f SPECI FI CATION  RESI N COVPCSI TI ON FOR ENCAPSULATI NG SEM 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 conduciior el enment by conpression
nol di ng, a nethod for producing a sem conductor device using the
granul ar resin conposition and a seniconductor devi ce obtained by the
nmet hod. 15 BACKGROUND ART [0002] gppdp£RE3RSH] ation of a

sem conductor device (hereinafter also re érred to as the package) by
transfer nolding, a 20 problemof wire sweep has heretofore been
pointed out, and in conpliance with changes in package shapes,

neasur es k@%l@bbﬁ'ﬁ%i@@oﬁf aﬁl%agP%ﬂ@tﬁaSsEﬁzb%mwaaofMETHOD

viscosity in'a resin conposition for encapsulating a sem conduct or

(herei naf t efppal ﬁl@ob@fcqw@ds ER 12N BeCcHeR HEwPT égmmj tseRY caRbideor
| i ke have been taken. However, in recent trend, on the one hand, for

a semgonduct or device, fine pltch MDEQIQgpdlng 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
accordi ngrtgcamrteaw r ergweep has easily 5 occurred than ever before.
On the other hand, with the progress of inprovenent of the
reliability fmoalgem conductor device and high filling of a filler
for the purpose of a reduction of warpage in BGA (Ball Gid Array) ,
further viscisetpresducti dtnvental sesre lcomesitbi @n dreeom@erlOresin
difficult, and neasures with respect to wire sweep have been nore
di f fildul tcohawseveroheffore.enpapddiltd oingnel dadnl copdimiterewhich is
wel ding or the like has easily occurred due to narrow gap formation
r|ghtzﬂxﬁelth@hﬂnEOCa@nﬂhmyuﬁhmmnqmaosemmn@@@gcamte#bﬂﬁﬂ@&rhMe
into—15 nul tipl e stages, and nol ded"MAP (nold array package) - S
f or mati oncopp@ed|sion moldlng, a method for producing a
semiconductor device using the granular resin composition
and a semiconductor device obtained by the method.
15
BACKGROUND ART
fO002]
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
25 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 that wire sweep hardly occurs
and the conpression nolding technique i€ a powerful neasure for the
above fine pitching. Furthernore, the conpression 25 nol ding

t echni que _i cel | ent | dj.ng. pet hod wi . e fildlli f a
narr ow gasd%oar f%ﬁ ?’iygﬁf{]lré ovg'ljtr%legghlg% i%h %A%W%%%\?\}e d?%éra(?cloér’gigﬁg to
the mo ding JIELNAd e AUy J2KES R AGR, J hIT HLALTPLIOE ke o
suitable for Tine pitching and thinning of a sem conductor device
be devel o a I d - widel.y. applie

her eaft er E%%[ (?%6%] Eh%rpﬁssa%gn'gt%hgﬁp o%gotﬁl‘g} %?ﬁg%gqsletn}?cgh ug:toosrt
devi ce obt.aidigd: PYnencansul abiohti fn §EY GRIMICH Pk el BIBOL s easily
conpression nolding using a resin conposition for encapsulating a

sem conduglRiur £ 88T enhave-PeNRIFPOsed 38 a HetHoHeiNH il NIwYHNG: Be
granul ar resin conposition (for exanple, refer to Patent Docunent 1),
and a net Red 41es ¥diorg iush Pevanditet okl ke d esénieipost {i am ({ or
exanple, refer to Patent Docunments 2 and 3). [0005] 15In case of the
met hod i ngkwdi déh 48RS 2 CHVNYEas nHERI Y ICEOBL AH0BF hhere 1was b neghle
to carry out conveyance and wei ghing of the resin conposition before

t he granupargds: b £enpesivditNonest pwd rpa@ ancBEAt yBafl 1acearpress v,
mold installed in a conpression nol di ng machi ne. However, 20

accor di ngfue ther net dodsdesc riekied: § hoRad £t rBedcinrentnds s i ehatd velabmes
| arge granul es having a size of about 2 nmm were used, so that

wei ghitng ddduriacyl was amal rseid fugicentwinhsersmasesto] @063 sweep have
25Meanwhi | e, the granular resin conposition put into the cavity of

t he conprkssnomaonéddifstiathéed thameevenpriesSoor .nol T ng dechi owe, was
nelted in the cavity by 4 closing the nold using the conpression
mol di ng naehidedr i hhtywfe flvked lim waddilig eotabiey .l Hoeehars, a@sihiys
time, the degree of wire sweep and filling properties of the narrow
gap portiefcuggrdabedet phrachiqy Wi Hepeadiif) gniShthebpelet the chip
viscosity of the nelted resin conposition and the way of progress of
curing t hepaged by thinning of packages and elements made into

.
1ip)

15 multiple stages, and molded MAP (mold array package)
formation.
[0003]
In the compression molding technigque, the flow rate of
a resin 1s 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
26 molding technique is an excellent molding method with
respect to £illing 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 method including using the resin processed into a sheet form

and the nelt viscosity of the nelted regin conposition and the way of
progress of curing have not been proposed in conpression nolding 15
using the granular resin conposition. RELATED DOCUMENTS PATENT
DOCUMENT Shjaelig] t2dkatenil abecunenta o UJdpagene tRatdkmuifppbileatficon £ine
Lai d- Open No. 2000-021908 Pat ent Docunent 2: Japanese Patent

Appl i cat i DA ticdi Brdpend\o: h 200412168092 semicopduernioDodamente Lo be
Japanese Patent Application 25 Laid-Open No. 2006-070197 DI SCLOSURE
OF THE | NUENHIWwe8 heoeg|fter Thangr ésenkreniad itoh He widpiovede ld ed
resin conposition for encapsul ating a sem conductor in which

excel | ent ieM8953Hgeproperties are achieved, a short circuit failure 5
in wres hardly occurs, and the yield rate during conpression nol di ng
and t He quali@éoﬁﬂ a sem conductor device are enhanced, in case that

a sem conductor device i s _obtained, by encapsul ating_a sem conduct or

el enent by coRpRedSIeHolf@hPRsPAF e Yr ARTIIGOFREFK OForfb®ET Fon

10 for encggsulat'ng a sem conductor, and a nethqd for producing a

sem conduBP&f cBYuSHPRR AB LAdsi 1Y cBn5 6 1S ORI ULEFSD] & TR edsi Y

conpositign faor enca sulq%inﬁ a sem conductor_ 15 of the fres nt

i nvent i on®PEPE G 3hBFaMm G sdt HIcHfpdtd t Fori SSor™ eRBEBSAHL TR &°°

sem conduc'It]or us a]‘ccl)g1 aasesn‘irtn:cl)ndlﬂc# or dgvi eobtz%ibnxt;d P)ye osed

encapsul afl ﬁ&pa% mcoﬁduct oe_F ef8 % Co%%_rersesi It ﬁo di r{’g,pléﬁa i°§

‘(323"“ 21;6 eri2ed hBat DAL 1o SRL L LR ANF- IRk QY DY S 1GOW LGB0t 31 (R (¥

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, sc 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 ion viscosity to the | owest ion
25 viscosity is 20 seconds or shorter; 4 (b) the I owest ion
viscosity value is not nore than 6.5; 6 (c) the tinme interva

between the tinme fromthe initiation of the neasurement_until a
decrease SLAheNPofhE DLt YSLE T Hel B oRETP GRS ¥PEcHT LG RAd TR ine,
time fromthe initiation of the nmeasurenent until the ion viscosity 5
reachi ng §6% ¥R saf Jiloediieddhre W%i—ﬁec%é&Yr-edHaWe?(ﬁ)’ sécortdst § < ame
seconds or er. [0011] In the particle sjfe distribution as

| .
det er ni ne&h&";n TRYFRg The" Whel &' ‘§Pna§‘tﬂ“rp%’s_ t£89 RrORREAIKST a??n&ha?
i cr of | ne BT SEP HASF g OF Jek | DT AETS G P LS EndR P i on
b i t ti f t h 5% b . .0 d t
ey, o Contal B L8, 848,06 0 TS LI 00 . mhes, oned e

In the pa&ticl&ksize qﬁgééib%tioq:ag d%kprningd by sieving the whol e
resin conpgéﬁtlonpf8ﬁ encapgulalinb g Sém'cohduct or of the pr esent

i nvention usiago%HS standard sieves, coarse particles having a
particle diaﬁeter of 2 20 mmor greater may be contained at a ratio

of ot ore LRap 36dy uBsanJiAsed, oBokhe gl e pEIN SOIPOALUAL oL o

encapsul ati ng a sem conductor. ion

encapsul a%vii'}ga gw%eég,c%?ﬁ-.‘éic%g{atg%@é %QSE@%nEhE[EVEHH Hefl?rWiQ%osity

obt ai ned by suppl yi'ng -knea esi n conposlition

encapgdl aghRg ¢ SYE CONJHE! 8F kR d h&d 13T fer@l 18 LRl SOoRPesed Qfn e,
7 cylindrical outer peripheral portion having a plurality of small

pores andpatditgki ShAReH RP1EOMSWS aC8 LNy a1 heTRRIA Y 8slihg the
adj usted by use of a direct or indirect heating nmeans in a nolten

state, andealilWricébeeeSimtd £UWOStt FORnl OhRNeANSHWaltNgidcosity

sem conductor to pass through the small pores by centrifugal force

obt ai ned by the: reéatedn xafsihecodig¥sition 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 1l: 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

25 Laid-Open No. 2006-070187

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 conmposition for encapsul ating a sem conductor. [0015] 15The

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

granul ar resin conposition for encapsul ati ng a sem conduct or

i medi ately bePorPd the step of conpression nol ding. 20[ 0016] The
met hod for producing a sem conductor device of the present invention
may include Bhergragenit imwerohpnedsi ba pobdilsy whicks idegagw ngigiion
in the cavity of the conpression nold. 25[0017] The sem conduct or
devi ce of fpHe girespat liahiant | an siegiiec grAiredrfauct Br whid\ite ee pedilridt by
bondi ng and fixing a 8 sem conductor elenent on a die pad of a | ead
frame or &13dB1e REOPESHASE IaRe 2 A ieRshdi hgspabtofipwarit fallure
sem conductor elenment with an inner lead of the |lead frane or a wre
bondi By phB ¥d &%t RaKStYatC By rfearN&f thier asl e Bdand theRuring
encapsul ati ng the sem conductor el ement by conpreSS|on nol di ng usi ng
the afor eﬁ%ﬁ?ur&r?e'ﬂl?ﬁsf“ﬁlé%ﬂn%%sﬁpldo&h%r qé‘ﬁéald'sfﬁl afi Ag Saemlconductor
sem conductor, and is characterlzed in that a dianmeter of the wre is

not nore TREACES IR R Fﬁée\ﬂ're‘-%vﬁ'e%ﬁer’épé‘tl & FRVhoPRAIEHP D g8y 1ce

10[ 0018 For th duct f th ent
Ll ckness' 31 O FGU L pPBGBEL: 1S Phe et i coRposIiancrar <lomant By

encapsulat senlcond t.or on the nlcondlgé el enen be,_nat
mor et harc 18875 ° ’1%’[‘0‘633]%1}53&&5&% 2 RESHELEh Se RTBn e o The 18n
case jihat s%nlcoqg ¢t %r deV|cg s 0 obt aj.ned by engagsu.rj‘1 |ng 3
senlconduc or &Cﬁﬁa# *Eohpt eESion chﬁfﬂt I's possﬁb 2 toor

S e i O I B aREEE L
senrcnndqggﬂﬁogqykggnls enhanced. ' '
[0010]
The resin composition for encapsulating a semiconductor
15 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 is characterized imn that it
satisfies the following requirements (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 frequency of 100 Hz:
{a) the time from the initiation of the measurement
until a decrease of the ion viscosity to the lowest icn
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 acconpanying drawi ngs. [0021] Fig. 1 is a schematic di agram
of one exanple fromb5 conveyance to weighing in a nethod for

obt ai ning a sem conductor devi ce obtai ned by encapsul ating a

sem conductor el ement by conpression nolding using a granular resin
conposi tion. (Fi)g.te|§imsschrbarive ldikgEumest ohe &iawplErer &hfet hod
10 of supplying a ,granular resin conposition into a |lower cavity of a
mol d in alfethbAtE8M 66t &R MF 25 YERMESdutt bt L devieer65ts il tye ion
encapsul ati,ng a sem conductor el ement by conpression npldi ng using

the granulVar®GeSthYcoifpdsi®i 6RY SI5Fi 1PR3VAS P Ht hgh atbvi vy th&e Trom
profiles the jon viscosity and the sl ope obtai ped in case that

f
Pesin conpas tifor 13F Lo Ss G FTF S £ BRRTdn it b BREot APnELEEAHEL Y

present invention i asured with a.dielectric _analyzer. 20Fig., 4.i

D Seheiat FEAThGr e nb BRamS® 11 6aTd 1Y kiEAH 6 54 HRad A 30D

conpositiqgn to goIL céj n_of a granular resin conposition in order to
i g 5

e
obt ai n t h& “Grahuf ar epoxy® F&SIT T obosfi%H for encapsul ating a

sem conduct or, Bf t.-he present invention. 25Fig. 5 is a cross-sectional
. §Jalhy P n. .
vi ew of one exanpl'e of an exciting coil in order to heat a rotor used

|0 the preseph LAerLoR: 1% A eXbl R4 €81 nQY¥n PEL! R A nPRLY WY
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 um may be contained at a ratio of not more
than 5% by mass, based on the whole resin composition for
encapsulating a semiconductor.
15 [0012]

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

256 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 obtained by encapsulating a

sem conductor el ement nounted on a | ead_frane using an epoxy resin
conposition for encapsulating a sem condluct or accor di ng to the

present invention. 10Fig. 8 is a view showi ng a cross-sectional

struct ur ecgf1 ianer exanplet 10d r ap s eAipineaict b rdevd s enabtiaigned PVurality
encapsul ating a sem conductor el ement nounted on a circuit board

usi ng an eEoXMAESIwo£eBPasid iz0m I Ok - SAGRSU| ¢ t 09mA s £LO8JUEL Qhich
according to the present invention. 15 DESCRI PTI ON OF EMBODI MENTS
[0022] The rtesigecodtpese tisoradpiseadapsuhaié ngf aasaire@uct of nof rishe:
present invention is a granular resin conposition 20 for

encapsul aheng isngemtaanduat o mstdeorsibasen cordlucl dowdeny Cthe resin
obt ai ned by encapsul ati ng a sem conductor el enent by conpression

nol di g, antpicss Thaoactferns zedcap sfudl 4 o gt Ratsenhcoondidion thatpd o8
viscosity is nmeasured with a dielectric analyzer under a neasurenent

t enper at utbrofuds tlYSCsmad la preassriepent nregiepey 60 r1G0 dirtathed by
time fromthe initiation of the nmeasurenent until a decrease of the

i on vi scoshey nakahechowsstthenreitsonsity is 20 seconds

[0014]
The method for producing a semiconductor device of the
100 present invention is characterized in that a semiconductor

element is encapsulated by compression molding using the

.éféfemeﬁfionéd-gfénﬁlér fesin-cbmbosition 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 éomposition for
encapsulating a semiconductor immediately before the step
of compression molding.

