQ, 25

15 mol% of ZnO, 12 mol% of Cul and 48 mol% of Fes0; was mixed in

wet, then dewatered, and heated (primarxy-~fired) at 800°C for

2 hours according to a conventional process. The resulting

ferrite powder was ground in dry to obtain ferrite crystal

particles having a mean particle size of 1 um. Next, 4 kg of

20 the ferrite crystal particles were taken out, and put into 1.3

kg of pure water. Next, 30 g of an anticoagulant, 40 % anionic

polyammonium carboxylate (San Nopco's SN Dispersant 5468), and

16 gof a silicone defeaming agent (San Nopco's SN deformer 465)

were added thereto, and mixed and stirred to prepare a slurry.

25 The resulting slurry concentration was 75 % by weight. Next,
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the slurry was dried by spraying to obtain a granulated powder.
In the resulting powder, the ferrite crystal particles having
a mean particle size of 1 um aggregated into spheres, and the
particle sizedistributionof thecrystal particleswasdirectly
transferred onto the spheres tobe the surface roughness thereof.
Next, the powder was heated (fired} at 1000°C for 3 hours to
obtain surface-smoothed, spherical sintered ferrite particles.
Next, these werewashed by stirring themtwice each for 20 minutes
in ion-exchanged water of which the overall amount was 30 times
by weight of the particles, and then dewatered and dried, thereby
producingspherical sinteredferriteparticlesbhavingasoluble
ion content of at most 5 ppm. Through X-ray diffractiometry,
the crystal structure of the particles was a spinel structure.
Production of Spherical Sintered Ferrite Particles ¢ to k

The starting powder, the mean particle size and the
composition of the ferrite crystal particles, the slurry
concentration, and the dilution ratio of washing water were
varied as in Table 1 mentioned below. Except these, the same
process as that for the above-mentioned spherical sintered
ferrite particles a or b was employed to produce spherical
sintered ferrite particles ¢ to k. Through X-ray
diffractiometry, the crystal structure of all these particles
was a spinel structure.

The spherical sintered ferrite crystals h were not washed

with water. In producing the spherical sintered ferrite

34
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particles e, g, j and k, not only the slurry concentration was
varied but also the mean particle size was controlled through
classification.

The conditions in producing the spherical sintered
ferrite particles a tokare shown in Table 1below. Thephysical
properties of the obtained, spherical sintered ferriteparticles
a to k were measured according to the methods mentioned below,
and the data are shown in Table 2 below. The production method
{a) in Table 1 means that the particles were produced according
to the same method as that for producing the spherical sintered
ferrite particles a; and the production method (b) means that
the particles were produced according to the same method as that
for producing the spherical sintered ferrite particles b. In
the production method (a), the mean particle size indicates the
particlesizeof the startingpowder; and intheproductionmethod
(b), the mean particle size indicates the mean particle size
of the ferrite crystal particles.

Observation of Particle Morphology

Using a scanning electronicmicroscope (Hitachi's $-800),
the particle morphology was observed.
Determination of Mean Particle Size and Particle Size
Distribution

The mean particle size and the particle size distribution
were determined according to a dry methoed, wusing a

laser~diffractiometric particle size analyser (Sympatec's

35
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HELOS & RODOS). The particle size is based on the particle
volume; and the mean particle size is a 50 % particle size. The
dispersion air pressure was set at 300 Pa; the dispersion time
was from 1.5 to 4 seconds; and the permeability was selected
from a range of from 2 to 50 % for good reproducibility.
Determination of Pore Volume

Using a mercury penetrator Autopore 922 (by Shimadzu),
the pore volume was determined.
Determination of BET Specific Surface Area

Using a full-automatic surface area meter, 4-Sorb by
Yuasa-TIonics, the BET spécific surface area was determined
according to a nitrogen adsorption process.
Determination of Soluble Ion Amount

