SEM CONDUCTOR ENCAPSULATI ON COVPRI SI NG THEM AND SEM CONDUCTOR 5 DEVI CES

/
)/Il DESCRI PTI ON  SPHERI CAL SI NTERED FERRI TE PARTI CLES, RESI N COMPOSI TI ON FOR

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 bot
good el ectromagneti c wave shi el dBBECRIBTESIN good electric insulation

properties, and to a sem conductor device

the resin conposition. 15 Background Art In general, in a process of
produci ng sem conductor devices, the sem conductor elenent finished afte
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thernosetting resin for preventing it frombeing in contact with the

out si de.

di spersing a silica powder-based inorganic filler
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i n an epoxy resin.
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of high reliability produced with

r

Regarging the net hod gEyengapsrbaicEn pv tusTNd erdIiMig resin, for exanple,
a transfer nol ding nmethod has 25 been put into practical use, which

conprises putting a 1 sem conductor elenment bonded to a substrate into a
nold, transferring a nolding resin thereinto under
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The present invention relates to spherical sintered
ferrite particles of good electromagnetic wave shieldability,
to a resin composition for semiconductor encapsulation
comprising them, which is to be a cured body-forming material
having both good electromagnetic wave shieldability and good
electric insulation properties, and to a semiconductor device

of high reliability produced with the resin composition.

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
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

been put into practical use, which comprises putting a

pressure and curing

and



Her et of ore, resin-encapsul ated sem conductor devices 5 fabricated by
encapsul ating a sem conductor elenent with a nolding resin are excellent in
point of the reliability, the nass-producibility, and the cost thereof, and
have becone nmuch wused in the art along with ceram c-encapsul at ed

sem conductor devices that conprise ceramcs as the constitutive materi al

10 thereof. Wth electric appliances, a problemof el ectromgnet
conpat i blﬁ‘?“llv:o(r% %ase}(c)%%f) g ‘?‘?%altf’y ano?@'?j“ﬁ)rre ex3hPI & mqjecg‘ent
information co nicatio i ances are being toward nuch nore down-sized

and f unctt3 -%?é’r%%&%ﬁég r&ﬁ&nf‘ﬁ}elf‘%}r“ttl?e‘rm‘i%r PRBFBYFAG AN or mance
of sem conduct or devices to be used in such appliances, the signal

anpl i t udeands Wd’&é’&jté’@ F9ldéng| gasint heepeipr consunptl on. As a result,
there is increasing a possibility that even m nor h-frequency noi ses nmay
cause mal funct Henedspfosai copgintrencapesybated A@@mm gtopderkiagopnent of
el ectroni c devices not rel easing any unnecessary el ectromgnetic waves or

r esi sbantfahrislaged drmgretdps ulatdng Ge resmsitcshdaanard elleananits widibng pr onot ed.
In general, when a cured product of a resin conposition for sem conductor
encapsul ateloh mpseaisonibedertetl emmagnagidint 295 wheeselifleil ity caheerts the
energy of the waves into heat. The 2 energy conversion efficiency is

corr el at eghs¥-dr ddueivdllies, odnd tthe coBgithnedTgr end hofe bBeonemlatx
dielectric constant of the dielectric constant of the cured resin as

conpl ex axdy¥Esn Phe arndlbhg widWidedanigakhcapehlihedcosml condmaat i c
pernmeability 5 of the nmagnetic perneability thereof as conpl ex expression.
devices that comprise ceramics as the constitutive material

10 thereof.

With electric appliances, a problem of electromagnetic
compatibility (EMC) has been specifically noted. For example,
recent information communication appliances are being toward
muchmore 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



These val ues each indicate the dielectric |oss and the magnetic | oss,

respectively, of the incident electromagnetic energy; and when these val ues
are larger, then the energy conversion efficiency is higher, and therefore
the el ectromagnetic wave 10 shieldability is higher. One nethod of solving
the above-nentioned electromagnetic interference problemis proposed, which

conprlses bui | ding a sem co ductor elenent- ont aj ni.n integrated circuit
device i ﬁnﬁrﬁﬁc‘k‘é‘g%e’é%%%n N +# I tgaE ue$8€kage cap

formed of ferrite or of a substance havi n ferrlte correspondln%

char act efhstimaEIImAr HRSFThy" o the gﬁtﬂp}eéréa%ﬂs%ﬁ%ﬁimgonﬁtﬁﬁér #heo as to
make the case absorb el ectromagnetic waves inside and outside it (see

Pat ent ReEfielemesicigonseany £ pgep@w@ﬁ LS SA Ty a5| FOTEPLSH SHPFESS 198w conduct or
devi ce, which conprises a sem conductor el enent bonded onto a die pad and a
Wi re conaedt e timadgiamaggnpeohducbbrtied emeptl exnragaet baderaradbidiulyi ch t he
wire, the sem conductor elenent and a part of the | ead are encapsul ated
with @ nafnehecmagsehi¢sperfaPal sty Refmyaehees Damdlexk kixpressdont he surface
of the 3 sem conductor device is coated with a ferrite-dispersed magnetic
resin toThesmvalwes kayhriaticesiantrachipieoardd 5648 Ghd ehe magnekeerite i s
used in place of the silica particles to be used as a filler in the nolding

resin, thesehrdsPaduvisred Qnef kakerRd debt! €5 d eoiGapsed ial eflesgypahdre. Al so
proposed Is a sem conduct or package for casing a sem conductor el enent and
other el qRBAt THW ebanu®d ¥RbChalher, then the energy conversion
efficiency is higher, and therefore the electromagnetic wave
10 shieldability is higher.

One method of solving the above-mentioned
electromagnetic interference problem 1is proposed, which
comprises building a semiconductor element-containing
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



sem conduct or package body is fornmed of a magnetic powder-m xed plastic
resin (see Patent Reference 3). The plastic resin 10 conprises a magnetic
powder such as ferrite or anorphous alloy mxed therein, in which the
anount of the nmagnetic powder is preferably from30 to 60 % by wei ght or
so. If the anount is smaller than 30 % by weight, then the resin may be

I neffective, for, preventing el ectyonagneti c noises:. but even if l.arger than
1560 9% B EORRE ORERHIGAS 56 ALV R AT PR SAY S eRTdC Al so
proposed is .a sem_conduct or device conprising a .sem conductor part, a wire
met al  suF&SL8: £Ot SOMRi * H-1 et gfted reshBraBaeRAt At A MR TSN Wo directly
cover the part and the necessary area of the metal substrate, in which the
nol di ng f@nrdseniepgRd desPAACEr GhMiNe FediRAPRETFGIE BT BegsSed B¢ wei ght

of a ferrite powder added thereto, and the thernmal expansion coefficient of
t he nol ditngdiddsirninstheomlding G ipontoersby fPomeng Reingdifdered The

nol ding resin may conprise an epoxy resin and a substance of a formula,
MFe203 orxeinFe2Capcuietedn seBukitszea divalent netal, and n is an integer)
added thereto as 4 a ferrite powder. Al so proposed is a resin conposition
for sem conductBlsoepropssedtisor cenicoadngtart peckaget fongapiony aresin, a
phenolic resin-based curing agent for the epoxy resin, a silica powder 5
and a nagretiiconpgagtter ebenemg aadl atlist ledenenr st hiee ey afeshich theerei n t he
mean particle size of the silica powder is snmaller than that of the

magnet i ¢ semidenduste risd exdgRpbayanceoed ofd faghetebagasdar-imradkd n t hat

the magnetic powder is ferrite of which the nean particle size is from 10
to 50 m gnGsihe lgest (N tpfléht 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-nFez03; (wherein

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



10 size is at nost 200 W Al so proposed is an epoxy resin conposition

conprising, as the indispensable ingredients thereof, (A an epoxy resin,

(B) a curing agent, (C) a magnetic powder and (d) a curing accelerator,
whi ch the magnetic powder (C) has a relative 15 nagnetic perneability of

from50 to 3000 and its content is from 30 to 90 % by volune of the overall

n

epoxy resin conpositign (see Patent Reference 6). Preferably, the relative

magnet i c@ $EEKSABi PPFEeEt the nagnetic powder (C) is higher: and if it
t hen the conpl ex nmagnetic perneability of the 20 resin

| ess than 50, : _ cal ‘
AVPRAFE R L EcR rifRidh OMPORAT &ONsFR B | SRR AaNARCEREr eof may

conposition is &

i's

be insufficient. For the magnetic powder (C), preferred is a Ferrite-based
powder ; &n¢aRisSulatbasedmprdsings themesathiagepdxy resen mayphsaodief er abl y
used in spinel type, and Zr-Wnh-based ferrite or Ti-M-based ferrite my be
25 pref eralslin-basgdgoeropf lagErnte foypthe iRatye meskef, ca esicki da pRwled4- 41248
Pat ent Reference 2 JP-A-3-23654 Patent Reference 3 JP-A-6-151626 Patent

Ref ergncend dHRnafgrich: 40 po&de rPas evi nqRafscnentrl &r HrAtRO0Z2A6BIR2 inPat ent

Ref erence 6 JP- A-2D03-128880 D sclosure of the Invention Problens that the
| nvent i okhiegelit S0é wReatDpheweree, site oFethe didudopoRaekane spatihekerrite in

Pat ent

Reference 1 is difficult to work and is not practicable in point

i ts cost thhnerd0be, ik MBEROH1 8TpowaRirC KlIoh 0n £ MR N BN, This
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is characterized in that the magnetic powder is ferrite of which
the mean particle size is from10 to S0 um and the largest particle
size is at most 200 pm.