20 fO0016]

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

25 [00171

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 tine interval between the tinme fromthe initiation of the
measurenment until a decrease of the ion viscosity to the | owest ion
viscosity and the time from5 the initiation of the neasurenent until
the ion viscosity reaching 90% of an iog viscosity value neasured at
300 seconds is 10 seconds or |longer. Furthernore, the nethod for
produci ng a sem conductor device of the present invention is

char act er iszaufl ¢ antiatt ar sereoemducenr aecderemad0oifs aenlcaps uk aked: byr a
conpression nolding using the aforenentioned granular resin

conposi ti smiddptrafcapsidaniend inseai gomdudiondinccar@iing ft Fhshese
constructions, in case that a sem conductor device is obtained by
encapsul asiefy aoBemicdond it oresenttr B iBneshpreassicch tiet diaws ust dge
the granul ar resin conposition for encapsulating a sem conductor, it

i s possi ble& o Wriwiken dingsite E sHpdsh € | DRPEGT he dpEunapnsgod wires,
sem conductor in which excellent filling properties are achieved, a
short €ir@%Ht $RPRuPE GIP FRLES IHEF dF §eo@it 502G VTP ¥ he Lyt raYe
during conpression nolding and the quality of a sem conductor device
are enhan@é’&}P%?lﬁSéol?et%gd%‘rg pHOHUE hd S FeRTESTIEt BF efeVit® Bsi ng
the resin cogPositLon. The present jnvention will, be described in .
detai | bePGRF DBt B2 forngP&%P%ﬁH%aE%&gplae BfTd G hBA g and is

bt ai ni ' duct or. dey| bt ai ned, b |l ating, 1
ser conduGhr B ERBAE ) HorbPESsPofl MONGERY Gei g S HE® Grandl &P T dkTFe

conpositi of .the present.invention will_be described in e detail
W h et erbids 1% R Eia tneivaRe Hudbe rAS R Mt nePa BgRsma o b
nethoﬂjof wei-ghiing 5 the granular resin conposition and supplying it
into a nold éavit . A granular resin conposition 103 is conveyed in a

0 & ml . veyed
Peeder 101 of °Pnett Remr ol Ry PP Re R o Bre B VLK E i

equi pped Wi ttmiazhilgég@ efial 1Y W&ME@Q JEChai wS%%hc@rﬁﬁasition

shutter or the e capabl e of sup ng the resin conpositioh into a

lover cavighy 104chBs¥ d8hant, JRL eBK e E8Sbh Ml er bah i SUPh¥ERG ¢
cont ai ner 102 containing the granular resin conposition 103 is
prepared (seendid mdl ¥ L£BikSHddre, thhe arspular 15 resin _
conposition 103 contained in the resin material supplying container
102 cen be wepghed by a wei ghing neans arranged below the resin
mat eri al supplying container 102. Next, the resin material supplying
cont ai ner 102ce@idimgNgot heh @rphelsdn g esh e PeOs|t ioN ddSei Shat a
arranged 20 between an upper die and a |lower die of a conpression
nol d, andsamieashfitan® wrdavdicecuid bdbard rosd wWhkClerec sesutandicd o
el enent is nmounted is fixed on the upper el.7t.e of the conpression
nol d by askmdicgndeans sucheasnt dbanppmadsos pi ban rosl dhegl,i kiec siigh
that a sem conductor 25 el enent-nounted surface is directed downward
(not illupbratidd)e Sobseduent lay,rewen thepwss ghédngrfanulearcapsiiiating
conposition 103 is supplied into the |lower cavity

20 a semiconductor in which the yield rate during compression

molding and the guality of a semiconductor device is

enhanced.

BRI®BEF DESCRIPTION OF THE DRAWINGS
25 [(0020]
The above and other objects, features and advantages

will be apparent from the following detailed description



13 104 by use of the resin material supplying nmechani smsuch as a
shutter or the like constituting the bottom surface of the resin

mat eri al supplying container 102 (see Fig. 2), the granular resin
conposition 103 is nelted in the 5 |l ower cavity 104 at a
predeterm ned tenperature. Furthernore, ,after the resin materi al

suppl ying container 102 is taken out of “the nold, while reducing the
pressure in the cavity as necessary, the nold is closed by use of a
conpr essi of rui&li pgefachi &@, everd Neéde sofid heongvirtar 16ni siftH |egle
with the nelted resin conposition so as to surround the sem conduct or
el enment, arcddimangsng cbr@pesinigison is further cured for a
predeterm ned period of tinme, whereby the sem conductor elenent is
encapsul at ed[ &A@ 1ol ded. After el apsing the predeterm ned period of
15 tinme, the sem conductor device is taken out by opening the nold.

| nci dent al | yFigt ils ot aessdranatlig cdpigrad od peréormadggbsstngmby
reduci ng the pressure in the cavity, but degassing is preferable
becaude vepayayemhe & otepebdag of ehaetdsie Eomposdtadniame a
reduced. Furthernore, 20 a plurality of sem conductor elenents may be
mount ed oﬁGM¥§Q%%HC¥Pmn§%W1Fﬁeqy?%anﬁdb&mxﬁnaﬁ@aﬁ%ﬁbengamrmued
or nounted in parallel thereon. (0024] In addition to the above
cases, inSERéGURUBFOF X5l eBAPite Y oROHBIE IR Pt Hod d Fegubsigg 2
encapsulatlng a sem conductor el ement using a granular resin
conposi ti BRATHE fr BRFLAT $RBPRSAJHRRition in use is desired to have
14 uniformputting of th ranul ar reS|n conposition into a | ower
cavity of a %bﬁpr skF éh e iy Ritfg BB 7 G efe¥ABPdCaRdl &rpE&iof

co itio ut to the | ower aV|t of the co ssi on, nol d, proper
flowadl 1167 PR mﬁa gndg%aeaﬁ %ﬁl%ﬁ%ﬂ%"? ?&Oerhhla%ta Eng over

| d d I l. ,
et conauER oL tabRrea MNeh Lo BpRPaTIch TOT (RIS FhG LA egﬁ%‘br‘%‘ﬁcFﬁet
——granutar t
Juch e €T ac%?f’%é G8eS) Srin e U ¢ T i SRS (FaREn:
CO”p°$t'$gr'§@§)re oded %@d%ﬂ'“ﬂéﬁ S%%W'if gﬁgg r@%%

nce 8325] The

(her ei naf erre 0" as convey nce pe
conpreSS|98mgggq€¥bh§ different frominjection

15 Fig. 3 is a graph showing the profiles of the ion
viscosity and the slope obtained in case that a resin
composition for encapsulating a semiconductor according
to the present inventicon 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 ordsr 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



15 nmol ding and transfer nolding, and is a nolding nmethod w thout
appl yi ng much shearing force onto the resin conposition due to
kneadi ng, flowing or the |like. Wien a material in use is a granular
resin conmposition, the viscosity and curability are changed dependi ng
on the 20 particle size distribution as;yell. For this reason, in the
present invention, as a nmethod of evaluating the viscosity
characteristics and flowability of the resin conposition for

encapsul attilveg motewi.conductor, the tine until a decrease of the ion
viscosity to the | owest ion 25 viscosity, the | owest ion viscosity

and the tineFigt-erval shét weems s heedtieonatli vieweefease cfxanplicorrt a
viscosity to the lowest ion viscosity and the time fromthe

i nitiati ofouBlef tuke r@ﬁ%aﬂémahngprﬂn hEo T o uPiRslcsn gy theachi ng

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

i on vi scoBietht Refé teeS3PMAIqRR eF et t BCad L MF ghest val ue in
sonme cases) neasured at 300 seconds 5 are used when the ion viscosity
is neadured Wi€h & dt 8 Bt aRAPYZASYY AcEsCdi Syt §C Lilv@ bl aFfgcture
status during conpression nolding using the granular resin |
conpoﬂtiBﬁi%?%ggﬁéﬂﬂ%ﬁe?§ Pe-XGRAEERIYTE P RedfdstCe a0 dde ¢ | BY,

a Koka's flow, a Brahender, a Labo Plastom|] 10 or the |i ke has %gen

used as aSAEARS Bt 2EdAaR | HEVICSTERTE§OCh &P F s tpg o & lead

fl bili f ' iti f ti ' dyct.or.
Howover, AFFIUR UTESE BUaPRRN ort AEARSCBRNT | Fger 6 S SUGRPLy L

behavi or during flow ng could nat. properly .represent the essence 15
of conpreEsiTGN NBY AOHG 9 OF SOGS TUS bERAVIILT REER STt ShBLFD Hhae i s,

| i ‘ . L1si | ecyl
accel fyationgof the | Eagt éiﬁ{kpfﬁ%ﬁ%%l% a Prosd X APRIh P SEHuEL e

a delay in currng due 't ( ecules take™ p

e e ! _ : .
oS0 R SRFPEKLAR e bbenr Sl cBR Ao £OBLERSl CBLTRIN by
Vi scosi tyoghanact eLESHELS &8nedhddat otrhglfeﬁ?rg: gmppééalm d Qhrcuit

encapsul ati ng a sem conductor is neasured w el ectric analyzer

are an i ngdpgalph éfﬂ%%ﬁ%b%&@@é’é $ROEbY SPF BCheFLSt 'e%scéﬁgutlﬁ%ing
curing behavior of the granular resin conposition for encapsul ating a
sem condugt @lem B08n BRI Y ab HEeS raf #h §Ukballiee f pEcdeht Nin¥Bntion,
eval uati on of viscosity characteristics and the curing behavior of
the grmnul ar resin conposition substantially at no shear state cl ose
to the nolding status in the conpression nolding. Fig. 3 is a graph
show ng thesERw®fibas o EhBODEMBNBEO0Sity and the sl ope obtained in
case that a resin conmposition for encapsul ati ng a sem conduct or
according to[bbe2gresent invention is neasured with a dielectric
anal yzer. The ion viscosity becones the | owest value at the stage in
whi ch the enTheerdfinesonphasi kb tefto r amc & he ulEt v g Sidnyi ¢ ondeasesr
as the epoxy resin conposition is cured. The tine until a decrease of
the ion vpEcobiet puaseht Lowesition isseogintanyhererpafitercahposition
referred to as the tine until the ion

20 for encapsulating a semiconductor used for a semiconductor

device obtained by encapsulating a semiconductor element
by compression molding, and is charac*erized 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 initiation of the measurement until a decrease of the

ion wiscosity to the lowest ion viscosity is 20 seconds



viscosity reaching the |l owest ion viscosity) is an 15 indicator
representing the ease of nelting 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
tinme interval between the time until a decrease of the ion 20
viscosity to the |owest ion viscosity and the time until the ion

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

hi ghest vakuehph&ed n&fhted owd o ricein a5t s hesdttabre tuard)s aod pgee ahan
i ndi cator representing the tine width of the granular resin

conposi ti BaohadiHg DBef ltoviedi Lntp r{ob2bptve easehehdtingefres the
conposi tion for encapsulating 17 a sem conductor of the present

i nvent i on1Pa tiddsterdo fi ERcamgraiweePe R taRdtyide GifereasreaduF&fedrn
tenperature of 175C and a neasurenent frequency of 100 Hz, the tine
fromthe YhPCioftiton bP tHE MeRsBPEMEM™ Ui PO idaerzadetdre thing farm
viscosity to the l.owest ion viscosity is preferahly 20 seconds or
short & ah@enbRétdditranPd 4BesBESTIL YreBhotRELL Wheh 4 Hifeosity

| SEEARhse, bl den  ReseLI LIS LI LN S8 4o

f t 10 h | t i fl j t

pot "mor e TRERES S dd- B oaBupr Loty | it thernr s bethe étnoa

vi scosity.when th‘uéfﬁin igsgrgught ig%o cant act mﬁ%htﬁgres gfeat_

senlcondy%?ErFﬁﬁb!ce, dnd a8~ 8" F SIS BEc e OF & hor T e &S Ui t

failure 'i‘xlu%ﬁ% ipc#ﬁ Gh, @?ﬂ%%:sacg‘é %ﬁ%ebaei%“%raecsgesd %o&%@%@%ref%dnt
Imt of the Yh y 3

the | ower ime until "a decrease of e 1’on Vi scosi

the, hyiest ;| 08 U SG0PLLYd S 1O BT 24l 8H) 1l a1 e, e T nks

preferably 2 seconds or nore prefera seconds or

| onger i r‘af&?%'&n%%{@i'HEdOfg%Hié%n%%?gﬁo?@Méchi.g%' atdpn and

uneven curing, as only the resin part conme into contact with

‘thecavi tyn 0h e £OMREESS| M MBbe duc @htecedritd Ya TRl ad apdecly ed.
[0028] In case that thé resin conposition for encapsulating 25 a

sem conducd Rk +@fu dd o REGSAH tA¥BNIIIL | 8 BRASW kil A defhect g
anal yzer under a neasurenent tenperature of
obtained by encapsulating a semiconductor element by
15 compression molding using the granular resin composition
for encapsulating a semiconductox, it is possible to
provide a resin compositicon 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 moelding and the
guality 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 detail 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 |owest 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 case of a wire dianeter of not
nore than 18 pm 5 alnost no wire flow (2nre sweep rate of not nore
than 2.5% occurs, and as a result, occurrence of a short circuit
failure in fine |tch W res can be suppressed. The lower Iimt of the
| owest |oﬁe\¥ils%%iiwt\%ﬁ uel pBeRdt %rﬁpm&ﬁwlppmntc@odlaat yging the
preferably not Jess than 1 and re 10 preferably not less than 3 in
consi der a\éF&?‘HaBCEEFﬂé’n&é’WOBﬁFFQ% the RERE SFdr tinpeprign will

t || th I d
Fercin. the fﬂ&%ﬁ%@?gﬁ%&‘@é‘gﬁf?f AL ERE £ ef%r'égﬁoi%@sﬁv’%euela g

the ion vij sc [sL va‘L-ue fromége initiation of sur.enent

300 seconfis® IDPLA HEREPRA ¢ K FREPR B%n% ?Srwelghlng
win s o bPRe PRI 8 e o MR A Bha e Wpehgﬁﬁhfanﬂﬁ? 3 Pl

and a msagl[,:{lé{gr%t f£eguency atq% Qeoglk'zcg&#%qé 9§ ?qml% Vaisb(%}{\@%yt%ci‘ in

time from itiratton O e neasure ecrease O

ion vi SCOQ'%¥ tc:i.h Q L e} QRS mEeluaqpc V’&?Cﬁﬁe ﬁogngotnhveeé%ﬁ@efﬁlg tgq%é.b%}loa%s '

initiation € neasure n viSco Yy reac

25 an iong Vkﬁ%qsaﬁyogaw%drae@ t +3Q0 1Sfrsé>n9§tbsapf%fsemb;h¥t%0“al

seconds or |onger and nore pre era% y 14 seconds or longer. In cas

that the Ehﬁ%ﬂﬁﬁ?V%bn@éi’ﬁ@E 132 tdgutibBe d remhhe 'f'ééﬁ.ﬁt'rr%rt@{“lal

t he nmeasur enent” un a decrease of the ion viscosity to't | owest

i on viscoghiby 13ndh §hge bha® f40B 48R aalal ghhen of amm@apyrcerr@abable
until the ion viscosity reaching 90% of an ion viscosity val ue

nmeasured gk SABpIBLONGSLhS 1@ ihessmblan £ NenabAYe Loveheh HhtVltt)he.Lr@il
is little or no risk of causing defective filling or voids due to
resin thigkeainginsthhe cotiseecbly ratdi pg.simurhheerarsa §hppuRpetiqg
limt of the time interval between the tinme fromthe initiation of

t he measucenenti ddrunlil cordesti rasne afhé hgraamd Scosstiy tphPesition
| owest ion viscosity and the tine fromthe initiation of the

measur eneh@® 3unti bridea red Veseodiily. reachizy O0%sot iane | athei gcaatlar
val ue neasured at 300 seconds is not particularly limted, but it is
pr ef eifabl ye$2@ seewpdsidrid® $ASr teeyn aadnest el pr ther atd /i 6 0mseconils 1
or shorter considering that the nold is severely contam nated as the
cur abi | i tyupp lovieg etont Bd nerod @ iodn pd o7digyee edo dure weol ghéngagedns
frequency of cleaning, or heat resistance and noi sture resistance of
a cured p?bHyace I} Paprsdrirl repiogsdjerial] aupddrit brgycontatmer 102.
di el ectric analyzer, a DEA231/1 cure anal yzer manufactured by NETZSCH
can be us®@%tand-hke 5e|§rléé§“a5ﬁrWP%SSWﬁiYP{%SCﬁﬁﬁlﬁldﬁﬁr éd 2oy
NETZSCH can be used. Further, the measurenent can be perforned in 25
accordanc%oﬁFFﬁJN§WMTﬂ@3@raP@d§H 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 inte the lower cavity



