1 SPECI FI CATI ON GRANULAR EPDXY RESI N COWVPOSI TI ON FOR
ENCAPSULATI NG SEM CONDUCTOR, SEM CONDUCTOR DEVI CE USI NG THE SAME AND
5METHOD FOR PRODUCI NG SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD [0001] The
present invention relates to a granul ar lepoxy resin 10 conposition
for encapsul ating a sem conductor which is suitable for encapsul ating
a sem conductor el enent by conpression nolding, a sem conductor
devi ce using the granul ar epoxy resi ition and a nmethod for
produci ng a sem conduct or device?ﬁ%%gék%&gggbhg ART [ 0002] As a
met hod of encapsul ati on nol ding of a sem conductor device using an
epoxy resin conposition for encapsulating 20 a sem conduct or
(hereinafte ferred _to 0 I ositio t J
Composi 11 or M Har b B BEEn EHEY ety ERua 1R IR e TR BB Capfig e
tabl et ohtai rm ng al i Xy_resjin gsition jn
eyt nr i AL Rap e8RR ers Bt R Rty BYCRCE RN 6 el §gme ano
met hod, there has en reviewed a _conpression _nmol di ng _net hod_used for
encagbul at on.  STREGRCFOH | SHP DU NG S FEORNP YRR S Rutbressi on
nmol ding method is 2 smaller as conpared to the conventional transfer
nmol ding, this nethod has been paid attention to as a nmethod of
mnimzing Wwre sweep_wW.th respect to a sem conductor device in which
a |l ead f?gﬁgﬂ%Fcﬁltifgﬁﬁﬁ)board and a 5 sem conductor elenent are
connected by neans of fine pitch wires, long wires, small dianeter
wires or thé9%%k! [0003] As a technique relating to a
sem conduct or devi ce obtai ned by encapsul ati ng a sem conduct or ‘
el ement by 10ScEHF B CoANTRAYF AGD L1t 2t REVE Cheeh rdiTst] S8 P FetHRELN
conprising encapsulating with a resin by conpression nolding while
redud ngCPAR PF edsite R Ta FBFANT ot 2éxardl 8, Sadtkeonsipatest which is
Docunment 1), a nethod conprising using an encapsul ati on nol di ng
mat eri al SHAGHYLe tﬁﬁékﬁég‘saraﬁuacﬁt&agmeSﬁﬁL&rF@n@umﬁ% glgane¢et by
shape or a sheet shape (for exanple, refer to Patent Docunent 2), a
met hod cERPYR B A IUpphpilifhl Bdgr #nud &M 1rexn  UEoTBs BEVoc ¢ng iang the
cavity, nelting the resin conposition, imersing a sem conductor
el ement gﬁ@r@igérarﬁtp@ﬁbﬁ e B he resnposdipbsit iagnd f r gt hod for
encapsul ating the sem conductor el enent (for exanple, refer to Patent
Document P3P dagdNiched | BREL §0004]ctorOde ekanmpl e of a net hod of
encapsul ati ng a sem conductor el enent using a granular resin
conpldsi tion by conpression 25 nolding will be described in nore
detail with reference to Figs. 1 and 2 illustrating a schematic
di agr am BRCKGROHOP ok Rlei ghi ng of the granular resin conposition and
3 supplying it into a nold cavity. A granular resin conposition 103
is conveyed[PR & predet erm ned quantity using a conveyance neans such
as a vibration feeder 101 or the like onto a resin material supplying
contai ner 1B2 & mqtilpped Mehcapresl atrimirem @l dsugplofi rg srechannsinctor
such as a shutter or the |ike capable of supplying the resin
conposi t dewiiaok ocuaihgwem ety 164 iim comppstiant onwhenrekynddesudssa hing
mat eri al supplying container 102 containing the granular resin
comiisi t aos eBchbadurepared(isee ifgftd)r AOfAtrtddstid nes the epoxy
granul ar resin conposition 103 contained in the resin materi al
suppl yi ngeeant acperp dO2 tdam berwdilghed elyi m weinghd 8d tneans, artrtagged has
bel ow the resin

been generally used transfer molding using a tablet

obtained by forming a solid epoxy rxesin composition in a

cylindrical shape. However, in recent years, as a new
25 molding method, there has been reviewed a compression

molding method used for encapsulation. Since macro-flow

of a molten resin in this compression molding method is



mat eri al supplying container 102. Next, the resin material supplying
contai ner 102 containing the granular 15 resin conposition 103 is
arranged between an upper die and a |lower die of a conpression nold,
and a lead frame or a circuit board on vhich a sem conductor el enent
is nounted is fixed on the upper die of the conpression nold by a

fixing nmeans, such _as a cl anp,., adsorption or the |like such 20 that. a,
sem cgndﬁ(ﬂ f%lreﬁﬁnf:-orﬁﬁﬁlggﬂi gt?r gi%'e q@ﬁ?%%ﬂaﬁo%ﬂﬁd}%f?ﬁofml‘%ngr

iIIustra%&F). Fur her,hmheq%a | ead frame or a circuit board is

provi ded "Wi'th BT ONs PFi%erRERG R bHgh t BBt et Opposi Be M- RRE ©f
sem conduct or el ement - pounted surface . is subjected to lining using a

25 film BrAHRLELRE Y6665 S Sa6Sedliehtl £ S RREF t heowdi gheliigreiirgtor
resin 4 conposition 103 is supplied into the |ower cavity 104 by use
of the r@ﬁWﬁ%ﬁtéﬂeﬂhﬁﬁﬁﬂ%iﬁ&%%mﬁéﬁﬁﬁn%ﬁcﬁeﬁlécﬁﬁﬁtépﬂﬁdtﬁéd a

| i ke constituting the bottom surface of the resin material supplying
cont & neF ST PREX GFH gL o) et 32 HR FBPER ¢e8AnP ¥orpEsIS iodh TH0Be iRl tch
nelted in the | ower cavity 104 at a predeterm ned tenperature. _

Furt her "B S 2f t é°heVidS v maler} bl ddidpe Py hhes meF b2 jkike.
taken out of the nold, while reducing the pressure in the cavity as
necessary, {REGdld is cl osed by use of a conpression 10 nol di ng

machi ne, the inside of the cavity is filled with the nelted resin
conmposi ti on®§o dast 86 LFEBEnd ¢ hetdévd cbAddct e M@ CArr t Ae Vriegsen
conposition is further cured for a predetermn ned period of tine,

wher eby ©Ré& sEREEoRiicEsCas? erdptt iRJedcapsui st afd ol dégmesiteby

15 el apsing a predeterm ned period of tinme, the semi conductor device

i s tldkencemr by sapam ngotlisel mg) d L hevep damtves | eeint d Esadtoesdent mdtlyod
required to perform degassing by reducing the pressure in the cavity,
but degaSsmiyr {8 iprefengdins beéedused veildstia ties tor & poupate D e
resin 20 conposition are reduced. Furthernore, a plurality of

sen conduetlsri etenkatle red belngunhedpaoe 3herkeead & mamkdof folreexample,
circuit board, and nmay be | am nated or nounted in parallel thereon.