Also proposed is an epoxy resin composition comprising,
as the indispensable ingredients thereof, (&) an epoxy resin,
(B) a curing agent, (C} a magnetic powder and (d) a curing
accelerator, in which the magnetic powder (C) has a relative
magnetic permeability of from 50 to 3000 and its content is from
30 to 90 % by volume of the overall epoxy resin composition (see
Patent Reference 6). Preferably, the relative magnetic
permeability of the magnetic powder (C) is higher:; and if it
is less than 50, then the complex magnetic permeability of the
resin composition is 1low 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

preferably in magnetoplumbite type.

of



with ferrite is desired, which is sinple and easy and which is nore
effective and nore reliable for solution of electromagnetic 15 interference
problens. In Patent Reference 2, a sem conductor device having a

one-layered resin structure is easily produced, using ferrite as a filler
for the nolding resin, and the device is prevented from malfunctioning with

el ect romag i.c..Nnai -~L0 this, 20 -hawever jyice the f errite-containing
resinis i%%éﬁﬁgcﬁeggﬁFgg 5‘vvith th%p§§ﬁ¥§dﬁﬁﬁk?or el ement, the resin
conposition_that _cgntains gn ordinary, ferrl havi ng many soluble ions is
pr obl emat i aFﬁ“%tgegsFFHBFI?ty. Fur?%@ﬁ?fééi£§%|1 Patent Reference 3, the
device is %roblenatic in it§ reliability g@gﬁﬁH%S a sem conduct or el enent
and ot her s PREENENBRSEEPRFED>t hr ough'P BT lding wWith a magnetic
substance-m xed plastic material. |In Patent Reference 4, the reliability is
i ncreased BpteRé Beéesengendl di ng reRrArEbmtBI M ng from 35 to 95 % by wei ght
of a ferrite powder added thereto and having a thermal expansion 5
coef f Pci enfagentr Befexrense2d ppm C TRoAWRRG2-34338% ef erence does not
di scl ose the noldability and the dielectric breakdown property of the resin
as wel |l asPalenthBefezenceai 6 test rédtAt2003t1R&880 resin under a | oad of
bi as voltage applied thereto, in which, therefore, there are sone probl ens
in point of the 10 noldability of the nolding resin having a high ferrite
content and of the reliability thereof under a |oad of bias voltage applied
t her et 0. Disdlai;ame Ref ehendeventtibea i nventors specifically noted the
nol dability of a ferrite powder-m xed nol ding resin and the
Problems that the Invention is to Solve
10 However, the semiconductorpackagewithferriteinPatent
Reference 1 is difficult to work and is not practicable in point
of itscost. Therefore, amethodof semiconductor encapsulation
with ferrite is desired, which is simple and easy and which is
more effective andmore reliable for solution of electromagnetic
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



15 risk of malfunction through current | eakage owing to the contact between
a sem conductor elenent and the cured product of the nolding resin, and
proposed a resin conposition for sem conductor encapsulation that contains
a specific silica powder and a specific ferrite-based nmagnetic powder, as
so nmentioned 20 herei nabove; however, the resin conposition is still

unsati sfactory i oint.of the reliability thereof in practical. .use. In
Pat ent RSB KL I BHER aaIRek CRR NG i ORIt Ferial

sem conduct or epcapsul ati on, which contains a. 25 magnetic powder having a
hi gh magnetic pa&RnBabeRt (Refsrencenisothy Feligitid. i tiowy ERCIBASER MY t e- based

powders that are said to be preferred for use therein, the magnetic

per neabi |18 use ehesBollARE EHhicghtripagi Ergredbetbi 93 tybraWeihitat nost 30
or so; and, in fact, therefore, the powlers are far fromthose capable 5 of
sati sfyi mf atfenmsde peveex adtieditthd ratanandhavinghd $heghadeggxransian this, in
addition, nothing is referred to relating to the reliability of ferrite,
and i bs useefifsiqieohl efafrem Theomiodppy/?ESi Howavarr, eshis coapasertdeon for

sem conductor encapsul ati on nust have a | ow viscosity up to the nolding 10
t enper at wWeed hot abifs dlersusheafio idsh I ki aadethe Hioelkourprdsseaieiown
transfernoldability, and it is required to have high flowability. 1In such a

nol di ng resdgerysbeEMmhgresit M-walkbasethé eiHddms-dnduil tésthasadferrite
prepared by nmechanically grinding ordinary ferrite ingots are

unsati sf agHQr HeOkekRGl €A86AG tTead idf bAGslbolabpe ¥bphiédecHerddd,e
particles therein for the purpose of increasing the magnetic perneability
of the resihinik®," @BkRefore, there are some problems in point of the
10 moldability of the molding resin having a high ferrite content
andofthereliabilitythercofunderaloadofbiasvoltageapplied
thereto.
In Patent Reference S, the inventors specifically noted
the moldability of a ferrite powder-mixed molding resin and the
15 riskofmalfunction through current leakage owing to the contact
between a semiconductor element and the cured product of the
moldingresin, andproposedaresincomposition for semiconductor
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



Specifically, it is necessary to optim ze the shape and the particle size
of ferrite particles to be in a resin conposition for sem conductor
encapsul ation as a filler therein, and to lower 20 the ionic inmpurity
content of the ferrite particles for increasing the reliability of

resi n-encapsul ated sem conductor devices. The invention has been nade in

considerati f tEe situatiop as, abqve nd its object_is to, provide
spher i caiElto %g)@‘nt PEEVREY r?#e %’é’fjttrec'lo%asselfgmdeés? P PEP ?N‘gator esin 8
conposition for sem conductor encapsulation, to provide a resj conposition
for sem dOnBGELFLERCATsIF SERGROABTIENAGNS 11C PREPERADR AL ) Gdthose
el ectromagneti c wave shieldability, good noldability and high reliability,
and to prRAViRg & SdémhcBRgnetsr pPsrpedhtblendiais RaesdRSth3Pher redin
conposition. Means for Solving the Problens To attain the object as above,
t he presemdi Anckadon thesefome, fohe pawdgreonse fagt foem theseSprrah ksl
sintered ferrite particles having the 10 followi ng properties (a) to (c):
(a) the sof abtésfpingoheasquifremeatpsi thelivvensidnppmlors teferendd) t he nean
particle size of the particles is from10 to 50 1linm (c) the crystal
struct ur eloftiig par tddiesoby Xething 15 didfffarastd aaetrejatsng sithed
structure. 2. Spherical sintered ferrite particles as described in the item
1, whi ch rsliadiia HoldoWery ipegpantdy itd) use addptbbbemsvidéhe properties (a)
to (c):
Themoldingresininaresincomposition for semiconductor
encapsulation must have a low viscosity up to the molding
10 temperature thereof because of its requirement for low-pressure
transfermoldability, andit 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



20 (d) the particle size distribution of the spherical sintered ferrite
particles has a peak in each of a particle size range of from5 to 15 m and
a particle size range of from20 to 50 m 25 3. Spherical sintered ferrite
particles as described in 9 the item1l or 2, which are an oxi de of Fe and
at |l east one netal elenment Mselected fromthe group consisting of My, 2n,
Ni, Mi and Cu., 5 4. Spherical sintered ferrite particles as described in
the it emSPTRRPAtioR EPe SRBLEPNARET O GRCAREABEAP eI EHRFRV IS 8 T8 M Fe)
constituting the spherical sintered ferrite particles is within a range of
M Fe = 1/PMppsaidipm for senisongiedoirc A0 GARRUAREd Ie rGIMRE igdng dites as
described in any one of the itens 1 to 4, which have a specific surface
area by wnighT heshoibed rAent@odagnetdcl wivey. sbiedgabiisay, signast ed
ferrite particles as described in 15 any one of the itens 1 to 5, which
have a pacddablidntyoyndhighcelyabpéhety sndore pebhdde @f s@uidndwrydeg or | ess.
7. A resin conposition for sem conductor encapsulation, which conprises a
filleb cawuvdics epdapasudper gdkhsthéeresin 20cthessitsomparti cl es of any one of
the itens 1 to 6, and silica particles. 8 The resin conposition for

sem condMuays GaGaglivinigorheapréBsensbed in the item 7, wherein the
proportion of the filler 25 is from65 to 80 % by volune of the resin
conposi tion. 1078 .atheid @Rk b REOE5 AV, OEne PR LAHChOEnLDEAMIY at i on
the following constitutions.
1. Spherical sintered ferrite particles having the
10 following properties (a) to (c):

(a) the soluble ion content of the particles is 5 ppm ox less:

{b) the mean particle size of the particles is from 10 to 50

um;

{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



as described in the item7 or 8, wherein the proportion of the spherical
sintered ferrite particles in the filler is at least 50 % by volune of the
filler. 5 10. The resin conposition for sem conductor encapsul ation as
described in the item9, wherein the blend constitution of the filler neets
the followng (dl) to (d3): (dl) the silica particles having a nean particle

size of f . £.0,15 nt for. t % I t he
filler; {}gg])ltt%&le?sopﬁagﬁ%@r&g%ﬁ%e%% ?{lec{ré; ??eﬁ%ﬁ(}}qsg%%g%%%%ﬁ%rﬁe%]an
particle sjze of from 20 to.50 account for, from5Q to %,.by.. vol ume of
the fill e‘?i,e’Q%fS‘) MtHETSFFFéa%%W e GEOVR W &8 Thedieh Opar e 2’13’}5 M £rom
15 0.2 to 2, pmaccount for from3 to 30 % by volunme of the filler. 11. The
resin co itton for sem conductor encapsul ation as described in the item
9, wherein the blend constitution of the filler neets the following (d4) to
(d6)= 20 (d4) the spherical sintered ferrite particles having a nean
particle size of from5 to 15 maccount for from4 to 30 % by volune of the
filled (d5) thé-sppRertedl siimrered ferrite ppatiicdessanffsedivenelhn
particle size of from20 to 50 pmaccount for from50 to 93 % 25 by vol une
of the fithergtem 3;deherpdnstihe geo g rthiosofiavhdgnet alesd epenti ¥l €0 si ze of
from 0.2 to 2 pmaccount for from3 to 30 % by volune of the filler. 12.
The resi nFedMpbsi toors tHigu tdag tundpbepica b séntaped fexmiteapadesclidédbed i n any
one of the items 7 to 11, wherein

is within a range of M/Fe = 1/1.57 to 1/2.17.

