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1 SPECI FI CATI ON RESI NCOVPGOSI TI ONFORENCAPSULATI NGSEM CONDUCTOR,
METHOD FOR PRODUCI NG SEM CONDUCTOR DEVI CE AND SEM CONDUCTOR 5DEVI CE
TECHNI CAL FI ELD [0001] The present invention relates to a granular
resin 10 conposition for encapsul ating a sem conductor which is
suitabl e for encapsul ati ng a sem conductor el enment by conpression
nol di ng, a nethod for producing a sem conductor device using the
granul ar resin conposition and a_sem conduct or_devi ce obtai ned by the
met hod. 15 BACKGROUND ART [0002] S FEGHE&GEEONation of a

sem conductor device (hereinafter also referred to as the package) by
transfer nolding, a 20 problemof wire sweep has heretofore been

poi nt ed ﬁﬁt’ and in coqg#iance W th chanﬂes in package shages,
measur es Mo Bt E 23t TohO Bt R8I N f§ oL S M EQIRY oh OF, METHOD
viscosity in a_resin coggosition for encapsul ating a sem conduct or

(her ei naf t'étR aP 89 1EF LM FY LEO N RBCAES nDBE IIhpBERt i DAY LA PHETOR

| i ke have been taken. However, in recent trend, on the one hand, for
a semi conductor device, fine pitch wPEY HoRding and finer wiring of
wi res have been 2 advanced by finer wiring in a sem conduct or
el ement (hereinafter also referred to as the elenent or the chip) for
t he purposes of higher functionality and cost reduction, and
accor di ngFy Hbt ek rfel BhPep has easily 5 occurred than ever before.
On the other hand, with the progress of inprovenent of the
reliabilitylPROd keniconductor device and high filling of a filler
for the purgose of a reduction of warpage in BGA (Ball Gid Array),
further visEbsi reaaudti bavem iyl easint kakpssitPon Iscdmed a0 resin
difficult, and neasures with respect to wire sweep have been nore .
di f fi0cul eompare eacbefore cnpangdita bhn gt dabicyntaidues which is
wel ding or the like has easily occurred due to narrow gap formation
ri ght abguve taiel ehifp xaased hyuiRitiini ¢ig aofs paskagedu atid | ehemen raby
into 15 nmultiple stages, and nolded MAP (nold array package)
forna“cmpmpxms$ion molding, a method for producing a
semiconductor device using the granular resin composition
and a semiconductor device obtained by the method.
15
BACKGROUND ART
[0002]
In encapsulation of a semiconductor device (hereinafter
also referred to as the package) by transfer molding, a
20 problem of wire sweep has heretofore been pointed out, and
in compliance with changes in package shapes, measures for
optimization of molding conditions, a reduction of
viscosity in a resin composition for encapsulating a
semiconductor (hereinafter also referred to as the resin
26 composition) and the like have been taken. However, in

recent trend, on the one hand, for a semiconductor device,

fine pitch wire bonding and finer wiring of wires have been



In the conpression nolding technique, the flowrate of a resinis

remar kably Iower and flowin the lateral 20 direction is smaller, as
conpared to transfer nol ding which has been wi dely used for
encapsul ati on of a sem conductor, so thg wre sweep hardly occurs

and the conpression nolding technique is a powerful neasure for the
above fine pitching. Furthernore, the conpression 25 nolding

t echni qué iV ReEx Y | EAN §¥| WilAg et Add anv & BTicspeet atP Fi BLligiee Bt a
narrow gap portion right above the chip in which welding according to

t he nol di(%@ﬂ?ﬁﬁéét%rhﬁiélwrt@a%érﬁldactée 3% BhaopdieRe Rt Agdthe chip)
suitable for fine pitching and thinning of a sem conductor device to

be devel 6p&d HepeRMEPOSETd ¢5 &ipHeesd G e iwinel ftapprnédcost
hereafter. 5[0004] As a method for obtaining a sem conductor

devi ce obe&inedibp entBps @ AE PGl SeH Soriticair | 8mEmp bas easily
conpression nolding using a resin conposition for encapsulating a

sem AGondaecors r efetdrday e vissenb pEoposed 2@ & et kédré nchadichg wsitdy whe
granul ar resin conposition (for exanple, refer to Patent Docunent 1),
and a nepPhed ¥ eebudihglupingy anstidet o Fi kdr g esed iovppdditty ohn( feor
exanple, refer to Patent Docunments 2 and 3). [0005] 15In case of the
met hod i aelmddi aydusithgr adgrame andebiigicdnpbsiinicom £ tshef Bl ey £ qeethe
to carry out conveyance and wei ghing of the resin conposition before

t he granphampsesint conpodutitarowest plarpatge acdER Bl a @onpr dssiay) |,
mold installed in a conpression nol di ng machi ne. However, 20

accor di njutra- tde es hod idegcr ¢ bed i hoRPat £t ridozinentmbo gkt abinvbleyome s
| arge granul es having a size of about 2 nmm were used, so that

wei dii ngdadduracy twasamadt maH § uceentwi hhsaresgases.t ¢ 09QGle sweep have
25Meanwhi | e, the granular resin conposition put into the cavity of

the conpbessi anorel diifistiald d ith dheeverpries ficare nol dirnga dddhd inen was
nelted in the cavity by 4 closing the nold using the conpression
nol di ng madkiate] land, wha iflid ted iinn wdeddhol eocaviiy. LHoveveas atashils
time, the degree of wire sweep and filling properties of the narrow
gap portbarurght dheved heachow ware tlepradi ngnonigHtheaweke the chip
viscosity of the nelted resin conposition and the way of progress of
curing tbemeafd by thinning of packages and elements made into

15 multiple stages, and molded MAP (mold array package)
formation.
[0003]
In the compression molding technique, the flow rate of
a resin is remarkably lower and flow in the lateral
20 direction is smaller, as compared to transfer molding
which has been widely used for encapsulation of a
semiconductor, so that wire sweep hardly occurs and the
compression molding technique is a powerful measure for
the above fine pitching. Furthermore, the compression
25 molding technique is an excellent molding method with
respect to filling of a narrow gap portion right above the

chip in which welding according to the molding method



[ 0007] In Patent Document 3, for the purpose of reduction in wire
sweep, there has been proposed that the nelt viscosity 10 and the gel
time of the resin were in the specific range, but this nethod rel ated
to a nmethod including using the resin processed into a sheet form
and the nelt viscosity of the nelted resin conposition and the way of
progress_of curing have not been proposed in conpression nolding 15
usi ng t hBagrdhtil &R kessiml 8 6fpodi ¢ is Ao RELATEMD MERTS: Papgier for f£ine
DOCUMENTS [ 0008] 20Patent Document 1: Japanese Patent Application
Lai d- OpeR N 2000-22d 908 1 nn paert £ Ddc FRIAL c2NJapinesed Pt to be
Application Laid-Open No. 2006-216899 Pat ent Docunent 3:
Japanesedpateh?PAShINecas R 6T 25, LaRd- el X%E C RodeLo7 b » Dl styosprRE. ied
OF THE I NVENTION 5 [0009] The present invention is to provide a
resin coRpdsiafé/-or encapsul ating a semi conductor in which
excellent filling properties are achieved, a short circuit failure 5
in wires hat@QPbkcurs, and the yield rate during conpression nol ding
and the quality of a sem conductor device are enhanced, in case that
a semni condudtora deetbed sfobt ailped ind racapsigniicog du s &ivirc ohdudtas
el ement by conpression nolding using the granular resin conposition
10 for enbdgpsulati gy acsedipondadtiony and emmetdrodiu £6o predeciamgt aby
sem conduct or device using the resin conposition. [0010] The resin
conposi t FemH e s edcapsubatd gy a useim goaduct v nl 5 aftpolsa i esenftor
invention is a granular resin conposition for encapsulating a
sem condectoarp sised fiorgaasemmcboductwe t dev,i cehelteaimedebpeen proposed
encapsul ati ng a sem conductor el enment by conpression nolding, and is
charldct eaimed hiad tihat 1 utl ised iwsf i ey &herfald loaw nge séquicrtoeneots t(iaynt ofor
(c) on

example, refer to Patent Document 1), and a method

including using a sheet-like resin composition (for
example, refer to Patent Documents 2 and 3).
[0005]

15 In case of the method including using a granular resin
composition, there was a need to carry out conveyance and
weighing of the resin composition before the granular
resin composition was put into a cavity of a compression
mold installed in a compression melding machine. However,

20 according to the method described in Patent Document 1,
relatively large granules having a size of about 2 mm were
used, so that weighing accuracy was not sufficient in some
cases.

[0006]

25 Meanwhile, the granular resin composition put into the

cavity of the compression mold installed in the

compression molding machine was melted in the cavity by



20 condition that ion viscosity is measured with a dielectric
anal yzer under a neasurenent tenperature of 175C and a neasurenent

frequency of 100 Hz: (a) the tine fromthe initiation of the
measurenent until a decrease of the ion4viscosity to the |owest ion
25 viscosity is 20 seconds or shorter; (b) the |l owest ion
viscosity value is not nore than 6.5; 6 (c) the tinme interva

bet ween FAREI1RE tom PR d M ia0 S of COR® Peasdiehene lgHing Bwachine,
decrease of the ion viscosity to the |owest ion viscosity and the
time frofhegshiftd bt penisf tér%wmls@r@wmt Wnt HlowsiBeronadi &&diss tyime,
reachi ng 90% of an ion viscosity value neasured at 300 seconds is 10
seconds 6R9 ohgareq 0Rf1Firet Regrrt Pk §i2d idistPitlrebhies of the
determ ned by sieving the whole resin conmposition for encapsul ating a
10 seni cBAGUROrgaP Plog it esdehitt dinvenbpo® iSincis seamiadepsinaliesg on
m crofine particles having a particle dianmeter of |less than 106 pm

may e cohEaingddt atl aceastl oy of £ ok enped bt $96 by civauso s b4sierh ann thehe
whol e resin conposition for encapsul ating a sem conductor. 15[0012]

In the pHBti c?® pircegdésisr iblt corr lasgdétrerneéndd by sieving the whol e
resin conposition for encapsul ating a sem conductor of the present

i nvention usPAP U1 S standard sieves, coarse particles having a

particle dianmeter of 2 20 mmor greater nay be contained at a ratio

of not norelnh&a 336 by Dressmebdset], ohotthe hwhobe ress @ odnposdtican dorin
encapsul ating a sem conductor. [0013] The resin conposition for

encapsul dtlivreg sa esapi conduret be 25 exfn ttheo presehtt hatwertt @ ome ayvbecosity
obt ai ned by supplying the nelt-kneaded resin conposition for

encdfsul anidng hee spai.cbnductaf tbet he s hsideref i rioher spenpofed afarage,
7 cylindrical outer peripheral portion having a plurality of small

pores andud& dilskssmapedo Botrtedha serdf adce anmatilehda irtenpeddtny ens$ng the
adj usted by use of a direct or indirect heating nmeans in a nolten
state, andsdll guragetsedeshn b acartpostt Fornf prardcapsudingvascosity
sem conductor to pass through the snmall pores by centrifugal force

obt ai nedo by ttHe mettata dnrefs irhecteidysition and the way of progress

of curing have not been proposed in compression molding

15 using the granular resin composition.

RELATED DOCUMENTS
PATENT DOCUMENTS
[0008]
20 Patent Document 1: Japanese Patent Application
Laid-Open No. 2000-021908
Patent Document 2: Japanese Patent Application
Laid-Open No. 2006-216899
Patent Document 3: Japanese Patent Application

26 Laid-Open No. 2006-070197

DISCLOSURE OF THE INVENTION



[ 0014] The net hod for producing a sem conductor device of the 10
present invention is characterized in that a sem conductor elenent is
encapsul ated by conpressi on nol di ng using the aforenentioned granul ar
resin composition for encapsul ating a sem conductor. [0015] 15The

met hod for producing a sem conductor device of the present invention
may include carrying out a step of conveying and wei ghing the

granul ar reép@(E%hposition for encapsul ati ng a semni conduct or

imedi ately before the step of conpression nolding. 20[0016] The

met hod for PPEIRESRLALseRVETHELETOR SdéV ®& @F 1 feapresam doNeASiionion
may include carrying out the conpression nolding while degassing air

in the cAfit yebfapfd kapmessi ol afbl 4onzBjODe7] 1n Thd Senteeduteot
device of the present invention is a sem conductor device obtai ned by
bondi ng &Ad ¥ixgngrapPBr&érisc e ce on id eadnt 2o o diecpatoi taflagadure
frame or a substrate, connecting a wire bonding pad of the

sem dondéiet ori ekendrardilyh epciimser 4vdd tWiet e d kdd rivtagredor ingi re
bondi ng pad on the substrate by nmeans of wires, 5 and then

encapsul apimpgy ¢ he igani sodduct or agienehe byuzdapnessfon médicpndiungor
the aforenentioned resin conposition for encapsul ating a

seni conddetvorGe andei srdhmnaetder izedces e Hatad di ametiecoofdudieow devsce
not nore than 18 pmand the wire sweep rate is not nore than 2. 5%

10[ 0018] is oforafheddnycendu snlddvicg ef ddreiprestnttionventeommnia by
t hi ckness of a cured product of the resin conposition for

encapsul abmpy @s semircanalludtiorg ans 1 hg $ém cpnauctiarr ef esgmt amaypbe inoton
nore than 150 pm 15[ 0019] According to the present invention, in
casdit haf ca semtepmsdulcs o ndeva ce einsl obhainedolry encdpsulneéthgda for

sem conductor el enment by conpression nolding, it is possible to

obt ai n apresiuctogpasi & ean d ot d entaps ubBatv Hige 2@ sai 1s¢MtGonduetsdm i n
which the yield rate during conpression nolding and the quality of a
sem conddoin@ro gleviem i S enhanced.

([0010]
The resin composition for encapsulating a semiconductor
156 of the present invention is a granular resin composition
for encapsulating a semiconductor used for a semiconductor
device obtained by encapsulating a semiconductor element
by compression molding, and 1is characterized in that it
satisfies the following reguirements (a) to {(c) on
20 condition that ion viscosity is measured with a dielectric
analyzer under a measurement temperature of 175°C and a
measurement frecguency of 100 Hz:
(a) the time from the initiation of the measurement
until a decrease of the ion viscosity to the lowest ion
25 viscosity is 20 seconds or shorter:;
(b) the lowest ion viscosity value is not more than 6.5;

and



BRI EF DESCRI PTI ON OF THE DRAW NGS 25[ 0020] The above and ot her
obj ects, features and advantages w || be apparent fromthe foll ow ng
detail ed description 9 of the preferred enbodi nents in conjunction
wi th the accompanying drawi ngs. [0021] Big. 1 is a schematic diagram
of one exanple fromb5 conveyance to weighing in a nethod for
obt ai ni ng a sem conductor device obtained by encapsul ating a
seni conduct € el €ABnit ye camires¥rdn kot emy ushrg eiBradW @R &K n
conposi tion. Fi g 2 is_a schematic diagram of one exanple of a nethod
10 of supplyt hata ogr anbil dperBsiar coapedit iWatidt @ d9onepscavit ytlvg¢ Hon
mold in a nmethod for obtaining a seniconductor device obtained by
encapsul g aisenitonthet oroekéfent o by Vdchpe esdione irel diltey Bidmey from
the granul ar resin conposition. 15Fig. 3 is a graph show ng the
profi |l esthfe tivel t oA tvi s osft Yhandereuskoywa bbtatAdd tihe cage vhatcesity
resin conposition for encapsul ating a sem conductor according to the
present s iog iSO heaguran wotrh widicel bt yi v ahakbyzeras@Ridy. ag 390
a schematic di agram of one exanple fromnelt kneading of a resin
conposi t Beramdeolilect Posegfoadgr anul aporg@stn conposition in order to
obtain the granul ar epoxy resin conposition for encapsulating a
sem conduct 6P 0dfl t he present invention. 25Fig. 5 is a cross-sectional
vi ew of one exanple of an exciting coil in order to heat a rotor used
in the presént tilnweptironi aheé @ Tyéi ndrs tal. bout eonpers plierta riponeicoroy
of 10 the rotor.

sieving the whole resin composition for encapsulating a

10 semiconductor of the present invention using JIS standard
sieves, microfine particles having a particle diameter of
less than 106 pym may be contained at a ratio of not more
than 5% by mass, based on the whole resin composition for
encapsulating a semiconductor.

15 (00121

In the particle size distribution as determined by
sieving the whole resin composition for encapsulating a
semiconductor of the present invention using JIS standard
sieves, coarse particles having a particle diameter of 2

20 mm or greater may be contained at a ratio of not more than
3% by mass, based on the whole resin composition for
encapsulating a semiconductor.

[0013]

The resin composition for encapsulating a semiconductor

25 of the present invention may be obtained by supplying the
melt-kneaded resin composition for encapsulating a

semiconductor to the inside of a rotor composed of a



Fig. 6 is a cross-sectional view of one exanple of a double tube
cylindrical body for supplying the nelt-kneaded resin conposition to
arotor. 5Fig. 7 is a view show ng a cross-sectional structure of one
exanpl e of a sem conductor device obtaimed by encapsulating a
sem conductor el ement nounted on a | ead frane using an epoxy resin
conposition for encapsul ating a sem conductor according to the
present Cidentfon.cabFpytesr iBezivileswrgRowiaygta agy dsgveect imnplurality
structure of one exanple of a sem conductor device obtai ned by
encapsul atfi rgnal semicconsusner seldheht sivupe dd bort: e swintf doar drusimich
an epoxy resin conposition for encapsul ating a sem conduct or
accor di ng ttenmerprteseat Lisnveht wohed 3 PDESERI P GN OErEVMBOD) VENTSirect
[ 0022] The resin conposition for encapsul ating a sem conductor of the
present heweningnmeamsgiand anclésim sbmposi t o 20liowing the resin
encapsul ating a sem conductor used for a sem conductor device
obt ailnedcloynmns apsudrat fog s senpconbatctiorg eb esent i by nconpt essitom pass
nol ding, and is characterized as follows that, on condition that ion
Vi scosi t $hirmehsthed swmahlapdiet ecbyi ccanatyfergahd€ép racarealstndmend by
tenperature of 25 175C and a neasurenent frequency of 100 Hz, the
time frobhteher ¢ hittiiatm on foft hbe reasutenent until a decrease of the
ion viscosity to the |lowest ion viscosity is 20 seconds

[0014]

The method for producing a semiconductor device of the

10 present invention is characterized in that a semiconductor
element is encapsulated by compression molding using the
aforementioned granular resin composition for
encapsulating a semiconductor.

[0015]

15 The method for producing a semiconductor device of the
present invention may include carrying out a step of
conveying and weighing the granular resin composition for
encapsulating a semiconductor immediately before the step
of compression molding.

20 [0016]

The method for producing a semiconductor device of the
present invention may include carrying out the compression
molding while degassing air in the cavity of the
compression mold.