In case that the resin conmposition for encapsulating 20 a
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 time fromthe initiation of the nmeasurenent
until a decrease of the 5 ion viscosity,40 the | owest ion viscosity
is 20 seconds or shorter, the |lowest ion viscosity value is not nore
than 6.5, and the tine interval between the tine fromthe initiation
of the neaddr bryents aunrtf |t e dees basrwadfk tilel | onpplydosy tne ¢lvahhiem such
| owest ion viscosity and the time from10 the initiation of the
nmeasur eneas antihluttheri om thecdsikey ¢eashiirg: 908 of hen bicdnt e ssosiftay:e
val ue neasured at 300 seconds is 10 seconds or |onger. Such a resin
conposi ti offi ¢dre bee sbnaimede bi/addjswsin hginbe ckinita bhetrhd pokyeredily .
the curing agent and the curing accelerator, and the mxing 15 ratio
t her eof , She pdre i grengilza df ¢finbwdiamoe o ttileer ghGAular medsieqd in the
conposition for encapsul ating a sem conductor, and the |ike. [0032]
In thé patPr@% sR¥etdi stG4 bati én sedetermimed by er® st aYng -t he
granul ar resin conposition for encapsul ating a sem conductor of the
present | AVEXITIMOEENg2 IS SER/IELS ih \AdsS T fitdr BRPRA W gicdeBainer
having a particle dianmeter of |ess than 106 pmis contai ned
preferabl ¥4t 18 FaNeP AuhRInbhe PRAA 5% LY. Preseddfd N rid Hrivf af aHINe
25 at a ratio_of not, pore than 3@6b¥ wei ght, based on_the whole resin
conposi ti bR. tPF GEE tHaf St RETSRFRTSr KNG AP hE p&r GO nYi H§sa ot
particle dianmeter of.,less than 106 pm, 21 is,not, nore th t he above
Upper 11t SORPR%R® §08g BT LBAV BT Bha eyt A8t A6 38R dCa Lty
conveyance_per.f.ar mance, and_.excel l.ent , wei ghi ng accuracy, can _be
cont YEa SrE Rod AN SY Y cBseiie of s Sane SRS ER 1Rk L opbegncee
path of 5 e C a ch as a.vibration feeder or the
PPe, Cor 2t tacithe 08 B Lo B Tk’ ke (RRUoHE RERA™ 11
—case that rati fim ipne_particle ayi ' i cle di: er, - —

of Ieast%éﬁgﬁﬁ}%é??slgggqgﬁggfhgﬁ ?% g gvé %%éggﬁéklgﬁﬁé% %F%%g
particl es.are not i 1 t I | r
Phe tim ¢ arerval Derasey the tra<cnri T s ofdrensh 6% pqihofldeea
VisCositya 49 ke d&yest aleQR ViSERBi AN & NG LidB: sPhi held$d Plod of
vi scosity reaching 90% of an ion Vviscosity vafue relative to the
hi ghggt vel#e,i §neagkhy ddndhe tRIrORRy F 80Es Ak Uen CONEI L { W EAdh o @R e
viscosity is nmeasured with a dielectric anal yzer under a neasurerent
tenperat uig1af, 17H4c2adnd SIERG Y @B s fREQURNGY 0f 1 300 JZre fherfpre€o
such a ratio is preferred. Also, in case that the ratio of mcrofine
particl espba¥orth aiqipdésehg Bivamreiic Dhgl €68 phar sl pm 2hhé Scaplity,
nore than the above upper Iimt, at the nolding stage, there is
little rilsktolecauss hggpdrd it egelraih D8 Be cUdneVe Ny 6 HKisNGL @St HieCraf i 6@
particles having a particle dianeter of |ess than 106 pm are
rel ati velpyyraduededenthy pektied canp i edon araddetiivaedt heurates rmore,
limt of the ratio of 25 microfine particles having a particle
di anetter afpless ity 406 spmicsonducgart i eléaentd imayetle andintedapn
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 i1s desired to have



22 [0033] In the particle size distribution as determ ned by
sieving the granular resin conmposition for encapsul ating a
sem conduct or of the present invention using JIS 5 standard sieves,
the ratio of coarse particles having a size of 2 mmor greater is
preferably not nore than 3% by nass andigmore preferably not nore than
2% by mass, based on the whole resin conposition. In case the ratio
of coarse particles having a size of 2 nmor greater is not nore than
10 the ab8Ve ipPRrPRFHINT &L thaesgaFe Wia Eonvenng CatRP fbtdieimd ntee a
wei ghing variation may not occur depending on mxing of particles
havi ng a F&™FF %! TaxOdl 1Pe MOTRT §ASHP itk AcyY BAR W Achf 8Wed C kit
according%¥ t he qyality of a sem conductor device after nplding can

I

! g
be 15 st abfis SR EREhESTOR, CPMPOSIE 1 MAtPRRelPAG St LoUPLecavitY
particles Eav'ng a _size of 2 nnhor greater i.s not ,ngre than the above
nfPt, © Bri gL 6t

upper | i | EPRE Tt ¢ GRS partT TP es 1ok tippolding and
| atiyely del ayed d the ti f he initiati th '
reacurbmelE SRR | LY docrbaSBIBE (b SDPROR Vi ShBSYGP 1 FRED diestns

ion viscosity is easily inh,the proper,range jn_case that ion

Vi scosi LySPURRSERTIR WATChG AL FPE SR YPel Ghadt ACREsSulERERE”
t enperature_qf 175 asurepent frequency of 100 Hz.. therefor
such a ratroi% al gg)ﬁ%ge é:rréeea @ ﬁogaé:)efrtpﬁ'la%tjfﬁg raadPoweZ]Sg%%ngoé)rfs)é: ©

ticl i i f i A r han .t he above
Cpper (1 1 nof St A 2LEl P o onflalle SofMMTe |l P e it o B
uneven CUEbAgdya k! ktlan £ Yk easReR 5 L bh1E AL £USLNON00 1 ke,

coarse particles having a size of nm or greater are relative

del aygf. RWrLbenwIrLey rté'@igoé"@ﬁlplois@ﬁi(% fhesdiih Qe tSpﬁElst?niformly

particles having a size of mmor greater 1s not 5 particularly
limted, apgpitid@yphe B%ytiess. (HOP84hartds 8138 hodral Jmasusi g
the particle size distribution of the granular resin conposition,

pref erabl ¥oused 4 18c8 Fﬁﬁh@ﬁrﬁgﬁkugiﬂg using JI'S standard si eves
havi ng 10 apertures of 2.00 nm 1.00 nmand 106 pminstalled in a
ro-tap type ppege]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 hammer striekesgonkXk &1 Bul o hadndetiey A DEEQ LoDy Mas: 0injection
particles remained on the sieves 15 of 2.00 nmand 1. 00 nm and % by
mass & nmobdafiime padt itaddaass fassmgldbngyughartdieisi avenwlidifg gmthod
based on the total sanple mass before classifying because properties
necessar ywf.ohoadt vappdgripressiich miaangnar €oeati pad.o | btheheaaise of
this method, particles having a high aspect 20 ratio are possibly
passi ng thevpgs Fespactine &9 eknsadirey ead l oWwdmgonvetihencei ke. When
respective particle size distributions of the granular resin

conposi t i dnmaft etied pr éSerts ¢ niéntei ahrane laef irReliaccom agitd ombythe
mass of the conponents classified under the above certain 25
Conmtiohgisﬁﬂﬁﬁﬂy 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

25 viscosity, the lowest ion viscosity and-the time interval
between the time until a decrease of the ion viscosity to

the lowest ion viscosity and the time from the initiation



Furthernore, the resin conposition for encapsulating 24 a

sem conductor for conpression nolding which has been used fromthe
past was a pul veri zed product obtained by prem xing respective raw
mat eri al conponents using a mxer, and then kneading with heating by
use of a kneading nmachine 5 such as a r@ller, a kneader, an extruder
or the like, followd by cooling and pulverizing, wherein in the
particle size distribution as determ ned by sieving the whole resin
conposi tiof wdiengndd Sustearsdar dusitédes; h¢ hbcanwurdc of i ycrafd adeing 90%
particles having a size of |less than 10 106 pm exceeded 10% by nass,
and t he aafuatn dforouniseosdrt ¥ cresd urawimyativieze oft Renmigrh gy eaved ue
was about 4% by mass to 6% by nass, and the resin conposition had a

wi de part €l &hsi Zeonli gisiclnaion. (Aleseimsfiprexdmp byotetflverred to as
pul veri zed product of the conventional resin conposition 15 for
encapsul athpghad ades Eondbercol If oenpressilomamsdrag, ads & cs¢bedds
in Japanese Patent Agplication Lai d- Open No. 2000-021908 (Patent
Docunént a¥e @eEpdRe¢rr ddid hoNdiTHe aasetivalls smeaguge pavitdl és
obt ai ned by cutting pul verized fine powder or granul es obtained by

sol i di fyi A§S26 F4 1k paRderyz ¢ par adrephr 0029 19, Pakenfodetimene tptus
Accordi ng to Exanpl es of the docunent, the granular resin conposition
for encapd@Fafiong ARERISEHRRCTEL Adsd P&/ NSk dripf eI T ARSI T sEREA Tk al
with an average_particle di anet er ,of about 2 mm and was coarse

parti cl esCHEYPRG 25°An §vBPRFC et BFEIY di%net BREGH abdut Bigmpast, a
bt ai ned by. pul i Zi d d d cutti ' fi ,
par 1 o esSHAG PG 4 Bk 1 BPET Srich 87 - oF HEADRBES a0 25 A HomiAd

ot o0l B SUFY Ak e R SN 21 BReaP hetl FbrALe AP 1 881ty
addi tvon, ShEERE e RERE PRRR FleWRud B RO H G RoaBH Sime B e g
I e A e e R S h e L
R A T e i N e T e R e e O R

di fferentdy,§ hgMAransher SRl nﬂotgiﬁarlfcfpéfﬂ’)'i E_qufeééﬁﬁ‘ﬁf %%ieﬂfé' QaséH@e

| ateral direction in thé cavity iIs , even in a package o

narrQy gapr SEbhGird £shawi b BaiAbn akry thi skress: Pipbhe vigsh Nw @R Kt hey
chip, for exanple, a package of a narrow gap structure having a

t hi cknessspéakhetmest i op 4Becahd Pa 0f 080 oFMeti: 1582 Rk chicdu¥es by a
difficult in transfer nol ding, the package can be nol ded with good

yield rateoMbiBaWn Carshag il tHuee SUSH as Wy sheepuin@0due to
defective filling by selecting a proper resin conposition for

conpr essiont hdi RE MAslibe eS| bakenpadsd dé odukor ccanps paairamgof di- 8
whi ch can al so be applied to such a package of a narrow gap

struct ur gppbiedpref artadl yessad arce tHoseconpwhiscdi onmmodkdirig ot & batk
ion viscosity is 25 neasured with a dielectric analyzer under a
meas@fensntul énpertate epafo plendSCy and ce measaeelnent frequency of 100

Hz, the time fromthe initiation of the neasurenent until

[0026]

The ion viscosity characteristics in cace 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



26 a decrease of the ion viscosity to the lowest ion viscosity is 15
seconds or shorter, the lowest ion viscosity value is not nore than
6.3, and the tinme interval between the tinme until a decrease of the
ion viscosity to the lowest 5 ion viscosity and the tinme until the
ion viscosity reaching 90% of an ion viggosity value relative to the
hi ghest value is 14 seconds or longer. Further, there is the risk of
exposing wires in case a gap on the chip is not nore than 80 pm

10[ 0037] evakuzhéoresih ¥dAFEA tivncheragicapsgitdtdshgaad the curing
sem conductor of the present invention, an epoxy resin is used. The
epoxy restEhEeHCoFof it h8er §ian ebaposetiion cFmphalpiedemub pvantionl ly
may generally be nononers, oligoners, 15 and pol yners having two or
nore epox¥ tgritip3nPA fort #ibFPeSi @SS TRE 1P 4F 1RSI ght 254G ot eBhiRar
structure thereof are not_particularly Limted, and exanples inc]ude
crystal | i RETEYOXTS A% WP téR%as af bephenyts t §pe répdkys hayilR g gthe

bi sphenol pe epoxy .resipn, a hisphenol pe 20 epoxy resin, a

Aty . Ft .
sti | behe F§ﬁ§¥55%§y° editt BBy hohg Pﬁﬁgtgﬁ%xﬁiﬂﬁﬁrpgﬁﬁHﬂﬁ? in
i ke; | t i h, | | /
resin, o GRG0 RBhOPaC TYhE SRS FAEARE o SApREHAP HoyOr A d yhe

i d the Like; ph , kyl .t i h
phenol | 255G AR RS TerbRy CPEGIIS Nl ' BHERGFEne: Y FOSTTR, T8

h I | kyl / in _havi bi.ph I t r,uct .
B o B g B TRR Y, TEFRTIADS SIRNEI] engrsl gk U €y
d the Ijke; j f ti I ' tr t X
fype phenStrais s, B8 LPRS e RV ECRE BRRLE SRR R LS T g xe
resi m@nd. La | ikes Apdictled Agnehot yRG CARYOLEEHS AUEBaTRAS the

di cycl opent adi ene-nodi fi ed phenol type epoxy resin’ a
t er pene- mdisfi.ed- pPREROl: InPE QR T 881 1AMk t herhike; s ABdunt il a

het erocyclic ring-containing epoxy resins such as a triazine

nucl eus- cgRtAIJL S &POXNe! 8hNvaREd Dot i k8. c FRe8 Wl DEo HSed sl
or in conbination of two or nore 10 ki nds. Among these, suitably usedy

are a bi phgee tyPetrEROXYL $68SkB.Fer BE§PRBNAIs AHYPEiRROWN ¥ €8] Rhe? ion
bi sphenol F type epoxy resin, a phenol aral kyl type epoxy resin

havi ng a bHiphenyi eperstardici yge t rndl awdisty Gl opent adicanet gpdiifd ath
phenol type epoxy resin. 15 Furthernore, in case that the resin
conpol ti OAdiisaees wefreisith ol dyet ketd & scabAlnyZEE iHRdBF B8he granular
measur enent tenperature of 175C and a neasurenent frequency of 100