10 5. Spherical sintered ferrite particles as described in
any one of the items 1 to 4, which have a specific surface area

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

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



the silica particles are spherical silica particles. 13. The resin
conposition for sem conductor encapsul ation as described in any one of the
itenms 7 to 12, which 10 contains an epoxy resin and a phenolic resin-based
curing agent. 14. The resin conposition for sem conductor encapsul ation as
described in the item 13, which contains a curing accelerator along with
the epoxy resin and the phenolic 15 resin-based curing agent. 15. A

sem conduct or dévilhe pestiucoupbyithcnfon sanigpreluctar enrzpetbitigdrenent with
the resin conposition for sem conductor encapsul ation of any one of the
itens 7 tas BéscribeBointtle [itepo’ oo, obharaingiee pevporcomposititen to be

an encapsul ation material which has good el ectromagnetic wave shieldability
and has ggutbrimadabihikeyednfednigie pakabilebtin theefilher drsegentedstvent ors
have made assi duous studies of 25 essentially the constitutive conponents of

the encapulatygovolldhdiferhal filekave specifically noted a spinel-type
ferrite which has heretofore been used for inparting el ectromagnetic wave

shieldability to encapsul ation materials, and have made a series of studies
for obtaining a spinel-type ferrite material 5 having good noldability and

hi gh reliabilitygand faui ng-gon  QRfldsawagRet i gopavesshi ebaalidddy. As a

result, we have found that, when spherical sintered ferrite particles (a)

aving 2 erkbliblidioh GARRheR! ADEheSI PR of bR NG e BRI I €1 ©

size of from'10 to 50 m having a spinel structure as e crystal

struct ur & dGriqQfc s St Medki{{BFIHOIBE hef 314889 ng (d1) to (d3):
(dl) the silica particles having a mean particle size of from
10 5 te 15 um account for from 4 to 30 % by volume of the filler;
{(d2) the spherical sintered ferrite particles having a mean
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;
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in aresin conposition, then the resin conposition may effectively express
the excellent electromagnetic wave shieldability that the spherica
sintered ferrite particles have, that the resin conposition my ensure the
reliability necessary 15 and indi spensable for recent encapsul ation
materials, that the resin conposition may have a low nelt viscosity while
having a high filling ratio of the filler conponent therein, that the
resin conpdsi®)i bhe eyl Indy pagniches dusadidactean partdrtenyite of fxore cured
product thereof, and that the resin conposition may 20 have good

mol dabi | i t ). 2and dpmt decdasi £oaf £1dreSet 6i3WR s volemehas e hieeAitheelr t he
present invention. Effect of the invention As above, the invention provides
spherical sintered ferrite particles having the above-nentioned properties
(a) to 25 (c) and to provide a resin conposition for sem conductor 13

encapsul ati on that comhai nsrésinl | eforswyirdizinng the speemiténduspheri cal
sintered ferrite particles and silica particles. Accordingly, the resin

conposi t i eiedisnl00 od 8§ asisby iBed 190l ohé evatld i temand oEs, gReLein
el ectromagnetic shieldability; andwhen 5 the resin conposition is used as an

encapsul aipONs Y il re QL dd2e spdeichNgsseTka0pdrei e1edevi ce has good
EMC characteristic. = Wien the spherical sintered féerrite particles have, in

addition to the above-nentioned properties (a) to (c), an additional
property (d) that the particle size distribution 10 thereof has a peak in

each of a partighe si ran fr Qg pu nd Lk Lze range
of from20 to 58 m a?gemheﬁgs? e pé§@é§ﬁ€§§5§= tgggtypgeggeaugééﬁé%hen their
fillabil 'éﬁ'cép?sulation as described in any one of the items 7 to 12, which

10 contains an epoxy resin and a phenolic resin~based curing agent.

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
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further inproved and they may have nmuch better flowability and nore
excel l ent el ectromagnetic wave shieldability. 15 Wien the spherical sintered
ferrite particles have a specific surface area by a BET nethod of from 0.02
to 0.1 nk/g, then they may have further better flowability. Wen the
spherical sintered ferrite particles have a pore volune by a nmercury
penetration nmethod of 0.2 liter/kg or less, 20 then they nmay have further
better flm¥e®rialy. WeriteveDepecifticenlyf nphedDrasphyslFtype 1fésrite
cross-sectional view show ng one exanple of the sem conductor device of the
i nvent i orwhéh fag h2riesodoceobeeseacsedrfdr \imparthiag ajcanpbhegnesiapl e 14
of the sem conductor device of the invention. Fig. 3 is a particle size

di stri butwave alried dabiflliey sphentapsubanien ethdferridllss padt havesmaged in
Exanple 5. 5 Description of Reference Nunerals 10 and 20 Sem conduct or

Devi ce 14 sefde2biSpbetiies FotdomiirdihSenpinedueype fd o madéraqd 24 Cured

Product 10 Best Mde for Carrying out the Invention In the invention,

speci i ¢ gpPERd o mlieed 1hei hhe M thdl 9% iare yohhal Ag¥ingNgoddie noDst
characteristic feature of the invention is that the specific spherical

sintered ¢ ddd fsnalghddrd bfa‘lr@%h?.@id‘d%ﬁ@iit?._t s B8 g1 130 MPO HalvieOFol A
sem conduct or encapsul ation of the i1nvention. For exanple, the resin
that, when spherical sintered ferxrite particles (a) having a
soluble ion content of at most 5 ppm, (b) having a mean particle
size of from 10 to 50 um, and (¢) having a spinel structure as
10 the crystal structure thereof by X-ray diffractiometry are used
in a resin composition, then the resin composition may
effectively express the excellent electromagnetic wave
shieldabilitythat the spherical sintered ferriteparticleshave,
that the resin composition may ensure the reliability necessary
15 and indispensable for recent encapsulation materials, that the
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



conposition may be prepared by fornulating an epoxy resin and a phenolic
resi n-based curing agent, and additionally a curing accelerator and a
silica powder, and in general, it is in the 20 formof powder or tablets
produced by tabletting it. For the specific spherical sintered ferrite
particles, the starting materials are washed with water, then sintered in

spheres it t deyv vggg('- r r I ed in
spheres, aeg}ﬂce mal;e? e &F‘P;E é\)\ﬁé%ye%?{]g Flil\dé;gf)y r drulcsce}"%ftkl%esg%%%% ion
content of .t sulfin rticles to at. nost . Prefe |y, the

sol ubl e isanherc}grf{agLntéji%t eégaﬁcé%&‘ltl?eatparqﬁ%ﬁ@? p?b'gg13 s?‘h%gg% e%l%glln%fﬁb%'e sol ubl e
ion content to,.th I rnost_|imt / increase the reliability of the
resin . cONPSAAT ol FEcht SR AIRIERS O BaP al 7T RS 16 pPH Y ne &
resulting particles. Specific exanples of the saluble.iqn inc]ude Na",
P0a- 3, arkt bt it o aad iR apEIR e SaPTBeECt O R THMICAPLILEYF G HTan t he
detection limt, then it is expressed as 0 pp and the taotal anmount of the
det ecPed HH¥hEeF N COMPRSEFIONHES BFGE RS A RGPS 2By OXMEhE rdidie Q™ onet ry of
the 10 specific_spherical sintered ferrite particles is a spinel

st ruct ur eeheREe8Ri Fyng sRELEPBALELAY dVdGGiRs IoPdJdiH conBrRetOFLstid i ces is
over a level of 1 GHz, and sem conductor devices nust Dbe shielded from
unnecessary radFbenabvies shanigiedr sintguedcierr s ipeg tsgdiesahape nalin
structure, the ferrite particles may satisfy 15 this requirenent.

Pr ef er abladditiierspher tbal abbneenedtienedt propartiesedadr dcanaxi dan of at

| east one netal elenment Mselected fromthe group consisting of My, Zn, N,
Mh and Cwdditilbried. prepecitii dal)l ghathtbei pabetalisesihe @isictibwalomr esi st ance

of the
10 thereof 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, and when
the particles of the type are used, then their fillability is
further improved and they may have much better flowability and
more excellent electromagnetic wave 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 methoed 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

14



material for sem conductor encapsulation is required to as high 20 as
possi ble. Also preferably, regarding the conposition of the spherical
sintered ferrite particles, the nolar ratio of the netal elenent 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 pant]L!dasm:Zoncod akbyheeSHES Lé eidani 841 tized and could hardly

have 16 satisfactory magnetic characteristics. On the other hand, when the

form of the sinkepedsf ol it GG &5 Jod 1Ol ARISHGR oyl 2XTP! €. vihen

the particles have various apes, en the Viscosit the resin

conposi ti may.__i-Ncr, nd the, 5 it her eof rsen.
Prefer abIsgpfhet%leca&pﬁé‘?‘i%%gcf?%si(]i'ﬁtrgrl&a Pé%?:{?gef)a?#%lJe%eﬁﬁ%n\r%?eavgs)'peci fic
surface area by a BET nethod of from0.02 to 0.1 nR/g. Al so preferably, the

particles have a pore volume by a mercury penetration nethod of 0.2
liter/kg or |ess., Havi ng] %0 such g specifi c surface area and such a pore
vol ume, P ERtiony et Sefecrager PPPFelparticl es my have an i ncreased
degree of sintering and their surface may_be snoot hed, and therefore the
f1 owabi | 1% %3 4% resin conpPEBLEPBAUEBA APEYHEEt hemin encapsul ation of
sem conductor elenents is increased. Further, 15 since the nunber of the
pores in khenshidlicles i s smAMPStERLEs easy to renove soluble ions fromthe
particles by washing them to a level of 5 ppmor |less. The nean particle
size of tife aye@Z ic spheric§emirandnetor fBkemertparticles of the invention
must fall within a range of 20 from10 to 50 m nore preferably from15 to
40 m Evérd e 24 Cured Product

10
Best Mode for Carrying out the Invention

In the invention, specific spherical sintered ferrite
particles are thained, and the most characteristic feature of
the invention is that the specific spherical sintered ferrite

15 particles are used in the resin composition for semiconductor
encapsulation of the invention. For example, the resin
composition may be prepared by formulating an epoxy resin and
& phenolic resin-based curing agent, and additionally a curing
accelerator and a silica powder, and in general, it is in the

20 form of powder or tablets produced by tabletting it.