25 [0017]

The semiconductor device of the present invention is

a semiconductor device obtained by bonding and fixing a



11 or shorter, the |l owest ion viscosity value is not nore than 6.5,

and the tinme interval between the tine fromthe initiation of the
measurenment until a decrease of the ion viscosity to the | owest ion
viscosity and the tinme from5 the initiation of the neasurenent until
the ion viscosity reaching 90% of an ion viscosity val ue neasured at
300 seconds is 10 seconds or longer. Furthernore, the nethod for

produci n§ e seancsiuetor pead oint e dfreseae iTvent ilerd sframe or a
characterized in that a sem conductor elenment 10 is encapsul ated by
conpr essiS&Y fbF ditify uSPRG & hElaforansationed ngriandl 8ed eefnthe

conposi tion for encapsulating a sem conductor. According to these

const r ucBiedhsConFlUse 't harBe ey 6Rhdadt sn gy keadsogbtiend¢ ay frame
encapsul ati ng a sem conductor el enment by 15 conpression nol di ng using

t he gran@ira@ risk @ eemsoisi @i bAS om dritapsubatt hgte denimvhdgcedr wites,
is possible to provide a resin conposition for encapsulating a

sem dondadicort hanwe chapecel a6and i theng propemdestare athmeved, by
short circuit failure in wires hardly occurs, 20 and the yield rate
during compressien ol dodgl and el gaalting off ox srenddmiuetor akevnce
are enhanced, and a nethod for producing a sem conductor device using

t he resi poounpodictioom. £ohe pnesewmul atémd oa widrnibendasctblved amd is
detail bel ow. 25[0023] First, one exanple of a nethod for

obt ai ni ngha seateanduedon ndentize ebtdiaredtly entapbel atiimg as 1t more
sem conductor el enment by conpression nolding using the granular resin
conposi t camrofl 8 hempereaserithe nwémts arwee bl riae eleSsr nbed mor avtbadetzal 5% .
with reference to Figs. 1 and 2 illustrating a schematic di agramof a
met Hdd of wél@hithp 5 the granular resin conposition and supplying it
into a nold cavity. A granular resin conposition 103 is conveyed in a
pr edet er m nEd rqirdrg i 4 ymilsiorgd accanw eyant e eneah < Iseichr as een vi bnakindi on ,
feeder 101 or the like onto a resin material supplying container 102
equi ppedawittthi @akhesish ofit ericahréad suppdyvicng sechari srmestieh esmposition
shutter or the |like capable of supplying the resin conposition into a

| ower ca¥ity dféaipsw@haitisiqng, swhetf eby dihet besion mahey i abmsuri yudg or
cont ai ner 102 containing the granular resin conposition 103 is

pr epar ede(le@ee frtgmaly . bAt rdi Smidiree, thlae: graoukai. 15 resin

conposition 103 contained in the resin material supplying container

102 1xan be yweioghed by a wei ghi ng neans arranged bel ow the resin

mat eri al supplying container 102. Next, the resin material supplying
contai ner 102 ceondah@i Ngot BR OrPAdkaIm f eSh ONPBSI i 0A &% éSthat a
arranged 20 between an upper die and a |lower die of a conpression

mol d, andea il €af Ui ®rot s LEECUId BB HAAWMY £ e A cS6IE € 0BGUGT 9T a

el enent is nmounted is fixed on the upper die of the conpression nold

by a fixkBehieaAs uTUEHr 2% 1 BL AP, b RdeekY + 88 sAlod hRlikengych ¢ hat a
sem conduct or

pocssible to obtain a resin composition for encapsulating
20 a semiconductor in which the yield rate during compression

molding and the quality of a semiconductor device is

enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0020]
The above and other objects, features and advantages

will be apparent from the following detailed description



25 el enment -nmounted surface is directed dowmward (not illustrated).
Subsequently, when the wei ghed granular resin conmposition 103 is
supplied into the lower cavity 13 104 by use of the resin materi al
suppl yi ng nechani sm such as a shutter omg the |ike constituting the
bottom surface of the resin material supplying container 102 (see

Fig. 2), the granular resin conposition 103 is nelted in the 5 | ower
cavity 104 aiha praibesndhetdmbartherandrte. L Fuadies HBicE 1 @fit @l §lhethe
resin material supplying container 102 is taken out of the nold,

whil e redGSMBPEAY PrBsSra" L AdtShe cavity as necessary, the nold is

cl osed by use of a conpression nolding machine, the inside of the
cavity 10 i $00id3kd with the nmelted resin conposition so as to

surround the sem conductor elenent, and the resin conposition is
further curBddof.orl aipr ctleserveimeligerdbdgsfan i o, asrer eb@ntthke from
sem conductor elenent is encapsul ated and nol ded. After el apsing the

pr edét er Aomete panicsd o ¥R igheng hensenicobtost of odevilzeaii s itrafken

out by opening the nold. Incidentally, it is not essentially required

t o perfopmdegasdivat by deduttrg dheapnessupy iemcapscavd tyndA
degassing is preferabl e because voids in the cured product of the

resi n composicdpauareoreducsdenkurk hecwmer e 86 ioompl modldiygofusing a
sem conductor elenments nay be nounted on the |ead frame or the

circuit poard;lamd mayibe d@mppaticdion.mounted in parallel thereon.
[0024] In addition to the above cases, in the case of a 25

conpr essi onFawl.di2ng smet badiemeltiidi migh gcaps vlfabing axsaplcondiict arethod
el enent using a granular resin conmposition, the granular resin

conpddsi t bdn suppde dirsg desigreantid shavee slid unbfgros putitdmgiatad he lower
granul ar resin conposition into a |ower cavity of a conpression nold,
wei ghi ngcaeciuracyf o mbdédgianal ak tlesdnf cenpbiidinhnputz iskinoi ¢b@ductor
| ower cavity of the conpression nold, proper flowability in nolding

and 5 cudaliildé¢ yobir iaf€lér biyocerdmpee ltatel ghehd skedi ecdudutgzor element
conpression nolding and the quality of a sem conductor device. Wen

pr epar at ben cafmptiets NPo anchoved gihignou ofi nigher Pearut e unest nreedposi ti on
are carried out using a conveyance means such as a vibration feeder

or the |tkapddithergranul ar resin conposition is denanded to be
uniformy supplied by vibration (hereinafter also referred to as
conugyance pegf.oraranee)a §0823 dJhewcaiyr ess onrBElidieg ox di hkeriem
frominjection 15 nolding and transfer nolding, and is a nol ding

met hod Wikl s appl YA Mg much sheg/d ngbkericee @ntio) thgskestat a resin
conposition due to kneading, flowng or the like. Wien a material in
use i s acemyue at 1asi NoeORRASAHERAN, 2t DA gViaS COShE Y ANguewAbi A bty @ £ng
changed dependi ng on the

to the present invention is measured with a dielectric
analyzer.

20 Fig. 4 is a schematic diagram of one example from melt
kneading of a resin composition to collection of a granular
resin composition in order to obtain the granular epoxy
resin composition for encapsulating a semiconductor of the
present invention.

25 Fig. 5 is a cross-sectional view of one example of an
exciting coil in order to heat a rotor used in the present

invention and a cylindrical outer peripheral portion of



20 particle size distribution as well. For this reason, in the

present invention, as a nmethod of evaluating the viscosity
characteristics and flowability of the resin conposition for

encapsul ating a sem conductor, the timeiwuntil a decrease of the ion
viscosity to the | owest ion 25 viscosity, the | owest ion viscosity

and the tinme interval between the tine until a decrease of the ion

vi scosi t ¥t ¥PECITowest ion viscosity and the time fromthe

initiation 15 of the neasurenent until the ion viscosity reaching

90% of an i BA 9w stodist & vaFres Sef acitiona 1t Hel dvgdstonal wxatpiige of a
ion viscosity (hereinafter sinply referred to as the highest value in
sone cas€&pedstivdes acy3ondeéermds Boghe fieed sienliierd oAl scosity
is neasured with a dielectric analyzer. Accordingly, the nolding

st at us dueilitg kpaErEsdi 61§ ol dCRPRSE A ithie §rarmul P togsi n

conposition is appropriately re-created. In the past, a spiral flow,

a Kola's flBWg -a Er dberidev i ey LbovwRInast anicido 99~ aheohiakle has useenre
used as a neans of evaluating viscosity characteristics and

f 1 owabi | Py wofe acxediml eorposat isem i opnehcapsul aténgca sehniedmdrdt bry.
However, all of these eval uation neans exhibiting resin viscosity
behavi oredgamguibdvi mg eowamhobnmiwpeplry # bpmesentmohe tesdence alblead
of conpression nolding and viscosity behavior with no shear, that is,
accel er afremefu s he or eactd poxgausesi by cemgmpd § i siiam affomgemod @cebdsatoing
a delay in curing due to cutting of nolecules take place due to a
sheari ngaf sregel appldwect ba tehecpesiimgsda o hiah e c gy s sitoni mokditnigon .
status 20 could not be properly ascertained. [0026] The ion

vi sddsi ty chRagact&ristiacsvipwcasieowhalg t fecrress s-e@posohiadn $§otructure
encapsul ating a sem conductor is nmeasured with a dielectric analyzer
are an iodi cator exepreSentifga 25 e scosidyc char akdel et iclstanchddeby
curing behavior of the granular resin conmposition for encapsul ating a
sem condentaerg sahd ttireg e wames cardu stbtrablle e tuseunted®n a circuit
eval uati on of viscosity characteristics and the curing behavior of

the granpbarrd ess IngoRpENsip oY st antbald ¢s at i shear esitad esalleseing
to the nolding status in the conpression nolding. Fig. 3 is a graph
showi ng &hempeohidiast ofr tdhecberl i gcesi tyhang tdeecslopenobhaiingd.in
case that a resin conmposition for encapsul ati ng a sem conduct or
accanding to the present invention is nmeasured with a dielectric

anal yzer. The ion viscosity becones the | owest value at the stage in
whi ch thpreatR TeT IO N esEn ehasopeiMmdrsand the ion viscosity increases
as the epoxy resin conposition is cured. The tine until a decrease of
the ion viscosity to the | owest ion viscosity (hereinafter also
referred to as the time until the ion viscosity reaching the | owest

ion viscosityy t&sdh composition for encapsulating a semiconductor
of the present invention is a granular resin composition

20 for encapsulating a semiconductor used for a semiconductor
device obtained by encapsulating a semiconductor element

by compression molding, and is characterized as follows

that, on condition that ion viscosity is measured with a
dielectric analyzer under a measurement temperature of

25 175°C and a measurement frequency of 100 Hz, the time from
the inijtiation of the measurement until a decrease of the

ion viscosity to the lowest ion viscosity is 20 seconds



15 indicator representing the ease of nmelting of the granular resin
conposition, and the |l owest ion viscosity value is an indicator
representing the | owest viscosity of the granular resin conposition.
Furthernore, the tine interval between the tine until a decrease of

the ion 20 viscosity to the |lowest ion viscosity and the tine until

the ion viscosity reaching 90% of an ion viscosity value relative to

t he hi gh@st S@é’l%e{heFEiengPﬁ“@rs? efRPredsEP Fhkystable disnBe e achhan
an indicator representing the time width of the granular resin

conposi t Por ha¥l'Ag 1252 f Fawdi I ntEr{ad2het needse kfatt ithe Fagim the
conposi tion for encapsulating 17 a sem conductor of the present .

i nvent i oA hehd@re® fnitthe AN BES Wt PEd tarkkit Y2 ér auAGSTT @2 Feasdt défeation
tenperature of 175C and a neasurenent frequency of 100 Hz, the tinme
fromtheVi-§idqatfon to? the reudapénemnuitiscasdéct ease éha helds dhrom
viscosity to the |owest ion viscosity is preferably 20 seconds or

shor ter gh@ Aoriet pREfcrmn y WBesvesrfisr emesHoruet 1 IWadre tihentyhecosity
until a decrease of the ion viscosity to the lowest ion viscosity is
not norertRal ihe bveolfppar Lem tvieverihycase we asdserdidanetes 00
of not 10 nore than 18 pm alnobst no wire flow (W re sweep rate of

not noreselR@NPs5YF bOcees ydsubi dicangey -l olerritigerhe resi hhe method
viscosity when the resin is brought into contact with wires of a

seni condfietrorr Wediuce,nand axmiresulictoccwlernce of fa tdhor b reigentt
failure in fine pitch wires 15 can be suppressed. On the other hand,
the | owernkigritiofh ihechimem ameiri ze ddor ddset of stdeicomdistosi e} eent
the |l owest ion viscosity is not particularly limted, but it is

pr eflér abli y 2rsezprdsl of edomger camg mos e ipref pakliyn$ seciongs tdre

| onger in consideration of occurrence of 20 partial gelation and

uneven cafpngmastonyetheg rasuhapart ewhirchcompeanet oo Lont act with
the cavity of the conpression nold is antecedently nelted and cured.
[0028] |encagesthatt itrhe resamtoopabetion for Aencapsihat ithg 2hese

sem conductor of the present invention is nmeasured with a dielectric
anal yzerconderrachdasus engnt ¢esperatate eofsemiconductor device is

obtained by encapsulating a semiconductor element by
15 compression molding using the granular resin composition
for encapsulating a semiconductor, it is possible to
provide a resin composition for encapsulating a
semiconductor in which excellent filling properties are
achieved, a short circuit failure in wires hardly occurs,
20 and the yield rate during compression molding and the
gquality of a semiconductor device are enhanced, and a
method for producing a semiconductor device using the
resin composition. The present invention will be
described in detall below.
25 [0023]
First, one example of a method for obtaining a

semiconductor device obtained by encapsulating a



175C and a neasurenent frequency of 100 Hz, the lowest 18 ion
viscosity value is preferably not nore than 6.5 and nore preferably

not nore than 6.3. Wen the |lowest ion viscosity value is not nore

than the above upper |imt, even in casg of a wire dianeter of not

nore than 18 pm 5 alnost no wire flow (wire sweep rate of not nore
than 2.5% occurs, and as a result, occurrence of a short circuit
failure BRT¢RNAUTHO B rdseRAR thd Buppiested s itHe Rowsingniis ot gt e
| owest ion viscosity value is not particularly limted, but it is

pref er abB¥ aiot L fEs & oy ¢ OEIRP FbEé o0 Pf et Brabine sw@ntl dswenga o jwill
consi deration of occurrence of burr in an air vent portion or a

parting Penéesgribed dgi merscosityl bevdids mxtessinet yt Podged. 1 and
Herein, the | owest ion viscosity value refers to the | owest val ue of
the ion ¢ikéegiayresive fa srahewaitnic iditdonast athe 1% tHeadueénenti gloing
300 seconds. [0029] In case that the resin conposition for

encapsul hhiengra mehi sondgdirocosip ¢ hé tores em di sweptlivoin § si helastped mold
with a dielectric analyzer under a neasurenent tenperature of 20 175C
and a neasurigient Arogquencyacf rEXDL iz commeo sil.ie amt BPBall hetweer tdd in
time fromthe initiation of the measurement until a decrease of the

i on vi scasptrydark ¢ hailnowwdsqubport Mi gcosiityg and diheetyiarec € roernl®e such as
initiation of the neasurenent until the ion viscosity reachi ng 90% of
25 an i oa visoostipnvdeedrraduredoat t3G0 kkkendsrtic prekeriablyat@rial
seconds or |longer and nore preferably 14 seconds or |onger. In case

t hat thestippel y hher vabnbetiween 102 tdeutiipres fir @mitiheal mids dhi orrtodrial
t he neasurenent until a decrease of the ion viscosity to the | owest

i on 1¥i scespipl pindgt he dharismomude abi ki ahiont ot bhre theasiuy keedtpable
until the ion viscosity reaching 90% of an ion viscosity value 5

measur edo @it s 3@ Iseronds hies rrot 1 h essmplani t he mbhaeves | DWsw Eirntc v itther 2o 4
is little or no risk of causing defective filling or voids due to

resin thiankem ngnkn die, catrseebly mhdi &g s For Maareadial theppppeing
limt of the time interval between the tinme fromthe initiation of

the neasdoanenind@ Willcandecieasg afhéhgriaauVescasdsynt @di®osition
| owest ion viscosity and the tine fromthe initiation of the

measur eneoB Wit idréperiecan yéseogiity. repchi ng 0% oft anei,0r é S§OSINtYLar
val ue neasured at 300 seconds is not particularly limted, but it is
prefigr abt ¥ si20 seamgndsi 96 okd BHAr teeynaAd e ei pr efies ableys B9 BEGANHS A1
or shorter considering that the nold is severely contam nated as the
curabi | i §MpipSl f DG edn HAEnBROAWCE i Yo é Swd DWRIRd e W igehiedsedans
frequency of cleaning, or heat resistance and noi sture resistance of

a cured predurdecarnse Mrsenedr 20 P03t e r i d NEH 1HEPYLJlilNG ASnthener 102.
di el ectric anal yzer, a OEA231/1 cure anal yzer manufactured by NETZSCH

can be usedt ,andhas % PLBSha BArVBA3Ss Yo 1 8ES d@Rvhacidy ed oy
NETZSCH can be used. Further, the neasurenment can be perforned in 25
accor danegnWd in AREM:ERZ039: 2 10934 resin composition 103 is arranged
20 between an upper die and a lower die of a compression mold,
and a lead frame or a circuit board on which a semiconductor
element is mounted is fixed on the upper die of the
compression mold by a fixing means such as a clamp,
adsorption or the like such that a semiconductor
25 element-mounted surface is directed downward (not

illustrated). Subsequently, when the weighed granular

resin composition 103 is supplied into the lower cavity



In case that the resin conposition for encapsulating 20 a i
sem conductor of the present invention is nmeasured with a dielectric
anal yzer under a neasurenent tenperature of 175C and a neasurenent
frequency of 100 Hz, the tinme fromthe imitiation of the neasurenent
until a decrease of the 5 ion viscosity to the | owest ion viscosity

is 20 seconds or shorter, the |owest ion viscosity value is not nore
than 6.5104ndP¥ HeSei E FhcerAs I Dehddar tAé SURP VoMY Mee ¢ hpNilam onuch
of the nmeasurenent until a decrease of the ion viscosity to the

| owest i 8F W SE0SEE@ rarr t hBet ilig< ¢ remEd t hutilni g i BRkroR dft ¢hesurface
measurenment until the ion viscosity reaching 90% of an ion viscosity
val ue nmefgurtdie ar e300 sBasfdsl ad B BREFAAE of Ondrigere rSUdY alpesi Fig.
conposition can be obtai ned by adjusting the kind of the epoxy resin,
the curi B¢ -adehe aFdrhéaduriegiacetepasdtiand the hEximigl U6dr 4t othe
t hereof, the particle size distribution of the granular resin

conpdsi t Lew &or cavdapgul&td nyt aasant edrdict i neahdt ened 1 ke u e0032]