[ 0006] 2BErFahet ¢ ekabiccdt Foehdicoft suth eomprtdssionomplmi sgnat ereng an
have been proposed a review of the particle size distribution (for
exanpl e, enefay s v d aRat ent mbdelimeat n4te r 5ad hew emgoh tési mkpesperdf esot
(for exanple, refer to Patent Docunent 5) and the like, as a nethod

t o sal vemelragdi mgnos .0} ovki ng (Eadhet érde)s dapieng coaveharde, s heipghi hfor
or the like. However, it is not sufficient to solve the problem5 of

pr oduct i ekeynrhesedelde unev eha s pm ke agmeconvey ang empéifad naome rdrsing
the Iike, just by specifying the broad particle size distribution or

sel ecti ngugmrleginghar dby acaubka ng dd ki rgpmpastiteroni A rctaseat hatvaty,
resin is restricted to those which can be used in view of bl ocking,

10 t her embawel heehhpr ald £18 soalp d hat itche, degmee: ©infyr aedemidonductor
formulation is low and the application range of the target

sem condatkare wevicde: s 1hqw. a IREL EATEDN BOAMENES slbn PABKNY o BDOCUMENTSo r

[ 0007] Pat ent Docunent 1. Japanese Patent Application Laid-Open

No. 22000 2B )8ulating that esatmDecam@nic tr JapanesetPatedt example,
Application 20 Lai d-Open No. 2006-216899 Pat ent Docunent 3:

Japaneser Bateant t ApEd ta@hicon dauthe@en3Ng. 2084t216558 ke . Patent
Docunent 4: Japanese Patent No. 3135926 Patent Docunent 5: Japanese

Pat ent Appl { catiaon 25 Lai d- OQpen No. 2008-121003 DI SCLOSURE OF THE

| NVENTI ON

One example of a method of encapsulating a semiconductor
element using a granular resin composition by compression

25 molding will be described in more detail with reference
to Figs. 1 and 2 illustrating a schematic diagram of a

method of weighing of the granular resin composition and



6 [ 0008] The present invention provides a granul ar epoxy resin
conposition for encapsul ating a sem conductor excellent in the
productivity and a sem conductor device excellent 5 in the

reliability, in case that a sem conduct @ device is obtained by

encapsul ati ng a sem conductor el enment by conpression nol di ng using

t he granul ar oxy_ resin conposition for encapsul atin .

sem condGeitR L VEAG0GT £ 16ACor 8i MP LS FRE bt deont™ | AVERT bAT Fvi-Bed

is a granul ar epoxy resin conposition for, encapsul ating a )
sem condHOTTH© Gedd 3'or 18 e CORANA EP et cb BEESIFeazpyned quantity
encapsul ati.ng a sem conductor el enment by conpressi.qon nol di ng

wher e n, U Theap&dtT EPE 2% BRELH bALFSN 56 85 ddt &r by pyeder 101
si eving sai d_whaql e %ranular e oxg resin composition for encagsulating

a seni cofiduétdy sk goﬁl@ﬁaﬁﬂ% 8 ARG S YRR L 189 gap RF@deer 102
having a size of 2 mmor greater is not myre than 3% by nmass, the

rati @ of SFAtRREEs "hiavilng & %7428 dRUChiddr YrBRISHLNHulaPEIniFdh 2Bch
2 Mmis fromO0.5%by mass or nore to 60% by nmass or |ess, and the i
rati o of 28 & oF RHE TRt t P&l é hatilkf CIP2E 0t PésS WhRAYEGE ukfies HREin
nore than 5% by mass. [0010] Al so, according to the present

i nvent i oA % deP 1 st 2552 gf AHF A 38hbky ?Qéli A NcéFpdsitf dRtfohereby
encapsul ating a sem conductor used for a sem conductor device

obt ai nedtBy¥ &fcapdurationgt al serPEondhit fof o&l e R hy Gorfresdilghing the
mol di ng, wherein, in the particle size distribution as determ ned by

si evi ng GBEWhbRE Froahtlaf C&RXG1Edsih tBAPeSi P REE EncapsulfEtd ngl) -
a sem conductor using JIS standard sieves, the ratio of coarse .

par ti®k| eB thhRilfy td W s Yheof randd dF Heedtrecdmpast tippe T Rancawtmined
mass, the ratio of mcrofine particles having a size of |ess than 106
pmis noinndrieet H&P 5% By trssa larpiuPhd Wit Yo cEDif @2negf tAE Gramube
density D1 of the epoxy resin conposition for encapsulating a

seni conduéetisrhed the speciifdleigravieyns0 Eprangedubed Pvotibhet wE¢san
curing the epoxy resin conposition for encapsul ating a sem conduct or

is in theartaigeadf 188 Llyri mer eotr- @igerorlPess. FFRECT OFeTHR Sin

| NVENTI ON 15[ 0011] According to the present invention, it is

possi bl emed eachi éve vpwt Hamlcarc @pory nesi hOeorposi 2 lod forthe granular
encapsul ating a sem conductor excellent in the productivity and a
semidonduetsorn devinpe sextcebheh® 3 A st he 2dngeld dlsitweypn em cageet hhteaand
sem conductor device is obtained by encapsul ati ng a sem conduct or

el ement By leoonpr edsicor fhod depgpise ag itdre godnuyl aanépexy gxdi Arame or a
conposition for encapsul ating a sem conductor. 25 BRI EF DESCRI PTI ON

OF THE DRAWMNGSt[1B022]d Thre whbed andeot hepnobjecos, efleatenésiandounted
advantages 8 will be apparent fromthe follow ng detailed

descri ptien fofx e qor ef Ber adperirodi ienes imheormjamptie@s Wwhhndiled by a
acconpanyi ng drawi ngs. [0013] 5Fig. 1 is a schematic di agram of one
exanpl e fliammonuegarxces iohwaisghi kg dmpa eetdwdptdrorobi ai hhegld ke such
sem conduct or devi ce obtai ned by encapsul ating a sem conduct or

el egdnt by aconpressi oo mbh dicRg: sl agcd tgrmounare d esu b feoPosst Harected

downward {(not illustrated). Further, when a lead frame
or a circuit board is provided with portions piercing
through, a surface opposite to the semiconductor
element-mounted surface is subjected to lining using a
25 film or the like.
[0005]