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



preferably, particles having a particle size of 63 pmor nore do not
substantially exist in the specific spherical sintered ferrite particles of
the invention. In order that the resin conposition for sem conductor
encapsul ation of the invention 25 nay contain the ferrite particles in an
increased filling ratio 17 and may have good flowability, and in order that

the elecg rﬁ’é@.gn@triecfe‘i'%&??t eheSkbulie L1n &R TiOTROTelBRd rodhe 1 Gz

t hereof could be kept high, it is desirable that, 1n the particle size

di stributgon, tpe gglf s tl‘?ﬁsf ?gﬁi\:tg‘i?gartthied J% S.I.J}?Vcﬁ?lﬁ:é:}ﬁakté{“ {H%éns?ze

particle size ra rom m an a peak wt a partic

range of o] . r referably, the.spherjc | nt ferrite
parti cl esiébg%&f% l?%ég]r es n?'&?%sgglgt i%(?'r?yn%eyl aé’vlreilgcjpeogi %Qaﬁégﬁi cle size
of around_ 10 m

_@nd ? Eeak at alggrticle SiZﬁ of aggugd 30 .m_Fo hé)btaining
10 the spRAPRRETAIhEEF G 104 BR eFRITHAA MY PLAEF WS 3584k E % i n t he
particle size djstributio thereof,.{ég' exanpl e, herein epployable is a
Tot hot? of 27 SH PG WRRE THELeR SIRRAITA SrAhas OF orht (55PIRTe cHRR, or t hat
IS, spherica“ﬁiintered Lerrite _particles having a mean particle size of
from5 t o3& HHaNE 150sphdfidet si ARGASR hATS £Be SRLUOLRILHEIN e R nean
particle size of from?20 to 50 M The spherical sintered ferrite particles
havi ng a barkqwge Wiare the 4e5668190 HRhy, Hehen dthiigh expgessedapp
andt heymaybe effective for inproving the el ectronmagnetic wave shieldability
of the reRBPPy ctidse | atFlorampamitc fd f&eodetecsrdapsnFal f oRoBBRESE ni ng t hem
The nmean particle size and the particle size distribution of the specific
spherical sinteld¢ chystialespaveteresoysfitdaghed tfiyevsiwyssraeorbihaed, for
exanpl e,
10 specific spherical sintered ferrite particles is a spinel
structure. Recently, the operating frequency of semiconductor
devices is over a level of 1 GHz, and semiconductor devices must
be shielded from unnecessary radio waves of higher frequency.
Having such a spinel structure, the ferriteparticlesmaysatisfy
15 this requirement. Preferably, the spherical sintered ferrite
particles are an oxide of at 1east one metal element M selected
from the group consisting of Mg, Zn, Ni, Mn and Cu, with Fe.
Specifically, this is because the electrical resistance of the
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

16



by the use of a laser-diffractionetric particle size analyser. The specific
spherical sintered ferrite particles may 25 beproduced, forexanple,
asfollows: First described is a nethod 18 of preparing a starting ferrite
powder. Starting materials for it are weighed to be a desired conposition,
and mxed with stirring in an aqueous solvent to give an aqueous di spersion
slurry having a slurry concentration of from60 to 90 % by wei ght, and then
5 the sl #ailsfAqiamunmagnepiaghagacingishbesaf oy thepshies Hasg,gdhemt 800 to
1300C or so to produce spherical sintered ferrite particles. The resulting
spheri cal ths riceme s £f ¢hei sénparedcfesritr pavadied@shy sstbtr spgethad i n pure
wat er having an el ectroconductivity of at nost 1 S/cmin a ratio by vol une

of 10 abof4r Hx3thpleqr wheheshaaiar)iclfedr habeuiaBibusd Btiag®s  anHehhtre dried to
produce the intended, specific spherical sintered ferrite particles. The

starting $eidddipovdertHehafesdnt @oR@ckheisAUMERs OlnckBgsE0RY tiid Ve
el ements of the specific spherical sintered 15 ferrite particles of the

I nventgi one PEY- € 1 | lsdg an oxal ate or a carbonate with any of
My, Zn, &? I\/ahﬁ)"'q(ija& %‘eéi%lge@e rreri\'%?sgource may be iron oxide. These el enent

Regar ai ng i he pEPEFEPEORY! phFodp EREFHbr T ReER Sl PREFLE DFErEE Lot ng

f it wdl h hol f ' | yhedr al i.cul

Labul ar TR ® PRBCOAR § CLERGohaaRS e 1o rerchglopt REOR: & FF 't or 71 e
wd IS, f 0.01 1 5.0 f bly f 0.1to 2.0 Waen th

Size is GrbITdR-t e RACTARARHEN Wit PAFGLE S BEVE: £,PRE RGN and

by amercury penetration method of 0.2 liter/kg or less. Having
10 suchaspecificsurfaceareaandsuchapore volume, the spherical
sintered ferrite particles may have an increased degree of
sintering and their surface may be smoothed, and therefore the
flowability of the resin composition centaining them in
encapsulationof semiconductorelementsisincreased. Further,
15 since the number of the pores in the particles is small, it is
easy to remove soluble ions from the particles by washing them

to a level of 5 ppm or less.
The mean particle size of the specific spherical sintered
ferrite particles of the invention must fall within a range of
20 from 10 to 50 pm, more preferably from 15 to 40 pum. Even more

preferably, particles having a particle size of 63 um or more

do 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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25 accidents may happen in spraying and drying the slurry. On the 19 other

hand, when the size is larger than 5.0 m then the surface roughness of the
sintered product may increase and the specific surface area thereof nay be

too large with the result that the filling ratio of the particles in resin

conpositions could not 5 increase. In the process of producing the specific
spherical sintered ferrite particles, a anticoagulant nay be used in the

slurry foPRetiBRY stheye TRECENt FEHaRA HritY mapide Rdi PEGSE  Sheracthft

preferably having a functional group capable of 10 binding to the hydroxyl
group thatlebereuvafaetsc ghamotgaiisticophmbante pin conpesithdnsipnit eted
ferrite particles may have. More specifically, it includes sodium

pol ycar bokyEiz ehermtifonpuldapeeipinhpohy car liexgeateableotham in the

napht hal enesul fonate. In consideration of the residues of ionic inpurities
after firpagtidbegcdedablty ibaedohetiairedS ah40f8r 8ot &itgaytiefleanmagi onic
anmoni um pol ycar boxyl ate. Anot her production nethod is described. The

starting nfgeri ?%r%&ge BhifASa gsta%@cha Aﬂfwfzeaqlgteongggffoﬂ%skbeﬁs GRHTRAg! tion,

then stirred an In a dry or wet m xing 20 primary-sintered at
000,13, 908t e, I ¥ GERUDE Auc YRR BRI A0 X5 oL (ouBkustal
havi ng a BFar ey 2e Bt ot SPredsBRarEaRrErtd M L s B S O T T
dried by SRLAUNN ARSI GhLFhaled §8aRhc%0Bak:1438Q% 26208 around
10 um and a peak at a particle size of around 30 ym. For cbtaining
10 the spherical sintered ferrite particles having such two peaks
in the particle size distribution thereof, for example, herein
employable is a method of mixing two types of spherical sintered
ferrite particles, 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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to give spherical sintered ferrite particles. The resulting spherical
sintered ferrite particles are washed by stirring them in pure water having
an electroconductivity of at nost 1 S/cm in a ratio by volune for dilution
of about 1/30 (particles/water) , 5 for about 30 mnutes, and then dried to
produce the intended spherical sintered ferrite particles of the invention.
In the slurry formation _step, the sane anticoagul ant as fhat tioned
her ei nabo%& B Haﬁénﬁrﬁ)&&@?tt&ﬁgo‘#ert &Payefhy SR IBASR laﬁ;goﬁl so be
used. 10 The ferrjite crystal particles mgy have any partic|e  norphol ogy of
cubic, pofyREGME1ghed tqPe R d5SUTERAMPASHLHSEN  SNBREKeBIFENSRATHRAR particl e
size of the ferrite crystal particles is from0.01 to 5.0 m nore

pr ef er abl y¥RANRAWEGUY §01¥eDt i JiNRAN Bldtesn sl sPeyfldres LE RN hOVONI pm  t hen
the slurry 15 viscosity may be high and acci dents may happen in spraying and
dryi ng the slurry coadcerta adtiey offafdeomvileta B8 §ibye wesidhirgemd then 5.0 m
then the surface roughness of the sintered product may increase and the
speci f3 ¢ shefsberry éa dhbeddy spyapéngoand ahgeeaniftlert hiei s esuhtatbdt t he
filling ratio of the particles 20 in resin conpositions could not increase.

I'n produchagsdbhersphsracabrskpt e6egrdidd tdpmidLl @S nt@ireldhgekpyeation, the
slurry is preferably dried by spraying at a slurry concentration of from 50

to 90 % byayeighés. ml’l'ﬁ-:rééﬁi@iﬁ%|szbhE&QEh_§%ﬂr&e8:QcP/f@i’r¥‘§éﬁﬂfrti)é\ﬂlég the
concentration 25 is |l ower than 50 % by weight, then the pore volune of the

Lhon the T arror o e e y e Lt g oYt Pm it Nt

electroconductivity of at most 1 pS/cm in a ratio by volume of

10 about 1/30 (particles/water), for about 30 minutes, and then

dried to produce the intended, specific spherical sintered
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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particles could hardly keep their spherical form and in addition, the
particle size of the particles may be difficult to control. 5 Though
depending on the ferrite conposition thereof, the particles my be fired at
a tenperature of from800 to 1300C or so for 1 to 8 hours in the invention.
When the particles are fired at a tenperature | ower than 800C, then they

b ' fficiently f itized; .but wh hi th 1300C, th 10 th
i ht or od BEPET BREE et EB8 Tiot hATaRT FRRR U EReREEn I SUBGREDatod

particles may incregse. Regardi the blend ratio of the specificg, spherical
Dt ered FOROTRESHAL Fhe SLALATERDTRULITT BONpILASAAT RO THEoRPEEhEHEL of
encapsul ation, the i magi nar¥ part O of the conplex 15 na“%:let Ic perneability
of the cuPRBIRFRARR2 SRerRet Bay be EBRAPHATIS o thushepeesilyéhay BRRler that
the cured resin could have an increased el ectromagnetic wave shiel ding
effect; afilling matiio ofHthepanticdeboinresiea sphpesihions foadddnerrite
particles in the resin conposition is preferably at |east 32.5 % 20 by

vol unmé of inbeeassin conposition, nore preferably at |east 40 % by vol une.
The uppernost limt of the blend ratio is generally 80 % by volunme or so.