In a Teflon® pressure container, 5 g of pure water was
added to 5 g of a test sample, and sealed up. This was extracted
at 121°C for 20 hours and then cooled, and the resulting extract
was analyzed through ion chromatography (Nippon Dionex's DS-500
and DS~-AQ) to thereby identify the ion species and determine

their amount.
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Examples 1 to 8, Comparative Examples 1 to 6

Using biphenyl-type epoxy resin {softening point 105°C,
epoxyequivalent 192}, phenclaralkyl resin (softening point 60°C,
hydroxyl equivalent 169}, a flame retardant of bromobisphenol

5 A-type epoxy resin (softeningpoint 77°C, epoxy equivalent 465),
antimony trioxide, tetraphenylphosphonium tetraphenylborate,
carbon black, a silane coupling agent of
y-glycidoxypropyltrimethoxysilane, polyethylene wax,
spherical silica powder a {spherical fused silica, meanparticle

10 size 8.0 um, largest particle size 9.0 um), and spherical silica
powder B (spherical fused silica, mean particle size 1.5 um,
largest particle size 1.9 pm), and using the above-mentioned
spherical sintered ferrite a to k, these were blended in a ratio

as in Table 3 and Table 4 below. In Examples 4, 5, 7, 8, two

15 +types of spherical sintered ferrite particles each having a
different mean particle size were previously mixed and used.

The particle size distribution of the mixed spherical sintered
ferrite particles in Example 5 is shown in Fig. 3. 1In Fig. 3,
peaks are seen at around 10 pm and around 30 um. Similarly,

20 the particle size distribution of the particles in Examples 4,
7 and 8 was also determined. As a result, in Example 4, the
particle size distribution had a peak at around 10 pum and around

30 ym. In Example 7, the particle size distribution had a peak

at around 12 pm and around 40 um. In Example 8, the particle

25 size distribution had a peak at around 12 pm and around 30 um.
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Next, the mixture was melt-mixed with a hot roll heated

at 85 to 110°C, for 3 minutes, and then cooled, and thereafter

passed through a 1l0-mesh screen to produce a powdery resin

composition for semiconductor encapsulation.
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Formation of Test Pieces

Molded samples for measuring the magnetic property and
the dielectric property thereof were formed as follows: The
above~mentioned, powdery resin composition for semiconductor
encapsulation was molded into tablets having a diameter of 35
mm under a condition of molding pressure 6.86 MPa x mold
temperature 175°C x melding time 2 minutes, and then cured under
a condition of temperature 175°C x S5 hours. The thus-melded
tablets were cut into cylindrical doughnut-shaped test pieces
having an outer diameter of 7 mm, an inner diametex of 3 mm and
a thickness of 2 mm, using an ultrasonic cutter.
Determination of Magnetic Property and Dielectrxic Property

The  doughnut-shaped test piece was set on
Hewlett-Packard's Network Analyzer 8702D, and its magnetic
property and dielectric property were determined according to
a coaxial tube process under a condition of 1 GHz.
Determination of Melt Viscosity

Using a vertical flow tester (Shimadzu's Model CFT500},
the melt viscosity of the powdery resin composition for
semiconductor encapsulation was determined at 173°C.
Determination of Molding Burr

Using a mold for determination of melding burr (with a
clearance of from 5 to 20 pm), the length of the resin burr having

leaked out of the cavity was measured with calipers.
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Accelerated Reliability Test

Using the powdery resin composition for semiconductor
encapsulation, a semiconductor element was transfer-molded
(condition: 175°C x 2 minutes, 175°C x 5 hours post-curing) to
fabricate a semiconductor device. The semiconductor device
(package) is a 16-pin dual in-line package (DIP), in which the
semiconductor element was mounted on Si via an insulating £ilm,
with aluminium wiring formed thereon. Thus fabricated, 10
semiconductor device samples of each of Examples and Comparative
Examples were subjected to a pressure cooker bias test (PCBT).
In PCBT, a bias voltage of 5 V was applied to the sample in a
high-temperature high~humidity tank of 130°C x 85 % RH, and the
time takenuntil the aluminiumwiringbroke was determined. The
samples for which more than 100 hours were taken before 50 %
of the semiconductor element wiring broke are good (A); those
for which less than 100 hours were taken before 50 % of the
semiconductor element wiring broke are not good {B}; and those
for which less than 40 hours were taken before 50 % of the
semiconductor element wiring broke are worse (C)}.