Subsequently, when the weighed granular resin



10Fig. 2 is a schematic diagramof one exanple of a method of

supplying a granular resin conposition into a |lower cavity of a nold

in a nmethod for obtaining a sem conductor device obtained by
encapsul ati ng a sem conductor el ement by conpressi on nol di ng using

t he granul ar resin 15 conposition. Fig. 3(A) is a view

illustrating the Longeit part observed directly fromthe side of one
parti cl e COMRO §dnit ar L PSsit® cHRBRdit§dninto thej jowgmycpyifyikhd v
illustrating the shortest part 20 observed directly fromthe side of
one partPS% of The of 8AdITM? E&TH TbnPyISR} BARGFTE CR AL gy sagh as a
illustrating the |ongest part of one bent particle of a granular

resin cofposiERPENCIFFGe §1ke £IRAEAHIEEI8i%GTEMB T bory atitfgpge of the
met hod of 25 neasuring a repose angle ((1)) and a collapse angle (0).
Fig. 6 i%°cFSehBAktESldAlagldR bY 1ok EXRRPILE 9 ¥ olPrel ¢S kpeldicng 2f - athe
resin conposition to collection of a granular 9 resin conposition in
or der® t 098RTHE h2The” YF aRul BPTEFHALC + 88 n Cdnpésitebiefbrin the lower
encapsul ati ng a senmi conductor of the present invention. FHQ. 71is a
cross- se€@ivonaY ¥Péwadt drieredaip? Bnaf ath TerrE 13 hyréoi | Fwrbhgamese .
heat a rotor used in the present invention and a cylindrical outer

peri pherafgrortilea sestie material Fugply ingacerndssiseat ilédlliviteaken
of one exanple of a double tube cylindrical body for supplying the 10
mel t - kneaddd orfeditre doppdsi wirohl eor e Tiorgrihe pPEigEs9riesia gihevcavity
showi ng a cross-sectional structure of one exanple of a sem conductor
devi ce obtaivfeee By agricapsilcatipldaiser konddcettar ebenmeft arupmped sons Aon
| ead frame using the epoxy resin conposition for encapsulating 15 a
senildbnduetictingcmedimgneo ttheepiesdrie i afenhicorcavithi gis 10ilded with
vi ew showi ng a cross-sectional structure of one exanple of a

sem condudteormeévieck vbtsdimedomp ehtcipsul atbng s senscondaohar the

el enent nounted on a circuit board using the epoxy resin conposition
for encapsuliatdng Rk arsebeo@Emductngd Hrtearelsng tonpes ptesentis further
i nvention. Fig. 11 is a schematic diagramillustrating a nethod of
eval uat i ngrcohvépance perfds ntamee, nedeyen: 5pdi rkf | hgmaend wtdkession the
properties. Fig. 12 is a schematic diagramillustrating a nethod 25

of suppl yengt @o ghdarmut ar eésimme cbnpasietd oapsntlo Bedopprasse dbhenb] d Adbter
t he evaluation of the wire sweep rate and filling properties. 10

Fi g.1513 &3 ap sthegnatp cedicggr amiinld digtaat ongod t hneknesse si@niobnaluctor
encapsul ation naterial on a sem conductor elenent for the eval uation

of the wilee isseepsr atekehi ghuddbiys cpsohamptt tedmagr@m i Iintst dahitngl ay,
state of 5 sinulated elenents nmounted on a circuit board for the

eval uati on afs fhblt ngs peeper dles. PEGCRIFTH OboOfp EMBORIMENEG {014y by

reducing the pressure in the cavity, but degassing is
preferable because voids in the cured product of the resin
20 composition are reduced. Furthermore, a plurality of
semiconductor elements may be mounted on the lead frame
or the circuit beoard, and may be laminated or mounted in
parallel thereon.
[0006]
25 In the technical field of such compression molding,
there have been proposed a review of the particle size

distribution (for example, refer to Patent Document 4),



10First Granul ar Epoxy Resin Conposition for Encapsul ating
Sem conduct or A first granul ar epoxy resin conposition for
encapsul ating a sem conductor is used for a sem conductor device
obt ai ned by encapsul ati ng a sem conduct dr el enent 15 by conpression
nol di ng, and conprises the foll ow ng constructions: A. in the
particle size distributiqgn as determ ned si eving.the ol e
granul ar ep&%t T s h E%ﬁﬁd’sﬂq%ef‘:&i%ﬁchﬁéﬁl §E9RP g efi® Ut gratent
usi ng JI S standard sjeves 0 the ratio of particles havi a si.ze of
S mor DEGHBE s bt Ao ¢ b iarl I35 by Sings et had o S8 BoaGEng
particles h \_lLin a Si e,dg 1 mmor greater, but less than 2 mMmis
from 0. S%rb@l 188 ‘?B%@%’b;}fg%%ggo?opé’sesl{a&ﬁ@ 2881 9heé &Pt he
of mcrofine particles having . a size of |ess than 106 pmis not nore
than 5% By Kfass. HPBETH T, 11t LSF@thet Wbl C PR L EOsS Y aRub & &g lem
resin conposition for encapsul ating a sem conductor conprises the
f ol | dwi n§ fedtc? Hu&tG bRsFY Ca%??q%L¥hén&ﬁﬁ$cﬁé%ﬁQ%l&Qﬁ¢i%9ﬂWﬁV%§Ce
determined by 5 sieving the first granular epoxy resin conposition
for encaPSdlia® FR§E R eRitcondfictidrk @si Ag It SPat diiard fsi bvgs thiebroad
ratio of particles having the | ongest |ength g-lr_?) of not nore than 5
nmm and t Ré TshbfLests i efgthl B IdFuhdP st e £KHF At dtd 2 nse Sigsshagahly
50% by mass, based on particles 10 having a size of not |ess than 106
pm and Cau%ﬁgtt@%ﬁﬁﬂéﬁse afglet B t-hel i £5tS @r ARG tara ep®EL » edisn
conposi tion for encapsul ating a sem conductor is not nore than 35
degr ees. TEGOA6} cE5Skdond: Iop afuldri Epox§nResi HsErhpdsitien pérblocking,
Encapsul ati ng Sem conduct or A second granul ar epoxy resin
conpdsi t Foe FRrhencapseat PP al sas condiictbet stlucedefcoreq of freedom
sem conduct or devi ce obtai ned by encapsul ati ng a sem conduct or
el ement 20 Biorvmwprabipon il diong, 2add tdospepsdsi ths ifar | saine of the
constructions: A. in the particle size distribution as determ ned
by sievi hg ndet wissinel gpail aiF ocepokgviesi ntsodposi tion for
encapsul ating a sem conductor using JIS standard sieves, 25 the ratio
of coarse particles having a size of 2 mMmmor greater is not nore than
3% by mass; B: the ratio of mcrofine particles having a size of
12 | ess REAEADEDMOGRCHYENDEe t han 5% by nass; and YI: the ratio
(01/02) of the granule density D1 of the epoxy resin conposition for
encagsul 8AITIHNE SOGEMEHIG or to the specific gravity D2 of a cured
product after curing 5 the epoxy resin conposition for encapsul ating
a sem condu¢P®0ik in the range of 0.88 or nore to 0.97 or |ess.
[0017] Furthernore, the second granul ar epoxy resin