Hz, the tre®ifr emuipesiniitdrat i @andot hichd oveastr eorny ignid $ i aydearessel s
of the ion viscosity to the | owest ion viscosity 20 is 20 seconds or
shorter, &heirgliesdtpeon népresiett vag uthies Inote sor @ itdams 6Ly, ahdthhe
time interval between the tinme fromthe initiation of the nmeasurenent
until thegkemuliaseosesyly eaehprg 9006 0f afuinrherzeoos t ythal deime
measured at 300 seconds and the tinme fromthe initiation of the 25
measur enehntemvdl abdéereeaset b tthign¢ onntiidcosi dgcreate pdwddte | ban
viscosity is 10 seconds or longer. In view of the range satisfying
the @ovevieGRTENBnES, tprefleredsy 128 viscosity and the time until

the ion viscosity reaching 90% of an ion viscosity value
relative to the highest value (hereinafter referred as the
stable time) are each an indicator representing the time
width of the granular resin composition having
26 flowability.
[0027]

In case that the resin composition for encapsulating



used are those having a bi phenyl structure in the nolecular structure
and an epoxy equival ent of not |ess than 180. [0038] The lower limt
of the mxing ratio of the whole epoxy 5 resinis not particularly
limted, but it is preferably not |ess than 2% by nmass and nore
preferably not |ess than 4% by nmass, b d on the total resin
conposition. In case that the lower limt of the mxing ratio is
within the above range, there is little risk of causing deterioration
of 10 theafkewdlsidndycbent bd kthkeprEeewppenvenmitonfi s measriregl with
ratio of the whole epoxy resin is not particularly limted either,

but it isapdéfdreabtyifoanmdrwe e hann d5% by nesstl aetemyr & eyt easline of
not nore than 13% by mass, based on the total resin conposition. In
case t hat 1t/Re Uppet 3 m@as wfengnthé ngigueycla®fol P8 et hFhet hémgbdrenm
range, there is little risk of causing deterioratjion of solder

resi st ancBhgr 1Hd 314 k&OnFaLt RBenBeE S heBeRdi dartat} oh dfcrpase e the
until a decrease of the ion viscosity to the |owest ion viscosity,

the | dwestOnol HAEedstwy toardd € he oS i heBr VaIS It e¥nigo Rl erably
until the_ion viscosity reaching 90% of an ion viscosity val ue
relative £8 EREMYReSE @QQE¢%%daPHEW?ﬁ% Hﬁ?ﬂe%ﬁﬁ%ﬁri§s§QﬁoPﬁé or

ion viscosht to the gomest i on_vi scosi{ case that jon viscosity

s measur SAORHAF n dFBRBCITRE ARSI EILt 4 65 EFapsoiaf PAE diRD
i Xi 25 ratio i I djusted d di ,th ind of th
poxy r o< her Akey {000 "2 S6E 52 FRn 18 ST B Bohpdes £iBAZFoF hAn the
encapsplatgg%ea Squ§°TQHEEoreQﬂﬂ§hF presentfinventio . a CFring
agent is 884! fﬁg)curlng adgent Used f9F °Thd r%swﬁrgoﬁﬁﬁg?? Bh Sf PRE
. i . ti imit 5 C o
Cur edtby PEE8: FRA A hn eharP S vils LA LETPRZR4R nhfbgeof

strai gnt she! cld Phakhe i nescay gy 254920 0a1be) SLGTR SHEN A

et hyl enedi ani ne, trinethyl enedi amne, rane enedl am ne,

~—texamet hyL gpedi @%%ﬁgﬂ%t%ﬁ' . AL NES; SUENL 85hdQnto contact with

m phenyl enedi am ne, p nyl enedi am ne, p-xyl enedi am ne,

4, 4" -di anj, pedisphenyh mekhane ndy ot o r dh&PE BRI REAYLRN @PaNes y1 ¢,

4, 4" -di am nodi phenyl ether, 4,4'-di am nodi phenyl sul fone,

4, 4" - di ang pedirGya] Kbexang, s b s t4camnpphenyt ) phenyhmetihang 1 d8h wires
1, 5-di am nonapht hal ene, m xyl yenedi am ne, p-xyl enedi amne , 1, 1

-bi §5( 4cannbBopheMiedsencl obaxane, cdiyanesghan decandide 1iker of
resol type phenolic resins such as an aniline-nodified resol resin, a
di met hyl ehbetifhesohtliesi RiadtetbBe bifkeheph®nali £cosyehacotl ype 166ER%:
such 20 as a phenolic novolac resin, a cresol novolac resin, a

tert - but yi pherdldcnovokad s asot, pa ontainyh phengl i chovekag restniand g he
| i ke; pol yoxystyrenes such as pol y-p-oxystyrene and the |ike; and
phenol i ¢ pesfrxahich as sz quhedsl car dlkyleresind andrehe dd kerab lacid
anhydri des. 25 These may be used al one or in conbination of two or
nor e ki ndsecémoizg ahedengsu tabl goussidd aretd oqghendl bccmoviodmcer esi n,

a phenol aral kyl resin having a phenyl ene structure, 30 a phenol

aral Bl resirhikdvigeg &t bdphend| enevstr getrimeg arss tdrel ¥ itklee feisfhepart
in case that the resin conposition is neasured with a dielectric

anal yzer windeh & easUeeddiio teapdegttureish I5C aavis ymex&ukbrent

frequency of 100
compression mold is antecedently melted and cured.

[0028]
In case that the resin composition for encapsulating
25 a semiconductor of the present invention is measured with
a dielectric analyzexr under a measureﬁent temperature of

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



5 Hz, the tinme fromthe 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 nore than
6.5, and the tinme interval between the time fromthe initiation of

t he measurement until the ion 10 viscosigy reaching 90% of an ion
viscosity val ue nmeasured at 300 seconds and the tine fromthe
initiation of the measurenment until a decrease of the ion viscosity

to the | oest YHACESIIOS| Y§lie 10 seedhes adrlyY ongér mane vikanof ttheand
range satisfying the above requirenents, preferably 15 used_are those
havi ng a PYeify BRefemakt vir Bodr ™0 BE phBAy @n$uctﬁﬁéqrih%elﬁﬁﬁﬁﬁn%@n
structure and a hydroxyl equivalent of not |ess than 160. [0040] The

|l ower |im%SfF°%h Ymﬁﬁ%beréF|SQﬁ BRESt SHAR P B ngPRY agarp s igiit
partlcular%y limted, but referably not | ess than 0.8% by mass

and nore fretterabl ﬁaﬁ& Crfesg f"Fr ¥ L 35@/6“S§rrer¥as%f BB G t HR2F0 HIR,
t I th the | t
Pt e BRI S PR R Cn Rt Hargn?%ﬁ%&vﬁeﬂmﬁ' ﬁa'g}em?%'cﬁ- a&' 0523
On the other hand, th upper Ilrn# of the ﬁlXIn% 3{ F B} .
curing ag&Tc4%s® hof ™ m’%gﬁlgﬁ%P F i PES W TRRFT Bt Ft51€7% eﬁ%fﬁﬂﬁ}

t han .10% b ferabl t t % by,
s, bastd o URe o Ut B0 7E L aRbBSFL FBR. e CRIE ¢ RRECLne L ifparc
limt of t | d
esi st Snc%q‘%ﬁ B R bR e e e f‘pﬁi‘ﬁ%%? et et on%éleﬁ%h‘iarefy
time untih ﬁ]dce{aeag%tof i Neg! gﬂ:lé’féf% W AQthe dowast i an 4nqg Jore

Vi scosity, owest ion visc the finme i nterval betwe

the tigre Ypldde 11, Oﬂo\(:' §%%% %Jr?@*lrﬂ%c%@ﬂ%r%”ci?ﬂ Hfs&é’éh&%e ce

value relative to t hi ghest value and the tine until a decrease o

the ion 1QsvipsGosity SH bhe et LR WS CO81 LY palt iGA5 €L HRl QN the
viscosity is measured with a dielectric analyzer, it is preferable

that the wexiing visdd&sis yPHRRYIMYs COREEAIsliek tepeadire on ke Jind e
the curing agent in use. [0041] 15Meanwhile, in case that a phenollc

resin curidgeageMohsvilsedb a5t @ GHLURY agedts 88 ke Mooyl dblimudfof
all the epoxy resins to all the phenol resin curing agents, the

equi val ent hieatiign (£Rs/(EH) ¢ of vheidufibem afh €poxy tdratipsn( 6F) wie al |
t he epoxy resins to the nunber of phenolic
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
256 an ion viscosity value measured at 300 seconds is

preferably 10 seconds or longer and more preferably 14

seconds or longex. In case that the time interval between



20 hydroxyl groups (OH) of all the phenol resin curing agents is
preferably from0.8 or nore to 1.3 or less. In case that the
equivalent ratiois within this range, sufficient curability nmay be
achi eved during nolding of the resin conposition. In case that the
equivalent ratio is within 25 this rangg, excellent properties in the
resin cured product may be achieved. Furthernore, in consideration of
a reduction of warpage in an area surface nmount 32 sem conductor
package, the dquieaferim rdte olQEpiR)ioi olie tinerbesaofi repeat gnoapd a
(Ep) of all the epoxy resins to the nunber of phenolic hydroxyl

groups (PHecefeamde ehetlaring ugemicss ity ptefehablypvwesit dold edi.scosity
depending on the kind of 5 the curing accelerator in use such that

cur abi | i t §nef thife tigss f xonpbBet ioatast i¢e gfatbetmapasiuyiegment until
tenperature of the resin cured product or thermal time elastic
modul us akFBe FPToVEds CEgiitherrirehing 88tsicderant i banovislse 3ihE viadue
a decrease of the ion viscosity to the |owest ion 10 viscosity, the

| onest® i oReRISSERTtFE ARG SIRECAnFe At BAkall Dot viekAnt RE e idhe Ut Lpver
the ion viscaosity reaching 90% of an ion viscosity value relative to
the hi ghest™idi-uetBRdst He t}hbLdGt AT anbedicdse® bf Cons ingh dpdessitye
to the | owest .ion viscosity, in case that ion viscosiﬂﬁ IS nmeasured

with 15 atdildidd Q% EOhf§zere £ resdiertdh hpkendmf ithd Resoures of
fnd the: JRENBREAS y cOR: BTG Sacht | TPREE | TO6A09TI0R: ‘LHES Aok peval
Coventi orB SRl B be drntm; ENsoad L Shatadn 1 b BPasi T onsat
bresaly | RERT Srees et ot SRARDYE PR ATN TP kRSO L s T rg om

reaction pf S AROXY, GLOYR Wi {3 F}!}e&{?”cﬁeh?/i XYL +QIQUR, £ 3pd L hOSE
€ Exarnpl es

used for an encapsul ation mateérial i'n general can used:.

‘thereof i'rggggtaerebréénéi'@ﬁ?gflw%gjme@@s%%fl@g}i%%%L%egzlq SRl AlChon

s 1, 8 - a zabicyclo 4, undecene - ( am ne
corrpoundsv%%ﬁ%d%w@m@ G A8 u rlkeNZy db et *yé&%g% gnd ﬁ%&;_ I ke;

i m dazol e conpoun such as 2-nethylimdazole 5 and the |1 organic

phosphi nesa sughk: Asa £ L iphenyl A0Sl Ney MBtdyé dbpheny @SR 5843NE »
the like; tetra-substituted phosphoniumtetra-substituted borate

such 13s tghbaRRanydnfhpsphond Herkenaphesyl sk @s bet raphenyl
phosphonium tetra benzoic acid borate, 10 tetraphenyl phosphoni um

tetra naphdheiieeaci slgbonatet heehbapheryls pOs9hoNt bAttel 182 PaBhEBOYhe
oxy borate, tetraphenyl phosphoniumtetra naphthyl oxy borate and the
| i ke; andchriphanyt y phosphvae e, t i hee paasin a0ae iaddeds tihesetod dheseo
maybe used al one or in conbination of two 15 or nore kinds. Anmong
t hese, sultabky seskdf aequehosphof us latoncont airniheg € onpotirds rseie haas
a tetra-substituted
meolsture 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 compositicn for encapsulating



— R

phosphoni um conpound, a phosphobet ai ne conpound, an adduct of a
phosphi ne conpound and a qui none conpound, an adduct of a phosphoni um
conpound and a sil ane conpound, 20 and the like. Also, In case that
the resin conposition is nmeasured with a dielectric analyzer under a
measur enent tenperature of 175C and a ngasurenent frequency of 100

Hz, the time fromthe initiation of the neasurenent until a decrease
of the ion viscosity to the | owest ion viscosity 25 is 20 seconds or
shorter, ®eheemiwenrdieias sthdihy aeg senits iagtempt ent hanmeasurgd wikh
time interval between the tinme fromthe initiation of the nmeasurenent
until thed &debaciricosinglyeqa&hPAESI0R FFeanuremanscosrpgradiumee of
measured at 300 seconds and the tine fromthe initiation of the

nmeasur emeft! urft 13" 4 HSFRRLEeHEhd B REI0 8Tt ¢ Otlo Hizhe thGE g drrom
viscosity is 10 seconds or longer. In view of 5 the range satisfyin
the abovet™P&qditelbfs Cpodt dithiBFaZrgemE Lt ARThy acdersrdss of the

havi ng_| at ency whi ch becones excellent_in a bal ance anong |

vi scost t y X hethafostdn! 1 Feytand Dk R T%ﬁﬁgflﬁyﬂﬁﬁlgﬁgﬁﬁqQﬁqs
f th i Xi ti f_the whol [ I t i s, f bl t
Pess than, TIChy Fass iR 1HEST 6t 5P B8P HOGapbeiaT 8. 11  tadlp k% dthan

the | l'i_m t_ of i Xi rati he whol [ I t

e oer o T 80 We TN gt he whole et o 2oseler Aty
e R T R e T R
conposi tigR.. 4y f?gettohaﬁhé heouRRar {44 i%fcoté‘ftg‘ X0 il 1 050 e
whol e curing accelerator is wthin the above range, su flc!en%