The test results of the samples are given in Table 5 and

Table 6 below.
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Conpar ative Exanple Formation of Test Pieces Mol ded sanpl es
for nmeasuring the magnetic property and the dielectric property
thereof were fornmed as follows: The above-nenti oned, powdery resin
conposition for sem conductor 5 encapsul ation was nolded into tablets
having a dianeter of 35 nmunder a condition of nolding pressure 6.86

MPa x nmold tenperature 17 lding time 2m nutes, and then cured
under a conditiop of lte péer atjufd 175C x 5 hours. The thus- nol ded
tabl ets were cut i-cnﬁo byl ijndrli £gl | doughnut - shaped test pieces 10
having an outer Hifapeter| gf{ 7nm) an inner dianeter of 3 nmand a
t hi ckness of 2 nmm& #sli ngi Anj Yl t nasonic cutter. Deternination of
Magnetic Property -amd géﬁ U7 |9 Pr operty The doughnut - shaped
test piece was satg-@n Hewl et tj- Pgckard' s Network Anal yzer 8702D, and
its magnetic 15 on?gerty and {d| el ectric property were determ ned
according to a cpaxal |tlube| pr pgess under a condition of 1 GHz.
Det erm nati on of Hvett+—¥istoesht Using a vertical flow tester
(Shi madzu' s Mode CFTS(PO | thejmelt viscosity of the powdery resin
conposi tion for RQ s gq;nau,fdg’,q;{ aencapsul ati on was det erm ned at
175C. Determ nat| gnh afS$4A i g Bar r Using a nold for
det érm nati on of rm“gdiurﬁgl Jukrtu(Mif h a cl earance of from5 to 20 um,
the length of thegd 5i%h uE °gg|°pg | eaked out of the cavity was
measured with ca 'raperé.é hE | B E?rated Reliability Test Usi ng
t he powdery resih=Zonpgsiydon~for| senm conduct or encapsul ation, a
sem conduct or el pnent s [t ansfler - nol ded (condition: 175C x 2
m nutes, 175C X hoqrf;O‘p sfqcunrphg) to 5 fabricate a sem conduct or
device. The semicendyctor [deyice (package) is a 16-pin dual in-line
package (DI P), ihn=vilch {t hel sepilconduct or el enent was nounted on Si
via an insulatin Sﬁlm WLI& otg] niumw ring forned thereon. Thus
fabricated, 10 sefiBqp ;gng;ﬁ pte sanpl es of each of Exanples and
Conparative 10 Ex% lles Werie |sulj ected to a pressure cooker bias test
(PCBT). In PCBT,| & ®ijas Vvolit ag of 5V was applied to the sanple in a
hi gh-t enper at ufe| & gh- humni di gy ttahk of 130C x 85 WRH, and the tinme
taken until th& uiing Limhd i | br oke was determ ned. The sanples for
whi ch nore thaf 00 hour|s|wer el tfaken before 50 % 15 of the
sem conduct or %l é;:nﬁnt pilritnig |br ke are good (A); those for which | ess
than 100 hours wey & tjaken| bfef ogé b0 % of the sem conductor el ement
W ring broke are@ats gmpdgcéﬂ-ﬁ ~angd those for which |less than 40 hours
wer e taken beforg g(ﬁ YA cgf |t lme—~pe®) conduct or el ement wiring broke are
worse (C). 20The-°‘t§st results pfl the sanples are given in Table 5 and
Tabl e 6 bel ow. %mel efat ed Rej ilapility Test
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From the results in Table 5 and Table 6 above, it is
understood that the resin composition samples for semiconductor
encapsulationofExamples, towhichwere addedspherical sintered
ferrite particles having a scluble ion content of at most 5 ppm,
having a mean particle size of from 10 to 50 um and having a
spinel structure, have a large complex magnetic permeability
and good electromagnetic wave shieldability. In addition,
these resin composition samples have a suitable melt viscosity
of from 300 to 400 dPa-s, therefore having good flowability.
Moreover, themoldingburx fromthese resincompositions issmall,
and these resin composition had a good result in the accelerated
reliabilitytest. Inparticular, the resincomposition samples
for semiconductor encapsulation of Examples 4 and 5, to which
were added spherical sintered ferrite particles having a spinel
structure and having, inthe particle sizedistribution thereof,
apeakinaparticle size range of frc.:;m 5to1l5umand in a particle
size range of from 20 to 50 pm, have an especially large complex
magnetic permeability and especially good electromagnetic wave
shieldability. The resin compositions of Examples 7 and B have
a2 low melt viscosity relative to the complex magnetic
permeability thereof.