Patent Document 1: Japanese Patent Application

Laid~Open No. 2000-021%08
Patent Document 2: Japanese Patent Application

20 Laid-Open No. 2006-216899
Patent Document 3: Japanese Patent Application

Laid-Open No. 2004-216558
Patent Document 4: Japanese Patent No. 3135926
Patent Document 5: Japanese Patent Application

25 Laid-Open No. 2008-121003

DISCLOSURE OF THE INVENTION



10 conposition for encapsul ating a sem conductor conprises the

foll ow ng constructions: Y2: the granule density D1 of the second
granul ar epoxy resin conposition for encapsul ating a sem conductor is
not nore than 1.95. 15[ 0018] First, téhe constructions A and B

common in the first and second granul ar epoxy resin conpositions for
encapsulatiTg §)§?niconductor wi || be described. [0019]

20Const ruct it& % For the granul ar epoxy resin conposition for
encapsulatin% a sem conductor of the present invention, in order to |
achi eve st ahtiS R SGRF v PELATrhaRcE HHE b9 Sc St e BMdrR hofBOFHd Tesin
excel I ent weighing accuracy, in the 25 particle size distribution as
det er mi nEQTRP SLEHNY FRE VP BPESSt Atd S d3i £ PBH ARTAY CHEF seXffat 4ent
sieves, the ratio of particles having a size of 2 mmor greater is

13 pref ef bGP S0t T REME thih 306Dy 9 nds § SAhC ABF& T @F eF&BTYC RoB *st el ent
than 1% by mass. As the particle size is greater, its nmass and vol une
al so becodfe gteatsrl1Fromiduch arf &3scadhihe PaticdtbfOopaliFEPEs device
having a |l arge size is high, 5 weighing accuracy is reduced during

wei ghi ngl swiiitha b8Eshe3Ya Sz BF Udf2 Hendr itorad e ACHRé Quatlepoitaby
sem conductor device after nolding, so that there is a probl em of

cl oggi ngCeMr 8gFFIN pBrl dbng ddhvegardee pafiR ol 8e IRRBY A @in
result, in case that the ratio is in 10 the range of not nore than

t he aboveouypes il | foxcet neaP stel ghiliyy agcdredeycre Behleved so

that there is little risk of deteriorating the quality of a

sem conduct 6P 0] ce, and there is little risk of causing a problem

of a clogging at a supply port to a conveyance path or the like. 15

Fur tIfer nor eAcciver dower ¢ nthefprhe anti dnofephivincl eBrpooatisd is a
particles) having a size of 2 mmor greater is not particularly

| i mted, gagad il amayebhex@%hys is 2 oMPO20]t Donstiract pove 80 20MEdhwhiDl &
for the granul ar epoxy resin conposition for encapsulating a

semn condaetorc ofi diuliet presertd ifrverg s iicw ot ger otro dachi egeobtained by
stabilized conveyance performance, productivity and stabilized

wei ghi ngeacap agyatiinghe peeniclendiuzde af sediemgnbnbas demermm sned olyy
sieving the 25 whole resin conposition using JI'S standard sieves, the
rati o of mpilctiofgne waetiedlres havitrige apsiziei ofl €l esszehahi 408 ipukisn as
preferably not nore than 5% by nmass and nore 14 preferably not nore

t hanl83% By treaiss i nleat th gl esi dravngy sa $dzeviod 1 kegsr 4 had all06e pmxcause sin
adhesi on of the granular resin conposition during storage, adhesion
anong pacbingdesion dief canveyaape yplad hiofg thesgmamdadureasdin Gsing JIS
conposition, or attachnent to a conveyance apparatus, which becones a
factor obteausand & iconyeyarndesfabkure,ofoptlrati ¢ hese Hesvanpr @blssinz&énof
continuous productivity or the tact tine of production. As a result,

in case Pham iche gatbhads i8 hbe mesige oharot3 fobe mkas [ hehabawetio of
upper 10 Iimt, excellent continuous productivity and stabilized
product i ghatt Cabelke hachi eyed it houd fcausirn@ Adhesher aopgtpakdd £/ €8an
or attachment to a conveyance apparatus. Furthernore, the lower limt

of tdte ratmam dfs nf eoaf ioNes pabli alagsSs hayi NG e st 3e60f ssmiban o106l P8,
is not 15 particularly limted, and it may be 0% by mass. [0021]

I nci dent ahldy £ as e tiRbhed afi deesinPpdheipardd c£vsinze adisstZé ait i D8s s
of the granular resin conposition, preferably used is a nethod

i ncl udi nghelrassokyig assaipt emdd of tAQ D ¢ Broyghnskeves while

shaki ng these sieves over a period of 20 m nutes (nunber of hamer
strokes: 12@ppmigwte) enploying JI'S standard sieves having apertures

of 2.00 mmand 106 pminstalled in a ro-tap type sieve shaker, and

det er m ni nga Yasky, r@sscafd £LRgr @ Pt phess Bl empidediioh t hershvavwe=af is
2.00 mm and % by mass of mcrofine particles passing through the

si evg of 3 106 Pmbasede pB her 8BS of ohp SEERLS Deber &tk apsidya Png a

semiconductor used for a semiconductor device obtained by

encapsulating a semiconductor element by compression



necessary for actual conpression nolding are realized. In the case of
this method, particles having a high aspect ratio (the short dianeter
thereof is smaller than the aperture of the sieve, and the | ong
di aneter thereof is 5 greater than that)7 are possibly passing through
respective sieves, whereas, for convenience, the particle size

di stribution_ of the granul ar nenggconpositiqp s.defi ped agggrdtn

to % by HESsCHROrhe” REmForent $7cIERSi Fddt b 1€ cet £4i i heFfidgPution as
10[ 0022] Furt her e, the resin_conpasition for encapsul ating a,

seni cond&i&to?r‘F‘éBPec%Dn{%’es%%%ﬁlﬁrﬂ dFR§ \)Oﬁf%ﬁweh%r%%éﬁr%eﬁpﬂxdfn gﬁéln
past was a pul verized product obtained by prem xing respective raw