[ ovafy |1 L4 08 205 86NV ede RUECORER: WA COPNHErAbLOP; Qb y
time until a decrease of the ion viscosity to the Towest ion

Vi scosi ty,oLhg 1 Quesiye ANs VARCAY Vv 1 8RE Sl t{r]g@denf[r@ééféhrl%%i WeEN300

the tinme until thé ion viscosity reaching 90% of an ion viscosity
val ue rel gkices 49 ddhe higheshavabyerandidhe siveh 20 WHid AofAE6583SBn
of the ion viscosity to the |owest ion'viscosity, in case that ion
Vi scosi tychs BRASWed Mebhby dicghact 1hg BRal X268l df dde PEgbakabkein,
that the mxing 35 ratio is properly controlled depending on'the
kKind of thaeClliritPecRiret alrd tine beeid P44 18 rbhe f £ the mixing
conposition for encapsulating a 5 sem conductor of the present
i nvents onraan.d noigaeiof fither pasrttsetle FHez¢ n@lganiibdtibar ofsech&or
the resin conposition for encapsul ating a sem conductor of the
present i gvemulori serdin pasthpowidrdynl ifrit esh asplsarig asngt al s
generally used for a sem conductor encapsul ation 10 nmaterial, and
exanpl es spuliwendititeoa ,sughdashenl X 2hecrushed silica, nolten
spherical silica, crystal silica, secondary aggregated silica and the
l'i ke; al um n&®0Bi2tlani um whi te; al um num hydroxide; talc; clay; mca;
glass fiber and the |ike. Anong these, particularly

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

25 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



15 preferably used is nolten spherical silica. It is preferable that
the particle shape is infinitely nearly spherical. Furthernore, the
anount of the inorganic filler nmay be increased by m xing particles
having different sizes. in case that the resin conposition is 20
measured with a dielectric anal yzer undgr a neasurenent tenperature

of 175C and a neasurenent frequency of 100 Hz, the time fromthe
initiation of the nmeasurenent until a decrease of the ion viscosity
to the | onestmnadtomekrscddidy the2@ksavomndsper dhiouiey, athee Howeshgieorm £
viscosity value 25 is not nore than 6.5, and the tinme interval

bet ween t hentviawel fgomd heeiahtingt,i i adfi t heedeasoreventc amd 1 £ ¢ heainare
viscosity reaching 90% of an ion viscosity value neasured 36 at 300
seconds afddt lsxa¢ hkehtorahahinic isatdwnaol che neasacbiemednwithaut
decrease of the ion viscosity to the lowest ion viscosity is 10
seconds OFaMGHgEs .agdHropew igin the adingeioat paf ey ciievehanee path of
requi rements, preferably 5 used is nolten spherical silica. [0045]

The | dwerthenf enFeHaRCP IL¢DNEf SHRE PR Jdrk 22 Filrnef ciesl gf oftechisl yike,
not | ess than 78% by mass, nore preferably not |ess than 80% by nmass
and parti 28l &FERHRARE P yE BBt CADVEYSN G A1 BB byO ResRe phled Band,
the total_resin conposition. in case that the lower lim¢t of_ the

rati o of ¥ReC@afst ggﬁiié fihg eFafd Wit hi RieRe HiR ePrEtgE L @8 PRYLINGI 2
properties of .a cure product of .the resin copposition, excellent

sol der cr%‘afiit:ﬁﬁjreeéf%%)%ﬁggrnﬁ B& St d OF tHBut S o F TRPE5sFRg ™ hbe

t of_nist bsor pt | d it hout reduci trength. .
Furt her ot 85 VEBERSTer 11Thi ¢ T CERE 1737 IRP 0T L EHE 3 AdTpaftc 1911 6 VRLY

f bl t h 3% bl y .not th
o106 B neARCRRE Tt L Eurs T Yo R aPG abth oot Mot o CRart 906 by RASE T
b d 20 {Qt j it hat. the . imt
pesed 20 B0kAR WAL EILNARTROS Lk oL BeeBREL LA e DL s L,
excet ent gl gabid LY BB e BERLRNLL AL DAY d /R8T LIS { Nehe son
flowability. Furthernore, i n case that the resin conpositionis

measur ed Méﬁo%i%&'%%&hﬁn@@'o\@%rf 2% ‘i%qaerviasé@g.sﬂlfé/gqﬁg}ue relative

tenperature of 17 a nmeasurenent frequency o the tine

fromthe 4 &i that iﬁ?gﬁiés%h‘%ra{'?@éuri%m’éﬂs_i‘ﬂ&i b2 desrgase f FRRgO%n

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

the ligwestoh@R tMicr @I dY M UL 4 8089t yREenthan P witd 4 B8 d1d B ric
interval between the tine fromthe initiation of the neasurenent

until theah@DyviesCashd¥ rl eactd Hgu20Wetft aehPB 2 tMi 8608t Y M ®l€and a
nmeasured at 300 seconds and the time fromthe initiation of the
measur eneié a Hotridm e tle€reasfe Wyt BE 100 ViS£08hierdPo tBeshewesd +8Pio

viscosity is 10 seconds or longer. In view of the range satisfying
t he abovel s gguefermdd, thesegntiantcdfet hraitnangant£tibl ber miscA®fine
preferably set to be lower in the ranges in which excellent solder
resi stangearsioltes ety ih0046particle 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 limit 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.



The resin conposition for encapsul ating a sem conductor of the
present invention, in addition to the 15 aforenenti oned conponents,
may contain, as necessary, various additives such as coupling agents
such as y-gl yci doxypropyl trimethoxysilane and the |ike; coloring
agents such as carbon black and the |ikgj rel ease agents such as

nat ural wax, synthesized wax, a higher fatty acid 20 or a netal salt
thereof, paraffin and the |like; |ow stress conponents such as
silicone oil [08i33kone rubber and the like: and anti-oxidants. [0047]
Next, the nethod for obtaining a resin conposition for 25 i
encapsul ati n§Pa e eBAddGio? ®f 2eh& hr esér HiR@entPoflafi¢rmpacd by
descri bed. The resin conposition for encapsul ating a sem conductor of
the presefift SventFBR €XRNBR Her HLR ROFRRTHEdPRg foF £eihsglating
including nelt kneading a m xture obtained by unifaormy m xing_the

af or enent Foﬁ@dmc%ﬁﬁgh’éﬂ%%? Bthdh adaf EPFES ot PTRE TR BEHRG TP

exanple, a mxer qr the like_at an ordinary tenperature using a 5
Kneadithy RECRIAESUEH=XE S nERer GAGEO ATkRORTTS BR UG HE o i 2
l'i ke, follow ng by, cooling and, pul verizing, anq(rennvin coarse .
par 11l o5 AAE M orTReoDog FPEFEE ot HE P BT 80 hal of APEEr Chedy 3% by
referred to as the pulverizing-sjeving nmethod), a methaqd includi
meking a T05hel A% (B2AEAr e Tt BBAB0SIAY QAT Rt 5UGFar €Y 37 SPhe Do sed
i ke. Preferably ' hod. of , granul.ating in.view.,of t ield
rate in tﬁg %ﬁ%%@??‘%n!:%?%tnhng%%n s?s(r)llEgPr%dsthﬂE Siv, ?Ars%hae %eatthlo% Og'TeC%arse
granul ati t; h includi i ruder, i

G i oh B et Epoh Sy i S ses e d AR YESPe AR TR B AR
and tipgea tenesd N exksyded, from.s or, t e
die iciﬁﬂa stran or mut??iséng a cutter sli Eengr%’%/é?gt gﬁsncgé%?%gggjqanaﬁg
paral l el f@iihe dhe surlags e PRE S kS HRfeTd 8y E 088 ehla
hot-cuttinglnetﬁggf and t%elﬁﬁﬁe. However, iﬁffb considerat?gn ofg%.on
probl em oﬁligatrrdga! seeplarafi ELb6t AR IREakh POWeE Rhstdhe dkkellent
preferably used is a method for obtaining a granular resin

conposi ti QB iferiepcaped A éPgcansesd CORAUE VI PY asiuPRl¥EH9ddngly the
nmel t - kneaded resin conposition to the inside of a rotor conposed of a
25 cylindgiheali wpt 6F perdghecahdanit bondavidy arples ahd Ly i0fg st@h! be
pores and a di sk-shaped bottom surface in which a tenperature is

adj ustied byausd vied.diFectherrmdowéef ech cB9ehenhitngheeans iicnod Bwlatireie
state, and allowi ng the resin conposition to pass through small pores
by centripuagali dleschabtiaignedsbhyet hd 2otmtoomgoéatke det obt more than
(hereinafter also referred to as the centrifugal powdering nethod).
The 5 gr ahbkarbr@&se nupeEeposl Lindre,f gre tndags Wad i og rd rsepm €orduct De

can be obtai ned by adjusting proper production conditions in this

met hod, wherdiicléen ane peat i tedadiizee Hystdpillbutd dn asdddites nt hug Hyrom
sieving using JIS standard sieves, the ratio of microfine particles

10 havi ngthepantitc at dpanefef hef Meassu r fA/ MOE M 1 s2 g cheRs € Iedh 1898
by mass, relative to the whole resin conposition for encapsulating a
senmi ShdutPBrvasEahetyafPotbe EoHESE pamt ivdl=®o hatiynd Saeparitlix i the
dianmeter of 2 mmor greater is not nore than 396bg mass, relative to

t he total PFEPSTF ERRBRPHE CioGiE ot 2Bt Ps MIRFPYLEYsdf SSRIRIEESE with

[0048] a dielectric analyzer under a measurement temperature of
175°C and a measurement frequency of 100 Hz; therefore,
such a ratio 1s also preferred. In case that the ratio

25 of coarse particles having a size of 2 mm or greater is
not more than the above upper limit, at the molding stage,

there is 1little risk of causing uneven curing or partial



Next, the centrifugal powdering nmethod, one exanple of a production
met hod for obtaining the epoxy resin conposition for encapsul ating a
sem conduct or of the 20 present invention, wll be described in nore
detail with reference to the drawings. Fig. 4 is illustrates a
schemati c di agram of one exanple from t kneading of a resin
conposition until collection of a granular resin conposition in order
to obtain a granul ar epoxy resin 25 conposition for encapsul ating a
sen conduetiare shiskp & d hledttiag emn @ crOBsg Sef tdoanas e \p £ Ok 1@ having
exanpl e of an exciting coil for heating a rotor and a cylindrical
outer 40aperizerdl 2porti on gfrddieerotare FeBhathviell wsdedbged
cross-sectional view of one exanple of a double tube cylindrical body
for suppl Yurd hdenaskt, - kiltadédwessi hivanpasi tiba rettie o6t cvarse

5[ 0049] The epoxy resin conposition which is nelt-kneaded at a
twi n screpasttirabdes 2 ingsappliatl ©6 £hen nst dgrefater ofer n2(l

t hrough a doubl e tube cylindrical body 205 cool ed by a cool ant

bet weeh aRairddetuparll vaddiahtedterangdl Lt AavioeehP$ thyemasgs-is
preferable that the double tube cylindrical body 205 is cool ed using
a cool ant sut®O8KHdt the nelt-kneaded epoxy resin conposition is not
attached to a wall of the double tube cylindrical body 205. Even when
t he epoxy re&F i hpdlrt PENMEE s¥dHd hudie IR2 Shppliced 1B & gtribution
filamentous shape by supplying the epoxy, resin conposition to the
rotor 201°Eht&Syte % %u&(‘j‘d’olreegﬁﬂecﬁﬂﬂ‘?\ﬂ%?:&&ln'béﬁiﬁ§95,abtlﬁé epBly is a
resin conposition can be stably supplied w thout overflow ng fromthe
fotor 201MBYhoth TBEAEINGI GFRET ol b SOETHEBA P IR et YAREDO50]
The rqtor_201.i s connecte 0 a mt 210 an be rotate t .an

ar bi tﬁ)ar y2RAMET oF Pgt Z'?OoismmAngyﬁ%dP’flcﬁP%o&taOg? H8r ilﬁ‘ﬁgrag]r fﬁﬂr o rf
202 having a, plurality af smal ores arranged on the outer perdpher
of the ro?SFtﬁﬁLF%pESS&%Rﬁdgh4h%$'ac Séiﬁklﬂﬁtgﬂﬁﬁm§%§,%ﬁmﬁ?sg
heated by, d ur.r. S, - “hysteresi sz lqQss acconmpanied.b
passi ng o?ﬁgﬁu% )eépgéa%i*ﬁegienga(gaﬁgjt?{;’: %$€§Eégn§§§%§ds tlﬁg%eﬂove@a perloyd

ol ect i cably, §pIGeliq. allufeRoyer pstpely geperated i TREns.0k)2na

AC power Supply generati vice 0 an éxciting col

arranged §0¢Lh& M £481 EVpy EX2ERI 6% B Ahe BENELLS L TR £t RO3s i eves
include an iron material,

16 of 2.00 mm and 1.00 mm and % by mass of microfine particles
passing through the sieve of 106 um, based on the total
sample mass before classifying because properties
necessary for actual compression molding are realized. In
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 compcnents classified under the above certain

25 conditions.