In the particle size distribution as determ ned by 20 sieving the

gr anul ar Fredime cowposi td Dhefrot hencapsuh atd hg ra akns eppducing obnttheiner
present invention using JIS standard sieves, mcrofine particles

havi ng alpartisitea deaneter of tessmrhah, 1WBipgm iredontaiqethe pressure
preferably at a ratio of not nore than 5% by mass and nore preferably
25 at a Latitdheofcautl twrest har 896 by weiighe, mivasddi. enctlles eobeg nese no £
conposition. In case that the ratio of mcrofine particles having a
particl eadicamgt ee sefidmsmotlthim gOGepnh i 2% ,i st met imy edehart tthieeakavei ty
upper limt, at the stage of conveying and wei ghing, stabilized
conddyante perl dbermancet and lexcaklldant d weieghi mg cacque ady ican be as to
achi eved wi thout causing aggregati on or adhesi on on the conveyance
pat h of Sutrthewodveyjance emsiansnsiucit @as & Mbeatt ,onahéedaie ok etshien

| i ke, or attachnent to the conveyance neans. On the other hand, In

case thatonpe satiemwfig cuofiherpardtetes dwmva ng ra dat bired ien ddapeiet od
of less than 106 pmis not nore than the above upper Iimt, mcrofine
particl esfat ¢émegt wited aébyet jielfeavitesrderid yrrel tad rand cewmethpand ated
the tinme interval between the time until a decrease of the ion

Vi scosi t yntio idiedkawestAFor wisTapistiyn @ndhtehep + bR ttmh ntde pbeRiod of
vi scosity reaching 90% of an ion viscosity value relative to the

hi ghast vahusg itheaséhy dohdiietRroRRfviaege son albesandttbonobbBati n®Nche
viscosity is nmeasured with a dielectric anal yzer under a nmeasurenent

t enper atmbe oOf 175C adéna ameRg yr erent s heaueasy aft 180 1Hz; rtberief 86e to
such a ratio is preferred. Also, in case that the ratio of mcrofine
particl esehad g @epardd £hg BamRidRic 0hd e R8s &M R0 he Balvity,
nore than the above upper imt, at the nolding stage, there is

little rbgk ofegausiggpart igtcgelHbhoB YedALRN €YLARY B8 WG OfhRRd
particles having a particle dianeter of |ess than 106 pm are

rel ativepyocantecesienihy rektied b sHE @4 oh b Ad}EHAB e d e HiOMBhermore,
limt of the ratio of 25 mcrofine particles having a particle

di amget er, 0h 1ha881 t han dP6sRM SoRuPBEH eulanbytld M §doeantb hht®Y on
be 0% by nass.
the lead frame or the circuit board, and may be laminated
or mounted in parallel thereon.
[0024]
In addition to the above cases, in the case of a
25 compression molding method including encapsulating a

semiconductor element using a granular resin composition,

the granular resin composition in use is desired to have



22 [0033) In the particle size distribution as determ ned by sieving
the granular resin conposition for encapsul ating a sem conductor of
the present invention using JIS 5 standard sieves, the ratio of
coarse particles having a size of 2 nmbt greater is preferably not
nore than 3% by mass and nore preferably not nore than 2% by nass,
based on the whole resin conposition. In case the ratio of coarse
particl e8THAR R BYUSZRNEf oF mhdrdgrEdt bR ri ik npPERtHht ion Herto a
above upper limt, at the stage of conveying_and wei ghing, a weighing
vari at i ohOHBL noR VadalrC HepeR@MRYL F SHAG MR oL pate i ehé havs Ay racy of
| arge mass, excellent weighing accuracy can be achieved, and .
accor di n§hy e gudlat yof 18 siessduct on BEVE dabpt ER Dl @V R CaVity
be 15 stabilized. Furthernore, in case that the ratio of coarse
particl e8thhbengomsr 26 sdfon ted r Bromer § koneh bt & vt hannphel abgvend
upper Ilimt, nmelting and curing of coarse particles are not
rel atd veFyréddt by éd y andnt ke € ¢ e ta ofnbRe ¢ @i tihat i vhedfd thete during
measurenent until a decrease of the 20 ion viscosity to the | owest
i on viscesmpressdadt |IRoldime prohbethearea latoaselt Rats¢owpaconductor
viscosity is measured with a dielectric analyzer under a neasurenent
t enper at 4ed igfe 175€hgemd rreapasigehent offf eyuehdyofandowidz; gh hegefcof e;he
such a ratio is also preferred. In case that the ratio 25 of coarse
particl esrbavi hgra rsi yenofc gnpmsdrt geratere i samoti @or @ wthanstilney above
upper limt, at the nolding stage, there is little risk of causing
uneven capivgeyyangar Mieins23wih easweey idsr aelitomgf asdecuréngtbe like,
coarse particles having a size of 2 nmor greater are relatively
del d@ed. t Fer gremmml er rhe lrowernpomiitt bént he damiandédcoarlse uniformly
particles having a size of 2 nmor greater is not 5 particularly
limted, sapgliiecdaypbev bt irass. (HO084naftAx & Iebhatk D& raeasut ong s
the particle size distribution of the granular resin conposition,
pr ef er abtynuosedansea perlfiodmankedi Nng using JI'S standard si eves
havi ng 10 apertures of 2.00 nm 1.00 nmand 106 pminstalled in a
ro-tap typel[80&ke]l shaker, classifying a sanple of 40 g through the
si eves whil e shaking these sieves over a period of 20 m nutes (nunber
of hamrer srhekesxsmp?e@ g9 aut ejo Badndet s mddi e Yeby: MAsdSOfinjection
particles remained on the sieves 15 of 2.00 nmand 1. 00 nm and % by
masgs50f moddafmgeapat ttebes Passmagl d bhogyghe hille i exemefl dDfgpMethod
based on the total sanple mass before classifying because properties
necessaryitorowet uglp cpimprmesshoh B &é g My ef beald zedi d Nt hBe reasen of
this method, particles having a high aspect

composition due to kneading, flowing or the like. When

a material in use is a granular resin composition, the
viscosity and curability are changed depending on the
20 particle size distribution as well. For this reason, in
the present invention, as a method of evaluating the
viscosity characteristics and flowability of the resin
composition for encapsulating a semiconductor, the time
until a decrease of the ion viscosity to the lowest ion
26 viscosity, the lowest ion viscosity and the time interwval
between the time until a decrease of the ion viscosity to

the lowest ion viscosity and the time from the initiation



20 ratio are possibly passing through respective sieves, whereas, for
conveni ence, respective particle size distributions of the granul ar
resin conposition of the present invention are defined according to %
by mass of the conponents cl assified unter the above certain 25
conditions. [0035] Furthernore, the resin conposition for
encapsul ating 24 a sem conductor for conpression nolding which has
been use8ff fdhe t REFask egN ta Phltvier | ZRE Prdduét semai hed dpaching 90%
prem xi ng respective raw material conmponents using a mxer, and then
kneadi ngPwi B! h@fi gk YOS vf Va aratifAg eehi @ SBackimghgst value
roller, a kneader, an extruder or the |ike, followed by cooling and
pul veri zPfig,thet 8n ThsERS Ipayt ilblearsipa fdistr sBR bY &S fer 6P rfeel as
by si evi ng the whole resin conposition using JIS standard sieves, the
amount ofhei éxisthastharal eeed v R §asige) ofclasssrefam tl03A06siemonds
exceeded 10% by mass, and the anmount of coarse particles having a
si zeSof 2rgmwbiegr adten Wi abolt 46 by sisy L6 696 b uRS, wand t e
resin conmposition had a wide particle size distribution. A so, as an
exanpl e ot etieec pyliverdnad yroduct Zfofcohe icontent ivhal mosihng status
conposition 15 for encapsul ating a sem conductor for conpression
mol di ng, dag ides cepbatr ¢ A siapanesd dan gntu sAppd i ¢dite oarieai wk Operr Noin
2000- 021908 (Patent Document 1), "an epoxy resin nolding material is
coar se paetipel et dlstrai hedabyp row tiag ouy veei-zede £t ee powdertbe past, a
granul es obtained by solidifying 20 fine powder" (paragraph 0010 of
Pat ent Depament fl)owAceoKdikg $ of EranpkeB refo¢hdedgcuaménthothbastomill
granul ar resin conposition for encapsul ating a sem conductor was, for
exanpl e, oneankyl $plkehibcabeaw i n sed average guasto £levdilamet engofish@a ity
2 mm and was coarse particles having 25 an average particle dianeter
of aboutcBamaobetaiiredi by pulvédioz algid ikneaded peeductcandoeudttisg for
m crofine particles having a particle diameter of not nore than 1 25
mm of t henpulprern il z¢éd pg oductembedrhdutikbe: . ThEbwWesvetrhe £pdXxy fr eshése
nmol ding material described in Patent Docunment 1 contai ned coarse
particl esvhawiangiansimeaals 2 smierigf #at ere ¢ hna i gobkiicapt bamni or
In addition, it is 5 considered that there was no description of
cutting @brdess selparingl esdladi N@ta st Epedil ¥ ABpAIe geaat efhé NeR®nce
docunent, and this cutting step was not added either in view of the
pr ogu;'.ct i vEt Yo 9036]s iloNeamthilag idnoRfiressson yobdhrgs i bherng £ AG
need to

shear, that is, acceleration of the reaction caused by a

collision among molecules or a delay in curing due to

cutting of molecules take place due to a shearing force

applied to the resin, so that compression molding status
20 could not be properly ascertained.

[0026]

The ion viscosity characteristics in case that the resin
composition for encapsulating a semiconductor is measured
with a dielectric analyzer are an indicator representing

25 viscosity characteristics and the curing behavior of the
granular resin composition for encapsulating a

semiconductor, and these values are suitable for use in



flowinject the resin for filing the chip with the resin, differently
fromtransfer nolding. Since flowng of the resinin the |atera
direction in the cavity is small, even in a package of a narrow gap
structure having a thin 15 thickness ofighe resin on the chip, for
exanpl e, a package of a narrow gap structure having a thickness of

the resin on the chip of 80 pmto 150 pm which was difficult in .

t r ansf er S¥S11di 4§ 1 AThe® padkaReC8drt heChsiredt Girtlts §be§ yArfdthd ecuring
W t hout causing failures such as wire sweep and 20 defective filling

by sel ecPBAq &l propdr trhed hir édplodT t F 615 ftorc @BRpredsisi op swks hgntaAsally
the resin conposition for conpression nolding which can al so be

appli ed 86 SWehsBepackagetsd aleds ohrgdh ot hedidireg worat peefict abhy
used are those in which, on condition that ion viscosity is 25

measur edCRIMEHE @S gilgl echpilé ahdl yzéfi gnder s mBaslif @RBnts h experat uhe

of 175C and a neasurenent frequency of 100 Hz, the time fromthe

i nitidatiprodiilae weasuhendmn urtislcobty detdetde oflobe igntained in
viscosity to the |lowest ion viscosity is 15 seconds or shorter, the

| onest i ©AS\E sthsitt & vaksd I scaoawt € itdtanf 623 erapdpishel 2t dmg a
interval between the tine until a decrease of the ion viscosity to

t he | owestens. ¢ onduicscosi By amddtime ttoe tint | brieseenbn ivisensiiton is
reaching 90% of an ion viscosity value relative to the highest val ue

is 14 sesondsipned| ongen. aFgritdhke ctitier eains theeri.sk Dieexposi ngswiaesty
in case a gap on the chip is not nore than 80 pm 10[0037] In the
resin coppesinté snther lencapsulvatling atstheceitugeolnofvhithehptesemntire
i nvention, an epoxy resin is used. The epoxy resin used for the resin
conddsi tres iof the pedseat,i avehtiba neyn geherald yt peimnmoseses as the
ol igoners, 15 and pol yners having two or nore epoxy groups in one

nol ecul eep®hey nokeedul acowpight tard mbeculmedst r (I ar & itrher eaft iak ea

not particularly limted, and exanples include crystalline epoxy

resins sdekresaachbbfhemd itypevépaeysiey no ahe Spherelt Adypeiepoyity
resin, a bisphenol F type 20 epoxy resin, a stilbene type epoxy

resin, a(hpdreotmwibfarertypecpxferesed and ddethickegimevalracitypée ion
epoxy resins such as a cresol novol ac type epoxy resin, a phenol

novol ac tvype epbdxy resaohimdaaphihol owewsd atohypel €poxy H €5i A |angnt he

| i ke; phenol aral kyl type epoxy resins such as a phenol 25 aral kyl

t ypda sepoxy driesd bolrayend @s phenyi gneh st¢ dekus €, ma 1phengl o arehkyg riaypelar
epoxy resin having a bi phenyl ene structure, a naphthol aral kyl type
epoxy resksihavid@pad s 271 phgnyd edet ster udwe etandd heibickssity value is
trifunctional epoxy resins such as a triphenol net hane type phenol

resin, aanalikydifgadidt edelorPheneliveghane: type ephtenel srasé Dtand £ hene

| i ke; nodified phenol type epoxy resins such as a 5

di cycl opgptadi eae- mak { hed qaepeli VPR .epoxyrE@¥inode, the time

t erpene-nodi fi ed phenol type epoxy resin and the like; and

het er ocychit@ #+ 89- G REBNNG BROXU MESURST SUCH e @rbhis?Zi 88 the ion
nucl eus-cont ai ni ng epoxy resin and the |Iike. These may be used al one

or ign copbisRald PO yOfk d Woh OF 180Es 401 kinndsi s ABRNG: § hese, t34 tabhy wsedi 1
are a bi phenyl type epoxy resin, a bisphenol A type epoxy resin, a

bi spheno¢nE tivpe @pg&bgfﬁgnr@am%@l Al Kyl Aty RHRPEXE IESLRy value
havi ng a bi phenyl ene structure, and a d|cyclopentadlene-nodlfleg

phenol tygpe -apox¥ ¥6SiRe A2 JHESPEFARLG (iHE £ASH A 1 PEFLSSIAG as the
conposition is neasured with a dielectric analyzer under a

measur engpg phePel AkUr & 08 449G W anpBasYr sreRG fXeguencyn §f + 10 ¢ ime
Hz, the_tlne_fron!the initiation of_the measur enent until a decrease
of the iQRg\¢SCHSI tt)héOggclé%dP%Stréé)ﬂnv'ciﬁﬁ’ﬁbtsﬁtion having
256 flowability.
[0027]

In case that the resin composition for encapsulating



20 is 20 seconds or shorter, the | owest ion viscosity value is not

nore than 6.5, and the tinme interval between the tine fromthe
initiation of the nmeasurenent until the ion viscosity reaching 90% of
an ion viscosity value nmeasured at 300 geconds and the tine fromthe
initiation of the 25 neasurenent until a decrease of the ion

viscosity to the | owest ion viscosity is 10 seconds or |onger. In .

vi ew of BhéeMEngenERTsPyi Ad the aoveehndqdivepRhien preflegaByreg@grith
used are those having a bighenyl structure in the nolecular structure
and an epofy eHBFEdlicht2BR LAGEE T eds dHam 1802 SGUZBENThe amRer At wre of
of the mxing ratio of the whole epoxy 5 resin is not particularly
limted, 18t Gtand precesa gnast [fassaurar 2w byl fBsBzanghfpteme from
preferablé not | ess than 4@6b¥ mass, based on the total resin

conposi t F&® Ul tasd tpmt o Ehehicomsra s umiemeptt patnilkigngearegses of the
wi thin the above range, there is little risk of causing deterioration
of 1@ t heofl dgwabrliayt Br tohehekéowrhetupgpey viaoitvhd snixkagerably
ratio of the whole epoxy resin is not particularly limted either,

but it i80preraklsy owt simeret ¢ fag Ibomby arassedrnd sty friefeeabinds or
not nore than 13% by mass, based on the total resin conposition. In
case thashoteipper Wheht tGfe 16 i wintiing #atiec fsawiet b h the abowe
range, there is little risk of causing deterioration of solder

resi st ante sgro s hé yl itke tRurkdreesor 6,01 v toasisderati smot nbe ¢ ithean the
until a decrease of the ion viscosity to the | owest ion viscosity,

the | owesbaovon wippeasiltymiand etten t ineciasteroil a bef weer 20mehe 1t io® not
until the ion viscosity reaching 90% of an ion viscosity val ue

rel atd vemba & heh anglidéstuval ad mansltt he twiieeuntlidw a( décreasecob tthete of
ion viscosity to the |lowest ion viscosity, in case that ion viscosity
IS measuned wdheatdiahelt 5%) analeyzes , biyt dsf piefieyrabl g tthatetrtheng the
mxing 25 ratio is properly adjusted dependi ng on the kind of the

epoxy resksimwisecopdd39wh&8 thelmneshe tesbmoconpbsittoncbartact with
encapsul ating a sem conductor of the present invention, a curing

agent iswihisek dlie acuseénd cagedticuser Herw ide,resid senposrésaltof the
present invention is not particularly limted as long 5 as it is

cured byoreanttagow tdf an =poxy kdst oy iand sexXoanpkes nt Fareefpinedideires
straight chain aliphatic diamnes having 2 to 20 carbon atons such as
et hyllsenedramoee, s i ppieidys @neddDanures ¢ eheameidwydenedicamdéwer limit of
hexanet hyl enedi am ne and the |ike; am nes such as 10

m phenyl enedt adenen P+ pheryd enedisariote £ e X\WreRed agkidy to the lowest
4, 4' -di am nodi phenyl net hane, 4, 4'-di am nodi phenyl pr opane,

4, 4' - di apbnodi pherdydi €y hers, Aod' pH aniaedi pheryll swhtene, but it is

4, 4" -di am nodi cycl ohexane, bi s(4-anm nophenyl ) phenyl net hane, 15

1, 5- di anprerraphsBalyene, seogmhyenedt arbagye P- Xylenedianigiee féralb 1 §i S

( 4 - am nophenyl ) cycl ohexane, dicyanodi am de and the |ike; resol
type phegglkighd €siols ByEGeas an ansnaamstived deselkdestBnde of

di ret hyl ether resol resin and the like; phenolic novol ac type resins
suchk20 ggra Phenebie tioyRl AR dr 88icie ? & e30lg NAVHlAE1 eshl r@sin part
tert-butyl phenolic novolac resin, a nonyl phenolicnovolac resin and

the |'ikeyhRQlyoxystad®aes ntUushcds o8 ¥ - RrioXly StwWeEnea gnd f he el ikee and
phenolic resins such as a phenol aral kyl resin and the I'ike or acid

anhydri degmpression mold is antecedently melted and cured.
[0028]
In case that the resin composition for encapsulating
25 a2 semiconductor of the present invention is measured with

a dielectric analyzer under a measurement temperature of

175°C and a measurement frequency of 100 Hz, the lowest



25 These nmay be used alone or in conbination of two or nore Kkinds.

Anmong these, suitably used are a phenolic novol ac resin, a phenol

aral kyl resin having a phenylene structure, 30 a phenol aral kyl

resin having a bi phenyl ene structure antisthe |ike. Further, in case
that the resin conposition is nmeasured with a dielectric analyzer

under a neasurenent tenperature of 175C and a neasurenent frequenc

of 100 512 Yh&cATktyromthe i tRBLL6TF P l¥he HeaBaréndmainti {5 aand
decrease of the ion viscosity to the |owest ion viscosity is 20 .
seconds BPZhoPr&fefaR LYWt MO &i 58891 t§- Jal udihennétheptevisfah ion
6.5, and the tine interval between the tinme fromthe initiation of

t he neasURERME 1t iTadhe on 20tvimebs| thradeathien@ POYEofuRASiod imit,
viscosity val ue neasured at 300 seconds and the time fromthe

initiati BNS0F tRe GfeSuPémentY Liei |d hagedrasefomathempare Vikaosity pm,
to the lowest ion viscosity is 10 seconds or longer. In view of the
rangd® safildtqs gt ehelgkole avequi + efedvsepritee adfyn a6 meed han Hbsbs)
havi ng a phenyl ene structure or a bi phenyl structure in the nol ecul ar

st ruct ur ecanidr a, hydrdx gl equi ealdi, obawirressa hafi B605hpet40diTearit
lower Iimt of the mxing ratio of the total curing 20 agent is not
particul deliylutrei tedfine pitich priefesablay dot 4 epp ndmped..8%ltne Nasge r
and nore preferably not less than 1.5% by mass, based on the total

resin cokpositicohthe loasesthapnt e slowet tlyi matl wé ithe ot xiagtiatiloarly
is within the above range, sufficient flowability may be achieved. 25
On the oflherithadd, e dpgpers| bmiafof ablley mritngleati ahdnt Ae ad] more
curing agent is not particularly limted either, but it is preferably
not Ifor eptrleere 18%lhy massl and miveen B1ipredesdblyradt aroref thanoudibdyce
mass, based on the total resin conposition. In case that the upper

limt ofofhdumxi Ag rat i®dikrsverithi potrhel @bove mamyerteéxeellent ,sadethe
resi stance nay be achi eved. Furthernore, inconsideration 5 of the

ti me unt rk sd ect sase iof ytihecioare visgoeistyi telityhe dvwoswestl.i OAerein, the
viscosity, the |lowest ion viscosity, and the tinme interval between

the tinelumtddtthen on yto6dsi ¥ yvaeachingr 8@% afoc abhhkon o ssaSktaylue of
value relative to the highest value and the tinme until a decrease of
the ion the ion viscosity value from the initiation of the