mat eri al < PR CHSFRF £RFRESIABLANE thef SRHGUNAY W R HEATHgI LS
by use of a kneadi ng, machine such as, a roller, a kneader, an extruder

or the I?%&n@éFﬁwﬁﬁeH$§ﬂxﬁhﬁg%ﬁﬁlﬁuﬁﬁﬂ¢9ﬁﬁ@eImafﬁéﬁ%ﬁﬁi&%¥1n9 a
size distribution _as deternined by sieving the whole resin

conpdsi t S6rf ®sP Ag2I MG SR BndarR sPEvdsS Thk BRditTBRM2G HikYofefesS, the
particles having a sjze of |ess than 106 pm exceeded 10% by nass, and

t he amufE tofo cBar bt paAPEiId @sPRAE 118 SSilkaVer D amF d” Syreht éfSMsthan
about 4% by mass to 6% by nass, and the resin conposition had a w de
particl e 1$i& 1 56 r RO ML S ALS@ D ah® pBixyarcessi e Bel dilvgy Tk éei dIDAD2)
descri bed in Japanese Patent Application Laid-Open No. 2000-021908
(Pat ent Rdécirfent I IR Nk adeddrisey pArt iodl et bt &Pfety byt iqgnposition
pul veri zed fine powder or a granular 16 resin conposition obtained
by sol i diffoyi ©Ji¢8 6 WWohleng &nd etk Ceramst eori tonhd enearg §idpfedicayity
and had an average particle dianmeter of about 2 mmand the |ike. That
is, the 8goxyfrasianpeidinie durcdriaf teasceibed d nt Pat emoByDew®nt 1
cont ai ned coarse particles having a size of 2 mmor greater in a

signi fi casmpedinticf0023] encapsNekatime zoasmieendusirt é sx3imf the
the first granul ar epoxy resin conposition for encapsulating a

sem conduetroye 10 fwiQ | 8Be cdeswepirised: o G024] Consteseti on X1 For the
first granul ar epoxy resin conposition for encapsulating a

sem conductor, in order to reduce uneven 15 sprinkling onto a
conpression nold due to a variation in the supply of the granul ar

resin coBposEEToNF iMHENE NAENITA@N si ze di stribution as determ ned by
sieving the whole resin conposition using JIS standard si eves, the
lowek5 limt [6f0the ratio of particles having a size of 1 20 mm or
greater, but less than 2 nmis preferably not |less than 0.5% by nass,
nor e pref er abloo ndi nlgesse t hhe PHdyemissinand tfiurt hed tprief epablsyimbe to
| ess than 10% by mass. On the other hand, the upper Iimt is

pr ef er abby:mioé veaoree ¢ han 6094 by prasg, rre enpeemesabliy inot  orre t han

60% by nmass, 25 and further preferably not nore than 55% by nmass. In
case thatnidepsalliatisgi i themiangedaot twot swroe I hantt hien abhéee upper
limt, uneven sprinkling onto a nold cavity due to 17 a supply

vari ati opreadubeisuppyesaeda sehbabrideceors détike rxske dfl egptisi ngthe
failures such as defective filling and wire sweep. Meanwhile, in case

t hat2d hereati #big ity | he o angecoft Mot lessemharvidecakovedkbaviete is
limt, adhesion 5 anong particles or attachnment to the conveyance

path mayomata DEedr Hieehe APsunetensg ian senlilcqadticeler stz@ment by
conponents and there is little risk of causing trouble in conveyance.
Fur t her mekenp t 8sedsen t Ratl d Miegr atd Dn s tl & it slrhel ako\ep eMiFerd €&k n
range, stabilized productivity and 10 nol dability can be achi eved.
[0025]  cohiisd demtiadh Y£oas &nbrihndl ot ireqsHr isitnt benpai ¢t ele si ze
distribution of the first granular epoxy resin conposition for

encapsul ating a sem conductor, preferably used is a 15 met hod

i ncluding classifying a sanple of 40 g through sieves whil e shaking

thesg si evass Ve st webirabof 020 Mipubes  nnaker of hammer strokes:
[0012]

The above and other objects, features and advantages



18 distributions of the granular resin conposition of the present
invention are defined according to % by nass of the conponents
classified under the above-nentioned certain conditions. 5[ 0026]
Construction X2 Meanwhil e, in the first granular epoxy resin
conposition for encapsul ating a sem conductor, fromthe vi ewpoints of
conveyance performnce by a_conveyanc ns .10 such as a,vibration_ .
ooder ol b b BiaBRAF RBEL g br WB8: Fue DRSH L Sk et Th MeP G e Lon
the ratio of particles havin he, | ongest length (L) of, not nore than
5 m and 6" SROFICSE SFGRA nOFEP bHIAGE Hrof B HHhs Fhith €3 ar ek abiip
not | ess_than 50% by mass and nore preferably 15 not |ess than 80% by
Mass basé’&%‘?f“?ﬁél%%?gl dsﬁéi‘f?glgess‘ having a size of not |ess than 106
tim In cas thﬁ the ratio is within the above nunerical range,
conveyance ggrof hance causi ng uneven sprinkling and nelting

properties can be_bal anced, and stabiljzed productivity 20 and

mol dabi | ity ddr b &chidvEFRSHRtAS fbt @I HaT c8le AHAL SHRER 4B & TP
particl es havi ng t he | ongest | ength, BL) of exceeding 5 mMmis small,
there i sCANYFEINSKk bP 7hg ¥hi +br & BaERoE BofefRtRORTTHI a2
supply speed, during conveyance, clogging at_a supply port to a
conveyan&Maf AN GhaTt KEEYiRE. B TR <hskYt IRRCERS YR Fé s 2
particles having the shortest length (S) of exceeding 1l mmis small,
there isSERtFelukt 8f @eﬂu%li‘lﬁéj‘tfgﬂ’u?é’é“%ﬁéﬁsdso% mpg i Patd HhPn &
the solubility_ in case that the resin conposition is put into a nold
cavi ty aAdaNelpikesehdi dePRBPISLtH8a met hod of neasuring the

| ongest length (L) and the shortest |ength (S), particles having a

si zel& of ngtlgnfor 1tsha@n STOES PAtare TlenBved Sy e Rd rahy grethod
resin conposition using the aforenentioned JIS standard sieves, 100
particl e®fars PRAJOM Y SelTedBY B F&rith cFeF v g on sipé ofamppaier
than 106 pm and the |ongest length (L) and the shortest length (S)

of each Siniglleypaft#chreltoliar @ medsueddagi ad ted hndnes Gopeeyoprppbictor
with a vernier caliper or scale. After particles having the |ongest