[0035]

Furthermore, the resin composition for encapsulating



5 silicon steel and the like. One or two or nore of the nagnetic
materials 203 may be used in conbination. The vicinity of small pores
of the cylindrical outer peripheral portion 202 having a plurality of
smal| pores nmay not be formed of the sanme material as the nagnetic 10
material 203, and may be forned, for ex | e, of a nonmagnetic
materi al having a high thermal conductivity. So, the vicinity of

smal | pores of the cylindrical outer peripheral portion 202 can al so
be heat edaby dmeat codmdure ¥ ofofr gmnnbeelhsdtatd nagaddnic wai ehi dla208ean
a heat 15 source by having the magnetic material 203 at its upper and
| oner por tisess. fERAnphes f st heagommjhbvee Yredrp ap diued wlet aopsat by
alum numand the like, and one or two or nore of the nonmagnetic

mat er i al sPHEY el ngcde FRECHHN hadwma thel apoxympesion v fosn gidAdixer,
supplied to 20 the inside of the rotor 201, and then flies to the
heat ed cyPRRdEhed ko@atiperi bheragapdmd &y pe2 of 2 ed digq npghdane
obtained by the rotation of the rotor 201 using the notor 210. ££051]
25The ®pokYSfesth BomPdst T ondwWKinGE 7§ Zhr AUYhe X FAtsiedon Gct il thi kRe
heat ed cylindri cal outercperi heral portion 202 having a,plyrality of
smal | por £81d451$9 Bas&Relup tﬁ%%dﬁu%%ﬁql%b?ﬁs ¥ gt yﬁquﬁ?%m
outer peri heLal%%ortionéggg ang i.s, di schar,ged wi { hout causjng,an

i ncr ease BfLHe Wel £ H¢Ss 1Pt Heat PG eitiight REGr & Ve pELI DG the

arbitraril et dependi ng on the properties the epoxy 5.resin

Sommos: 11 ol SEBER S L RS R REEBr St LB aRB Bi¥RY, the
excessively ingreased, curi.ng of _the epoxy, resin conpasitiEn. praoceeds
o hat TRk 5P iy o e Ha hOE SROKHL LSRR COTRRRL fo. o) BEAC R

out er, per § pergl POLLLAN 20208 6,1,000€d Iy SOURCASRS, » HOWRVElos LD

the 10 case of the proper tenperdture céndition, e confact time o

Uhe resi nocoanes) 410RWitdl Les gyld ek | $ahnOubelq pet L aberal s PORLAN 43

202 is ex?rene y short, so that an ect ont owa Ity 1s

ext r enel yb?”}%lss Ieealgyﬁmgggel aQut %eowaqh?r@émwﬁ&it%@% WiNGie

a 15 plurafity of small pores is evenly heated, so that partia

change i n,phe ifd owebi biet ¥4 $t exblhen®ly. smahlso Al $9. aflh%xmn;g@éi b¥ he
smal | pores of the cylindrical outer peripheral portion 202 can be

arbitrariby13disted bPcATOCIAL 110e WbA viche: Dakhiclesshapempdstike on
particle size 20 distribution of the resin conposition in use. [0052]

The grsanukak &8slap LONPOShig ans Bhiiel H udtsehabgedohprgdi SABhb1ding,
pores of the cylindrical outer peripheral portion 202 is collected,
for exanphe,dabcaioadeintPikanese Patent Application Laid-Open No.
2000-021908 (Patent Document 1), “an epoxy resin molding
material is coarse particles obtained by cutting
pulverized fine powder or granules obtained by solidifying
20 fine powder” (paragraph 0010 of Patent Document 1).
Bccording to Examples of the document, the granular resin
compositicon for encapsulating a semlconductor 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



25 208 installed on the periphery of the rotor 201. It is preferable
that the outer tank 208 is installed such that a collision surface
agai nst which the granul ar epoxy resin 43 conposition passing
t hrough smal|l pores of the cylindrical outer peripheral portion 202
and flying collides has a slop of from to 80 degrees and
preferably 25 to 65 degrees to the flying direction of the granul ar
epoxy resin 5 conposition, in order to prevent attachnment of the
granul ar mpoxyf rigse npedrmeosiiednpoptimdthe onnehewdlilkeand Thustoh sagnuotge
t he granul ar epoxy resin conpositions. Wen the slope of the
col | i si onepwrace geh aud véing mad 1 ya hgddbsredfhierh iof RaiesepoRycnesint
conposition is not nore than 10 the above upper limt, the collision
ener gy of 1t k@ngrannkdr apokyer sint cohpesinavhngan Isd fal 0§ 2 mm or
di spersed, so that there is little risk of causing attachment onto
the wal |l SaeRdr ©n ehe Ihefilgant amednthe slppedstighencoliti sisn
surface relative to the flying direction of the epoxy resin 15
conpodl t | BANSE X efleddrathahh BHE dbdOYVeRPoRES T APELIothe | GRAF igpeeds
of the granul ar epoxy resin conposition can be fully reduced, so
that, evefCPHthP2hsécdCSdtdRdRAY cHY3Sidh AgANNSE GKeaker in the
surface of the outer tank, there is little risk of causing attachnment
onto its BREEMEHT nafPDRERSLS f QREL IHD53FEP Yisaiht | 899fePihRer in
tenperature at the coIIish?n surf.ace agai nst which the granul ar epoxy
resin conpb§iti%n tBFI PFETBRELTES thi gh, the granul ar epoxy resin 25
conposition Lﬁoggaily attached, so that it is preferable that a
cool ing jack is arranged on the periphery of the collision
surface for ,cooli the collision surface,. .44 The_.i nner. di aneter of
t he glﬁot er ta}?&gaﬁg‘q&reﬁ er'abf Y RaS “Such” am%%gé‘ntc-ﬁatec B%2° gt EntiPaP S&Foxy
resin co tti.on. i s, f y | e S vent.i atta of the
granularn§%§¥yJ&Q%%%tcgh%ogggﬁéhq%ﬁ%QH%%gﬁgnﬁgF %%ﬁﬁ’aﬁﬁﬁgﬁé.%nr SLiy
—anong—t he 1l - 0] esi: St I n ; rales-. alr_flows,
The Tot att on of Ths T ot eroot L8R roaWing; | SEREES e Bl {pb  SrosBe

However , fé)g_dLn\A@_HdtHE)/lgﬁgir%tlrgQMié Dﬁ%é%#i?ﬂeﬁi%ﬁa% t%gen

outer tank 208 is varie ependi ng on the anount eresinitd

treated. {Q HOWRMEkagbobexpmpherd FagestialctheednanEl ey af chhe,
rotor 201 is 20 cm attachnment and fusion can be prevented as | ong as

the imgnercdian@leays f £ thee RE SInt 3AKL ROBchgpabeulr LQAMMe| 095 ckage
15Then, the sem conductor device of the present invention obtained by

encapsul as £ ng @a 8Bk gRGUGHOFu et RNt yi £NPI €85 QM JBE B AL WS PFsin
the granular resin conposition for encapsulating a sem conductor w ||

be illustsmt etle ldiciglestraldy, nhhe one S wdphor wabi@hnivag @ifficult in
sem conductor 20 devi ce obtained by encapsul ati ng a sem conduct or
el ement byr aosyireas siodrd g di tlge ysd Bagkec ghaind lnes 1 dedi wicanpoesdt y 081d
of the present invention is the sane as nentioned above. The
sem conduc4d e eligrtentteccapsihat €dillutde semiconslustare deweep amd he
present invention is
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



25 not particularly imted, and exanples include integrated

circuits,

| arge scale integrated circuits, transistors, thyristors,

di odes and the like. 45 [0055] The shape of the sem conductor device
of the present invention is not particularly limted, and exanpl es
include ball grid arrays (BGAs), MAP tyfe BGAs and the like. 5 It can
al so be applied to a dual in-line package (D P), a plastic |eaded
chip carrier (PLCC), a quad flat package (QFP), a |low profile quad
fl at packaggde€Ek@Re cf $ips i oguvliiswe patkage {SOR)owassnhbh viskioslty

J-| eaded

package (S0J), a thin small outline package (TSOP), a thin

quad 10 fEia&t lPacieeendFOFR) st 1hps  cahs dopagkagen( 7Té®coalishi yalue
size package (CSP), a quad flat non-l|eaded package (QFN), a snal

out| i ne néA- Nkl dBO Bac kdd (SONy, ad dalef fdme B eEraBGhehngerhdhe
l'i ke. [0056] 15The sem conductor device of the present invention
obt ai ned By TeéncHpshlaki A§CE HE cOAdGECE VN sheREOPidH & @uFBE lowest
product of the resin conposition by conpression nolding is used as it
is or 3s ABENY&E S by FSEh D hiidd et bt b At VISP oL EVyT REFITGRY

the resin_caonpasition 20 at a tenperature of about 80C to,200C over. a

period of AGo8E @B IR LICPE fY NAHRS GTDOBY] VEeF 8i hAfi Rt 9DEsd value
sem conduct or. devi ce i.ncl udi alead fra or circui,t baard, .one
or more st dhdiREOPDS T ehBREE A -am MAT LA HobRESd it TaF aF Lalk G

the | ead

frame or the circuit board

, bondin mﬁrEF.for electrical Ly
connectinaxﬂﬁf%%%dwffﬁﬁe%ﬂ'ﬁ%ﬁfcﬁr%ﬁ?toﬁogpg &nd % he® gt more than

sem condu
encapsul a

be d ri
present |

§ or._elenents, and an encapsul ation material for

|néHQhe sem conductor elenents and the bonding wires wll
bed P53qqtail with reference to the draw ngs. However, the
nveﬁ ron‘is not 5 restricted to the sem conductor devices

usi ng bm““nﬁnwkwgiresin composition for encapsulating a

i5

20

25

semiconductor of the present invention, an epoxy resin is
used. The epoxy resin used for the resin composition of
the present invention may generally be monomers, oligomers,
and polymers having two or more epoxy groups in one
molecule. The molecular weight and molecular structure
therecof are not particularly limited, and examples include
crystalline epoxy resins such as a biphenyl type epoxy
resin, a bisphenol A type epoxy resin, a bisphencl F type
epoxy resin, a stilbene type epoxy resin, a hydroguinone
type epoxy resin and the like; noveolac type epoxy resins
such as a cresol novelac type epoxy resin, a phenol novolac
type epoxy resin, a naphthol novolac type epoxy resin and
the like; phenol aralkyl type epoxy resins such as a phenol
aralkyl type epoxy resin having a phenylene structure, a
phenol aralkyl type epoxy resin having a biphenylene

structure, a naphthol aralkyl type epoxy resin having a



[ 0058]

Fig. 7 is a view show ng a cross-sectional structure of one

exanpl e of a sem conductor device obtained by 10 encapsul ating a

sem conduct or el enent nounted on a die pad of a |lead frane using the
epoxy resin conposition for encapsul ating a sem conductor according
to the present invention. A seni conduct el ement 301 is fixed
through a die bond material cured product 302 on a die pad 303. 15 An
el ectrode pad of the sem conductor elenent 301 and a | ead frane 305
are connephechybyemeass rofclauner @304t héhé isem conddetrort Ebea@nte By
is encapsul ated with an encapsul ation nmaterial 306 conposed of a
cured prodestiraf shehr esi m donppbemicdmé bhaercdpsme aphrgod resin, an
sem conduct or. 20[ 0059] Fig. 8 is a view show ng a cross-sectional
st ruct ur eadfk ydranesafplesl &fr i senpdoedina ve dewecehebrdi ned iy and the
encapsul ating a sem conductor el ement nounted on a circuit board

usi ng t helépéry mediAicshpsenpdn Hxwe eAPEPII BESAGS2F uch as a

sem conductor according to the present invention. A sem conductor

el emer®t 38icys ioanedteriGrmhRodid IRAdPRENE] af YRGr € PFHdLes 1302 an
a circuit board 308. An 47 electrode pad 307 of the sem conduct or

el ement 3DETrREFBTRefelrHO NP B0 BR *hexyi Fegit pasr Bhgodikes and
connect ed béﬁneans of awre 304. Only one side on which the

sem condul€

TOGHehE CIEE M FRBLEIELNE BEHY 3085185 Tocht 88 ix

encapsul ated with an encapsul ati o terial 306 conposed. of. a red
DUl oL et ShEleaps U st on B RSt oLn LU

product of TtA& EhoxyuF
sem cond
connect e

ToRPESItHoNI f BP Ot apsh

. Th | t d 307 on th it b 308
FhPoR TR tdS AP PE S05RE GF nbR. SRTUT hied BMd h Phemore

e PRERE 0 AR b LS £ ¢ AT T P R IR RS E Bh e
et o E e e .
RSP, ST A S e
P 9000 FobYpet Mo £00%e {67 Na B o £ ABNAIVY PAGEY TdiehkL© cesin

poi nt :

52&5v?ﬂ%?%zﬁg?%§?ﬁyﬂéng7gkruc{@gg@iéh#eéin 1: 6.42 parts by

mass of a phen resin having a

i'phenyl ene structure

(MEH 78514 1 PRRufAct WE gd ikvn Meh v 1 Piasd | gnbadustyygs. ebidky sebtieni ng
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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
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, preferably



25 point: 67C, hydroxyl equivalent: 203) Curing accelerator 1
(TPPB(), manufactured by Hokko Chem cal Industry Co., Ltd.)0.55 parts
by mass 48 Mol ten spherical silica (FB-560, nmanufactured by Denki
Kagaku Kogyo Kabushi ki Kai sha, average particle dianmeter: 30 um 84

parts by nass Coupl i ng agent (KBhM 803, nmanufactured by
Shin-Etsu 5 Chem cal Co., Ltd.) 0.2 parts by mass Carnauba wax 0.3
parts by mass [0061] The above m xed raw naterials of the resin

conposi t i wssde rentpsid aeivign @ & brmdorivét ot rweite yrulbivekbzedoded uiDa r
m xed by use of a super mi xer for 5 mnutes, and then the m xed raw
mat eri al s Sweruc el e- kmehdetl apPry @ ¢vivetarithge fwne tsdreww ekhender8 0 .
equi pped with a cylinder having an inner dianeter of 65 mmw th the
nunber of scf@®W3Edtati ons of 30 RPM at a resin tenperature of 100C,
whereby a 15 nelt-kneaded resin conposition was prepared.

Subsequent | yThehé oy 1 -kheaded fr &d1%h worpBei FRSH et skippl YBL1& epoxy
rate of 2 kg/hr fromthe upper side of the rotor having a dianeter of
20 cm® ande@1Tbwed PBtp&ST t hFBdG by pl iRdtadr JPuEmdlti iporRsefsdaPly
di ameter: 2.5 m‘gcﬁ/ZO of the heated cxl indrical outer Reri pher al
portion aP°F13€5%F TR 11 % JYaI™F 8P cRMEFaTFed IR S haP L et Bttork &5F° (Hn

rotor at 3,000 RPM whereby a granular resin conpositiaqn for
encapsul agﬁn Yal8&ic RRRE 7 wa eoBPﬁiaHea.es[Jdbg%mE%E%aHp?%s I Fape

and Conpa titv HEX les. 1 t. %ffA %ordi.n to m x.téjries sg% ] Tab!be v
1 granul &Rl LOMBOSIEFDNS Ofof IEnRApeBrATy 3 el CanthCtT 5P e
49 Bxanpl 528,40 ¢ 20d Gormar atihve JExapples oL [0 0 aLE P ALDRY N of
10 the flowability oxr the 1like. The upper limit of the mixing
ratio of the whole epoxy 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. Purthermore, 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 wviscosity 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 is properly adijusted depending on the kind of the

epoxy resin in use.