The uppernost |iImtths peoeess| pf wirdduzimgr attge wbébdifiiohsphetbeal
flowability of the resin conposition could be ensured. If the blend ratio

over st epssifte Péd Hararitespakt itlesf keantDechhorant Indywbefudde inesha
conposition 22 may |lower and the resin conposition may be difficult to

work.  Asss@rApnEbenadibar aitephovenet ghistaNAMCRy Shé CokgahiFg of the
resin conposition f or sem conductor encapsulation of the invention is that
it contaiggriberspecifiCeSPNSIY Gilving a functional group capable of
10 binding to the hydroxyl group that the surfaces of inorganic
compound particles and sintered ferrite particles may have.
More specifically, it includes sodiumpolycarboxylates, anionic
ammonium polycarboxylates, sodium naphthalenesulfonate. In
consideration of the residues of ionic impurities after firing,
15 preferably used herein is a 40 % solution of an anionic ammonium
pelycarboxylate.
Another production method is described. The starting
ferrite powder as above is weighed to be a desired composition,
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 sintered ferrite particles; and the resin conpositions nmay contain, for
exanpl e, 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 10 conventional known one that is solid
at roomtenperature (25C), including, for exanple, a biphenyl-type epoxy

in, h - | ak-t ' | - | ak-t .
rasin, CnEBoT T A T SR RRE FRERNEe R ST T EPenersiEENER) b as
nbi ned. 15 Al t ifically defined, th | i | n- based [
oent | maySBRCRIG L SADEAEPO A AR I (AR TS BRaNaE By SELFTIRP BOEAL for the

epoxy resin and is solid at roomtenperature (25C),including, for exanple,
phenol - no¥b|Rikze ¥Rrées| havRY A8 elpirtphcantuat 1ypley iy atareshaphE e - novol ak
and phenol -aral kyl 20 resins. One or nore of these may be in the conposition
either singlnptgokyvebwne fdod ditis iphafibeut /8P (PRstpdRg/Fasen! and t he
phenolic resin-based curing agent may be so designed that the hydroxyl

equi val enfor nabduet @Hemdlnud ersesiandt bhenedeird wai emodiice hbeepokgn@8d gr oup i n
t he epoxy resin could be fromO0.5 to 1.6, nore preferably 23 from0.8 to
1.2. Not spkerfcsghldinteefeidnédrrite pauringeacse itdieal nrenayoml sdn bke any
conventional known one, including, for exanple, tertiary am nes such as

1, 8- di azablgayey Formbtlbunsitaenend samd shel bydgenech agi fieic hehtdaseees such as
2-met hyl i m dazol e; and phosphorus-containing curing accel erators such as
hereinabove in the production of the starting ferrite powder
may also be used.

10 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

15 viscosity may be high and acecidents 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

20 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

25 islower than 30 % byweight, then the pore volume of the resulting
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tri phenyi phosphi ne, tetraphenyl phosphoni umtetraphenyl borate. ©One or nore
of these may be in the conposition either singly or as conbined. 10 The
anount of the curing accelerator to be in the resin conposition my 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. Thee{epiy W&%M%@;ﬁ{gpﬁﬁﬂ%ﬁ%&'ﬁégtmw%‘ mg eelﬁﬂg of the

i nventi on may cont al as a ong W above ntiro spheri cal

sintered gLl bgoparticlesy; sibioa, RaLLigLes that. ore ﬁsfgg%mn sed as a

mat eri al sem con encap ducing burr dlng Not
speci ficall I ned, .t.,he bIe d ratlo of he ) rical red _20 ferrite
port ol epebri e Ppnt RarRLT e T ACF sphe B RRT E0eRE ardl T A48 R e
proportlon of the spherical_sjntered ferrite IS Iarger for

i ncreasi ng® ?rPé‘r@I BhaGRH FEe\%Fé'-lcslrﬁse‘F‘ﬂiﬁlﬁq gf‘%fbf:“ he&G ESPRTebposi ti on.

More specificall the blend ratio of the spherical sintered ferrite
partidles to th ody fepending pe|tde £Srpi be GOAPOPLSdOR tHereahet® oporti on
of the 24 spherical sintered ferrite particles my be at |east 50 % by
vol ume of pabeiobes andy Heefifeghat i xdlempeantagnest bdr from R0 tialléd0®°@nd silica
particles) . Also preferably, the total volunme of the spherical sintered
ferrite poartselfsranda e houriscanpahei theen®ion. f WencSheop8dticbysvol une of
the resin conposition. Wen the total volune is smaller than 65 % by
vol une, taee fiwed iaecar tepypaasuoe toadd ithia@nB800PC] hthareuheycaapolseti on for
sem conductor encapsul ation may increase with the result that the cured
resin 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 crack in thermal cycles owing to the difference in the linear 10
expansi on coefficients between the cured resin and sem conductor el enents.
On the other hand, when the total volune is larger than 80 % by vol une,
then the flowability of the resin conposition for sem conductor

encapsul ation may | ower and the resin conposition could hardly encapsul ate

Sem conduit by SUTERE che b3t R BB B SR R Pk e

nts and el ectr e def orne roken. The silica

particles for usg 'Eea%e{}}tg{ogie%{ G ARV %%85.83% ic?x'a?aé.téf%g{:%%rom 1 to

40 gm and a | argest par size of at nbst nore pre ly a
| ar ges pagtlgl ' 20 of at nost. 100 even I refer al.nost 63
AR R R e T e R S R
from5 to 15 pmand silica, particles having a _pean particle  size of from
0.2 10 2 B EhE LOMBRRALE (1 T Hor GO FhC CRECOGHG: PPOEFOR™ hakes |
possible to increase the fiIIing ratio 25 of the, spherical sintered ferrite
parti A esS+RtERedr ESFRLLOSPRERBOLEE ] 0B ANEIR 0T PRAEP SSBPPART+PRRAPRY i ty of
the resin conposition. Describing nore in detail, it _is desirable that the
silica pafPREses, HeK aYAEP FeaRNpaPeRL resinAnhe pheppbic sesing-hesaedount for
from4 to 30 % by volune of the filler, that 5 the spherical sintered
ferrite pauringcgentyiondignssay pheng ¢tigh g gerbhgfaerelxrartersengng account
for from50 to 93 % by volune of the filler, and that the silica particles
havi ng anmeahiparpowder. size of from0.2 to 2 maccount for from3 to 30 % by
volume of the filler. A part or all of the silica particles having 10 a
mean particl e siNg cpdaidmcalily definedpayhbeepeplacedini hay be any
10 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.
15 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
20 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

25 group inthe epoxy resin couldbe from0.5to 1.6, more preferably

23



the spherical sintered ferrite particles, or that is, they may be replaced
with the spherical sintered ferrite particles having a nean particle size
of from5 to 15 m whereby the el ectromagnetic wave shieldability of the
resin conposition nmay be further 15 enhanced. Like that of the
above-nmentioned, specific spherical sintered ferrite particles, the mean
particle 2ize ﬁf t he f %ica particles may be determ ned, for exanple, by
the use ofF8M PaleFOdtffractionetric particle size anal yser. The silica
particles maybe, for exanp spherical fused 20 silica powder, ground
silica powder, [ﬂﬂ%@@?§é§1§¢llﬁﬁeﬁbﬂﬂ€rt eEﬁﬁ%ﬂ%ﬂ¢§e%ﬁ%ﬂ%ﬁ¥EEYP§5§pher|ca
fused silica powder, as effective for reducing the nelt viscosity of the
resin coRPGHIY FORVEDEigRal dONWDRRS, dNEAPSina: ifey esamplei AgIitiaTPependi ng
on the use of sem conductor devices and the 25 service environnment for
them theaméses compesint i on &or 26, Seddazaiiayralo Endadduinseiceneof/ , t he

i nvention may contain any other filler added thereto. The additional filler
i ncl udes, triethpXenptitamtné ciimidezolesasecpesd2rnethyhimia 2dile e andl um na
powder, silicon nitride powder; and one or nore of these may 5 be in the
conposi ti progphbeasscogtyivings ceningd. ldcaddirtatirs t hesi€lsi n aenposi tion
for sem conductor encapsul ation may optionally contain any other additives

such as sﬂgaanp@ﬁﬂsgpm@e grRfirapheBilpABEphEALIEN itRE ragiRinyahdrhkane
r et ar dant desired. 10 The stress reducer includes silicone conpounds

such as  pakYybeihytenes Aneedl kel aachgde RO yahgdd v st 134308, sandly
acrylonitril e-butadi ene rubber.

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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The pignment includes carbon black, titaniumoxide. The |ubricant includes
pol yet hyl ene wax, carnauba wax, 15 fatty acid salts. The coupling agent

i ncl udes sil ane-coupling agents such as y-glycidoxypropyltrinethoxysilane,
0- (3, 4- epoxycycl ohexyl )ethyl tri met hoxysil ane. For the flame retardant, a
br onoepoxy resin may be used, 20 optionally conbined with a flanme

dat i _ : PR £l
ot ar dant TR RO PADLERe B r PR TN Cic Y BBy, BRTRE AR R ng
formula (

1).,.. The tal .h ﬁgﬁ id have ol yhedr. r.ystal_ f.orm
i T for | ng YPPEREE ORI e CSPlesh o<1 SpFarea Fy et nn e b o
tabul ar 27 crystal for uch as .flaky for More specifically, the netal
hyclr ox| de @IS 1gPABREFLERSEL al G FRSAr Bk Ll 0oL LT SoLume of
t hree-di nensi onal and spherical forns, for exanple, having nearly
dodecahed &€ SRREHIGA LTI MREAGE e BF 1 bR F L ¢ 145 aRE4P5IS 13 ICsRAT T i6deot h t he
| ongi tudi nal side and the |ateral side crystal growh of the netal
hydr oxPded-si SToBr §6 £A BRet thy cklemre @¢ifr &bei sAS1PhEpPEBPSiBiaR| s When
direction), for exanple, tabular crystals of nmetal hydroxides have grown in
t he t hi ckrdestatabooilomet hesoeill egctbam $5d% bacvbbane Tdresf the lhiagarg t he
pol yhedral fornms as 10 above. M-xXx (OH) 2 (1) In fornmula (1), Mis at
| east one expiaals isnametd iedterd df Dhe aesjnocopposnsisnifiog sEmidpndbatodn and Ti ;
Qis at least one netal atomselected froma group consisting of M, Fe,
Co, N, Cenzaghsulation may increase with the result that the cured resin
may crack in thermal cycles owing to the difference in the linear
10 expansioncoefficientsbetweenthecuredresinand semiconducter
elements. On the other hand, when the total volume is larger
than 80 $ by volume, thenthe flowability of the resin composition
for semiconductor encapsulation may lower and the resin
composition could hardly encapsulate semiconductor elements
15 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
20 of at most 100 pum, 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