| engt h ( B vif ¢ o bivsyien € Hah v5 e 2 d utlifet Shar Besteneagnif S oof edgiment
nore than 1 mm and other particles are sorted out, the mass of

particl ebyhaoempretes 1 ongese 1 demp hugLnal5tbe ot anbdet haa ss mm and
the shortest length (S) of not nore than 1 nmis nmeasured and the
ratild t hepgufosdttilment ot al nmass of a neasuring sanple (% by nass) is
determ ned, which can be represented as the value of the total resin
conposi ti onFikurthérnories as whewnilnlFsgra3Aiapgd 38 lonOskapart
single particle, the |longest part is taken as the |ongest length (L),
whil e thebsimrvest darecitsl ¥ akermst hhe sshdet est derpgdr{S)icliAs shown
in Fig. 4, when a particle shape is bent, the | ongest part of the

st r ai ght glriameu Ha st aneeimcdepredsur ed.. 25[ 0027] Constructi on X3
Meanwhil e, in the first granular epoxy resin 20 conposition for
encapsul ati Bgga s&fBgondsictory,i¢he idalhapse ahghe titse psefertabby modrt
nore than 35 degrees, nore preferably not nore than 30 degrees, and
furtdter pbeferablby diot entrley t hawm25t degreesdei v fvi @emeofp oty eysncefSthe
performance by use of a conveyance neans such as a vibration feeder

or the | gkanlhhacase:$hat ddmepardgltei oa Wi thin the above nuneri cal

range, adhesion, clogging or the |ike hardly occurs and the granul ar
resin conpoBiilgi.o chan he wiebhl y ldanweyed imgcase thahgktsti Spaenveyfdone
using 10 a conveyance neans such as a vibration feeder or the |ike.

| n addi tbemt asatrhe €Dkl aySea ag@lan b $asnatd ein addhepiosn, t £beggi ng or
the like hardly occurs. Thus, the lower limt is not particularly
limted, bufiigt. cani dea §oheexatipbedinojrhess thastkadegigeaoheitod of
| ess than 10 degrees. As 15 a nmethod of neasuring the coll apse angle,

a granul Ak arLst DngONPOskipicle 202 Jise Shown 4AdFig.cblilsipdéoveds1o (o).

Fig. 6 is a schematic diagram of one example from melt

kneading of a resin composition to collection of a granular



5 the collapse angle is called the angle of difference. The angl e of

di fference indicates an index representing an easiness of collapsing

of the granular resin conposition due to vibration froma conveyi ng
device such as a vibration feeder or thé |like. As the angle of
difference 10 is greater, the granular resin conposition is easily

coll apsed. So, it is preferably, for exanple, nqot |ess than 10

degrees ARF or PR 2+ &BISP ndl PEELFhaR 15° HBdreds? A9 “2 hedddr 5RO XY
apparatus of the coll apse angle and the repose angle, a powder tester
(a produ&f Sof FPIBESKWaC M EPENCBFEET U ey Wed ke miee2giuctorpofnhghe
first granul ar epoxy resin conposition for encapsulating a

senm condB&ote 1 Fn 8t HeR t®Thave the particle size distribution, the
ratio of particles having 20 the |ongest length (L) of not nore than

5 nm and th&1&hort e3f Pergi®SESPE Gt a6 arbreélefarPd AR &tRPRde of an
col  apse angle in the aforenentioned ranges, a nethod for obtaining

t he gan@%é:rl‘ébBQyCPésJi i R OWPBSITt itéh MR T edicapsPIratisRdalin the present
sem conductor to be described below is used, or the kind 25 and the

m xi ng ralive bt lan apoty ar €si hingdrduta hgoagent BT Plariadg portion of
accel erator are adjusted. [0029] 22 The operational effect of the
first grahg§l afokpdxy resin conposition for encapsulating a

sem conductor will be described with reference to the objects

i nherent toFile chnpeessi onows df agtristhad. wgvwskhdwerna Fixgnpleamit a
2 above, in the case of the conpression nolding nmethod including
encapsul drivigl @ Sew < onadlddirod r élcenent odyl nfo the wenhyliarg r ebien
conposition, it is necessary to uniformy sprinkle the granular resin
conpddsi tined tonknkhe dyod t omssiun f goanmdstid ai) towdrheaviatoof t he
conpression nold. However, in addition to the above exanpl es, when

the nmethod Fagl.udesia st epiefw comvwyimy thempganukactésnrml structure
conposition using a conveyance means such as a vibration feeder or

the |ikepfparmeckesmlehe Qranlearicesiduconposi¢evorecareab hdhiered by
to one another on the conveyance path of a conveyance neans such as a
Vi br at i oanfceguen lart ihe ki lsesmbeotntbi gt anulat emesith tonpdsddion ias lead
attached to the conveyance path in sonme cases. Also, the granul ar

resin cofipasid ivsing thegger X hopperihrdaged sdtt Aacaupplryemardp saltadeing
conveyance 20 path or the granular resin conposition stays on the
convdéyanae sgat hcbndoreocasescoWem suppl ytioé thes geanul anveasiion .
conposition is varied by use of a conveyance neans such as a

vi brati on fEéder 100 1iheal ikiedWuehtoaw smghaadhesser,seatt dchmEnNtstructure
cl oggi ng, stagnation or the Iike, uneven 25 sprinkling occurs to the
bot t om sdiff axee ot xtdnep 1L ewerf cavisteyn D& ohlte: coopr ebs opend it a\Wied by
there are a place with a small anpbunt of the granular resin

conposi ttar Ansud apl iacg a Zkad thrald atge guaniehy mbanaoid dapendiingcuit
on the place of the bottom surface of the |ower cavity due to

occur r enge adfd suehnyneven exk pktBd.n fdampbe itthechaterabndidgetilditing
takes place fromthe place with a large quantity of the 5 granul ar
resign cogpesmi @8 nldudberplaceowidimg smaldhanpund s bher eofh veurdngn .
encapsul ati on nol ding of a sem conductor el enent. Thus, there has

been a possi_rb?l.i tyi Ofi sCalISkBG M4 €18WeEPa §f adn Semileanddgtam ¢l gnMerithod
or causing defective filling such as nests, voids or the like in the

10 pl acepi tehr 21 sHRliIn @MBURly Of a hbe g @yl 88l CONBORIH iPPrinkling
Furthernore, in case that the granular resin conposition has a

certain dagr epdRE stihen pPaitd£d ¢ gieze, distribution, depending on its
particle shape (for exanple, a sphere), a variation in the nelting
speed andngrpar.tiches seasi ¥ nknHECUr i AF¢ at PL 0hhem phtdefechi ¥R thod
filling such as nests, voids or the like occurs in sonme cases. In

par tiscul 8, duppNe iGAFea0ly B SEMGONANGHQ] EdEMiSsiBiWH Chndo a

compression mold for the evaluation of the wire sweep rate

and filling properties.