15 measurement to 300 seconds.
[0029]
In case that the resin composition for encapsulating
a semiconductor of the present invention is measured with
a dielectric analyzer under a measurement temperature of
20 175°C and a measurement frequency of 100 Hz, the time
interval between the time from the initiation of the
measurement until a decrease of the ion viscosity to the
lowest ion viscosity and the time from the initiation of
the measurement until the ion viscosity reaching 90% of
25 an ion viscosity value measured at 300 seconds is
preferably 10 seconds or longer and more preferably 14

seconds or longer. In case that the time interval between



10 viscosity to the | owest ion viscosity, in case that ion viscosity

is neasured with a dielectric analyzer, it is preferable that the
mxing ratio is properly controll ed depending on the kind of the

curing agent in use. [0041] 15Meanwhilelgin case that a phenolic

resin curing agent is used as a curing agent, as the mxing ratio of

all the epoxy resins to all the phenol resin curing agents, the _
equi val eﬁg@r dtise( EMopohofinhé nber off cpbry Ifrdsps cE)totindiil a
the epoxy resins to the nunber of phenolic 20 hydroxyl groups (OH) of
all the pREFRaFBsPH &l ngPRgEAES I31 prefer 441y ¥eumst: 8 Or Ybpeanity
1.3 or less. In case that the equivalent ratio is within this range,

suf fici et clitediting FaP e Behl evdd auiemg afolidiaguef stieepegitn until
conposition. In case that the equivalent ratio is within 25 this

range, ekbél llem pisgriicy neadlingsiFOtupddapr cduct vAiwmye deity value
achi eved. Furthernore, in consideration of a reduction of warpage in

an area BaefsacecAvam 3 B2 seriwvhdudtom packags, tiheneghievaleaver dtdwer
(Ep/ Ph) of the nunber of epoxy groups (Ep) of all the epoxy resins to

t he nunbéinmgft phehslte hgdriokyL lgr cupsnePisk alf thesimgngedyeatsve
is preferably controll ed depending on the kind of 5 the curing

accel er afod liimgsersuech d hadueutabids ¢ ynof htihek e siny ciompolset commnd of
the glass transition tenperature of the resin cured product or

t her mal mpiwlistast ifmnbbelruscaee thpropedr Rum berobreheinime interval
consideration of the tine until a decrease of the ion viscosity to

t he | owelsttivaredOtviescosmey, ftdmwe Etdwesinian ati Soasidfy, thrdntdestirmenent
interval between the tinme until the ion viscosity reaching 90% of an

i on Wi scosittiyl val de axetastieve f ot hke ibghedtsvat e yandot hé el i Iewertd |ion
a decrease of the ion viscosity to the |lowest ion viscosity, in case
that ionviissoosity issndeasiy ediwiet hf Abma tdi €l éetirt La@nalryzer, titei s
preferable that the equivalent ratio is properly controll ed depending
on the kmedsafréhengpaxyt L @stheand i ke phesalti€ vesch icly 903 agnnion
use. [0042] 20In the resin conposition for encapsulating a

sem condutaro ©f ttyher pr asenie 4 Bvenid oar @B CUr oG @ceel aratesti s used.
The curing accel erator used for the resin conposition for

encapsul phirig @u sam lcprndurt @ére df Bhe presenp rdwentibdny MBYobeegeatd asor
long as it accelerates 25 a curing reaction of an epoxy group with a
phenal i cs Aydrioxy| agrddupe rand t Base Used Ay 88 cncapsvlrats Re rrderi al

in general can be used. Exanples thereof include 33

di azabi cyeheal dene mand Weti vakl ¥es d hes e9é veudl @Scontaminated as the
1, 8-di azabi cycl o(5, 4, 0) undecene-7 and the |ike; am ne conpounds such

as tribugymham nei thenzylidiwekly are gpdduer i vkey 118 degpk@ ed due to
conmpounds such as 2-nmethylim dazole 5 and the |ike; organic

phosphi neg csuchs ag tid PherYc phesphineanieidy! diphenyt pBesphi 88 andhnd
the like; tetra-substituted phosphoniumtetra-substituted borate
moisture resistance of a cured product are worsened.
20 [0030]
Incidentally, as the dielectric analyzer, a DEA231/1
cure analyzer manufactured by NETZSCH can be used, and as
a press, an MP235 Mini-Press manufactured by NETZSCH can
be used. Further, the measurement can be performed in
25 accordance with ASTM E2039.

[0031]

In case that the resin composition for encapsulating



such as tetraphenyl phosphoni umtetraphenyl borate, tetraphenyl
phosphonium tetra benzoic acid borate, 10 tetraphenyl phosphoni um
tetra naphthoic acid borate, tetraphenyl phosphoniumtetra naphthoyl
oxy borate, tetraphenyl phosphoniumtetz@m napht hyl oxy borate and the
i ke; and triphenyl phosphine with benzoqui none added thereto. These
may be used al one or in conbination of two 15 or nore kinds. Anong

t hese, s@i £&B13YCABEYH @I pREsPRST B &% ©MicdM™s Rf AQ Tt onpatmeEs ugifch asth
a tetra-substituted phosphoni um conpound, a phosphobet ai ne conpound,

an adducf® 6f <l PRAEFFH e e dNFRNALARE T Uk PBAE LeMPBilnd cmpe addutte of
of a phosphani um conpound and a sil ane conpound, 20 and the Iike.

Al so, | nlgéséltarfa@l 3 Hee pesireeemoding onens nedls r@d MEththe time from
dielectric analyzer under a neasurenent tenperature of 175C and a
measur enehe firequéadyl @f ab0the mawsersmdnomnhd i v tdecker sof afethe
measurenent until a decrease of the ion viscosity to the | owest ion

Vi sc@si t $0B5 ¥ ks 20 ssisepntle drhehoommstt herl onestcdhtvi $cos? @ ysealamds
is not nore than 6.5, and the tine interval between the tine fromthe
initiation shotthee neasbheehemte amtidnthescors i B vadessiitsy nogactimg than
90% of an ion viscosity value neasured at 300 seconds and the tine
fromtheéilitiandotlod thearedstrernenl brttiveandecneasedmé fhren obhhe
viscosity to the | owest ion viscosity is 10 seconds or longer. In

vi ew of Sntitiel attnge <af its i mgatsher ebhende nequi leredtes; r paekerdblihe ion
used is a curing accelerator having | atency which becones excel |l ent

in a bal anceamdng ltow vhecdsdwy s tt hesmalk istabs ittty amd cireabt imey.from
[ 0043] 10The lower limt of the mxing ratio of the whole curing
accdloer atbe i3 ipreberdaht yo fiot hkese atshane el hyn tads tive tihentwi alcosity
resin conposition. In case that the lower Iimt of the mxing ratio

of the whebelcimgn@ e celferat ot oins w. sbios The aloMveer arges ugeld i€t estoo
curability may be 15 achi eved. The upper limt of the mxing ratio of

t he whol eeewridg hscebegatcarnds prefenajdy. n@usnre tbadnl%dypseILion
in the total resin conposition. In case that the upper I'imt of the

m Xi ng rahinobef dbteawhel® leyraaguacceher ahey kisnW bifi RHhe@daYeresin,
range, sufficient flowability may be 20 achi eved. Furthernore, in

consi deraheoBuefi e dée AW tha desiasge Otellkerd 08V s@@SithY: A xing
the | owest ion viscosity, the | owest ion viscosity, and the tine

i nt asval rhetiveenhbhed £ e td | batrtel ¢ 0B W iS£6Sidi)s £ £aghi o 0% Of t AR
ion viscosity value relative to the highest value and the tine 25

until a geemeasgrofrddieni Ybvpseaiiynt €dhechewnsiuilan vhgeasity, in
case that ion viscosity is neasured with a dielectric analyzer, it is
preferabemtitadn e t8 Xi NGnB5that i10i ks .properly control |l ed dependi ng
on the kind of the curing accelerator in use.

[0032]
In the particle size distribution as determined by
20 sieving the granular resin composition for encapsulating
a semiconductor of the present invention using JIS
standard sieves, microfine particles having a particle
diameter of less than 106 pm is contained preferably at
a ratio of not more than 5% by mass and more preferably
26 at a ratio of not more than 3% by weight, based on the whole
resin composition. In case that the ratio of microfine

particles having a particle diameter of less than 106 um



[0044] In the resin conposition for encapsulating a 5 sem conduct or

of the present invention, an inorganic filler is used. The inorganic
filler used for the resin conposition for encapsulating a

sem conductor of the present invention 28 not particularly limted as
long as it is generally used for a sem conductor encapsul ation 10
material, and exanples include silica such as nmolten crushed silica,

mol t en spReri®al moNg chhagr yishal adidVeaupsscbndami taggpégdiled sitlaga of
and the like; alumna; titaniumwhite; alum num hydroxide; talc;

clay; m €8nEHs89 phek vegidd R ha d.i REambag athesm vpaaTi ealRe Fforgnance
preferably used is nolten spherical silica. It is preferable that the
particl eagifapex¢slikfnhi veliyohead v sphseiccal caRukther abrigvefdewithout
anount of the inorganic filler may be increased by m xing particles

havi ng dfflieriens sfgeegihicase ¥ hadhelse orsim theposinvenans@ath of
measured with a dielectric anal yzer under a neasurenent tenperature

of 155C hhe someesvramenidarguency efs a00ibzathent feedgomt Hehe like,
initiation of the neasurenent until a decrease of the ion viscosity

to the |owest tizognhmiesdodia e @Onyegomds eomesiros t erQn tthieel owbstr ihoand,
viscosity value 25 is not nore than 6.5, and the tinme interval

bet ween The addse fthatt héd nrékatd omf ofnitdec freasureaertti ahesl hdreinon a
vi scosity reaching 90% of an ion viscosity value nmeasured 36 at 300
seconds mpadttihel i de smobetrhe fi digs att vanofl Otcheumreias ur@hremb rgnttilam the
decrease of the ion viscosity to the lowest ion viscosity is 10

seconds abolvengerpeknlimew pfmi be afange patrtsfying the awverelatively
requirenents, preferably 5 used is nolten spherical silica. [0045]

The llcoweankied ¢ deh ttlhe matlitoe df arhe tnarghni antd |dlee itsine efertabtyval
not | ess than 78% by mass, nore preferably not |ess than 80% by mass
and partbetivarey phef erabd yunati 111G Idessrehare 83% byendssy bhsed sahty to
the total resin conposition. in case that the lower |imt of the

rati o ofthke liowegani Cohi Miefcbs i ¢ head heh abevien¢ ange, i Astplkysi eal
properties of a cure product of the resin conposition, excellent

sol der cvaekicwitesreslaticenimy (e @fhievednWitikatbs1s i Rereasi pg ltdhei ve
anount of noisture absorption and wi thout reducing strength.

Furt her mobe tHdiehuppessti Rid1l 0k tihe &akiia pfihheHaopgayp &rfiddegei on
preferably not nore than 93% by mass, nore preferably not nore than
91%1y nass caingdi parthew ardy wi eéekall y notme®Ee rid@ny DO MBsectric
based 20 on the total resin conposition. In case that the upper limt
of the rakka wiectherdd®rganinfed slikeimé st Witldhpe bR @POVE 7 AMWE°C and a
excel lent noldability may be achieved w thout inpairing the

f 1 owabi | & ¥.s ek BIHTOf Lo givk €8§€ dhat 0 bhe A £SE eGWPOSEL iAchSa ratio
nmeasured with a dielectric analyzer 25 under a measurenent

t enper at ysepefe Ad2EerNd 3 MBASUrENERL s auepcY Hef APiZ ot eIt ine
fromthe initiation of the measurenent until a decrease of the ion

viscosityak@ itdPes3having a particle diameter of less than 106 um
20 is not more than the above upper limit, at the molding stage,
there is little risk of causing partial gelation or uneven
curing as microfine particles having a particle diameter
of less than 106 um are relatively antecedently melted and
cured. In addition, the lower 1limit of the ratio of
26 microfine particles having a particle diameter of less
than 106 pm is not particularly limited, and it may be 0%

by mass.



| owest ion viscosity is 20 seconds or shorter, the | owest ion

viscosity value is not nore than 6.5, and the tine interval between

the tinme fromthe initiation of the measurenent until the ion

vi scosity reaching 90% of an ion 5 viscgsity val ue neasured at 300
seconds and the tine fromthe initiation of the neasurenent until a
decrease of the ion viscosity to the owest ion viscosity is 10

seconds or [8fget] In view of the range satisfying the above
requirements, the content of the inorganic filler is 10 preferably

set to be | bRerthe PRe ThAges 3Hhzrhichs exddidtehensal dedetesimiance by
obt ai ned. [0046] The resin conposition for encapsulating a

sem cond@éesting the gresent dmvemsioncanpaddittion fort kaddpsulating
af orenenti oned conmponents, may contain, as necessary, various

addi tives §mmiggn<§buptr>ﬂrg afehibhs spEhsgnt invention using JIS

y-gl yci doxypropyl tri met hoxysil ane and the |ike; coloring agents such

as cdr boathirabkrdne teeki-kesheelredsec agéntae asuck gsanatiwlad swar,ving a
synt hesi zed wax, a higher fatty acid 20 or a netal salt thereof,

par af fi nsane thie 2 ike,; orow stz bes donponefdtes sutlh astsintéconeéhain 3% by
silicone rubber and the like; and anti-oxidants. [0047] Next, the

met hod foesebtaadi ng ree reselfi econpodyi icon fore2% leawapsuleat imgsa, based
sem conductor of the present invention will be described. The resin
conposi toont herwbrdapsd at nngoapsen tooduct Dn of sehehpr esdnito of coarse
invention can 38 be obtained according to a nethod including nelt
kneadi ngparmtiixt Llee bbtvaimgda byiaei bdr 81 pmnbxi gg daiee af bsenernt menesd than
conponents, other additives or the |like using, for exanple, a m xer

or tlide |tke atbawmeordipary ltiemperatat etiss ngtage knéadiorgyegdhidceand
such as a hot roller, a kneader, an extruder or the like, follow ng

by cool i mgiaridi pgl,ver wamla@dwmatﬂ@mmym@arbb@m ddfdending on
m crofine particles using sieves (hereinafter also referred to as the
pul veri zmhg-isi@vofig pet bad)le 8 methodgi acl Ldirae nekiBg adellent

mel t - kneaded resin conposition into granules, or the like. Preferably
used is aefgthiodgofa gfanulat i Bgni bei ewhifevbe,yiehd BcokBithely the
production of the resin conposition. As a nethod of granul ating,

there arguanet{iod f nel ydimig: df dRAG: torextdwiee hovi 8¢ adli @iwWd hcan be
plurality of small pores 15 at the front end of the screw and cutting

a malst enstagiin exeduded uftome sAR) e Pof Scakkanged athé hea €6 o @carse
strand formusing a cutter slidingly rotating alnost in parallel to

the di e surfacel éBenaivtiadyes flse bef ermRdokogas 4herai BoOho&URdYY than
met hod) and the |ike. However, in 20 consideration of a problem of

entrai nngpk %&frectuwemfetlaimmmeﬁemltth bhke,cPFehey abEy céeds ks
a nmethod for obtaining a granular resin conposition for encapsul ating

a seni CO?QE@Ctlel@)é Sunpl ¥bRg @ MBkt-Koegded 1£5kR ,CUPASIEHOMN Efet Nerom
i nsi de a rotor conposed of a 25 cylindrical out’er peri pher al

portion hA¥ MG & PhYLYA lyf Of heMRlda PREERANE @ndiSkShapedehald ¥% the
surface in which a tenperature is adjusted by use of a direct or

i ndiggect 039viscosity to the lowest ion viscosity is easily in the

proper range in case that ion viscosity is measured with

a dielectric analyzer under a measurement temperature of

175°C and a measurement frequency of 100 Hz; therefore,

such a ratio is also preferred. In case that the ratio

256 of coarse particles having a size of 2 mm or greater is

not more than the above upper limit, at the melding stage,

there is little risk of causing uneven curing or partial



heating means in a nolten state, and allow ng the resin conposition

to pass through small pores by centrifugal force obtained by the
rotation of the rotor (hereinafter also referred to as the

centrifugal powdering nmethod). The 5 grasul ar resin conposition for
encapsul ati ng a sem conductor can be obtained by adjusting proper
production conditions in this nethod, wherein, in the particle size

di st ri bulilgit &9 *iePe? filed thyr Side\d iyt B nAge Fl ScsrarriMal sievess higeing
ratio of mcrofine particles 10 having a particle dianeter of |ess

t han 1062p@izenett mbrem ah SRR FisSr ¢ eFattiaftel Vo lvhed @hdlved esi n
conposition for encapsul ating a sem conductor and the ratio of coarse
particl eSuyhi agn® par t tdie dpPaest et 18l R afn dhqreatdro i efnotoampee
than 3% by mass, relative to the total resin 15 conposition for

encapsul BEinigl alsenikandue o . SEEOASPE 2 Nemt o hereerte f agalnot
powderi ng net hod, one exanple of a production nmethod for obtaining

t he dpoxyardsi audenpbyi Lilan fed  ermagsdltathay P sedbcdndunasrs of the

20 present invention, will be described in nore detail with reference
to the drawlA§ss4Fig. 4 is illustrates a schematic di agram of one
exanple fromnelt kneading of a resin conposition until collection of

a granul ar Resémetipodidf ore dpuorideg tbeophaitni @l granuleardiepbxybution
resin 25 conposition for encapsul ating a sem conductor. Fig. 5

il lustrabés téhergssrsekairona s Vnewasip one texanpl @ rof f amadxicy t usg ol a
for heating a rotor and a cylindrical outer 40 peripheral portion of
the rotometFigd 6ndlwudtimat essaner o3¥Ssectandalrd/i eweafe Dnkaexiampl e

of a double tube cylindrical body for supplying the nelt-kneaded

resil® coapesitioest @f he.Od anm, 5[10049] mm athe epaxyumesinstalled in a
conposition which is nelt-kneaded at a twin screw extruder 209 is
suppl i edrbe e thsidalesakevee rehake0]l tlirough fg idogbhe dabple of 40 g
cylindrical body 205 cooled by a cool ant between an inner wall and an
outer wathrcAigAOchbisitiviees wiHilse phekdradlthd batsibe doublertabariod
cylindrical body 205 is cool ed using a cool ant such that the

mel t - kneaded Ccepdxyu t €3 M raonpesi bifomdmmaet saitaebed t1e @ mahhwfet hgnd
doubl e tube cylindrical body 205. Even when the epoxy resin

conposi t def d¥m LAt Quousy Yymseppbifeg bt irla § | FamaAtus Shapadhyieves
supplying the epoxy resin conposition to the rotor 201 through the
douhlse tglge2cyld aol izged Dody RABSanide BROXWM €S N iCPIRRF thanpsar el es
stably supplied without overflowing fromthe rotor 201 by the
rotationpakdiegrehtrorgh atha Bighrspeed.1 29[ QR0 Ivedr dor+BR1 d$tal
connected to a notor 210 and can be rotated at an arbitrary nunber of
rotati 0n§arr¢slcé/| inB@d cok fAUt&r cperd Phekaln Porkicin: 282 phavh 88 td e s
plurality of small pores arranged on the outer periphery of the rotor