25 of the spherical sintered ferrite particles in the resin
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15 2n; and x is a positive nunber of fromO0.01 to O S. The netal hydroxides
havi ng such pol yhedral crystal forns may be produced, for exanple, by
controlling various conditions in producing netal hydroxides in such a
manner that both the 1ongitudinal side and the lateral side crystal growth
of the 20 netal hydroxi des produced could be large in the thickness
direction thereof (c-axis direction) so as to have the desired pol yhedral
crystal f@omposiitibor andinpdeinnsanbe dddechlvohillitneaf | ghectrssddr al or
nearly tetrahedral forms. in general, mxtures of netal hydroxides having
such vari ewsposlighedr.al De 25r Trirsy alorfeol nedemeai be idséd deserable&hat
Represent ati ve exanpl es of the polyhedral netal hydroxides are Myl _xN X
(OH) 2 (O.tht siXisaOpd¥ticMd hediing GHheZn (Bhflicle ¥igelOob) frdhesecnet al
hydr oxi des are commercially available, for exanple, as Tateho Chem cal

I ndustry’ g sCRTEECoht HAAYeba, 4 o BBy JdinasSRECtneati DLOF, Whar
pol yhedral netal hydroxides nay be generally from1l to 8, preferably from1

to 7, goreny shied ablyl shheBrddtfe i rEga AEPErds havh AgasmeghYared e herein
means a ratio of the nmajor dianeter to the minor dianeter of a netal 10

hydr oxi de gzl bl rodiad dNGASPELIC SR QobScl 8 ORY 18T £y Wiyhe el t

Vi scosity € epoxy resin conposition-contarning ydroxi de may

 mvent i on e bEE LTS GOAR bbb the AL ENAUR M AINAIRE AR e 17
phenol | ¢ 1S5loBa5egnch S % IR 4 BoRHE RS 95 & 86%%0 SRPTJciines! ntered
of the filler. A part or all of the silica particles having
10 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
15 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
20 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

25 service environment for them, the resin composition for
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optionally an inorganic filler such as silica particles and other additives
such as stress reducer, pignent, lubricant, coupling agent and flane
retardant are blended in a predetermined ratio 20 thereof. Next, the mxture
is nelt-kneaded and di spersed sufficiently by the use of a hot roll, an
extruder, a kneader or the like, for exanple, at a tenperature of 95 to
100C. Then, the resulting mxture is cooled and ground, and passed through
a 10- nesh ssmieenductgiry enaapsutdiet yor esf theoipesntion fey &&ntseim @myduct or
encapsul ation. If desired, it my be 29 conpression-nolded into tablets.

Through t keharofedd eef addedethesevd. SThle stidpsiohhe f£e5lér conglogidds,on for
sem conduct or encapsul ation having a desired formof the invention may be

obt ai ned. fprTaxsmeDé pidaadi urha FI8shH i € PaRasit i O £0iurs GRILEeNHGIINa _
encapsul ati on may be used essentially for encapsul ation of even the details

of semi confiieiedr, 8587RBhSnOtrs8H1 SONGKIE! QinHIRWHeCBE: moVhes Ebyldes g ,conduct or
el enents maybe protected fronphysical contact with the outside andnmay be

shi el dsd ffomrelee! LOmRARASL:en S9eHBYCRingL egi CONUUEInLlpvi ce as

resin-nolded wth the Tesin conposition sem conduct or encapsul ati on of

the [nvention !3ndgaarkbed veh FELer 0GRl Ll dawt 0% adidghed hereto

to show the croSs-sectional view er eo shows an ar ea- nount ed

il ed w ohoagertetioh ey SO Fh AP AR R R RP RR ¢ 1 2T

connect ed 0o DE L8t E, Blnéh P TLBRNGLSE Ol TRY adéhd Snd £1ame

retardant, if desired.

10 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,

15 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,

20 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

25 conventional hexahedral tabular crystal forms or thin tabular
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nounted thereon. On the other side of the substrate 11, provided 20 are

sol der balls 13, and these are electrically connected to the electrode 15
via the wires 12. The sem conductor elenent 14 is electrically connected to
the electrode 15 via a wire bonding 17. In Fig. 1, 16 is a cured product
formed of the resin conposition for sem conductor encapsul ation of the

invention, 25 and this encapsul ates the sem conductor elenent 14. 30 Fig. 2
i s a cros§ry¥ebei dRams5esh 8f Hdherrnescanppsedres Kefldohdulee Betddvi ce as
resin-noldedwith the resin conposition for sem conductor encapsul ati on of

t he i nvenhydunox¥gies Bevtcoramielar erysted IprHns appeoiximetad tor mpaal - nount ed
S sem conductor device, in which the sem conductor elenent 22 nounted on

t he subst three2dimensbonalt 2ddt sphheiekkcfomme, 28orviexamhéew havibngdi ng 25.
The sem conductor elenent 22 is wholly resin-nolded with the cured product

24 on bot hesvl {/adede odhdédmenl Swesirlat ec2dhedfa Ther savdaiondecahedexlces 10,
20 having the constitutions of Fig. 1 and Fig. 2 may be produced, for

exanpl®, @egREdiaddhotiPthe lONYITRBIHAS diRNSHEENET Ll 1P D8 ST yEBAL
conprises putting a substrate 11, 21 with a sem conductor elenment 14, 22

mount ed t BeEREA o fitHePm@ APhPdrbRede § £ 3NRE iMEhSrReakREs s @3 rRctdon
conposition for sem conductor encapsulation into it under |ow pressure. One

exanpl € otnkREcpr 9Eesgs b Sadeser {80 £ &3 leilamp e, S QAR GLYGLh eMBRl 14, 22
is disposed on a substrate 11, 21, " as connected to an el eCtrode 15, 23 via

a wire bopdiRg r GiacPnald gl if 9 chlcRnBRbciEARISH RlepBorpper Mol d

part and
{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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| ower nmold part. Next, a resin conposition for sem conductor encapsul ation
is transferred into the nold under pressure by a plunger, and kept under
pressure until it is cured. After cured, the upper nold part and the | ower
nold part are split 25 off fromeach other, and thus a sem conductor device
to, 20 is 31 obtained in which the sem conductor element 11, 22 is
resin-nolded with the cured, product 16, 24. In the sem conductor device 10,
20 thus obtai nedteRFRSCRERT EHHdUREIP @ enett e 2 Pqlyhadredct &8 tRlom t he
outside, and 5 is shielded fromelectromagnetic waves owi ng to the magnetic
| oss of thadspEérrPca®e Mderdldxf@i)i (8. POVEI< @eﬁﬁaibﬂﬂadxzfn(@%éz @ufdd product

16, 24. Accordingly, the sem conductor device 1is applicable to electronic
devi ces oK %I<e@t$bni Fhess hahebhydriexidespre covErcial Ihavaniaitlieon i s
described in nore detail with reference to the foll ow ng Exanpl es and
Conpar at i \ferkecanydles, asBaxmhlocGhéapimsl Tallusitny bs edmercibépmehets,oduced as
follows: 15 Production of Spherical Sintered Ferrite a A starting ferrite
powder 5 comgoMagng 15 mol % of Nio, 25 nold of ZnO 12 nol % of CuO and 48

nol % of Fe203 and having an overall weight of 4 kg was put into a ball mll

along with 2.6 Hge GfsgutiervBiorof Reecpol Pheditl weithan ellydpbx 28 sTimayt es.
Next, 20 20 g of an anticoagul ant, 40 % ani oni ¢ pol yammoni um car boxyl at e

(San Nopc@e gerd¥lSpersant +5468prerapshl Praonfll 205 | heeaH I GAKIHY agent
(San Nopco's” SN defornmer 465) were added thereto and mxegs to prepare a
slurry. Theopesutbi B SHHE rAkRRCeRLiRt bNr¥8Srred to herein means a
ratio of the major diameter to the minor diameter of a metal
10 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
15 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
20 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

25 semiconductor encapsulation. If desired, it may be
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60 % by weight. Next, the slurry was dried by spraying to obtain 25 a

granul ated powder. In the resulting powler, the starting 32 particles
aggregated into spheres, and the surface roughness |evel and the surface
roughness profile of the starting particles were directly transferred onto
the surfaces of the aggregated spheres. Next, the powder was heated at 800C
for 2 hours, and 5 then heated (fired) at 1000C for 3 hours to obtain

surface- sgonpbedsiophecleed shodetgrlées! i tEhPRIdH Clies. pNeséss bhese were
washed by stirring themtw ce each for 20 mnutes 1in ion-exchanged water of

whi ch thesayeeglds @mﬁgtﬁga,%é iR n BymPEs I oRffdheeRatbhahegorand then
dewat ered and dried, thereby 10 producing spherical sintered f errite

parti ol es eachaulngc fof OhaPlRg 4 WeLOUL oG o MRSk nTeRRTbnTHAQUER X1 2Y

diffractionetry, the cryst structure of the particles was a 5pi nel
structure,p . Btadyction of Spherical Sintered Ferrite b A starting ferrite
powder conprising 15 nold of NNO 25 15 nol % of ZnO, 12 nolt of CuO and 48

2t B00C Tor 2 rours cRrashathotns HAsn CURbSREE  oATEL A BINITRRBLLRREY, T o
2 Tean paPbTEPELCRGEBALY BT MREN SN v BT RSP BE e B Ao FEPar i ol es
Bt | congur AR Lo ShPOACon SR ok BaAERLE A RO SRR S0 RBREESE: SN
def or ot HBSFEOREE SRIEATANGHOTS | HRBIRIP SR UL SAR OB OBV parD o
STy 2 act Sith theont s1ad ahamay be shiatuad frme et ronagnetic
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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33 the slurry was dried by spraying to obtain a granul ated powder. 1In the
resulting powder, the ferrite crystal particles having a nean particle size
of 1 maggregated 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 obtain surface-snoothed, spherical sintered ferrite particles.