On the other hand, the first granul ar epoxy resin conposition for
encapsul ating a sem conductor is an epoxy resin conposition for

encapsul ati ng a sem conductor used for a sem conductor device

obt ai ned by encapsul ating a 5 sem conduttor el enent by conpression

nmol ding, and is characterized in that in the particle size

di stribution as determ ned by sieving the whol e epoxy resin ,

conposi ti onFfdh: éntadpdt G hgTa Sewi ThAaddadr bk 1A 5L 8CaAdhPd ckness
sieves, the ratio of particles having a size of 2 mmor 10 greater is
not nor e (fhan® BuPBy PRSSPIREALATD BR HFERdl & haviSRracsiFa1 oF or

mm or greater, but less than 2 mmis from5% by nmass to 60% by nass,
and the Eat9®eBt AXFofitvfe PEALIYA eiCRai gt SsivhrEf JWREPt Haht 206
pmis not nore than 0.5% by mass. Thus, adhesion_of the granul ar

resin 15 colpdsi ttbniPsaprénanadisnd imeveém sipk i HRIGITRC L8 g édwdetite of
so that conveyance performance and productivity can be inproved.

Fur t Her mBA&U A6 efet HbEMGE Br mmggda Fentcoiduerdrt deoree dfcrhéhe
present invention includes encapsul ating a sem conduct or el enent by
conpr esskEd® Poafdladi ngfudingl ing asbpewent i ©fed granul ar epoxy resin
conposition for encapsul ating a sem conductor. Thus, a sem conductor
devi ce can be produced w thout causing failures such as defective
filling and wire sweep. [0031] 25Meanwhil e, the sem conductor device

is a senP&EiRIERArL QévPEe BEBOPFMEMW Eh a lead frane or a circuit

board, one or nore sem conductor elenents |am nated or nmounted in 25
parallel onl[fRe.4kad frame or the circuit board, bonding wires for

el ectrically connecting the lead frane or the circuit board and the
sem ldbnduct Bi red enémasyu bad dlp ernyapsas ahi dhvmpaberdital ofiorfor

encapsul ating the 5 sem conductor elenents and the bonding wires, and

t he encapsuzat $oid anat egi demscoomposedrof a cured product of the

granul ar epoxy resin conposition for encapsul ati ng a sem conductor of

t he presentAi fviens towy tynobrpr esppary moéditmg. c dvhiple 3 espect fort he

probl em of uneven sprinkling 10 onto the nold cavity due to a supply
vari at i oapdaap s ullest smghaaseddfert due tfaot |i agysdet Eniroraatsieoni obnwiuetorx
sweep and the |ike can be effectively reduced in case that a

t hi cknesdesfi ¢ decbncapsatabiyor med psivdla thnghe sem tondubi ot oel ementent
is from0.08 mmor nore to 0.5 mm 15 or less, and such failures can

be parti byl ardypefdfect ovielnyo T éduwaed andcasemphidts @st kiroknéss lafwihe
encapsul ation nmaterial on the sem conductor elenent is fromO.1 mm or
nore to Bod gmraetiesss:As the thickness of the encapsul ation

material on the sem conductor elenent is 20 thinner, the anmount of

the resin carapasi tiles batistchecateseentirsyel puabheas Sxtéhained by
granul ar resin conposition is too sparsely present in the nold

cavity, an@+hegpassd bivhidlye of reausi 88 Wdkli e 9int keohpke ikeconeFor
hi gh. As the thickness of the encapsulation material on the 25

sen condgglcQip eherditnysat Beakies o nbve: BEPULL i0fg thesr esidh €9WBAOSIitd V85,
in use is higher. So, an effect even by a variation in the supply is

smaldo Hehe mathe tdW ckResSi c 26 s0fhd Penencapslzat i®n mauweligk e ddeer
sem conductor elenment refers to a thickness of an encapsul ation

mat eri al i gOMEFt NG A SULHhAGE 9PPOS) tiRak® ;a surface on which a | ead
frame or a circuit board of fthe sem conduct or el enent i_s 5 nount ed.

In case thagiqne. & %@@ié%ﬂﬁ?@gk@i@l@bemaﬁn@%|§E‘z'%at&f|_ angim or
nmounted on a lead frame or a circuit board, it réfers to a thickness

of an engaRyM &kl on Bt BEisal (GOYRM bNGhi SHTFaesn of . Ehe 1semi£9Rdust Ao re
el enent on the top opposite to a surface on which the | ead frane or

the circyit gl beardnd g smunt edsd 00324 As descri bed above,
according to the present invention, in case that a sem conductor

devigge is oftaidipd by iencapsulating 8 S8NLEANJUEE Us eh 88U DY size of

less than 106 pm is not more than 5% by mass.

[0015]