As opposed to these, the comparative resin composition
samples, towhichwere added spherical sintered ferriteparticles
not falling within the scope of the spherical sintered ferrite

particles of the invention, are problematic in that their
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Accel erated Reliability Test ¢cO co < 4 U 4 Mlding Burr (
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mm or
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reliability is poor, their melt viscosity is too high and they
are hardly applicable to continuous production, or their melt
viscosity is too low and their molding burrs are great, or they

could not ensure the necessary magnetic loss pu",

Industrial Applicability

The present invention provides spherical sintered
ferrite particles nseful as a filler for a resin composition
for semiconductor encapsulation, a resin composition for
semiconductor encapsulation comprising it, which has good
electromagnetic wave shieldability, good moldability and high
reliability, and a semiconductor device encapsulated with the

resin compositioen.
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Conpl ex Magnetic ' Perneability p" (1 diz) ET E'1 'E Et
1-7-1-7TC-1 60 i-t CV frl cr in 10 Conparative Exanple

Fromthe results in Table 5 and Table 6 above, it is understood that
the resin conposition sanples for sem conductor encapsul ati on of
Exanpl es, to which were added spherical sintered ferrite particles
havi ng a soluble ion content of at nost 5 ppm 5 having a nean
particle size of from1l0 to 50 j AM and having a spinel structure,
have a | arge conpl ex magnetic perneability and good el ectronagnetic
wave shieldability. In addition, these resin conposition sanples have
a suitable nelt viscosity of ffom 300 to 900 dPa- s, therefore having
good flowability. 10 Moreover, thecﬂﬁFﬂ?ng burr fronlthese resin
conpositions is and ihese re ositiaqn.had a ggg result

e heonrer ot da aneiifet [Sofiigd TeptiBoNdaidti a8 gy

conpositio uct oy .,encapsul ati on of Exanples 4 and
5 to whi ch%o\%gg;gm d&’gg& ﬁzg’r'si' g(g g‘% n{ér'ed ferrite particles havi ng a

spinel 15 struwg 6,819 Q@y g 5b0 gc!?&eﬂ@r%fq*l%n??@”q' 3 SPHERd in a

t her eof In a particle size range of fro

particle size ramgée®d: from20 to 50 i.un, have an especially |arge
conpl ex magnetic perneability and espeC|aIIy good el ectronmagnetic
wave shi el dalp) ithe. m%9ﬁ§§%¢ﬂ%5ﬁ%§ﬁt?%§aﬁ?1%nﬁ dggon Hhgoghave
20 a l.ow nelt viscosity relative to the conplex magnetic perneability
t hereof. As BPposed to these, the conparative resin conposition

{c) the. crystal structure of the particles by X-ray
diffractiometry is a spinel structure.