[0039]



Exanples 5 to 7 5In the sane manner as in Exanple 1, the raw
materials were pulverized and m xed by use of a super mxer for 5

m nutes, and then the m xed raw materials were nelt-kneaded using a
co-rotating twin screw extruder equipped with a cylinder having an

i nner dianeter of 65 10 mmw th the nunfger of screw rotations of 30
RPM at a resin tenperature of 100C, and then nmade into a sheet form
with a sheeting roller, followed by cooling and pul veri zi ng.
Thereafter, Thetpar tresensicompl sitiloun i Dos eeca @moplstédousa ng
sieves so as to have the anmounts of mcrofine 15 particles and the
anount s of epdareed patircbds tdowr ¢ seTabi aventémer eby grahobasgeedi s
conpositions for encapsul ating a sem conductor of Exanples 5 to 7
were obt akaed. . [ Gb&4jcR0Cvapag anitve sBaGrfppe The refivheostmes khAmer of
as in Exanple 2, the raw naterials were pulverized and m xed by use
of a supefnfi REE sfgrt 5Ly aDtden difd e ahel ailéd haw yat bedaks wWweng
mel t - kneaded using a co-rotating twi n screw extruder 25 equipped w th
a cyl i*nde? Shal il & § ket Ticgifet 2? Wi tBRMARR XN dhel Aurbed F2BRAEW
rotations of 30 RPMat a resin tenperature of 100C, and then made
into a sheBereSmif¢hudsoss reHeEr F nghrdm & 1nke F ofed LB ictRri hyvand
pul verizing, Thereafter, the particle size distribution was adjusted
usi ng si eve§%d hsCREPRAVE tPRSafo Tt ?F AtOFEREIPEM i t% es and the
anount of coarstg}ffrti cl.es shown in Tabl ﬁ]hS 2, Wherehy a granul ar

resin conpdsiei SR CEIATHSRT at EAF TR YHTNET ORI Conpar at i ve

Exanpl e 7 was o taij;ed.e 50065% 0'1'10 Lng are_the raw erials

used, ot HRFXER&T THoSE SIS T RS ERADI & . L1003 F88i%h Sé?ci as

tri phenyl net hane t XV [ esjin 10321- 160, manufactured by, Japan

Epoxryl%ResrlnnlD e.n,yll_%g.gfﬁ%%]f Ehi n% Bkc}lgn yzal%% ,glgbnolx%e@q%i D\fé{ﬁgn e?/djlal%me’

Epoxy resjn,3._ jﬂ‘l‘ | -t sin (YX-4000,

manuf act uar’eé b;ﬁ apgﬁgééc?gly&%g%ﬁ%%gé%gud., mel ting 15 point: 107C,

~epoxy-equ} vgle fﬁ%%%di 1{@:‘? Yp@Ydhd: A Qi"lﬂi'ac}ﬁ’fﬂké‘i'?{éen' dithed,”
epoxy resih (HI?‘if . frahu ac?uPe%ﬁby Di C Cor poration, s? tenﬂl)g ’
poi Nt 64L, 4 epoxXY, 20 b}ﬁgﬁ[é%ﬁﬁéﬁlfone, EPOXY B8k wo d DG BSH exane,

novol ac epoxy resin (N660, 20" manufactured by DI C Corporation,

sof t eni ng, PYi(AL-arflfop BRML FONEUF 18 £ 1 2HQ),

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

20 as a phenolic novolac resin, a cresol novolac resin, a
tert-butylphenolic novelac 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, sultably used are a phenolic 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 equival ent: 97) Phenolic resin 3:
A phenolic novolac resin (PR-51714, manufactured by Sum tono Bakelite
Co., Ltd., softening 51 point: 110C, #Hydroxyl equivalent: 104)
Phenolic resin 4: A phenol aral kyl resin having a phenyl ene structure
(XL-225-3L, manufactured by Mtsui Chemcals, Inc., softening point:
80C, hydr expheh ek vl sitl: repsn fooerhg adpruBhea wieneas fF8crgyce and
manuf act ured by Denki Kagaku Kogyo Kabushi ki Kaisha, average particle
di anet er: t2® grijkg 006B) ribedri Ad £EcE? raRbr the Ae&irt mPBeesidripris
represented by the follow ng general formula (1), [0069] [ Chem cal

For mul a 1Peaqu$@0y9Fh a dielectric analyzer under 'a measurement

10

15

20

25

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 1on 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 visceosity is 10 seconds or longer. In view of
the range satisfying the above requirements, preferably
used are those having a phenylene structure or a biphen&l
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
agent 1is not particularly limited, but it 1s preferably
not less than 0.8% by mass and more 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.
On the other hand, the upper limit 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 Tables 1 and 2. [0072] Eval uation
Met hod Amount of microfine particles haying a size of less than 52
106 pm and anount of coarse particles having a size of 2 nm or
greater: 40 g of the obtained granular resin conposition was

wei ghed uprteddragliyo ngitvenarsamblasn hebdl Sastaandaedesi evest bhe hawitrl
apertures of 2.00mm and 106 pminstalled in a ro-tap type sieve
shaker (MsgelirsS=a00As iteivf act Gnedase Mahelsi ditie Kagelkew Kikait of the
Sei sakusho Co. Ltd.) were used to classify the sanple through the

si eves wWhith& igiaki agirhése wsitdvies bhyer akopye iman o€, 26 xeieiut est ( nafiderr
of hammer 10 strokes: 120 /mnute). Subsequently, the nass of

m cr of i neT BEAIS e RS epRR ¥i gy it beya dt-h& wT ke rafo X196 ipnramd ideratidon
of coarse particles remained on the sieve of 2nmwere neasured to

cal cul®at ePth&fadsinat FBtdfl Ehddampaat ot hitdidfiar Fasdas eEYhaei de
a size of _less than 106 pm 15 and the anount of coarse particles

havi ng a $P¥&S50f OMnVds bt ¥r t&a neeass dron Hel §aRSIEE efdRd the
classifying. [0073] Spiral flow The resin conposition was injected
into a spT—?&P AP 38 e R8T FRGPNdIRE bbii PE Adtot di f§ S F BMWEsCs ity
under conditions of ggrml tengerat ure of ,175C, f” injection pressure
of 6.9 MPECARE ‘T hoPd% iHe BF 198 Secdndsitisivylye &eireiigréo the
transfer nolding machine (KJTS:15 nuf act ur,ed by, Koht aki Preci si on,
Vechi ne. COTSAEEE | TS ARG A4 RERR) G T enGtH Mt WEACAFBES ThE S ajon
flow. r ter pf flowability, .and a.great.er value indicates .
highé¥§f3%§56%%%§? ?Ret&%fﬁ?%eéélfa£3v1gcosf%y, 1n case éka% ion

viscosity is measured with a dielectric analyzer, it is

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 epcxy 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 eguivalent 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

preferable that the ﬁiking”rétio“is prdpérl§ controlled



[0074] Tine 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 manufactured by NETZSCH was used as a press.

A changes in the viscosity was neasuregh in accordance with ASTM
E2039 by the follow ng nethod. About 3 g of a granular resin
conposition for encapsul ating a sem conductor was 10 introduced onto
the top s&eibiceebflugt @l daglbaeepot £ oI hveHe bk esst e EmeBBlrefente
tenperature of 175C and at a measurenent frequency of 100 Hz, and
pressed. THERSGHeC F ropP ENe It at(fah) 7L thel nkhSusBAEM TeMins &0 the
decrease of the ion viscosity to the [ owest ion viscosity (the tine
15 until PHERDR F skBSNOY e doHi higX e IFAWE [%ﬁ’ngcéiilt vhe cHging
| owest ion viscosity, and the tinme interval hetween the time fraomthe
initiatiof95M%Hel FeBREGIETEMR LUnE PPt HekpdadePsmITRYi 8R VP&cdding of
to the |l owest ion viscosity and the tine fromthe initiatiqn of the
measur ekt UAiq 128 %ﬁ&%%ﬁf%ﬁ%Eo&Pt?sﬁeaBﬁHL q&ﬁ%%ﬁra lﬁ&ﬁy of the

i it [ at 300 table ti h i
v scosi Ly valie meseuced oL, 300, saeonds, (31 eble Lim) erg show in oo
O 1 SCORLY g RPRATELer o o pase of FELIN A8 NS oot
TElLing. Th8 Ul Bsec ot HeLOVRS! Lon S SEOLY: | 5n PR RIS

The | Ovves]‘Lmigquarl[ e%4?¥ic§%%s%éyo?a§g[éﬁ iﬁ%:ﬁ%sg esfﬁgflt% tr_'l{‘? iéwgs.t .ion

paraneter r 0 the tine w ranu resin conposition

havi f &,L %.W??{Jy% by éagg_ealgw%'s'te&ogek,g%ocg@gfé XS,h%h%hgi By thg%{val

the f unit I's secon _ dhe5|on_or attac
on the copugyance PALN:ime P01 9 QBetE%ﬂ*%&chgm%§“£é£8h§ﬂ§md%%Mﬁf

supplied to a hopper in a vibration feeder (450 mm l'ong x 55

wide), andnt hen thesybBraty o shEepghh wage adhushed Sy asst ovhave Hha
t he amount of conveyance of 18 g/ mnute, and 10 g thereof was

conveyed. thepimeoauenangesvas eneatredhy sbapped doi Syidiehes 18k st
as such, the total amount of 100 g was conveyed. After conveyance,

the stat ugoef vaghess DByanmdAgc pakt tEheSien atilsachseal; oBtmMebbB@red with
vi bration feeder was 15 observed to confirm existence of adhesion or
att acisrent. di/6EtYWeicgha mglgeeur,acyt is preferable that the
equivalent ratio is properly controlled depending on the
kind of the epoxy resin and the phenclic resin curing agent
in use.
[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 good as long as 1t accelerates

25 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



100 g of the resin conposition sanple was supplied to a hopper in a
vibration feeder (450 mmlong x 55 mmw de), 20 and then the

vi bration strength was adjusted so as to have the anount of
conveyance of 18 g/m nute. After conveyance for 1 m nute, conveyance
was repeatedly stopped for 3 m nutes, an average value and a
standard devi ation of respective anountsS of conveyance were

determ ned. 25[0077] Wre sweep rate: A chip having a chip size of 7
X 7 x 0. 4dimazwsiogaiicedll x6he @md deginasbsésatbosé@e: shah Xa H5
mm), the chip nmounted on the substrate electrically connected by gold
wi res of pi& - avasbplacetoi(s ,dn Uppedecaridy? ohna ddmr 2skiegn amide
the resin conposition weighed by use of a vibration feeder 5 was put
into a | owemrcavidy sficthe sc bnpressy bamimied, bz gafitiers t ay MVARB@% and
sem conduct or device was nol ded under conditions of a nold

t enper at uk@eofl IFSC, imicdaz nget compsfuni@d sacdndss addme tiptdimjdazole
pressure of 9.8 MPa using a conpression nolding machi ne, and a panel
was f Ut hepdedthe 10iWser ebydansdeniviondnbiiore evied v obirheedil The
si ze of the sem conductor device after cutting was 22 x 22 mm the

t hi cknessPBP SFHel R @si Mefor ¥ 1 64 Pl BE0PPMS dhkh e he nichitekpedd ksfi t he
resin portion on the chip was 150 gm The prepared package was
observed GRELR 3T $oPE L tledsPhofdibRrbpa (T FESTLRIDL tuhiRd Kot ke
by Soft ex Cbrp}%é wher eby an average sweep rate of 4 | ongest gold

Wi res (IeﬁBFﬁ nhf LER e il agS i PR PR UFT TR BR wagrate,

was o6 20f BE PRIV YL P SEHPERHFLC BF Fo R af Corm Ol 1 PREAGrY
it erltal “D8Pa8 RIcy B¥ oy AN RRCHONY S EBf DENAERETE (HoL SEPRERE" of
of the nuRBEr ST Sre s EHTHRRRECAT devl E8s I hAS Y db o hoRo AR s 0°
like; and triphenyl phosphine with benzoguinone 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 guinone 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 l1on viscosity
26 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



or less was determ ned as excellent (A), and an average exceeding 3.0
was determ ned as defective (B). 57 [0079] [Table 1] Exanple 1
Exanpl e 2 Exanpl e 3 Exanple 4 Conparative Exanpble 1 Epoxy resin 1

8. 53 8.53 Epoxy resin 2 10.91

34
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

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 ratio 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 low=st ion viscosity, and the time interval between
the time until the ion viscosity reaching 80% ¢f 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.

f0044]

In the resin composition for encapsulating a
semiconductor of the present invention, an incrganic
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,
seédhdﬁry-aggrégated silica and the Iike{_alﬁhihé;_
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 hawving
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 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 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. In view of
the range satisfying the above reguirements, preferably
used 1s 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 a2 cure product of the resin composition, excellent
solder cracking resistance may be achieved without
increasing the amount of moisture absorpticon 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 %20% by mass, based
on the total resin composition. 1In case that the upper
limit of the ratio of the inorganic filler is within the
above range, excellent moldabilitymay 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 wviscosity to the
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lowest ion viscosity is 20 seconds or shorter, the lowest
ion wviscosity wvalue 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.

(0046l )

The resin composition for encapsulating a semiconductor
of the present invention, in addition to the
aforementioned components, may contain, as necessary,
various additives such as coupling agents such as
Yy-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 like; low stress
components such as silicone cil, 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 metheod 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 kneaderxr, 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 thé 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
a hot-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 um is not more

than 5% by mass, relative to the whole resin compeosition

for'éﬁééééﬁiatiharé_éemiéoﬁdﬁc£o£ and the ratio of coarse
particles having a particle diameter of 2 mm or greater
is 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 obtaining 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 ordexr 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 deouble 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 extrudexr 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
cyvlindrical 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. Even
when the epoxy resin composition is continuocusly 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
cuter peripheral portion 202 having a plurality of small
pores arranged on the outer periphexy 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.

éd,'tﬁeHQiéiniﬁymof small pofeé of the-cylindﬁicai"bhéér"_'

peripheral portion 202 can also 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 y the rotation of the rotor 201 using the
motor 210.

[00511]

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

portion 202 having a plurality of small pores easily passes
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through small pores of the cylindrical outex peripheral
portion 202 and is discharged without causing an increase
of the melt viscosity. 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 shoxrt, 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 outer peripheral
portion 202 is collected, for example, at an outer tank
208 installed on thé periphery of the rotor 201. It is
preferable that the outer tank 208 is installed such that

a collision surface against which the granular epoxy resin
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compositionpassingthroughsmallporescﬁfthecylindrical
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 limit, the collision energy of the granular
epoxy resin composition can be fully dispersed, so that
there'isulittlémiisk'of'cahsing'éftaéﬁment onto the wall
surface. On the other hand, when the slope of the collision
surface relative to the flyving 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 little risk of causing attachment onto its exterior wall
surface.

[0053]

Meanwhile, when the temperature at the collision
surface against which the granular epoxy resin composition
cellides 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 flows by the rotation of the rotor 201, so that a

cooling effect is obtained. However, cold wind may be
intreoduced, 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 diametex of the outer tank 208 is about

100 cnm.

[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 illustrated.
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 1s 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 guad flat package (LQFP), a small
cutline package (SOP), a small outline J-leaded package
(SCJ), 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 (SON), a lead frame BGA

({LF-BGA) and the 1like.