201 is 2Repleayd de¢ Wolh a2 tBINet b 85L3)n 203 d 8 A eatedi Pg. 1n

the case of this method, particles having a high aspect
20 ratio are possibly passing through respective sieves,
whereas, for convenience, respective particle size
distributions of the granular resin composition of the
present invention are defined according to % by mass of
the components classified under the above certain
25 conditions.
[0035]

Furthermore, the resin composition for encapsulating



the eddy current |oss or the hysteresis | oss acconpani ed by passing

of an alternating magnetic flux generated by 41 electrically
connecting an AC power supply generated by neans of an AC power

supply generating device 206 to an exciging coil 204 arranged in the
vicinity. Exanples of the magnetic material 203 include an iron
material, 5 silicon steel and the like. One or two or nore of the
magnet i cang&ERr{ 8PS Po3trgy Herusadnp Aeccnbd hafcohd 1 The wh EFhi theof been
smal | pores of the cylindrical outer peripheral portion 202 having a

pl ural it s6fd shPm gotesPRet ndd she flow hive of z eHe Pam@umdt edb bR igsed by
the magnetic 10 material 203, and may be formed, for exanple, of a
nonmagnePrE e éRidalk eifade @ 14 ehirghy ek el adosdmp RNyt s SEingea mixer,
vicinity of small pores of the cylindrical outer peripheral portion

202 can ahsothbe meédateddiy hedtt e dnelattinon iy ora e el rednerh dagigemiacchine
material 203 as a heat 15 source by having the magnetic material 203

at it uppeh and loviee lperti ods krEadplres of thd nedeagreti ¢ heat bLkal,

i ncl ude copper, aluminumand the |ike, and one or two or nore of the
nonnmagnefird Imavedi s mayp bengseaedd npvdms natiiorg, Theeepoky rdesinhe
conposition is supplied to 20 the inside of the rotor 201, and then
flies topthd hedted icxti ddsittal boutiern pesi phet akmdord dobk y202i dying the
centrifugal force obtained by the rotation of the rotor 201 using the
not or 219ho[10051 ¢ s25Theoepaxyitesim conmasi TSN sthdchairsd bsdegtd s | ntthhe
contact with the heated cylindrical outer peripheral portion 202

havi ng aaplowrat i ¢¥ ofi csomaf b neormesr easilgsphssesig4? shrzaughf shelsls than
pores of the cylindrical outer peripheral portion 202 and is

di sdifar g&d owijtthoatk ccaeidedg 1ahz i bor easesof d4hd md sinseosttyf Thearse
heating tenperature nmay be arbitrarily set depending on the
propertipardafidhesepoxyibgr esivnieenposi 2i am i dirugeecd Negeneral abwhen 4%
the heating tenperature is excessively increased, curing of the epoxy
resin cobposhtsison preacéedsnsodst hahd ke d [ravebhl Ebyhdss teduneth o a wide
smal| pores of the cylindrical outer peripheral portion 202 are

cl ogged parsacnel easesz e HaweMmer i bun itdwe. 10 2dase, ok & hen peepeiple of the
tenperature condition, the contact tinme of the resin conposition with
the cylipdiiveat i getep peduphecad toet Eon 2Rt Lo rext redelin Ytposi®tion
that an effect on the flowability is extrenely small. The cylindrical
out @B pefbphehadlapoulliat. 262 heyhng cn dbchldl dd e OhpsE diparfslicking,
evenly heated, so that partial change in the flowability is extrenely
smal | . Absodether phuvakint yagfa s88ld PROI@S oA PN €xtisngdl iT6a] dodifdn No.
peri pheral portion 202 can be arbitrarily adjusted in association

wi th thezpantics e osapep and nithe patiedl € $h 7624 diSbkibutd PPnokotieing
resin conposition in use.

material is coarse particles obtained by cutting
pulverized fine powder or granules obtained by solidifying
20 fine powder” (paragraph 0010 of Patent Document 1).
According to Examples of the document, the granular resin
composition for encapsulating a semiconductor was, for
example, nearly spherical with an average particle
diameter of about 2 mm, and was coarse particles having
25 an average particle diameter of about 3 mm obtained by
pulverizing a kneaded product and cutting microfine

particles having a particle diameter of not more than 1



[ 0052] The granul ar resin conposition which is discharged through
smal| pores of the cylindrical outer peripheral portion 202 is

coll ected, for exanple, at an outer tank 25 208 installed on the

peri phery of the rotor 201. It is prefegmble that the outer tank 208

is installed such that a collision surface agai nst which the granul ar
epoxy resin 43 conposition passing through small pores of the

cyl i ndri B8l dutleReperilpheralzgsore ref o, ard ke ngldfm i delsakag s the
slop of from10 to 80 degrees and preferably 25 to 65 degrees to the
flyi ng dPPECtY ot Bt It e gt hRdl BR t&pok§ Lr dsist 5ibeghdgi FladrentnDecdunent
to prevent attachnment of the granul ar epoxy resin conposition onto

the i nnel WANtagdFUsFor shongattHel glarullag vépaxyar 6size of 2 mm or
conpositions. Wen the slope of the collision surface relative to the
flying doreéaton &M thesdmoxyLiesint comeosition I addimmienthant 10s

t he above upper limt, the collision energy of the granul ar epoxy

resi ® cofpodsiideneshntbhatf yihgrei spessed, dosthdtrtheme ¢§ bitttieng of
ri sk of causing attachnent onto the wall surface. On the other hand,
when t hecsolaopee op atritel ¢ bElsi $iaonl sgr faacel rel atfi Ve mo ohegfdgdhgr in the
direction of the epoxy resin 15 conposition is not |less than the

above | odercunent, tadredfLyiim speédof shemreasl arotepadgeadseéenther in
conposition can be fully reduced, so that, even in the case of
secondaryieol |1¢8i dhheagaikostuchevwidly. surface of the outer tank, there
is little risk of causing attachnment onto its exterior wall 20

surface. [0088]36] Meanwhile, when the tenperature at the collision
surface agai nst which the granul ar epoxy resin conposition collides
becdes hi gigamher gt anuliar cepory ersesi an2modabpnosgi,t itdrers fashnloyneed to
attached, so that it is preferable that a cooling jacket 207 is

arr angedf dpow-henperdiphety oéstihe foor | fstdmgurfiacehfiqr wicohi bfet kesin,
collision surface. 44 The inner dianmeter of the outer tank 208

pref er ablly fifasr snth va Brze thatin $ e rgneolldah epoxyines F lconpasi dONthe
is fully cooled, thus preventing attachnment of the granul ar epoxy

resi n conpedirt iian torg A 4 heriaineri mat t i aid ifrtusihen & wergi sheémananuleayen
epoxy resin conpositions. In general, air flows by the rotation of

the rototn2@l,psokiahpd afceolnhagreif eghp s obtiaitede Heweveg, acotidin

wi nd may be introduced, as necessary. The size of the outer tank 208

i s uari edhdependsBgodn thie raywunt oaf thlee creisp p ferbextangat 6¢. alfackage
However, for exanple, in case that the dianeter of the rotor 201 is

20 cm apraghnrantr eRdghisisair €8 ube HHevenied ashi ORG ASs the tRRelresin
di anmeter of the outer tank 208 is about 100 cm [0054] 15Then, the

sem condygt @h&le¥hae ob £t lge pigsert 1Hsverin Onywehdt@ah NQE PYdi fficult in
encapsul ati ng a sem conductor el ement by conpression nol di ng using

the gr ant'i:@hsfﬁéi:ﬁn_@@@lﬁ&ﬁ?l it0fe fod c RBGAPTH R Neh AL SEHT $ORIUGLYA Wild 14
be illustrated. Incidentally, the nethod for obtaining a
sem conddgt@r without causing failures such as wire sweep and
20 defective filling by selecting a proper resin composition
for compression molding. As the resin composition for
compression molding which can also be applied to such a
package of a narrow gap structure, more preferably used
are those in which, on condition that ion viscosity is
25 measured with a dielectric analyzer under a measurement

temperature of 175°C and a measurement frequency of 100

Hz, the time from the initiation of the measurement until



20 devi ce obtained by encapsul ating a sem conduct or el enent by
conpression nol ding using the granular resin conposition of the
present invention is the sanme as nenti oned above. The sem conduct or
el enent encapsul ated in the sem conductgg device of the present
invention is 25 not particularly Iimted, and exanples include
integrated circuits, large scale integrated circuits, transistors,
t hyri st ofsdegirsesecantl the {PrRevise §DOYSFoThEsshape F 1o viscosity
sem conductor device of the present invention is not particularly
limted, 1and ex@mpbasis merudaohdl ¢ rgr itd carkay s s(tBGARY , VAR Q ypé YBEELue
and the like. 51t can also be applied to a dual in-1line package
(DI P), alpl &astt cnpagdeheni P carrperd (PRECt e qdad ¢ ue lpdrkgeen the
(QFP), a lowprofile quad flat package (LQFP), a small outline
package t$0R) umtsdnld dutkeres d-dEatibd packayge (S} L va tthibhendldwest
outline package (TSOP), a thin quad 10 flat package (TQFP), a tape
carrider packages (IEPry anchipesitiempavkage {IC8P) pnavgsadb $iay reaching
non- | eaded package (QFN), a small outline non-|eaded package (SON), a
| ead frabkB*BOA &bFiBGAY i s hé W viee.u¢ 005BE tISTh e sarhedndabe®t value
device of the present invention obtained by encapsulating a
sem conduest Ar4 esememd$rom d cuged .pr oductt hof r t hé hresseé niconposi ik of
by conpression nolding is used as it is or is nmounted on any
el ect ronegpappangt wd rad § ei ncomp eetel yapupinng diechég i camposmbiren t20an
at a tenperature of about 80C to 200C over a period of about 10
m nutes 80 1 hours. [0057] Hereinafter, the sem conductor device
including a lead frane or a circuit board, one or nore sem conductor
25 dloenent s[badihpated or nounted in parallel on the lead frane or the
circuit board, bonding wires for electrically connecting the |ead
frame or thencittoali teloai dcambd et 146 seoircaduabeu ehedenyf sa and an
encapsul ation material for encapsul ating the sem conductor el enents
and the bemdidwnwurceSo i bF bacdesersbad timwehdlilony tdnrepexeneeaddn is
the draw ngs. However, the present invention is not

used. The epoxy resin used for the resin composition of

the present inventilion may generally be monomers, oligoemers,
15 and polymers having two or more epoxy groups in one
molecule. The molecular weight and molecular structure
thereof are not particularly limited, and examples include
crystalline epoxy resins such as a biphenyl type epoxy
resin, a bisphenocl A type epoxy resin, a bisphenol F type
20 epoxy resin, a stilbene type epoxy resin, a hydroguinone
type epoxy resin and the like; novolac type epoxy resins
such as a cresol novolac type epoxXxy resin, a phenol novolac
type epoxy resin, a naphthol novolac type epoxy resin and
the like; phencl aralkyl type epoxy resins such as a phenol
25 aralkyl type epoxy resin having a phenylene structure, a
phencol aralkyl type epoxy resin having a biphenylene

structure, a naphthol aralkyl type epoxy resin having a



5 restricted to the sem conductor devices using bonding wires. [0058]
Fig. 7 is a view showing a cross-sectional structure of one exanple
of a sem conductor device obtained by 10 encapsulating a
sem conductor el enment nounted on a die pad of a |lead frane using the
epoxy resin conposition for encapsul ating a semi conductor according
to the present invention. A sem conductor element 301 is fixed
t hrough Bh@ivey beAE nat EricdiuEar @d r bigctl BB jork Bl dv@ patosed. 4BoAY
el ectrode pad of the sem conductor element 301 and a |ead frane 305
are connéetsddl By ssdnsa 8f aa t ¥ ph3owe L TAE heame coydiet bhegiehenes3gl, an
is encapsul ated with an encapsul ati on material 306 conposed of a
cured proaddetl ofnodief Fedi hrdanposptlitent hon ceffivaps laennd gesin and the
sem conductor. 20[ 0059] Fig. 8 is a view showi ng a cross-sectional
st ruct ur éidfe oneoekiahped afhanednmittypductmrxeviceiobt @iwed Iy a
encapsul ati ng a sem conductor el enent nmounted on a circuit board
usi n@ t hdiepoxyopesitnadorpostnpoi fbedepdepsallatti nge2®poxy resin, a
sem conductor according to the present invention. A sem conductor
el emrent B8érpdenérxediihieugbhenoe byped eptcery ate sumned npr adiectl 3027 omnd
a circuit board 308. An 47 el ectrode pad 307 of the sem conductor
el enent Béi eandcar lel @ctriode- pad t30ndna hepokncur ¢ shoa ds808 aae a
connected by nmeans of a wire 304. Only one side on which the
sem condtetiarz ehenmenic B8l s+cohe acin cnigt dparg IHBsia mmdunbhed 1ske.
encapsul ated wth an encapsul ation material 306 conposed of a cured
product Dhetdre mpoxpe ast adcariposet ban ifrorcenbdpsat Abimngp A two or more
sem conductor. The el ectrode pad 307 on the circuit board 308 is
conrect ediwidd. sokderndaltlhs: SO9 atu bt adil-encapsulated ssieparihe type
circuit board 308 10 thereinside. EXAMPLES [0060] The present
i nvent i ospios ynove slilnysta ab @6 phe ol e Adetgp ¢ b obef ome wiitth, refiei eptrsnol
to Exanpl es. However, the present invention is not restricted to
t hese Exmmlyase Ewerbsa_nlfpaxyphi@ﬁbll lar81%3 Patyp PyepBxS; Ofe8in
phenol aralkyl type epoxy resin having a biphenyl ene structure
( NC- 3000n a2Q rmepnyf act pih a6 yiye Neppanr Kayalkte Coand-td., softening
poi nt: 52C, epoxy equivalent: 270)

dicyclopentadiene-modified phenol type epoxy resin.

15 Furthermore, in case that the resin composition is
measured with a dielectric analyzer under a measurement
temperature of 175°C and a measurement frequency of 100
Hz, the time from the initiation of the measurement until
a decrease of the ion viscosity to the lowest ion viscosity

20 is 20 seconds or shorter, the lowest ion viscosity value
is not more than 6.5, and the time interval between the
time from the initiation of the measurement until the ion
viscosity reaching 90% of an ion viscosity value measured
at 300 seconds and the time from the initiation of the

25 measurement until a decrease of the ion viscosity to the
lowest ion viscosity is 10 seconds or longer. In view of

the range satisfying the above requirements, preferably



Phenolic resin 1: 6.42 parts by mass of a phenol aral kyl resin having

a bi phenyl ene structure (MEH 7851, manufactured by Meiwa Pl astic

I ndustries, Ltd., softening 25 point: 67C, hydroxyl equivalent: 203)
Curing accelerator 1 (TPPBQ nanufacturegl by Hokko Chem cal Industry
Co., Ltd.)O0.55 parts by mass 48 Mol ten spherical silica (FB-560,
manuf act ured by Denki Kagaku Kogyo Kabushi ki Kai sha, average particle
di anmet er Us3 @e $h pactBapy magssbiphenydoapitiunt agent ( kKB Bod ecular
manuf actured by Shin-Etsu 5 Chem cal Co., Ltd.) 0.2 parts by nass

Car naubaSWwenil ©OF B rFara BRAbp MTeBORN06IG UL vaenabovie mPked v than 180.
materials of the resin conposition for encapsul ating a sem conduct or
wer e pul veril28P&hd 10 ni xed by use of a super nixer for 5 minutes,

and then the m xed raw naterials were nelt-kneaded using a
co-rotatingThe neseeewlénrudef &dug ppediwia lrat iyl ofdérhdavhied earepoxy
i nner dianeter of 65 mMmw th the nunber of screw rotations of 30 RPM

at a & esiestienpésatngte phri00O: lahelr eby i ilte del thikneaded s esrrferably
conposition was prepared. Subsequently, the nelt-kneaded resin

conposi t nort Vass suppkined Tt yamas e ahd2mkg/drp fedmdiel yppert dicdes ofhan
the rotor having a dianeter of 20 cm and all owed to pass through a
pluralitg¢3obysmeds popesdpare dianebéral Zds im) c2thmd stiliel dieat elin case
cylindrical outer peripheral portion at 115C by centrifugal force

obt ai nedthy it liéh & dtcat & onl Dinitthe fr dher madtx 3 §02 REM iwhedethyim@ the above
granul ar resin conposition for encapsulating a sem conductor was

obt ai nedran@f62] tAsExanpked 2t t @ e4 ranskCaofpar atisver dxdopleasi draa ion of
According to m xture shown in Table 1, granular resin conpositions

for lencapsw &tlicwabident ganducher like A9Thampl@esr21ini4 afdthe mixing
Conparative Exanples 1 to 6 were obtained in the sane manner as in
Exanpl e tat[i0063f BExamphed belpofy resin is not particularly limited

either, but it is preferably not more than 15% by mass and
more preferably not more than 13% by mass, based on the
total resin composition. In case that the upper limit of

15 the mixing ratio is within the above range, there is little
risk of causing deterioration of solder resistance or the
like. Furthermore, in consideration of the time until a
decrease of the ion viscosity to the lowest ion viscosity,
the lowest ion viscosity, and the time interval between

20 the time until the ion viscosity reaching 90% of an ion
viscosity value relative to the highest value and the time
until a decrease of the ion viscosity to the lowest ion
viscosity, in case that ion viscosity is measured with a
dielectric analyzer, it is preferable that the mixing

25 ratio 1is properly adjusted depending on the kind of the
epoxXxy resin in use.