(d) the particle size distribution of the spherical sintered
ferrite particles has a peak in each of a particle size range

of from 5 to 15 pm and a particle size range of from 20 to

50 pm.

5. Spherical sintered fexrite particles as claimed in

claim 1, which are an oxide of Fe and at least one metal element M selected from the
group consisting of Mg, Zn, Ni, Mn and Cu.

3. Spherical sintered ferrite particles as claimed in

i Fe
claim 2, wherein the molar ratio of the metal element M to

(M/Fe} constituting the spherical sintered ferrite particles

is within a range of M/Fe = 1/1.57 to 1/2.17.
4. Spherical sintered ferrite particles as claimed in

any one of claims 1 to 3, which have a specific surface axea

by a BET method of from 0.02 to 0.1 m’/g.

49



sanpl es, to which were added spherical sintered ferrite particles not
falling within the scope of the spherical sintered ferrite 25
particles of the invention, are problematic in that their

reliability is poor, their nelt viscosity is too high and they are
hardly applicable to continuous production, or their nelt viscosity
is too low and their nolding burrs are great, or they could not
ensure the necessary magnetic loss IC. 5 Industrial Applicability

The present inveft! isphepionl desitephérizatitsl pretedlde s céaprad iial es
useful as a filler for a resin conposition for sem conduct or

encapsul atargnena afesl aimoAposit i Wridhohad® aspaie FRAUBE Y Britdsdat i on
conprising it, which has good el ectromagneti c wave shiel dability,
good nol datsinetrgtaer matdiedr efi @ |Litpr/88doR K¥¥F-conduct or devi ce
encapsul ated with the resin conposition. d ains 1. Spherica
sintered ferrite particle; having the follow ng properties (a) to

c): a) the water soluble ion content of, th rticles i.n 5PPm or
655 (b) the mnPEsdiPQEEORIELoh SR PHPREPEES SRPRETHIRIACS 50

c) the crystal structure of, the parficles X-T diffr j tr
?s)a spiné%”§$rﬁ€?ﬁ¥%§es(%bg%ﬁ4 rpEP?F?ﬁQ§%§ 78 ?rfbﬁ%gcﬁggﬁe t he d
spherical sintered ferrite.partic ak. L. rticle
size rang egflg?gﬁ]rgl?oeﬁgf%rﬁ'%%e %élp%?‘fsl %@gégggg%gﬁg@%mﬁ%ﬁzo to
50 pm 2. Spherical sintered ferrite particles as clained in

claim1l, which are an oxide of Fe and at | east one netal elenent M

sel ected fromthe GrouRs LORSHSEd MG olftoMberdontuct dhenbsbddlation
3. Spherical sintered ferrite particles as clained in claim 2,

wherei n the 8Dk ffed 8hi Q18 GhamEetah @eepebodtion 6fthe M Fegr is
constituting the spherical sintered ferrite particles is wthin a

range of Mrbe &51¢d.4 ¢ ®ylédline of the redin Sphewiscalosi ntered
ferrite particles as clainmed in any one of clains 1 to 3, which have
a specific surface area by a BET nethod of from0.02 to 0.1 n2/g.

5. Spherical sintered ferrite particles as clainmed in any one of
claims 1 to 4, whiThe havin eopprsibiohdive gnizomduetiey eperRrIvRTION
method of 0.2 liter/kg or |ess. _ 6. Aresin conposition for
seni conduetscrladmedioutlatino§ orfhikhr ignpire BERPE Fian o tROTRIG TSR] t he

spherical sintered ferriteparticles of aqxone of cl ains Itg 5,
andsi | i Cagépﬂ:pggeésﬁerrite particles in the fillexr is at least 50 % by

volume of the filler.