[00586]

The semiconductor device of the present invention
obtained by encapsulating a semiconductor élement from a
cured product of the resin composition by compression
molding is used as it is 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 0of 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. B is a view 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 is 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 equivalent: 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 equivalent: 203)

Curing accelerator 1 (TPPBQ, manufactured by Hokko

Chemical Industry Co., Ltd.) 0.55 parts by mass



0.2 0.2 0.2 Carnauba wax 0.3 0.3 0.3 0.3 0.3 Anmount of mcrofine
particles having a size ofl essthanl06 umf%by mass] 1.7 1.6 2.2 1.9
2.5 Amount of coarse particles having a size of 2 mmor greater1% by
mass] 1.8 2.7 1.8 1.4 2.2

10

15

20

25

48

Molten spherical silica {(FB-560, manufactured by Denki
Kagaku Kogyo Kabushiki Kaisha, average particle diameterx:
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
nixed 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.
Subseguently, the melt-kneaded resin composition was
supplied at a rate of 2 kg/hxr 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 zompositicon
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 Sheetiﬂg rollef, folloﬁéd"by codlin& and ﬁuiﬁéf&zlﬁg:

Thereafter, the particle size distributions were adjusted
using sieves so as to héve the amounts o¢f microfine
particles and the amounts of coarse particles shown in
Table 2, whereby granular resin compesitions 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 3 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.
Thereafterx, the particle size distribution was adjusted
using sieves so 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., Litd.,
softening point: 59°C, epoxy eqguivalent: 171)

Epoxy resin 3: A biphenyl type epoxy resin (Y¥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 eguivalent: 265)

Epoxy resin 5: A crescl noveolac epoxy resin (N66O,
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 eguivalent: 97}

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

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

Phenolic 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 (FS5-784, 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),

[0069]

[Chemical Formula 1]

|
4 ~ | =0 . (1)

15 (0070]
Curing accelerator 3: Triphenyl phosphine
[0071]
Resin compositions 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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7 Epoxy resin 1 8.53 8.53 8.53 8.53 Epoxy resin 2
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106 pm 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-SS-100A, manufactured by
Marubishi Kagaku Kikal Seisakusho Co. Ltd.) were used to
classify the sample through the sieves while shaking these
sieves over a periocd 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 pm
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 Kohtakli Precision Machine Co., Ltd.}), and
the flow length was measured. The spiral flow is a
parametexr of flowability, and a greater value indicates

higher flowability. The unit is cm.
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[0074]

Time until the ion viscosity 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
intheviscositywasmeasuredinaccordancewithASTME2039
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 Ppressed. 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 90% of an ion viscosity value
measured at 300 seconds (stable time) were shown in Table.
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

a2 smaller value means better flowability. The lowest ion
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viscosity has no units. The stable time 1is 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.

[0075]

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 g 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]

Welghing 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. Aftexr 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 electricélly connected by gold wires of
©18 um 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,ziMAPBGAsemiconductordevicewasnwldedunder
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
pPrepared package was observed with a soft X-ray
fluoroscope(PRO-TEST—IOO,manufacturmibySoftexCorp.),
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 %.

[0078]

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).



Coupling agent 0.2 0.2 0.2 0.2 0.2 0.2 Carnauba wax 0.3 0.3 0.3 0.3

0.3 0.3 Amount of microfine particles having a size of

pm[% by mass] 1.1

[0079]

[Table 1)}
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| ess than 106

Example 1

Example 2

Example 3

Example 4

Comparative
Example 1

Epoxy resin

8.53

8.53

EpOoXy resin

10.81

Epoxy resin

Epoxy resin

15.10

W]

Epoxy resin

Phenolic resin

1
Phenrolic resin 2
Phenolic resin 3

Phenollc resin 4

Curing accelerator 1

Curing agcelerator 2

Curing accelerator 3

Molten spherical silica

Crushed silica

Coupling agent

Carnauba wax

Amount of microfine
particles having a size
of less than 106 pym [% by
mass)

J-mass}. -.. .. — - -

Amount of coarse
particlies having a size
of 2 mm or greater [% by

Spiral flow [cm])

122

206

166

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

11

18

12

1t

Lowest ilon viscosity

6.18

6.43

5.83

6.16

6.55

Stable time {sec!

15

13

34

15

12

Adhesion oxr attachment
onto the conveyance
path

Ne

Ro

No

Average

Weighing value (g}

10.1

10.1

Standard
deviation

aceuracy

0.1

Wire sweep rate [%)

i.4

void




b8

Amount of coarse particles having a size of 2 mm
9 5.5 greater(%y nass]

Spiralflowcn 157

Comparati
ve
Example 2

Comparati
ve
Example 3

Comparati
ve
Example 4

Comparati
ve
Example 5

Comparati
ve
Example 6

Epoxy resin

Epoxy Tesin

EpoXxy resin

12.44

10.898

10.82

Eo¥ L#] 1S ]

EpoXxy resin

12.338

Epoxy resin 5

19.30

Phenclic resin

Phenolic resin

Phenolic resin

10.03

sh | R [ B ]t

Phenolic resin

10.31

10.23

Curing accelerator
i

Curing accelerator
2

Curing accelerator
3

0.30

Molten spherical
silica

Crushed silica

Coupling agent

Carnauvba Wax

[=11=]
(73] 18]

amount of microfine
particles having a
size of less than 106
pun (% by mass]

Amount of coarse
particles having a
size of 2 mm or
greater [% by massl

Sspiral flow [cm]

133

1156

88

121

92

Time until a
decrease of the ion
viscosity te the
lowest ion
vis¢cosity [sec]

22

25b

17

16

20

Lowest lon
viscosity

6.30

6.67

§.75

Stable time [sec]

21

13

17

Adhesion oz
attachment onte the
convevance path

No

o

BAverage
Weighing | value {g)

10.0

accuracy | Standard
deviation

Wire sweep rate [%]

L Void




166 161 167 122 123 Time until
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6.20 6.30 6.22 6.43 6.40 Stabletine[sec] 15
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a decrease of the ion viscosity to the

11 11 9 17 18 22 Lowest ion viscosity 6.19
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[(0080]

[Table 2]

Example
1

Example
5

Example
6

Example
7

Example
2

Comparative
Example 7

Epoxy

resin

8.53

8.53

8.53

8.53

Epoxy

resin

10.91

10.%921

EpoXy

resin

Epoxy

resin

Epoxy

U (L fB 4=

resin

Phenclic

resin

Phencolic

resin

Phenolice

resin

1
2
3

Phenolic

resin

4

Curing accelerator 1

Curing accelerator 2

Curing accelerator 3

M?lFen spherical 84 84 B4 84 a2 52
silica

Crushed silica

Coupling agent

Qo
a |
| b

[=] =]
wimn
Wi

Carnauba wax

Amount of microfine

particles having a
size of less than 106 1.1 4.1 11.2 2.2 2.1 2.2

pm [% by mass]

Arount of coarse
particles having a

size of 2 . mm or —— .- 1‘3 .. 2'6 2.6 3.2 | 1.9
greater (% by mass]

Spiral flow [cm] 157 166 161 167 122 123

Time until a decrease
of the ion viscosity

to the lowest ion 11 11 g 17 18 22
viscosity [sec)

Lowest ion viscosity 6.19 6.20 6.30 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 2 A a A 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 shortex, the lowest ion viscosity was not more
than 6.5 and the stable time was 10 seconds or lenger, the
wire sweep rate was small and existence of voids was not

observed. As a result, in Examples 1 to 4, the amount of
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microfine particles having a size of less than 106 um was
not more than 5% by mass, the amount of coarse particles
having a size of 2 mm or greater was not more than 3% by
mass, so that adhesion or attachment onto the conveyance
path did not occur and weighing accuracy was also excellent.
On the other hand, in Comparative Examples 1 to 3 and 6
in which the time until a decrease of the ion viscosity
to the lowest ion viscosity exceeded 20 seconds and/or the
lowest ion viscosity exceeded 6.5, the wire sweep was
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
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
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 coarse particles having a size of 2 mm oxr greater
was high and the time until a decrease of the ion viscosity
to the lowest ion viscosity exceeded 20 seconds, the wire

sweep was inferior. Furthermore, with respect to the epoxy



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
anount of the epoxy resin, the curing agent and the curing
accelerator were different, whereas in all Exanples 1 to 4 in which
the tine until a decrease 10 of the ion6Viscosity to the | owest ion
viscosity was 20 seconds or shorter, the |owest ion viscosity was not
more than 0, 5; and e stahle &l 1y vas 0 seconds of d ongeno g uir s,
sweep rate was snmall and exi stence of VOi ds waS not 0 S6rved. a
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nore than 3% by mass, so that adhesion or attachnent onto

conveyance iy RAER cdirft NPhoQREUr afdh ¥ei ghi NG ACEYR 8SH WS 8L BAt, even
excellent. On the other hand, in Conparative Exanples 1 to 3 and 6 in

whi ch the WHém® whéidpaxgeeerase f1dNegi AL YISGOSIdlYsdPokke hawesttent
ion viscosity exceeded 20 seconds and/or the | owest ion viscosity
exceeded @dpuhbe tW e $\WBLN Washd O il vd e p vAlSanfidy Loppas ahbivarly
Exanples 4 and 5 in which the stable tinme was 10 seconds or shorter,
exi st ence tof vonga reasi VOSEKwEb 14 0082] Next, Exanples 5 to 7 carried
out in the same nanner 15 as in Exanple 1 and Conparative Exanple 7
carried out i[®0d&] same manner as in Exanple 2 were conpared. The
particle size distributions were a little different, whereas in al
Exanpl es 5 t@h2 igrahnutht hee $inecwntpd s at deer ease ohckipsulating 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 prioxrity 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.



ion viscosity to the |owest ion viscosity was 20 seconds 20 or
shorter, the lowest ion viscosity was not nore than 6.5 and the
stable tinme was 10 seconds or |onger, gthe wire sweep rate was snal
and exi stence of voids was not observed. On the other hand, in

Conpar ative Exanple 7 in which the anount of coarse particles having
a size of _ 2 mmor greater 25 was high and the tine until a decrease
of the iéHJ%m@%osity to the I owest ion viscosity exceeded 20 seconds,
the wire sweep was inferior. Furthernore, with respect to the epoxy
61 resin nolding material disclosed in Patent Docunent 1, simlarly
to Conparative Exanple 7, coarse particles having a size of 2 mm or
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(b) the lowest ion viscosity value is not more than 6.5; and
(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 untll the ion V130031ty reachmg 0% of an ion v1sc031ty

Value measured at 300 seconds 15 10 seconds or longer,

wherein, in a particle size of said resin composition distribution as determined
by sieving said resin composition for encapsulating and semiconductor element using
JIS standard sieves microfine particles having a particle diameter of less than 106 pm is
contained at a ratio of not more than 5% by mass, based on said resin composition for
encapsulating said semiconductor element,

wherein, in a particle size of said resin composition distribution as determined
by sieving said resin composition for encapsulating said semiconductor clement using
JIS standard sieves, coarse particles having a particle diameter of not less than 2 mm is
contained at a ratio of not more than 3% by mass, based on said resin composition for

encapsulating said semiconductor element.

2. The resin composition for encapsulating said semiconductor element according
to claim 1,

wherein said resin composition for encapsulating said semiconductor element
is obtained by supplying said resin composition for encapsulating said semiconductor
element which is melt-kneaded to the inside of a rotor composed of a cylindrical outer

peripheral portion having a plurality of small pores and a disk-shaped bottom surface in



herein by reference in their entirety. 62 CLAIMS 1. A granular resin
conposition for encapsul ating a sem conductor el enent used for a

sem conduct or devi ce obtai ned by encagsul ati ng sai d sem conduct or

el enent by conpression nolding, satisfying the follow ng requirenents
(a) to (c) on condition that ion viscosity is nmeasured with a

di el ectric anal yzer under a neasurenent tenperature of 175C and a
nmeasur emdtiich ¢ guertyreds adjggfedpy use of a direqt gY indjrscttheging means ine molten
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seconds ieknkit Seawapsilaed bpogapression moldinpesigihe igranalap agsin corapasiticn
of said resin copposit.ion dia{ﬁri buti on as determ ned by sieving said
resin conJoSCFRsYRING Faid SERISORFURAr RPN 2SMIBB FRISIRIBI- el enent usi ng
JI'S standard sieves mcrofine particles having a particle dianeter of
| ess than 106 pmis contained at a ratio of not nore than 5% by nass,
based on4sai d Tbsimethahposprodomy erid ewuagsuibetor dgvisahccosding dordhiot dy
el enent .. _Wwherein, in a, ar&;i cle si zezp_%f sai,d resin cor]q)osi tion
di stri bufPORISEE RVt ouh By abi Ry VARG 58 W EhD GBI, i, resin
encapsul abinpesiSdi hreBBARMRANESHE s&hREBMctdSdld8ent IEnHRARIRHELS B)aFsp
coarse particles having a particle dianeter of not |less than 2 mmis
cont ai ne@f eamprepsigr @okingaot nore than 3% by mass, based on said resin
conposition for encapsul ating said sem conductor elenent. 2. The resin
conposition for encapsul ating said sem conductor el enent according to
claimi, 5. Thevingstied d fs aprdduicdisd Baie ap@sintu@or tevice acpding ab icmsai d
-—semconduct or, .el ement s obtained by supplying said resin conposition
for encafYUPEHNHEBANYOSHAmRIesHIN @@@mhlgﬁﬁe@ﬁ%@ Fpintthe patyed at o
the insidg, essqoﬁ&]tog{. conposed of a cylindrical outer peripheral
portion having a plurality of small pores and a di sk-shaped bottom
surface in 63 which a tenperature is adjusted by use of a direct or
indirect heating neans,in a nolten state, and allqQwing the resin
conposi t Pon fof* é‘?ﬂ’&‘ﬁwgfiq?dl@eﬂl?téﬁﬁ@d& BngF%r?é‘ﬂ}tAﬁ’Elgg FaSECRRRFEN
sai d smaklerRAf 65 aklYe SENGS 4 1da8atanl O5CE s%&@tepe&&xﬁﬁg?wi&ttﬁ}nuﬁ@ d of
said rotor. 3. A nethod for producing a sem conductor device, 1n
whi ch a sadisenisdudictir ebdnasmé mithi an ienerdpmiud fasaiidleld frammpr e sdicoyondiigdiadg
usi ng the ?r.ﬁnutl? gr resin cog%osi ti %2 for enca sul at.i ng. sai.d i
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carrying out a step of conveying and weighing said granular resin
conposi t e cPRIuCts MBI AcPardingaiocclsianil c vhdigot ordianement sdidmdt it vty

before t g ShER Igmn'f:zg{ﬁpe{ s‘%e%b?&eg%fgh Wte is not more than 2.5%.

7. The semiconductor device according to claim 6, wherein a thickness of a cured
product of said resin composition for encapsulating said semiconductor element on said

semiconductor element is not more than 150 um.

8. The resin composition for encapsulating said semiconductor element according

to claim 1, wherein the resin composition comprises an epoxy resin and a curing agent.



5. The method for producing said sem conductor device according to
claim 3, conprising carrying out said conpression nolding while
degassing air in the cavity of a conpggssion nold. 6. A

sem conduct or devi ce obtai ned by bonding and fi xing a sem conduct or
element on a die pad of a lead frane or a substrate, connecting a

wi re bondi ng pad of said sem conductor elenent with an inner |ead of
sai d | ead- f r amdhoresi wmposiiondphencapalaingsaidsesignadreipeelppentssaerdsig
wires, apdcihen SRCARS AL R MBS ThEBRIMCLOL Sl SN, Biting agent, a
conpression nol ding using e resin conpositionTo endapsd?é%ﬁ%g
sai d sencegngugtlerat@l enkinbrgagiediiteng to claim1l, wherein a dianeter
of said wire is not nore than 18 Amand a sweep rate of said wire is
not nore than 2.5% 7. The sem conductor device according to claim
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