[0039]



5In the sane manner as in Exanple 1, the raw nmaterials were

pul verized and m xed by use of a super mxer for 5 mnutes, and then
the m xed raw naterials were nelt-kneaded using a co-rotating twin
screw extruder equipped with a cylinder2daving an inner dianmeter of

65 10 mmwi th the nunber of screw rotations of 30 RPMat a resin
tenperature_of 100C, and then nmade into a sheet formw th a sheeting
rol | er, fol IBwEddyre&soln ngOoMRP phltvied?d zE R ThERPSHFILALIME Particle
size distributions were adjusted using sieves so as to have the .
amount s RTHGPBEMRE A5 ParEhE & PENChe TPDRRESTof oEséngastderesis
shown in Table 2, whereby granular resin conpositions for

encapsul afiefy a Bewi eBiditd crgentEvapiieSos td e nepénobtcaimedition of
[ 0064] 20Conparative Exanple 7 In the same manner as in Exanple 2,

t he raw hheepitd $enér é Pigvediozed i Bi Rad thycwd e rdfy al smpéredrarlong
for 5 mnutes, and then the m xed raw materials were nelt-kneaded
using a 86-rbtasiTigrew hysteew ekngudeit 2B negpioppied e Lt h, aavy endarples
having an i nner diameter of 65 mmw th the nunber of screw rotations

of 30 RPhheatreofeshn tedperitwicgbt ¢OGC n and ikt addiiambnasshesting
formwith 50 a sheeting roller, followed by cooling and pul veri zi ng.
Ther eaf ter ta he0 partilcde sitzemdi studhbutisore Way ladj eidtiedhiuséng si eves

so as to have the anobunt of mcrofine particles and the anmount of

coar se phrtiingd esydleovmd iiprnifiabé ¢ 5 4, r ahertdby 1 e ngrdihaimam e gsi n
conposition for encapsul ating a sem conductor of Conparative Exanple

7 was obheaxmete t h@d65)edi afol hewanyd at et hei kaw nateniea ssuséd,a ot her
than those used in Exanple 1. 10Epoxy resin 2: A triphenyl net hane

t ypaOepaxy piresi nl eEIB2 660N evpanpif- adtar ed ehbye Jhpand rkpoxy-Regdien €diamine,
Ltd., softening point: 59C, epoxy equivalent: 171) Epoxy resin 3:

A bi phen¥l| 4t'ypei epdxyo & ¢ pihre if YXund00ba negnuf act ured by Japan Epoxy

Resin Co., Ltd., nelting 15 point: 107C, epoxy equival ent: 190)

Epoxy resj A '4 i dindyod dpehicaty 2pe-omanki, ed ,opbxy irasi nodHR 28§, ether,
manuf actured by DI C Corporation, softening point: 64C, epoxy

equi val efit 4 '265) aminodEpenyessnlEoReGr @sal ' haYahdicn 80y ¢ EdhRexane,
(N660, 20 manufactured by DI C Corporation, softening point: 60C,

epoxy edpivalentniz®PHhenyl)phenylmethane,

15 1,5-diaminonaphthalene, m-xylyenediamine,
p-xylenediamine, 1,l-~bis{4-aminophenyl)cyclohexane,
dicyanodiamide and the like; resol type phenolic resins
such as an aniline-modified resol resin, a dimethyl ether
resol resin and the 1like; phenolic novolac type resins such

20 as a phenolic novolac resin, a cresol novolac resin, a
tert-butylphenoclic novolac resin, a nonylphenolic novolac
resin and the like; polyoxystyrenes such as
poly-p-oxystyrene and the like; and phenolic resins such
as a phenol aralkyl resin and the like or acid anhydrides.

25 These may be used alone or in combination of two or more
kinds. Among these, suitably used are a phenclic novolac

resin, a phenol aralkyl resin having a phenylene structure,



[ 0066] Phenolic resin 2: A triphenyl methane type phenolic resin

(MEH- 7500, manufactured by Meiwa Plastic Industries, 25 Ltd.,

softening point: 110C, hydroxyl equivalent: 97) Phenolic resin 3: A
phenolic novolac resin (PR-51714, manufgxtured by Sumtonp Bakelite
Co., Ltd., softening 51 point: 110C, hydroxyl equivalent: 104)
Phenolic resin 4. A phenol aral kyl resin having a phenylene structure

( XL- 225- BLP heayfut a2 ¥ adeéd byt #F L suineChbhPcal @,lpl%fbr?yl§6lf6t e Ay S0l e and
80C, hydroxyl 5 equivalent: 175) [0067] Crushed silica (FS-784, .
manuf act GREd yk Penkl URAdHKT- KbFy 6 aedushrk tRe stRS 1ay 6odygec parttienel s
dianeter: 13 un) [0068] 10Curing accelerator 2: A curing accel erator

r epr esenf 8@ Byr €fle Widt h odi Ag eretdli ¢ ormallay 12y, YodeD] a Greppglement

Formul a 1] 15[ 0070]
temperature of 175°C and a measurement frequency of 100

5 Hz, the time from the initiation of the measurement until
a decrease of the ion viscosity to the lowest ion viscosity
is 20 seconds or shorter, the lowest ion viscosity wvalue
is not more than 6.5, and the time interval between the
time from the initiation of the measurement until the ion

10 viscosity reaching 90% of an ion viscosity value measured
at 300 seconds and the time from the initiation of the
measurement until a decrease of the ion viscosity to the
lowest ion viscosity is 10 seconds or longer. In view of
the range satisfying the above requirements, preferably

15 used are those having a phenylene structure or a biphenyl
structure in the molecular structure and a hydroxyl
equivalent of not less than 160.

[0040]
The lower limit of the mixing ratio of the total curing
20 agent is not particularly limited, but it is preferably
not less than 0.8% by mass and mcre preferably not less
than 1.5% by mass, based on the total resin composition.
In case that the lower limit of the mixing ratio is within
the above range, sufficient flowability may be achieved.
25 On the other hand, the upper l1imit of the mixing ratio of
the whole curing agent is not particularly limited either,

but it is preferably not more than 10% by mass and more



Curing accelerator 3: Triphenyl phosphine [0071] Resin
conpositions for encapsulating a sem conductor were evaluated in the
follow ng nmethod in Exanpl es and 20 Conparative Exanples, and the
eval uation results were shown in Tablesgil and 2. [0072] Eval uation
Met hod Amount of mcrofine particles having a size of less than 52
106 pm and anount of coarse particles having a size of 2 nm or
gr eat er : Preprgbdfy thetoBtat aedhigrmandifak i €8¢ Ascopasid smwabe total
wei ghed up to Ing to give a sanple. The JIS standard sieves 5 having
aperturesesfin, 00mAAPETLICR pm FAsteA $ed tihhtar 6heapipype slievétsipakethe
(Model - SS-100A, manuf actured by Marubi shi Kagaku Ki kai Sei sakusho Co.
Ltd.) weRéxysed retclasksfyithe marbee atinoaghattee si eves Whehé solder
shaki ng these sieves over a period of 20 m nutes (nunber of hanmmer 10
st rokes: r€20 ¢ hi ngtee)na YSiss egieine V¢ d -t hidu imdidss ohomiecr afi et dedassion
passi ng through the sieve of 106 pmand the nmass of coarse particles
r emaibnedodn tihee simee wit 21lnanwestec reasig edlft b healicuh aveé stdhes iys to the
ratio of the amount of mcrofine particles having a size of |less than
106 pm 15oarecs t he camouhs cofs iconr sé& hpar t belesst havinngrlas sosd tof , 2amd orhe
greater to the mass of the sanple before classifying. [0073] Spiral
flow Theimesihntenpositbatwasni Mjleet édmetonaispitale flow 20 scosity
measuring nold built according to EMM -1-66 under conditions of a
nol d t enperathut egof? AF5C6Lf am i hpectvbacpressyur ¢ aafué. ¥ dVPat ana: at bolcthe
time of 120 seconds, using a | ow pressure transfer nol ding machine
(KTS- 15 maglfeast uved. by Koht akhePrtenei amtMathianed €oreddd. pf ande25 on
the flow |l ength was neasured. The spiral flowis a paraneter of
fl ovdbi | vigcantlty great e Vadwesitndi cat ed du gher f | oiabidady. thke ion
unit is cm 53

viscosity is measured with a dielectric analyzer, it is

preferable that the mixing ratio is properly controlled
depending on the kind of the curing agent in use.
[0041]

15 Meanwhile, in case that a phenoclic resin curing agent
is used as a curing agent, as the mixing ratio of all the
epoxy resins to all the phenol resin curing agents, the
equivalent ratio (EP)/{OH) of the number of epoxy groups
(EP) of all the epoxy resins to the number of phenolic

20 hydroxyl groups (OH) of all the phenol resin curing agents
is preferably from 0.8 or more to 1.3 or less. In case
that the equivalent ratio is within this range, sufficient
curability may be achieved during molding of the resin
composition. In case that the eqguivalent ratio is within

25 this range, excellent properties in the resin cured
product may be achieved. Furthermore, in consideration

of a reduction of warpage in an area surface mount



[ 0074] Time until the ion viscosity reaching the | owest ion
viscosity, lowest ion viscosity and stable tine: A DEA231/1 cure

anal yzer manufactured by NETZSCH was 5 used as a dielectric analyzer,
and an MP235 M ni - Press manuf act ured by3NETZSCH was used as a press.

A changes in the viscosity was neasured in accordance wi th ASTM E2039
by the follow ng nmethod. About 3 g of a granular resin conposition

for encapsMetPAgGucten eardAd®r Was 49uiiitabautedadnto (tHre/Pbp of the
surface of an electrode portion in the press at a measurenent

t enper at UERE T 17 5CeRIPKE Vit Bo s Utenkene £f addudhey agfoig0rEsimadto the
pressed. The time fromthe initiation of the neasurenent until a

decr easengfma$s Pdnphisstosiicy hivslx daviloweseupen (Hlscosftyllt hé e iqering
15 until the ion viscosity reaching the | owest ion viscosity), the

| owest i e eriseosst prahdrelel ¥ieenitmael ek betmesditrhe ¢hnthfer dmndeo
initiation of the neasurenent until a decrease of the ion viscosity

to tHe | bWwestcubhng scosd g rarid thent ume fsnophtheaitnicimabod idfy tdg the
measurenent until 20 the ion viscosity reaching 90% of an ion

vi scosi t yewl e ompasuwiedian 30Q sdoomgsa st ablam ¢ i re)o merempkaowt ine of
Table. The tinme until a decrease of the ion viscosity to the | owest

ion viscbsigg yrésia paraed grrodhattedct otbasenal nEine nglasithe modulus
granul ar resin conposition, and a smaller value 25 neans ease of

mel ti ng. a¥ke itmp t oive SecoRdr tHrerhowest iwncensciosetrytiisoa pdr atet erime
related to flowability, and a smaller value neans better flowability.
The | owesnhtiloh a54eaudseasiet yo hashro ot §.1 slhesdtabl €ot i i Boaest ion
paranmeter related to the tine width of the granular resin conposition
havilig ftdwadoéity, ante d swaklel covakvie eeans shamércheneimedihtafrval
the flowability. The unit is second. 5[0075] Adhesion or attachnent

on the cbeweyaenetpat time uhl0i P dhet Heot esis PO tiedcBARR] & ORSO £
supplied to a hopper in a vibration feeder (450 mmlong x 55 mm

wi de), aad tikan ¢hecwdbiayi orlsi¢englia tbsecadjousiled Bogases® havardOand
t he amount of conveyance of 18 g/mnute, and 10 g thereof was

conveyedt hBheAme QIVEY ANg i d@scbepeatedihe stappeds £66 1% yivvitese attve st
as such, the total amount of 100 g was conveyed. After conveyance,

the stat usnofriadhestieny anbng PaettBhes iomn att asbreatyond qnéB8ured with
vi bration feeder was 15 observed to confirm existence of adhesion or

att aghneat 4 {06} V¥t ghinkg pgeuracy: is gPBfeoinike HestNthe
conposition sanple was supplied to a hopper in a vibration feeder

(450 MM Lgig wa D8 nMi €eh, 120 panslpothan, thenvirypt bansHdengthgvasn the
adj usted so as to have the anmpbunt of conveyance of 18 g/m nute.” After
conveyange nfddb £l tIHd s x GORY Y NG IVath & §Reahed!ive %t@@i?ﬁdcﬁgrin?{i agent
m nut es, and an average val ue and a standard devi ati on of respective
anount s of, gofweyance were determ ned. 25[0077]

[0042]

20 In the resin composition for encapsulating a
semiconductor of the present invention, a curing
accelerator is used. The curing accelerator used for the
resin composition for encapsulating a semiconductor of the
present invention may be goocd as long as it accelerates

26 a curing reaction of an epoxy group with a phenolic
hydroxyl group, and those used for an encapsulation

material in general can be used. Examples thereof include
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[ Tabloe lfetraphenyl phosphonium tetra naphthoic acid borate,

tetraphenyl phosphonium tetra naphthoyl oxy borate,
tetraphenyl phosphonium tetra naphthyl oxy borate and the
like; and triphenyl phosphine with benzoquinone added
thereto. These may be used alone or in combination of two
15 or more kinds. Among these, suitably used are phosphorus
atom-containing compounds such as a tetra-substituted
phosphonium compound, a phosphobetaine compound, an
adduct of a phosphine compound and a quinone compound, an
adduct of a phosphonium compound and a silane compound,
20 and the like. Also, In case that the resin composition
is measured with a dielectric analyzer under a measurement
temperature of 175°C and a measurement frequency of 100
Hz, the time from the initiation of the measurement until
a decrease of the ion viscosity to the lowest ion viscosity
25 1is 20 seconds or shorter, the lowest ion viscosity value
is not more than 6.5, and the time interval between the

time from the initiation of the measurement until the ion
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viscosity reaching 90% of an ion viscosity value measured
at 300 seconds and the time from the initiation of the
measurement until a decrease of the ion viscosity to the
lowest ion viscosity is 10 seconds or longer. 1In view of

5 the range satisfying the above requirements, preferably
used is a curing accelerator having latency which becomes
excellent in a balance among low viscosity, thermal
stability and curability.

[0043]

10 The lower limit of the mixing ratio of the whole curing
accelerator is preferably not less than 0.1% by mass in
the total resin composition. In case that the lower limit
of the mixing ratio of the whole curing accelerator is
within the above range, sufficient curability may be

15 achieved. The upper limit of the mixing ratio of the whole
curing accelerator is preferably not more than 1% by mass
in the total resin composition. In case that the upper
limit of the mixing ratioc of the whole curing accelerator
is within the above range, sufficient flowability may be

20 achieved. Furthermore, in consideration of the time until
a decrease of the ion viscosity to the lowest ion viscosity,
the lowest ion viscosity, and the time interval between
the time until the ion viscosity reaching 90% of an ion
viscosity value relative to the highest value and the time

25 until a decrease of the ion viscosity to the lowest ion
viscosity, in case that ion viscosity is measured with a

dielectric analyzer, it is preferable that the mixing
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ratio is properly controlled depending on the kind of the
curing accelerator in use.

[0044]

In the resin composition for encapsulating a
semiconductor of the present invention, an inorganic
filler is used. The inorganic filler used for the resin
composition for encapsulating a semiconductor of the
present invention is not particularly limited as long as
it is generally used for a semiconductor encapsulation
material, and examples include silica such as molten
crushed silica, molten spherical silica, crystal silica,
secondary aggregated silica and the like; alumina;
titanium white; aluminum hydroxide; talc; clay; mica;
glass fiber and the like. Among these, particularly
preferably used is molten spherical silica. It is
preferable that the particle shape is infinitely nearly
spherical. Furthermore, the amount of the inorganic
filler may be increased by mixing particles having
different sizes. 1in case that the resin composition is
measured with a dielectric analyzer under a measurement
temperature of 175°C and a measurement frequency of 100
Hz, the time frem the initiation of the measurement until
a decrease of the ion viscosity to the lowest ion viscosity
is 20 seconds or shorter, the lowest ion viscosity value
is not more than 6.5, and the time interval between the
time from the initiation of the measurement until the ion

viscosity reaching 90% of an ion viscosity value measured
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at 300 seconds and the time from the initiation of the
measurement until a decrease of the ion viscosity to the
lowest ion viscosity is 10 seconds or longer. 1In view of
the range satisfying the above reguirements, preferably
used is molten spherical silica.

[0045]

The lower limit of the ratio of the inorganic filler
is preferably not less than 78% by mass, more preferably
not less than 80% by mass and particularly preferably not
less than 83% by mass, based on the total resin composition.
in case that the lower limit of the ratio of the inorganic
filler is within the above range, as physical properties
of a cure product of the resin composition, excellent
solder cracking resistance may be achieved without
increasing the amount of moisture absorption and without
reducing strength. Furthermore, the upper limit of the
ratio of the inorganic filler is preferably not more than
93% by mass, more préferably not more than 91% by mass and
particularly preferably not more than 90% by mass, based
on the total resin composition. In case that the upper
limit of the ratio of the inorganic filler is within the
above range, excellent moldability may be achieved without
impairing the flowability. Furthermore, in case that the
resin composition is measured with a dielectric analyzer
under a measurement temperature of 175°C and a measurement
frequency of 100 Hz, the time from the initiation of the

measurement until a decrease of the ion viscosity to the
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lowest ion viscosity is 20 seconds or shorter, the lowest
ion viscosity value is not more than 6.5, and the time
interval between the time from the initiation of the
measurement until the ion viscosity reaching 90% of an ion
viscosity value measured at 300 seconds and the time from
the initiation of the measurement until a decrease of the
ion viscosity to the lowest ion viscosity is 10 seconds
or longer. In view of the range satisfying the above
requirements, the content of the inorganic filler is
preferably set to be lower in the ranges in which excellent
solder resistance is obtained.

[0046]

The resin composition for encapsulating a semiconductor
of the present invention, in addition te the
aforementioned components, may contain, as necessary,
various additives such as coupling agents such as
v-glycidoxypropyltrimethoxysilane and the like; coloring
agents such as carbon black and the like; release agents
such as natural wax, synthesized wax, a higher fatty acid
or a metal salt thereof, paraffin and the 1ike; low stress
components such as silicone oil, silicone rubber and the
like; and anti-oxidants.