0. The resin composition for  semiconductor

encapsulation as claimed in claim 8, wherein the blend

constitution of the filler meets the following (dl) to (d3):
(d1) the silica particles having a mean particle size of from

5 to 15 um account for from 4 to 30 % by volume of the fillex:

(d2) the spherical sintered ferrite particles having a mean

particle size of from 20 to 50 um account for from 50 to 93 %

by volume of the filler;
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7. The resin conposition for sem conductor encapsul ation as cl ai ned
in claim6, wherein the proportion of the filler is from65 to 80 %
by volune of the resin conposition. 8. The resin conposition
for sem conductor encapsulation as clained in claim®6 or 7,
wher ei nthe proportion of the spherical sintered ferrite particles in
the filler is at |least 50 % by volunme of the filler. 9. The
resin conposition for sem conductor encapsulation as clained in claim
8, wherein the 3{ Géng'fP@?JiaEHi&ﬁh Rhvide afiddrepameitle shes RS TEAR ng
(dl) to (d3): ( i} fe silica particles having a nean particle size
of from5 {Q 15 9N AGeUDkn{ @br oM 3 toaBA K bylund hEkst fihber-
filler; (d2) 'fhe sdﬁ%rical sintered ferrite particles having a nean
.particle size of from20 to 50 gm account for from50 to 93 % by
volume of the filler; (d3) the silica particles having a nmean
particle size Of:F&0n1@h8 t @e2igm asupesition friem 3 THHPIAIGTOT
volunme of the filler. 110. The resin conposition Pog 1e

seni conduct.Qr..8RcaRsWmAt kon casindadi Aed dlaisl abm Bhehiret e het RéBfend

constitution of the filler neets the follow ng (d4) t X 4)
t he spheri ¢ahssiphiei@d dfethé td gart ne¢ies W&vﬁﬂé%‘“??@agdgg?%? c(ld((gqsi ze

of from5 to 15 pmaccount for from4 to 30 % by.volu fotde
filler; (d5)a4henspsphécidalspinerras fBFFHER 96‘5¥%Fc?sersﬂ%hv§v?ng 2 mean
particle size of from20 to 50 pm account for from 50 3 04W 5

vol ume of thpaftidier sizede§ fuem 8i%9 dd PAriFEEs 3’\'5/ifn%°%agrrean
particle size of from0.2 to_2 pmaccount for from3 to 30 % by

vol ume of theyfyvedute of1 t#Ref}¥T5 conposition for seniconduct or
encapsul ation as clained jn an ne_ of L 05, H-lie140, narieigea mdare
silica partiéﬁ@b'@M%SBBﬁE??%%FXEE?ﬁ%gfﬁ%%ti%ﬁ%s. 12. The resin

conposi tion for sem conduc e Ui @t on. st abpedomns@ny 0B of
cl ai ns 6to|IPaﬁh+%%?(ﬁiﬁﬁa?%3£3ﬂq%%§§yé¢%%ﬁn and a phenolic

resi n- based curing %%en cr@NGapsyutation as clained in claimi12, which
contains a cﬁﬂiﬁ§‘§3 é?eréﬁor along with the epoxy resin and the
phepol iC reS|(gggatsneedsgﬂ&g%agggﬁes having a mean partjlql].e Alze of from
sem conduct or vi'ce produced by encapsul ating a sem conduct or

el ement with d Qetor Sl_kn? geeBPIQé'fbhc%‘kcanB 280 Gomg vol one efcetps GLALEDBN of
any one of cldins 6t0l3.

11. The resin composition  for semiconductor

encapsulation as claimed in any one of claims 61010, wherein

the silica particles are spherical silica particles.

12, The resin composition for semiconductor

encapsulation as claimed in any one of ¢laims 6toll, which

contains an epoxy resin and a phenolic resin-based curing agent.
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13. The resin compesition for  semiconductor
encapsulation as claimed in claim 12, which contains a curing
accelerator along with the epoxy resin and the phenolic

resin-based curing agent.

14. n semiconductor device produced by encapsulating a
semiconductor element with the resin composition for

semiconductor encapsulation of any one of claims gto13.
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