Next, these wer eMpsiredsby sfddd-durdieai vieq eacdindite?R@yEmplleess in
i on- exchanged water of which the overall anpbunt was 30 tinmes 10 by wei ght of

the partigkefmicandutier ddewabersofk Al RA vihetRdYesPheARBLREA L EBAES i Cal
sintered ferrite particles b having a soluble ion content of at nost 5 ppm

Through Xepay Shird{dSedd HBE M ¥ncab8B15EY8hal ot rﬂ&tuaﬁvehwﬁ.par&hg' es was a

spinel structure. Production of Spherical Sintered Ferrite Particles ¢ to k

15 The StaLnlObhBOUESE, deRScIeafy PAGL ! Beslafoand teniGarmasihbon of the

ferrite crys rcles, the slurry cbonce n, ~an ution ratio

the satme UBIEREAQYEESE PG T it el S s R B R B enphEcPed 20
par 11 ol conipEeg o ERLRTE AL P oRoREREETS, 4 MBS AJSESFo0e: Batur o of
rystal o FLAENE Wote REERAES S5 WIPR SERSRAUPToRUETH PRe SPRBLEEal -
sintered fer[rilie lggdpwairttl'i ?‘:lhgscgfecg’ zjod%ré% 5& onnotbogglguégaecgsl %rfr he
concent r aFFHR AR P
substrate 21.
10 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
15 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;
20 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

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

31



varied but also the nean particle size was controlled through
classification. The conditions in producing the spherical sintered 5
ferrite particles a to k are shown in Table 1 bel ow. The physi cal
properties of the obtained, spherical sintered ferrite particles a to k
wer e neasured according to the nethods nentioned below, and the data are

shown in Table 2. .bel ow. .The production nmethqd (a) _in Tab 1 ans that the
particl es® Fénﬁfiodﬂéedﬂﬁtcgbrﬁgﬁg i‘ff“‘c%°"f°h‘bcq's°a’meﬁ€f‘ﬁ8£ aift hd’{Eef ol g

produci ng the spherical ,sintered ferrit artjcles a; and the production
net hod (b)‘eﬁéﬁﬁg‘c’iﬂﬁ WihB PhFtFered RER %T&odJc -according to the same

met hod as that for producing the spherical_sintered ferrite particles b. In

the production nEtHa® EEPiqduatar gavirel t0si2@ Shith ittednade tBeparticle

size of the startingpowder; and in the production nethod (b), the nean
particl e SEF&CPRENEROESkIRENTedf, P L6 Arotsicked Bromdef eutside capst al
particles. Cbservation of Particle Mrphology Using a scanning el ectronic
m cr osTopés( bhiathed simoDiect xmagnetiar wertks avipdotodghavasgossérved.
Det erm nati on of Mean Particle Size and Particle Size Distribution The nmean
particle 3bze afidheheppaitfic] sinteredi Stmiing pondenecentati mediimedhaccor di ng
to a dry nethod, using a 25 laser-diffractionetric particle size anal yser
( Synpat ec'caredSpriflatt & ROXN) . Atherdangie| etlsé zeemiscdrahert con delrdcparticl e
vol une; and the mean particle size is a 50 %particle size. The dispersion
air pressyseappbissbhlattSUL R rdnie deypeesi on diddtronic appliances
that require EMC.
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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was from1l.5 to 4 seconds; and the perneability was selected 5 froma range
of from2 to 50 %for good reproducibility. Determnation of Pore Vol une
Using a mercury penetrator Autopore 922 (by Shimadzu), the pore vol unme was
determ ned. Determnation of HET Specific Surface Area 10 Using a

full -automatic surface area neter, 4-Sorb by Yuasa-lonics, the BET specific
surface area was determned according to a nitrogen adsorption process.

Det er m na E%ie&e_sfolagak@%é@@d&wtsplfn@r@geghanéﬁ PSR G ouehalsaer, 5 0
157 ad 596 e,

of pure ter was ed to a test sanp and seal €éd up. This was

extract edlegElja%Jc& é’Eu?c@aEQ%%lggHQsE%&%{%ﬁ%‘cefitkbé"%@a%g%é‘j‘:?ggiicg% extract

was anal yzed through 1 on chromatograp ppon onex 8 DS- AQ

P DAL B B A S MM 7 O

torrrl n~0rsTTp{'1|eQ'esl.\l UNext, 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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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
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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
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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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epoxy equi val ent 192), phenol aral kyl resin (softening point60C, hydroxyl
equi valent 169), a flanme retardant of bronobi sphenol 5 A-type epoxy resin
(softening point 77C, epoxy equival ent 465), antinony tri oxide,

t et r aphenyl phosphoni_um raphenyl bor at e carbon bl ack, a silane coupling
agent of y-glyci dbxy rpﬁylt ifmetihoxygi ane, pol yet hyl ene wax, spheri cal
silica powder a (sphe i:ql fused sifl | qa| ingan particle 10 size 8.0 m
| argest particletsyzel® [0]pm amnd qphqri-st:al silica powder a (spherical
fused silica, nean| paft CSF’JF‘" FEI"%EF?]O llar gest particle size 1.9 n), and
usi ng the above- tig‘hed S e(ic |1 9i ptleed ferrite a to k, these were
bl ended in a ratio| ab qT blle{ 3 and |Tabl & 4 below. In Exanples 4, 5, 7, 8,
two 15 types of s$pher H st ﬂmparticles each having a
different mean particle|dize el & pﬁrb\,i buslay mi xed and used. The particle
size distribution pf the (mxed sqhq,r gal [sightered ferrite particles in
Exanple 5 is sho =N ;_'Foq. I J:ho I;icgo3c peaks are seen at around 10 pm and
around 30 pm Si @r ¥|°1%0 t“ﬂe daﬁL qf'b sigge distribution of the particles
i n Exanpl es 4, -BRd] 8 as fallsp |deterim ned. As a result, in Exanple 4, the
particle size di $gfiubut|gn hiad h pEak at [aGpund 10 mand around 30 m In
Exanpl e 7, the pafticc f ot d a peak at around 12 pm and
around 40 pm 1In Exa,mal e |8 khe pant) ql e 2m size distribution had a peak at
around 12 pm and |& gundi 30 rﬂ\ B9 MNeit|, | tlhe mi xture was nmelt-mxed with a
hot roll heated at.E‘,8Bd.t,_.;,_.,‘(,.’I.Qﬁt,_,cjgreb glalutles, and then cool ed, and
thereafter passqb’é t%h'c@ughlq 10+n¥,s;h acqer‘? to produce a powdery resin
conposition for <Fem’ canp%cﬂ or epqaﬁfshla ijom.
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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
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
size 8.0 pm, largest particle size 9.0 ym), 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
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,
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

size distribution had a peak at around 12 pum 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.

40



144

0°sT 0°S1 - 3¢ £l - - - - - - - - Ep 8
0°91 0°'971 - 05 S1 SE - - - - - - -~ - L
0°92 b LY 98 1] - - 0b - - - - - - - 9
L4 0" ¥ = 99 - -~ - - - ~ 0L - - 95 g
L3 L9 - 09 - - - - - - 0z - - ov ¥
092 F LT 9'8 o - - - - - ot - - = - £
0°01 L9 €'y a9 - - - - - - - - - Q9 Z
0'9¢ P LT 9°8 o - - - - - - - - - - T
ieyox| ¢ o |teye3| ¥ L T q b 3 3 P 2 q
(37 T0a) (%°1QA) $912T3I€gd 23TII8] paIiajuls [eoixsayds
ROTITTS Tearasyds ) ) ' )

y 41 NN N N

uotjensdesuy I03INpuCaTWAS 103 UOT3ITsodwo) UTSAY UL UOTINITISUO) ISTTTd

|0 7 VaJ m <.

to 1G |

wl0 10
M yL O 41 O SCI

p wl

L~I
1

£ 9rqeL




v

1

wu

111
a

ONUYV

- - - [4 % - - - - - - - - - (4 - 9
0°'92 F LT a‘g oV - - - 1] - - - - ~ - - S
0°92 LT 98 ob - —- - - ot - - - - - - 1] a1duexy

- - - oL - - - - - - - - - ol - < aatyexedwo)
Q9% LY 9°a oy - - - - - - - ov - - - Z
092 FLt 978 (1] 4 - - - - -~ - - - ov - - T
Te303 d n T°303 X L T u [} 3 a <) 2 q )

(37 Toa) {%-Ton) s8ToTIITd @3Iviaa] PaIajuls [EaTIayds
BOTTYS [rovIaydsg T ’ ) -
votlensdeduy JOJONPUGITWES IoJ UOTIETSOdmO] UTSSY UT UOTIN]TISUO) ISTITd

.rI N y UNL Z 11
.OmMmmETr+ 11
Ql 11

y C

G CO O 0)
9

p aT1qel




Il 21 I m m11 11 1 - NMv NWm -4d mn HE mAax E1 0U
Formati on of Test Pieces Ml ded sanples for neasuring the magnetic property
and the dielectric property thereof were forned as foll ows. The

above-nmenti oned, powdery resin conposition for sem conductor 5 encapsul ation
was nolded into tablets having a dianmeter of 35 mmunder a condition of

nol ding pressure 6.86 MPa x nold tenperature 175C x nolding tine 2 m nutes,
and t hen Eormsdtipnerf TesorRiiedem of tenperature 175C x 5 hours. The

t hus-nol ded tablets were cut into cylindrical doughnut-shaped test pieces
10 havi ng an outMyldiidasatpleef £dr myasuy iingnehedhagd el c giroperuyandd a
thickness of 2 mm wusing an ultrasonic cutter. Determ nation of Magnetic

Property ahd fielectric ghopmardy theeedgugbput formeedad esd1pwece TAS set on
Hew ett - Packard' s Network Analyzer 8702D, and its magnetic 15 property and

di el ectri gnpyePREAYIiNREE, Qﬁwﬁwe@saﬁce&ﬁp@&é&n Fr0aemdkohdletF ocess
under a condition of 1 Determ nation of Melt Viscosity

5 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

10 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

15 ©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

20 semiconductor encapsulation was determined at 175°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.