[0047]

Next, the method for obtaining a resin composition for
encapsulating a semiconductor of the present invention
will be described. The resin composition for

encapsulating a semiconductor of the present invention can
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be obtained according to a method including melt kneading
a mixture obtained by uniformly mixing the aforementioned
components, other additives or the like using, for example,
a mixer or the like at an ordinary temperature using a

5 kneading machine such as a hot roller, a kneader, an
extruder or the like, following by cooling and pulverizing,
and removing coarse particles and microfine particles
using sieves (hereinafter also referred to as the
pulverizing-sieving method), a method including making a

10 melt-kneaded resin composition into granules, or the like.
Preferably used is a method of granulating in view of the
yield rate in the production of the resin composition. As
a method of granulating, there are a method including using
an extruder having a die with a plurality of small pores

15 at the front end of the screw and cutting a molten resin
extruded from small pores arranged at the die in a strand
form using a cutter slidingly rotating almost in parallel
to the die surface (hereinafter also referred to as the
a2 heot-cutting method) and the like. However, in

20 consideration of a problem of entrainment of friction
metal powder or the like, preferably used is a method for
obtaining a granular resin composition for encapsulating
a semiconductor by supplying a melt-kneaded resin
composition to the inside of a rotor composed of a

25 cylindrical outer peripheral portion having a plurality
of small pores and a disk-shaped bottom surface in which

a temperature is adjusted by use of a direct or indirect
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heating means in a molten state, and allowing the resin
composition to pass through small pores by centrifugal
force obtained by the rotation of the rotor (hereinafter
also referred to as the centrifugal powdering method). The
granular resin composition for encapsulating a
semiconductor can be obtained by adjusting proper
production conditions in this method, wherein, in the
particle size distribution as determined by sieving using
JIS standard sieves, the ratio of microfine particles
having a particle diameter of less than 106 uym is not more
than 5% by mass, relative to the whole resin composition
for encapsulating a semiconductor and the ratio of coarse
particles having a particle diameter of 2 mm or greater
1s not more than 3% by mass, relative to the total resin
composition for encapsulating a semiconductor.

[0048]

Next, the centrifugal powdering method, one example of
a production method for cbtaining the epoxy resin
composition for encapsulating a semiconductor of the
present invention, will be described in more detail with
reference to the drawings. Fig. 4 i1s illustrates a
schematic diagram of one example from melt kneading of a
resin composition until collection of a granular resin
composition in order to obtain a granular epoxy resin
composition for encapsulating a semiconductor. Fig. 5
illustrates a cross-sectional view of one example of an

exciting coil for heating a rotor and a cylindrical outer
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peripheral portion of the rotor. Fig. 6 illustrates a
cross-sectional view of one example of a double tube
cylindrical body for supplying the melt-kneaded resin
composition to the rotor.

[0049]

The epoxy resin composition which is melt-kneaded at
a twin screw extruder 209 is supplied to the inside of a
rotor 201 through a double tube cylindrical body 205 cooled
by a coolant between an inner wall and an outer wall. At
this time, it is preferable that the double tube
cylindrical body 205 is cooled using a coolant such that
the melt-kneaded epoxy resin composition is not attached
to a wall of the double tube cylindrical body 205. Ewven
when the epoxy resin composition is continuously supplied
in a filamentous shape by supplying the epoxy resin
composition to the rotor 201 through the double tube
cylindrical body 205, the epoxy resin composition can be
stably supplied without overflowing from the rotor 201 by
the rotation of the rotor 201 at a high speed.

{0050]

The rotor 201 is connected to a motor 210 and can be
rotated at an arbitrary number of rotations. A cylindrical
outer peripheral portion 202 having a plurality of small
pores arranged on the outer periphery of the rotor 201 is
provided with a magnetic material 203, and is heated by
the eddy current loss or the hysteresis loss accompanied

by passing of an alternating magnetic flux generated by
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electrically connecting an AC power supply generated by
means of an AC power supply generating device 206 to an
exciting coil 204 arranged in the vicinity. Examples of
the magnetic material 203 include an iron material,
silicon steel and the like. One or two or more of the
magnetic materials 203 may be used in combination. The
vicinity of small pores of the cylindrical outer
peripheral portion 202 having a plurality of small pores
may not be formed of the same material as the magnetic
material 203, and may be formed, for example, of a
nonmagnetic material having a high thermal conductivity.
So, the vicinity of small pores of the cylindrical outer
peripheral portion 202 can alsc be heated by heat
conduction from the heated magnetic material 203 as a heat
source by having the magnetic material 203 at its upper
and lower portions. Examples of the nonmagnetic material
include copper, aluminum and the like, and one or two or
more of the nonmagnetic materials may be used in
combination. The epoxy resin composition is supplied to
the inside of the rotor 201, and then flies to the heated
cylindrical outer peripheral portion 202 by centrifugal
force obtained by the rotation of the rotor 201 using the
motor 210.

[0051]

The epoxy resin composition which is brought into
contact with the heated cylindrical outer peripheral

portion 202 having a plurality of small pores easily passes
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through small pores of the cylindrical outer peripheral
portion 202 and is discharged without causing an increase
of the melt wviscosity. The heating temperature may be
arbitrarily set depending on the properties of the epoxy
resin composition in use. In general, when the heating
temperature is excessively increased, curing of the epoxy
resin composition proceeds so that the flowability is
reduced or small pores of the cylindrical outer peripheral
portion 202 are clogged in some cases. However, in the
case of the proper temperature condition, the contact time
of the resin composition with the cylindrical outer
peripheral portion 202 is extremely short, so that an
effect on the flowability is extremely small. The
cylindrical outer peripheral portion 202 having a
plurality of small pores is evenly heated, so that partial
change in the flowability is extremely small. Also, the
plurality of small pores of the cylindrical outer
peripheral portion 202 can be arbitrarily adjusted in
association with the particle shape and the particle size
distribution of the resin composition in use.

[0052]

The granular resin composition which is discharged
through small pores of the cylindrical ocuter peripheral
portion 202 is collected, for example, at an outer tank
208 installed on the periphery of the rotor 201. It is
preferable that the outer tank 208 is installed such that

a collisicon surface against which the granular epoxy resin
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compositionpassingthroughsmallpores<nfthecylindrical
outer peripheral portion 202 and flying collides has a slop
of from 10 to 80 degrees and preferably 25 to 65 degrees
to the flying direction of the granular epoxy resin
composition, in order to prevent attachment of the
granular epoxy resin composition onto the inner wall and
fusion among the granular epoxy resin compositions. When
the slope of the collision surface relative to the flying
direction of the epoxy resin composition is not more than
the above upper 1imit, the collision energy of the granular
epoxy resin composition can be fully dispersed, so that
there is little risk of causing attachment onto the wall
surface. On the other hand, when the slope of the collision
surface relative to the flying direction of the epoxy resin
composition is not less than the above lower limit, the
flying speed of the granular epoxy resin composition can
be fully reduced, so that, even in the case of secondary
collision against the wall surface of the outer tank, there
is littlerisk of causing attachment onto its exterior wall
surface.

[0053]

Meanwhile, when the temperature at the collision
surface against which the granular epoxy resin composition
collides becomes high, the granular epoxy resin
composition is easily attached, so that it is preferable
that a cooling jacket 207 is arranged on the periphery of

the collision surface for cooling the collision surface.
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The inner diameter of the outer tank 208 preferably has
such a size that the granular epoxy resin composition is
fully cooled, thus preventing attachment of the granular
epoxy resin composition onto the inner wall and fusion
among the granular epoxy resin compositions. In general,
air fiows by the rotation of the rotor 201, so that a
cooling effect is obtained. However, cold wind may be
introduced, as necessary. The size of the cuter tank 208
is varied depending on the amount of the resin to be treated.
However, for example, in case that the diameter of the
rotor 201 is 20 cm, attachment and fusion can be prevented
as long as the inner diameter of the ocuter tank 208 is about
100 cm.

[0054]

Then, the semiconductor device of the present invention
obtained by encapsulating a semiconductor element by
compression molding using the granular resin composition
for encapsulating a semiconductor will be i1llustrated.
Incidentally, the method for obtaining a semiconductor
device obtained by encapsulating a semiconductor element
by compression molding using the granular resin
composition of the present invention is the same as
mentioned above. The semiconductor element encapsulated
in the semiconductor device of the present invention is
not particularly limited, and examples include integrated
circuits, large scale integrated circuits, transistors,

thyristors, diodes and the like.
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[0055]

The shape of the semiconductor device of the present
invention is not particularly limited, and examples
include ball grid arrays (BGAs), MAP type BGAs and the like.
It can also be applied to a dual in-line package (DIP},
a plastic leaded chip carrier (PLCC), a quad flat package
(QFP), a low-profile quad flat package (LQFP), a small
outline package (SOP), a small outline J-leaded package
(S0J), a thin small outline package (TSOP), a thin gquad
flat package (TQFP), a tape carrier package (TCP), a chip
size package (CSP), a quad flat non-leaded package {(QFN),
a small outline non-leaded package (3SON), a lead frame BGA
(LE-BGA) and the like.

[0056]

The semiconductor device of the present invention
obtained by encapsulating a semiconductor element from a
cured product of the resin composition by compression
molding is used as it 1s or is mounted on any electronic
apparatus after completely curing the resin composition
at a temperature of about 80°C to 200°C over a period of
about 10 minutes to 10 hours.

[0057]

Hereinafter, the semiconductor device including a lead
frame or a circuit board, one or more semiconductor
elements laminated or mounted in parallel on the lead frame
or the circuit board, bonding wires for electrically

connecting the lead frame or the circuit board and the
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semiconductor elements, and an encapsulation material for
encapsulating the semiconductor elements and the bonding
wires will be described in detail with reference to the
drawings. However, the present invention is not
restricted to the semiconductor devices using bonding
wires.

[0058]

Fig. 7 is a view showing a cross-sectional structure
of one example of a semiconductor device obtained by
encapsulating a semiconductor element mounted on a die pad
of a lead frame using the epoxy resin composition for
encapsulating a semiconductor according to the present
invention. A semiconductor element 301 is fixed through
a die bond material cured product 302 on a die pad 303.
An electrode pad of the semiconductor element 301 and a
lead frame 305 are connected by means of a wire 304. The
semiconductor element 301 is encapsulated with an
encapsulation material 306 composed of a cured product of
the resin composition for encapsulating a semiconductor.

[0059]

Fig. 8 is a wview showing a cross-sectional structure
of one example of a semiconductor device obtained by
encapsulating a semiconductor element mounted on a circuit
board using the epoxy resin composition for encapsulating
a semiconductor according to the present invention. A
semiconductor element 301 is fixed through a die bond

material cured product 302 on a circuit board 308. An
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electrode pad 307 of the semiconductor element 301 and an
electrode pad 307 on the circuit board 308 are connected
by means of a wire 304. Only one side on which the
semiconductor element 301 in the circuit board 308 is
mounted is encapsulated with an encapsulation material 306
composed of a cured product of the epoxy resin composition
for encapsulating a semiconductor. The electrode pad 307
on the circuit board 308 is connected with solder balls
309 at a non-encapsulated side on the circuit board 308

thereinside.

EXAMPLES

[0060]

The present invention is now illustrated in more detail
below with reference to Examples. However, the present
invention 1is not restricted to these Examples.

Example 1

Epoxy resin 1: 8.53 parts by mass of a phenol aralkyl
type epoxy resin having a biphenylene structure (NC-3000,
manufactured by Nippon Kayaku Co., Ltd., softening point:
52°C, epoxy eguivalent: 270)

Phenolic resin 1: 6.42 parts by mass of a phenol aralkyl
resin having a biphenylene structure (MEH-7851,
manufactured by Meiwa Plastic Industries, Ltd., softening
point: 67°C, hydroxyl eguivalent: 203)

Curing accelerator 1 (TPPBQ, manufactured by Hokko

Chemical Industry Co., Ltd.) 0.55 parts by mass
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Molten spherical silica (FB-560, manufactured by Denki
Kagaku Kogyo Kabushiki Kaisha, average particle diameter:
30 um) 84 parts by mass

Coupling agent (KBM-803, manufactured by Shin-Etsu
Chemical Co., Ltd.) 0.2 parts by mass

Carnauba wax 0.3 parts by mass

[0061]

The above mixed raw materials of the resin composition
for encapsulating a semiconductor were pulverized and
mixed by use of a super mixer for 5 minutes, and then the
mixed raw materials were melt-kneaded using a co-rotating
twin screw extruder equipped with a cylinder having an
inner diameter of 65 mm with the number of screw rotations
of 30 RPM at a resin temperature of 100°C, whereby a
melt-kneaded resin composition was prepared.
Subsequently, the melt-kneaded resin composition was
supplied at a rate of 2 kg/hr from the upper side of the
rotor having a diameter of 20 cm, and allowed to pass
through a plurality of small pores (pore diameter: 2.5 mm)
of the heated cylindrical outer peripheral portion at
115°C by centrifugal force obtained by the rotation of the
rotor at 3,000 RPM, whereby a granular resin composition
for encapsulating a semiconductor was obtained.

[0062]

Examples 2 to 4 and Comparative Examples 1 to 6

According to mixture shown in Table 1, granular resin

compositions for encapsulating a semiconductor in
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Examples 2 to 4 and Comparative Examples 1 to 6 were
obtained in the same manner as in Example 1.

[0063]

Examples 5 to 7

In the same manner as in Example 1, the raw materials
were pulverized and mixed by use of a super mixer for 5
minutes, and then the mixed raw materials were
melt-kneaded using a co-rotating twin screw extruder
equipped with a cylinder having an inner diameter of 65
mm with the number of screw rotations of 30 RPM at a resin
temperature of 100°C, and then made into a sheet form with
a sheeting roller, followed by cooling and pulverizing.
Thereafter, the particle size distributions were adjusted
using sieves so as to héve the amounts ¢of microfine
particles and the amounts of cocarse particles shown in
Table 2, whereby granulaxr resin compositions for
encapsulating a semiconductor of Examples 5 to 7 were
obtained.

(0064]

Comparative Example 7

In the same manner as in Example 2, the raw materials
were pulverized and mixed by use of a super mixer for 5
minutes, and then the mixed raw materials were
melt-kneaded using a co-rotating twin screw extruder
equipped with a cylinder having an inner diameter of 65
mm with the number of screw rotations of 30 RPM at a resin

temperature of 100°C, and then made into a sheet form with
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a sheeting roller, followed by cooling and pulverizing.
Thereafter, the particle size distribution was adjusted
using sieves s0o as to have the amount of microfine
particles and the amount of coarse particles shown in Table
2, whereby a granular resin composition for encapsulating
a semiconductor of Comparative Example 7 was obtained.

[0065]

Following are the raw materials used, other than those
used in Example 1.

Epoxy resin 2: A triphenylmethane type epoxy resin
(1032H60, manufactured by Japan Epoxy Resin Co., Ltd.,
softening point: 59°C, epoxy equivalent: 171)

Epoxy resin 3: A biphenyl type epoxy resin (YX-4000,
manufactured by Japan Epoxy Resin Co., Ltd., melting
point: 107°C, epoxy equivalent: 190)

Epoxy resin 4: A dicyclopentadiene-modified epoxy resin
(HP-7200, manufactured by DIC Corporation, softening
point: 64°C, epoxy equivalent: 265)

Epoxy resin 5: A cresol novolac epoxy resin (N660,
manufactured by DIC Corporation, softening point: 60°C,
epoxy equivalent: 200)

[0066]

Phenolic resin 2: A triphenylmethane type phenolic
resin (MEH-7500, manufactured by Meiwa Plastic Industries,
Ltd., softening point: 110°C, hydroxyl equivalent: 97)

Phenolic resin 3: A phenoclic novolac resin (PR-51714,

manufactured by Sumitomo Bakelite Co., Ltd., softening
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point: 110°C, hydroxyl eguivalent: 104)

Phenclic resin 4: A phenol aralkyl resin having a
phenylene structure (XL-225-3L, manufactured by Mitsui
Chemicals, Inc., softening point: 80°C, hydroxyl

5 equivalent: 175)

[0067]

Crushed silica (FS-784, manufactured by Denki Kagaku
Kogyo Kabushiki Kaisha, average particle diameter: 13 um)

[0068]

10 Curing accelerator 2: A curing accelerator represented
by the following general formula (1),
fO069]

[Chemical Formula 1]
® o @ o
e
4 0”0 (1)

15 [0070]
Curing accelerator 3: Triphenvyl phosphine
[0071]
Resin compesitions for encapsulating a semiconductor
were evaluated in the following method in Examples and
20 Comparative Examples, and the evaluation results were
shown in Tables 1 and 2.
[0072]
Evaluation Method

Amount of microfine particles having a size of less than
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106 um and amount of coarse particles having a size of 2
mm or greater:

40 g of the obtained granular resin composition was
weighed up to 1 mg to give a sample. The JIS standard sieves
having apertures of 2.00 mm and 106 ym installed in a ro-tap
type sieve shaker (Model-SS8-100A, manufactured by
Marubishi Kagaku Kikai Seisakusho Co. Ltd.) were used to
classify the sample through the sieves while shaking these
sieves over a period of 20 minutes (number of hammer
strokes: 120 /minute). Subsequently, the mass of
microfine particles passing through the sieve of 106 um
and the mass of coarse particles remained on the sieve of
2 mm were measured to calculate the mass ratio of the amount
of microfine particles having a size of less than 106 um
and the amount of coarse particles having a size of 2 mm
or greater to the mass of the sample before classifying.

[0073]

Spiral flow:

The resin composition was injected into a spiral flow
measuring mold built according to EMMI-1-66 under
conditions of a mold temperature of 175°C, an injection
pressure of 6.9 MPa and a hold time of 120 seconds, using
a low-pressure transfer molding machine (KTS-15
manufactured by Kohtaki Precision Machine Co., Ltd.}, and
the flow length was measured. The spiral flow is a
parameter of flowability, and a greater value indicates

higher flowability. The unit is cm,.
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[0074]

Time until the ion wviscosity reaching the lowest ion
viscosity, lowest ion viscosity and stable time:

A DEA231/1 cure analyzer manufactured by NETZSCH was
used as a dielectric analyzer, and an MP235 Mini-Press
manufactured by NETZSCH was used as a press. A changes
in the viscosity was measured in accordance with ASTM E2039
by the following method. About 3 g of a granular resin
composition for encapsulating a semiconductor was
introduced onto the top surface of an electrode portion
in the press at a measurement temperature of 175°C and at
a measurement frequency of 100 Hz, and pressed. The time
from the initiation of the measurement until a decrease
of the ion viscosity to the lowest ion viscosity (the time
until the ion viscosity reaching the lowest ion viscosity)
the lowest ion viscosity, and the time interval between
the time from the initiation of the measurement until a
decrease of the ion viscosity to the lowest ion viscosity
and the time from the initiation of the measurement until
the ion viscosity reaching 20% of an ion viscosity value
measured at 300 seconds (stable time) were sheown in Tabkle.
The time until a decrease of the ion viscosity to the lowest
ion viscosity is a parameter related to ease of melting
as the granular resin composition, and a smaller value
means ease of melting. The unit is second. The lowest
ion viscosity is a parameter related to flowability, and

a smaller value means better flowability. The lcocwest ion
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viscosity has no units. The stable time is a parameter
related to the time width of the granular resin composition
having flowability, and a smaller value means shorter time
width of the flowability. The unit is second.

[CGO75]

Adhesion or attachment on the conveyance path:

100 g of the resin composition sample was supplied to
a hopper in a vibration feeder (450 mm long x 55 mm wide),
and then the vibration strength was adjusted so as to have
the amount of conveyance of 18 g/minute, and 10 g thereof
was conveyed. Then, conveyance was repeatedly stopped for
3 minutes and as such, the total amount of 100 ¢ was
conveyed. After conveyance, the status of adhesion among
particles or attachment onto the vibration feeder was
observed to confirm existence of adhesion or attachment.