25
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Using a vertical flow tester (Shinmadzu' s Mddel CFT500), the nmelt viscosity
of the powdery resin conposition for 20 sem conductor encapsul ati on was
determ ned at 175C. Determination of Ml ding Burr Using a nold for

determ nation of nmolding burr (wwth a clearance of from5 to 20 n) , the

| ength of the resin burr having |eaked out of the cavity was neasured with
calipers. 25 43 Accelerated Reliability Test Using the powdery resin
conposi t i Beceberated Rmbah bkiteesfsul ati on, a sem conductor el enent was
transfer-nolded (condition: 175C x 2 mnutes, 175C x 5 hours post-curing)
to 5 fabricate dsievy chedpowdergevesin dumpaa icondivst eemileondectépackage)
is a 16-pin dual in-line package (DIP) , in which the sem conductor el enent
was nountedcapsdlawvien anai asmiabndgetot nplemehb abhanitmangfar+nhabdédr ned
thereon. Thus fabricated, 10 semnm conductor device sanples of each of

Exanpl es posh&0ied atingecll) Examples, Wer §°cs ubh 64 86k 1 st -RLeS RS ergooker
bias test (PCST). In PCBT, a bias voltage of 5 V was applied to the sanple

in a gighabeipetat dir Saft @bnduut b tae ik offhe3Qem% c8Rdle bk agditdhe tine

taken until the aluminiumw ring broke was determ ned. The sanples for

whi ch nor ep} éPQshﬁuié—ﬁ!?rgQiutR@kﬁﬂ—P%é’&?acﬁ& % 19181, HIE wheEhCoRgluct or

el ement wiring broke are good (A); those “for ich less than 100 hours were

t aken befgéf%ié&g{%%%of Qﬁeﬁé‘fl'ﬂi%ﬂg%ﬁggd%fﬁmié"‘.aﬁiig%éﬁ!%g‘?)gragfgg?gﬁ) g?o?he

(B) ; and those which [ess t hours were

sem conduGiof £ GHERTul! §i5 POnL" EKEnBRCtHREEEN( O thus fabricated, 10

semiconductor device samples of each of Examples and Comparative

10 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 %

15 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)}.

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

Table 6 below.
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20 The test results of the sanples are given in Table 5 and Table 6 bel ow
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under stood that the resin conposition sanples for sem conduct or

encapsul ati onof Exanpl es, towhi chwere addedspherical sintered

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,

5 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.

10 Moreover, themoldingburx fromthese resincompositionsissmall,
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

15 structure andhaving, intheparticle 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

20 a 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

25 particles of the invention, are problematic in that their
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ferrite particles having a soluble ion content of at nost 5 ppm 5 having a
nmean particle size of from10 to 50 mand 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
melt viscosity of from300 to 400 dFas, therefore having good flowability.
10 Moreover, the nolding burr fromthese resin conpositions is small, and

t hese reS¢hiabhpbey tisoRCRTd Bhejooeddsvil scosithd sageeligh aad Teeyability
test- In particular, the resin conposition sanples for sem conductor
encapsul aregmzdlyEappaicsbdeant donttimushischrodectlandart spkérimalt si ntered
ferrite particles having a spinel 15 structure and having, in the particle
si ze di stisbotiby itshtoedfqw aadpeedir moddpagtihct es sireegremige caf thepym 5 to 15
n and in a particle size range of from20 to 50 m have an especially |large
conpl ex coRUAChbHE OpsuERiNd the Ak RSP aGIgRkiY cIQedseliect romagneti c wave
shieldability. The resin conpositions of 'Exanples 7 and 8 have 20 a | ow nelt
viscgsity relative to the conplex nmagnetic perneability thereof. As opposed
to these, the conparative resin conposition sanples, towhichwere
addedsphepggat rsh DRSSO dMH1ig particles not falling within the scope of
the spherical sintered ferrite 25 particles of the invention, are

probl ematic in t L Y/ isahy | k o] e L SEOSity is
too high and tﬁ%?ﬁ g%ggﬁngﬁvuggLJﬁggb?g¥¥%a%§n?#ﬁﬁ%§§h&fgg%%%?%%? or their

el t Vif&??%%! rééré:?&éso‘ﬂs%%tf agi & ?Pif'éxggféjyrar $eif 9bfBbsiPlof ey could

not ensure ecessary magnhetic | oss
for semiconductor encapsulation, a resin composition for
10 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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| ndustrial Applicability The present invention provides spherical sintered
ferrite particles useful as a filler for a resin conposition for

sem conduct or encapsul ation, a resin conposition for 10 sem conduct or
encapsul ati on conprising it, which has good electronmagnetic wave
shieldability, good noldability and high reliability, and a sem conductor
device encapsulated with the resin conposition. 48 Clains 1. Spherical
sintered ferrite particles having tﬁéal$%llomﬁng properties (a) to (c): (a)
the soluble ion content of the particles is 5 ppmor less; (b) the nean
particle size ofl -t ¥PhrRFi¢) esinteredmfesrisesParyinmlesc)hatingr e al
structure of the particles by X-ray diffractionetry is a spinel structure.
2. Spherifallewinermtbhertiiase (@drtdccl(ey tas clainmed in claim 1, which have
the follow ng property (d) in addition to the properties (a) to (c): (d)
the particl@)stkie stlstrliebnibhaprifertthefsyiepbecalicibnties Edppher Léesparticl es
has a peak in each of a particle size range of from5 to 15 pmand a

particle si@s thsgreaf garamMalR 50 2e50f Mhe paZRhienkesal s sfrmenedebesgite
particles as claimed in claiml or 2, which are an oxide of Fe and at | east

one netal ﬂgbenent M sel ected fromthe group consisting of My, Zn, N, M
and Cu.

(¢) the crystal structure of the particles by X-ray

diffractiometry is a spinel structure.

2. Spherical sintered ferrite particles as claimed in
¢laim 1, which have the following property (d) in addition to
the properties (a) to (¢):

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

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

50 pum,

3. Spherical sintered ferrite particles as claimed in
claim 1 or 2, which are an oxide of Fe and at least one metal
element M selected from the group censisting of Mg, Zn, Ni, Mn

and Cu.

4. Spherical sintered ferrite particles as claimed in
claim 3, wherein the molar ratio of the metal element M to Fe

(M/Fe) constituting the spherical sintered ferrite particles
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4. Spherical sintered ferrite particles as clainmed in claim3, wherein the
nolar ratio of the netal element Mto Fe (M Fe) constituting the spherical
sintered ferrite particles 49 is within a range of MFe = 1/1.57 to 1/2.17.
S. Spherical sintered ferrite particles as clained in any one of clains 1
to 4, which have a specific surface area by a BET nethod of fromO0.02 to
0.1 n2/g. 6. Spherical sintered ferrite particles as clained in any one of
clai ms 1isowsthihi ahrange af pifEe ol Lfe By = iefodrd:  penetration method of
0.2 liter/kg or less. 7. Aresin conmposition for sem conductor

encapsul ation, which conprises a filler containing the spherical sintered
ferrite particles of anyone of clainslto6, and silica particles. 5. The
resin conpositi®n Spirersiendlcaridtetrerd dacapsel pitohcles o8 ailm@chdanial ai m 7,
wherein the proportion of the filler is from65 to 80 % by vol une of the

resin cogpgsoheonf Olaibhe I v 4,CARROBI havd 4 Wp&EIf COnllIGade areapsul ation
as clainmed in claim7 or 8 wherein the proportion of the spherical

si nteredpleer BE® Rathbg! 88 Frohh®. 42 14£roliis rdy gl east 50 % by volume of the
filler. 10. The resin conposition for sem condlictor encapsul ation as
claimed in claim9, wherein the bland 50 constitution of the filler neets
the following (di) to (d3): (dl) the silica particles having a nean

particle size fd, R h0 1% c - 4.t Oq@é | une of
the filler; (8%) the rslp aelr isé'altgsq]leﬁt ggggi}:%?éﬁ%f‘g%ersf i% gzgaﬁ{aw néga mean
any one of claims 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

ferriteparticlesofanyoneofclaimslto$, andsilicaparticles.

8. The resin composition for semiconductor encapsulation
as claimed in claim 7, wherein the proportion of the filler is

from €5 to 80 % by volume of the resin composition.

9. The resin composition for semiconductor encapsulation
asclaimedinclaim7 or 8, wherein the proportionof the spherical
sintered ferrite particles in the filler is at least 50 % by

volume of the filler.

10. The resin composition for semiconducter

encapsulation as claimed in claim 9, wherein the blend
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particle size of from20 to 50 gmaccount for from50 to 93 % by vol une of
the filler; (d3) the silica particles having a nean particle size of from
0.2 to 2 pmaccount for from3 to 30 % by volune of the filler. 11. The
resin conposition for sem conductor encapsulation as claimed in claim9,
wherein the blend constitution of the filler neets the followng (d4) to
(d6): (d4) the spherical sintered ferrite particles having a nean particle
size of fFRRAFEIEREAGD ph &St 1ed, needf he ofablaging (HIuwe dA31he filler;
(d5) the spherical sintered ferrite particles having a nean particle size
of from 20 tHI58he skkbimParsiclesnm®oing agseas oprtisilensise athérem| | er;

(d6) the silica particles having a nean particle size of from 0.2 to 2 pm
account for$ foohd Jut acgoudrbfiow dnomedofo et fhy velumeldf tHefiéden:
conposition for sem conductor encapsulation as clainmed in any one of clains
7 to 11, whietdi nhet bphsriced pomtemddSeardtephparitalesitdwimpar meghes. 51
13. The resin conposition for sem conductor encapsulation as clained in any

one of claigertidle 32zeWHE Ciront QO 86 NS0 b £8EXYnt 65d N f2BG 80 RNTERAI & C
resin-based curing agent. 14. The resin conposition for sem conductor

encapsul at ign as @leaigedhen fGl1dle®; 13, which contains a curing accel erator
along with the epoxy resin and the phenolic resin-based curing agent. 15. A

sem conduct @{3)deKkcei P @ilgaed 1LY e8NeAPSY AlhdSh Park8F1c08IsE A FobgMENt Wi th
the resin conposition for

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

11. The resin composition for semiconductor
encapsulation as c¢laimed in claim 9, wherein the blend
constitution of the filler meets the following (d4) to (d6):

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

(d3) 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;

(d6) the silica particles having a mean particle size of from

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

12. The resin composition for semiconductor
encapsulation as claimed in any one of claims 7 to 11, wherein

the silica particles are spherical silica particles.
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sem conductor encapsul ation of any one of clains 7 to 14. 52

13. The resin composition for  semiconductor
encapsulation as claimed in any one of claims 7 to 12, which

contains an epoxy resin and a phenolic resin-based curing agent.

14. The resin composition for  semiconductor
encapsulation as claimed in claim 13, which contains a curing
*

accelerator along with the epoxy resin and the phenolic

resin-based curing agent.

15. A semiconductor device produced by encapsulating a

semiconductor element with the resin composition fox

semiconductor encapsulation of any one of claims 7 to 14.
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