[0076]

Weighing accuracy:

100 g of the resin composition sample was supplied to
a hopper in a vibration feeder (450 mm long x 55 mm wide),
and then the vibration strength was adjusted so as to have
the amount of conveyance of 18 g/minute. After conveyance
for 1 minute, conveyance was repeatedly stopped for 3
minutes, and an average value and a standard deviation of
respective amounts of conveyance were determined.

[0077]

Wire sweep rate:

A chip having a chip size of 7 x 7 x 0.4 mm was mounted
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on a resin substrate (size: 150 x 55 mm), the chip mounted
on the substrate electrically connected by gold wires of
©1l8 uym was placed in an upper cavity of a compression mold,
the resin composition weighed by use of a vibration feeder
was put into a lower cavity of the compression mold.
Thereafter, a MAPBGA semiconductor device was molded under
conditions of a mold temperature of 175°C, a curing time
of 120 seconds and a molding pressure of 9.8 MPa using a
compression molding machine, and a panel was further cut,
whereby a semiconductor device was obtained. The size of
the semiconductor device after cutting was 22 x 22 mm, the
thickness of the resin portion was 550 um, and the
thickness of the resin portion on the chip was 150 pm. The
prepared package was observed with a soft X-ray
fluoroscope (PRO~TEST-100, manufactured by Softex Corp.),
whereby an average sweep rate of 4 longest gold wires
(length: 5 mm) on the diagonal line of the package was
represented by a ratio of (sweep amount)/(gold wire
length). The unit was %.

(00781

Void:

The semiconductor device after cutting for evaluation
of the above wire sweep rate was taken as a sample.
Internal voids were evaluated using a soft X-ray and the
number of voids having a size of 0.5 mm or greater was
counted. When an average of the number of the

semiconductor devices n=6 was obtained, an average of 3.0
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or less was determined as excellent (A), and an average

exceeding 3.0 was determined as defective (B).



0.3 0.30.30.30.30.3 Anount of mcrofine particles having a size

of

| ess than 106 pm [ % by nass]
coarse particleshaving a size of 2 nmor greater[ %y nass]

2.6 3.9 1.9

[0079]

[Table 1]
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1.1 4.1 11.2 2.2 2.1 2.2 Anount of
1.3 2.6

Example 1

Example 2

Example 3

Example 4

Comparative
Example 1

Epoxy resin

8.53

8.53

Epexy resin

10.91

Epoxy resin

|t | N =

Epoxy resin

15.190

Epoxy resin 5

Phenolic resin

Phenolic resin

Wk =

Phenolic resin

Phenolic resin 4

Curing accelerator 1

Curing accelerator 2

Curing accelerator 3

Molten spherical silicea

Crushed silica

Coupling agent

Carnauba wax

[==] L)
(V3] )

o|lo
wn

(=) =]
[P R ],)

Amount of microfine
particles having a size
of less than 106 pm [% by
mass]

Amount of coarse
particles having a size
of 2 mm or greater [$% by
mass]

Spiral flow [cm]

157

122

206

166

127

Time until a decrease of
the ion viscosity to the
lowest ion viscosity
[sec]

11

18

12

11

23

Lowest ion viscosity

6.19

6.43

5.83

6.1%6

6.55

Stable time [sec]

15

13

15

12

Acdhesion oxr attachment
ontoe the conveyance
path

No

Average

Weighing vailue (g)

190.1

accuracy Standard

deviation

0.1

Wire sweep rate [%]

1.2

Void




5.5 Spiralflowcn] 157 166 161 167 122 123 Tine until

the ion viscosity to the | owest

Lowest

I on viscosity[sec]

lon viscosity 6.19 6.20 6.30 6.22
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a decrease of

11 11 9 17 18 22

Comparati
ve
Example 2

Comparati
ve
Example 3

Comparati
ve
Example 4

Comparati
ve
Example 5

Comparati
ve
Example 6

Epoxy resin

Epoxy resin

Epoxy resin

12.44

10.88

10.82

LN

Epoxy resin

12.39

Epoxy resin 5

19.30

Phenclic resin

Phenolic resin

Wi

Phenolic¢ resin

10.03

Phenolic resin 4

10.31

10.23

Curing accelerator
1

Curing accelerator
2

Curing accelerator
3

Molten
silica

spherical

29.5

Crushed silica

50

Coupling agent

Carnauba wax

oo
Win

o|o
Wk

[«] =)
wine

Amount of microfine
particles having a
size of less than 1086
pm [{% by mass]

Amount of coarse
particles haviag a
size of 2 mm or
greater [% by mass]

Spiral flow [cm]

133

115

88

121

92

Time until a
decrease of the ion
viscosity to the
lowest ion

viscosity [sec]

22

25

17

16

20

Lowest ion
viscosity

6.30

6.67

6.75

Stable time [sec]

21

13

17

Adhesion or
attachment onto the
conveyance path

No

No

No

Average

Weighing | value (g)

10.0

Standard
deviation

accuracy

Wire sweep rate [%]

void




6.43 6.40 Stabl etine[sec]

15 15 12 17 13 14 Wresweeprate[%4 1.2 1.5

1.8 1.7 1.4 3.3 Void AAAA
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[0080]

[Table 2]

Example | Example | Example | Example | Example
1 5 6 7 2

Comparative
Example 7

Epoxy resin 8.53 8.53 8.53 §.53

Epoxy resin 10.91 10.951

Epoxy resin

i WiN| =

Epoxy resin

Epoxy resin 5

Phenclic

resin

Phenolic

resin

Fhenclic

resin

1
2
El

Phenolic

resin

4

Curing accelerator 1

Curing accelerator 2

Curing accelerator 3

Molten spherical
silica

Crushed silica

Coupling agent 0.2
Carnauba wax 0

oo
o |
oo
a |
w|hba

W
olo
wln
Wik
o
73]
o|lo
[#%] 1 .%)

amount of microfine
particles hawving a
size of less than 106
pm [%¥ by mass]

Amount of coarse
particles having a
size of 2 mm or
greatexr [% by mass]

Spiral flow [cm] 157 166 161l 167 122 123

Time until a decrease
of the ion viscosity
to the lowest ion
viscosity [sec]

Lowest ion viscosity 6.22 6.43 6.40

Stable time [sec] 15 15 12 17 13 14

Wire sweep rate [%) 1.2 1.5 1.8 1.7 1.4 3.3

Void A A A h A A

(0081]
First, Examples 1 to 4 and Comparative Examples 1 to
6 carried out in the same production method were compared.
The kind and mixing amount of the epoxy resin, the curing
agent and the curing accelerator were different, whereas
in all Examples 1 to 4 in which the time until a decrease
of the ion viscosity to the lowest ion viscosity was 20
seconds or shorter, the lowest ion viscosity was not more
than 6.5 and the stable time was 10 seconds or longer, the
wire sweep rate was small and existence of voids was not
As a result, the amount of

observed. in Examples 1 to 4,




A A [0081] 5First, Exanples 1 to 4 and Conparative Exanples 1 to 6
carried out in the sane production nethod were conpared. The kind and
m xi ng anmount of the epoxy resin, the curing agent and the curing
accelerator were different, whereas in @ | Exanples 1 to 4 in which
the tinme until a decrease 10 of the ion viscosity to the |owest ion
viscosity was 20 seconds or shorter, the |owest ion viscosity was not
nmore t hami@.:® &htet e st ablle s imveviayg B sktzond€ dedongerp tlHG wimewas
sweep rate was snmall and existence of voids was not observed. As a
result, nptExeawpteshkrn o>, byhacgwunt haf amOumtcraf i peapme ivhesicles
having a size of less than 106 1. 1m was not nore than 5% by mass, the
anount ohavdargeapartde| @ Bawitngrn girzsaaboér2wmam arogr eatres thsmad? by
nore than 3% by mass, so that adhesion or attachnment onto the
conveyamue s% patd thd thatdbeesuromndrweitghs aigmaaduracy owdadh calsonveyance
excellent. On the other hand, in Conparative Exanples 1 to 3 and 6 in
whi cld t heatihnd iuhhidt @ decrease wéighelnorrvcacesiy wd® d heol onestl lent .
ion viscosity exceeded 20 seconds and/or the |owest ion viscosity
exceededof. 5 hd hethigr sarep was TCOnméenitdrve AEsemp heGoripat at Bveand 6
Exanmples 4 and 5 in which the stable tinme was 10 seconds or shorter,
exi st encenofwhviot Hs twas obser vedt 1[10@82] e Nexts s &xafpliese Silom 7v Lakd et v
out in the sane manner

to the lowest ion viscosity exceeded 20 seconds and/or the

lowest i1on viscosity exceeded 6.5, the wire sweep was
10 inferior. Also, in Comparative Examples 4 and 5 in which
the stable time was 10 seconds or shorter, existence of
voids was observed.
[0082]
Next, Examples 5 to 7 carried out in the same manner
156 as in Example 1 and Comparative Example 7 carried out in
the same manner as in Example 2 were compared. The particle
size distributions were a little different, whereas in all
Examples 5 to 7 in which the time until a decrease of the
ion viscosity to the lowest ion viscosity was 20 seconds
20 or shorter, the lowest ion viscosity was not more than 6.5
and the stable time was 10 seconds or longer, the wire sweep
rate was small and existence of voids was not observed.
On the other hand, in Comparative Example 7 in which the
amount of ccarse particles having a size of 2 mm or greater
25 was high and the time until a decrease of the ion viscosity
to the lowest ion viscosity exceeded 20 seconds, the wire

sweep was infexiocr. Furthermore, with respect to the epoxy



15 as in Exanple 1 and Conparative Exanple 7 carried out in the sane
manner as in Exanple 2 were conpared. The particle size distributions
were a little different, whereas in all Exanples 5 to 7 in which the
time until a decrease of the ion viscosbly to the | owest ion

viscosity was 20 seconds 20 or shorter, the |lowest ion viscosity was
not nore than 6.5 ﬁgd the stable time was 10 seconds or Ion er, the
wire swedp®tafle WASCLRE IMARE Tebd St SHSE bPSES ds? whé tivt t obSerHRaN tont -

t he ot her hanﬁ in Conparative Exanple 7 in mhlch t he amount of

coarse pattfi é‘srﬂ)év?:ﬁ’g GPUP2E Bf - 2emi ATl Sat br 28 Me® hPGH ahd 1Eife
time until a, decrease of the_ion viscosity to the | owest ion

vi scosi t y*3%eBEdet 20 Z€ecdhds, Mhelhi (5 S9EEF WRTBnfctibpined in a
Furthernore, with respect to the epoxy 61 resin nolding materi al
chscIose&%?PPéﬁﬁﬁnEb@ﬂﬁ#ﬁtl shihRPar iy 192 Bofsdtat fife Exahppe 7,6 ven
coarsg particles having a size of 2 nmor greater were contained in a
si gni i caAMt S Bnblft SPANS, T$F I CohsnNdeféd e hael Bv&f 5oRssh thdatent
epoxy resin ﬁD|dln% naterlal di scl osed in Patent Docunment 1 was used,
the wire RUeBPSRHs i Hesr F6ed sith ¢ é}‘r%?ﬁ%"“‘%ﬁﬁp‘&ﬁ&Fﬁé%h%lres?mllarly
[ 0083] The granular resin conp05|t|on for encapsulating a 10

seni condd? of OBP a hat pves dak armdeht Yon can be suitably used for a

sem conduct or devi ce subjected to narrow gap formation right above a
chip due to f0&@3pitch wire bonding, finer wiring of wires, thinning

of packages and el enents nmade into nultiple stages, and/or nolding
MAP formati 84te granular resin composition for encapsulating a

10 semiconductor of the present invention can be suitably
used for a semiconductor device subjected to narrow gap
formation right above a chip due to fine pitch wire bonding,
finer wiring of wires, thinning of packages and elements
made into multiple stages, and/or molding MAP formation.

15 The present application claims priority to Japanese
Patent Application No. 2008-314066 filed on December 10,
2008. The contents of the applications are incorporated

herein by reference in their entirety.



15 The present application clainms priority to Japanese Patent
Application No. 2008-314066 fil ed on Decenber 10, 2008. The contents

of the applications are incorporated herein by reference in their
entirety. 62 CLAIMS 1. A granular resgn conposition for

encapsul ating a sem conductor used for a sem conductor device

obtained by 5 encapsul ating a sem conduct or el enent by conpression

mol di ng, C&&tTM$Fying the followi ng requirenents (a) to (c) on

condition that ion viscosity is neasured with a dielectric analyzer
under a neasurenent tenperature of 175C and a neasurenent frequency

of 100 Hz: 10(a) the time fromthe initiation of the neasurenent

until a Hecr’eagracfulhe irers vhiscosipystic tde Fosmséncepsidedsing ies
20 seconds or shorter; (b) the Iowest ion viscosity value is not nore
than 6. 5seand:dbfio)ctde tere ifriera alehetweshithert deer fcoenobli@ined by
initiation of the neasurenent until a decrease of the ion viscosity

to the | enwestpsofatistgsiat ys @end ctohed tche f reetdeen t nbtyl at oop rafs $ hen
measurenent until the ion viscosity reaching 90% of an ion viscosity
val ue neasulrcidngt 36Q 29f gecendsh e st dD1seciongsreruiogeent L.(dheto (c)
resin conposition for encapsul ating a sem conductor according to
claiml, onherer @i tiisrot hehpat t L ehe i geodiist ¢i bt indeaas 2254 detierhn aed

by sieving said whole resin conposition for encapsulating a

sem condddkdre &8 rig Jd Sadtyaelar drnsierves, ne gsafddieepar ti chps i pg & f
particle dianmeter of less 63 than 106 pmis contained at a ratio of
not nor e17BET Sdmbly drageashasetedrt sakegrwheyr esf n1oompsttion for
encapsul ati ng a sem conduct or.

10 (a) the time from the initiation of the measurement
until a decrease of the ion viscosity to the lowest ion
viscosity is 20 seconds or shorter;

(b} the lowest ion viscosity value is not more than 6.5;
and

15 (c} the time interval between the time from the
initiation of the measurement until a decrease of the ion
viscosity to the lowest ion viscosity and the time from
the initiation of the measurement until the ion viscosity
reaching 90% of an ion viscosity value measured at 300

20 seconds is 10 seconds or longer.

2. The resin composition for encapsulating a semiconductor
according to claim 1,
wherein, in the particle size distribution as
26 determined by sieving said whole resin composition for
encapsulating a semiconductor using JIS standard sieves,

microfine particles having a particle diameter of less



5 3. The resin conposition for encapsul ating a sem conduct or

according to claim1 or 2, wherein, in the particle size
distribution as determ ned by sieving said whole resin conposition

for encapsul ating a sem conductor usinggglS standard sieves, 10

coarse particles having a particle dianmeter of not less than 2 nmis
contained at a ratio of not nore than 3% by nmass, based on said whol e
resin cofpesitifn fior eacapsut ativey aated contdeot @f 16t4.mdhe tdsim 5%
conposition for encapsul ating a sem conductor according to any one of

cl ai ns 1btvo r8a s eher®} nesaiah r esiid cohpdsi tTen ifrorcenpapsit aningf ar

sem conductor is obtained by supplying said nelt-kneaded resin

conposi t ot s uéddapsdl & i hgma csendeotduct or to the 20 inside of a
rotor conposed of a cylindrical outer peripheral portion having a
plurality of small pores and a di sk-shaped bottom surface in which a
tenperature is adjusted by use of a direct or indirect heating neans

i n adnol BenTBkates iand @ahpowingl ¢ hef o ese ncagnpolattiiong faos e2bi conductor
encapsul ating a sem conductor to pass through said small pores by
centrifugalcdmdtegbtai nddiy Lherokation of said rotor. 64 5. A

met hod for producing a sem conductor device, in which a sem conductor

el enent i s eheapsihat éch byheonpr essicdre melidiengd isitngi hhe igrangkar

resin conmposition for 5 encapsul ating a sem conductor according to

any one dktadmhimel tloydsidvihge swei HodHOI epratithn@ dmposition for
sem conductor device according to claimb5, conprising carrying out a
step of &40cepweYiangi agdawekeghi dyndaick §ransliarg rEsENscambstHi el we s,
encapsul ati ng a sem conductor imedi ately before the step of
conuesston rod dpagt i 1l eEhehaetihed 4 op aprodtiTENd icaRefieGONSifiCheft less
device 15 according to claim5 or 6, conprising carrying out said

conpr esst@ Tl dhing iwhid @ndegassd ngtaiar dattibe cAvhbY a@for®e than 3% by
conpression nold. 8. A sem conductor device obtained by bonding and
fixing 2Ragsenbeerduchar £l eaent dNeard£i Pad Hpdshieadbhir &g or a
substrate, connecting a wre bonding pad of said sem conductor

el ement which@ouianrerngead Hdmsichdead Sy ame or a wire bondi ng pad

on said substrate by neans of wires, and then encapsul ating said

sem conductor el ement by 25 conpression nolding using the resin
conposition for encapsul ating a sem conductor according to any one of

claimmps 14t 0rAe WRGHEA R nFgbanBiesnofo sad HcWidfu18tN g E@miconductor
according to any one of claims 1 to 3,
wherein said resin composition for encapsulating a
semiconductor is obtained by supplying said melt-kneaded
resin composition for encapsulating a semiconductor to the
20 1inside of a rotor ccomposed of a cylindrical outer
peripheral portion having a plurality of small pores and
a disk-shaped bottom surface in which a temperature is
adjusted by use of a direct or indirect heating means in
a molten state, and allowing the resin composition for
25 encapsulating a semiconductor to pass through said small
pores by centrifugal force obtained by the rotation of said

rotor.



65 than 18 umand the sweep rate of said wire is not nore than

9. The sem conductor device according to claim8, wherein 5 a

t hi ckness of a cured product of said resin conposition for
encapsul ating a sem conductor on said sg conductor elenent is not
nore than 150 um

10

15

20

25

5. Amethod for producing a semiconductor device, in which
a semiconductor element is encapsulated by compression
molding using the granular resin composition for
encapsulating a semiconductor according to any one of

claims 1 to 4.

6. The method for producing a semiconductor device

according to claim 5, comprising carrying out a step of
conveying and weighing said granular resin composition for
encapsulating a semiconductor immediately before the step

of compression molding.

7. The method for producing a semiconductor device
according to claim 5 or 6, comprising carrying out said
compression molding while degassing air in the cavity of

a compression mold.

8. A semiconductor device obtained by bonding and fixing
a semiconductor element on a die pad of a lead frame or
a substrate, connecting a wire bonding pad of said
semiconductor element with an inner lead of said lead frame
or a wire bonding pad on sald substrate by means of wires,
and then encapsulating said semiconductor element by
compression molding using the resin composition for
encapsulating a semiconductor according to any one of

claims 1 to 4, wherein a diameter of said wire is not more
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than 18 um and the sweep rate of said wire is not more than

2.5

o

9. The semiconductor device according to claim 8, wherein
a thickness of a cured product of said resin composition
for encapsulating a semiconductor on said semiconductor

element is not more than 150 um.