resin conposition for encapsul ating a sem conductor. [0033] 27
Meanwhi |l e, the first granular epoxy resin conposition for
encapsul ating a sem conductor can be suitably used for a
sem conductor device in which a lead frahe or a circuit board and a
sem conductor el enment are connected by neans 5 of fine pitch wres,
long wires, snmall dianeter wires or the |like, particularly a .
sem conduct P eV P EE I wht B f glf:ﬁitcﬁﬁés%utﬁra%pé’ﬁ@éﬁﬁﬁ hgi%ﬂmposmlon
material on a senicg&?uctor element is not nore than 0.5 nH1 %Oa%ﬂg ,
10The coA&tT GEtTIRS WA aha 2 B THHeC RS §ranliPart 2p8xy resrd 1owing
conposition for encapsul ating a sem conductor will be described
bel ow. [ 66351t EHHTY AR Ei'ons Y1 and Y2 15For the second granul ar epoxy
resin composition for encapsul ating a sem conductor, the |lower ljimt
of the rati&2¢DEDHPBf PEAE F ARuPE Zferfét By P ¢ bivhe Shetefpgmined by
gravity D2 of a cured product after_curing is preferably not |ess
t han 0. 881 abFBIpridt@r 48155 hof T15ds% 1 BRarf VOB diRiS 20 farRReSition for
preferably not |less than 0.90. The upper limt of _DI /02 is preferably
not nor eSHAP BUIAR L hbBeappérer @By Hok © ForE tThand 6595 TaTICREF fereves ,
preferably not nore than 0.94. In case that the ratio is not |ess
t han thetg%bV@aFéﬁbﬂDfiHf@?t%%éﬁé i%52 ¥ié Nso sl B Hiaryd o6 texcergitliel L psof
i ncreasing the porosity inside the particles, and there is little
risk of B&FsmMyra phem emiet Fodnaleof hefr vords @Y R Wdlldiafyg et ihere
like. Al'so, in case that the ratio 28 is not nore than the above
upper |ifmanthee i8 petpessipithep 60 eloessd §6l ybiafedaghngattieicles
granul e density, and the novenent speed of granules may not becone
sl owdl dbeivrighgoaveyhnge Ay 1sé dfeascahayande neans audh as a 5
vibration feeder or the like either. In case that the novenent speed
becones sl o¥er, thiwerce i apikse pingkl ofo Stalghat Low,t gmbhrpedomdempgyy aesin
probl em such as adhesi on, clogging or the Iike m ght occur.
Furt her nooap ¢ hié tgramuf erdensiatiys Dl adgfinpea gramdlcam desite xdnposdtinare
is preferably 10 not nore than 1.95 and nore preferably not nore than
1.90. Intbtase Bhatdadeeeatio is not nore than the above upper limt,
excel | ent conveyance perfornmance is achieved. Furthernore, the | ower
limt of théO@rlall e density D1 of the granular resin conposition is
not particularly limted, 15 but it is preferably not less than 1.75
bel drigi ng t 8e& araig€ rianwhiach EhexporResstiy iGenge sihelipartickes is
not excessively increased. [0036] As a nethod of neasuring the
granul e BenspyubDhtihg Zemgiapmduwctesi n conposition is sieved using
JI'S standard sieves of 32 neshes (aperture: 500 pm) so as to easily
handle it, andddendalotdnk lgof ephe:grapsliar cesippedhpaesitfomr on
the sieves was weighed up to 0.1 ng to give a sanple. A pycnoneter
(capaci tgncEp sa)ldtsi figl bedewitdo28uditsé t |1 eduveiderfoseverahi doopbuotor
a surface active agent are further added thereto, and then the nmass
of the pyerdietesbeaimed by @irstabked avai ey and diecsuwdidceocr2@lement
active agent is neasured. Subsequently, the sanple is put into the
pycrapret B, ansmphe 401 ah nessdahn g heapycnosmberi €08t aing ngodilsdw i hed
water, the surface active agent and the sanple is neasured to
cal cul at ectrher ghanul engdensity 5 according to the foll ow ng equati on.
Granul e density (g/m) = (Mxpw)/ ( M+Mo- M)

A: in the particle size distribution as determined by

sieving the whole granular epoxy resin composition for
encapsulating a semiconducter using JIS standard sieves,

25 the ratio of coarse particles having a size of 2 mm or
greater is not more than 3% by mass;

B: the ratio of microfine particles having a size of



pw. Density (g/m) of distilled water at a tenperature during
measurenent Mv Mass (g) of pycnoneter which is filled with 10
distilled water and further several drops of a surface active agent

are added thereto Mp: Mass (g) of sanpl &2 M: Mass (g) of

pycnoneter containing distilled water, surface active agent and

sanple 15Herein, a surface agtive agent is used to increase the

wet t abi | 8P Df THE | LPEd Kkt &F &HRIE t RO "anpPél andl £y mRRE S4n and

entrai nment _of foamto a mninmum _ The surface active agent which can

be used is Mot &ﬁ?iEGF%Qy(@ﬂﬁQ%%LOénﬁhﬁﬂ%ﬁ?%Péqmqg%ﬁﬂtdh&ﬁr@faﬁhe
entrai nment of foam may be 20 sel ected. [0037] The second, granul ar
epoxy reSPPEBMBSLE] 6RTFR? S éicap uf F | 7Y CE Rt 8SAdiRtos §Bigeaf yekor
a sem conduct or devi ce obtained by encapsul ati ng a sem conduct or .

el enent 3% By &RPeddiloh IR Hilhy %\&égélf ,C‘H%% PHOGaet BRACY Heuring
val ue is not changed depending on the nolding nethod, as a method of
measut i n§hehetBPES fF 8 SdmavG eP®E bt igrcufed <I-pPedUdtd8craing to
the present invention, there is used a nethod of neasuring the

speci fi c3§MEVG P defc goEuded ipr oBhet 1RNgeandt & - BBl @irngiehat tios & 27 or
sinpl er nethod. Specifically, there may be cited a nmethod conpri sing
once 5 férfsg the granul ar resin conposition into a tablet having a
predeterm ned size, formng a disk having a dianeter of 50 nmm and a

t hi ckness of 09 1vid at a nol d tenperature of 175 5C and an injection
pressure of 7 MPa for a curing time of 120 seconds using a transfer

10 nol di ng FRelimermame cakdufl as engrithegspeviiaec @rRvkyy mwds ancur ed
product of a nolding material by determi ning the nass and vol une.

[ 0038) | pomeo sétdmh gf anulearcepexyl 2 ding conpesiitdomdbort d6 comprises
encapsul ating a sem conductor, in order to have the particle size

di stributhen,fohéovwaing (CIt SRy uaftihesgranul e density D1 to the
specific gravity 02 of a cured product after curing and the granul e
density D1 Y@ :t ltdeafoor 2nedts creenls idngdsl, cf netdosletomdbimeniudg t hepoxy
granul ar 20 epoxy resin conposition for encapsul ating a sem conduct or
to be desersibed drepowiitsi. aseflp roe ntchep ki hd tandg tehes enkcog dat to rof sanot
epoxy resin, a curing agent and a curing accel erator are adjusted.

[ 0039] 2&6®he opbrat ibnélb .effect of the second granul ar epoxy resin
conposition for encapsul ating a sem conductor will be described with
ref drience t ¢OOHEB pbj ects i nherent to the 31 conpression nol ding

met hod. In addition to Figs. 1 and 2 above, in the case of the

conpr essi onFtmlscth hgtitet hodneanpr & siirth €nfapsid aBi rpremsamiconduet first
el ement using the granular resin 5 conposition, it is necessary that
the grangdhar sesbmdogpasiilan icp @k wayse siablopmspippliiteidohs &or

speci fic anount. Wien the disorder occurs during conveyance of the
granul ar enesis GOREPEVSHh i @GN ¢ &mti ke K@uveyEncRipal v eod avhen iadhesi on
anong particles of the granular resin conposition or 10 attachnent of

t he granul aromegsdn conposition to the conveyance path occurs, there

are problens such that clogging, delay in the supply time or

i rregul ar sgpplat # Qctthesmokd occurs, the productivity is greatly

| ower ed, and unsatisfactory filling occurs. 15[ 0040]

For the granular epoxy resin composition for
encapsulating a semiconductor of the present invention,
in order to achieve stabilized supply performance into a
compression mold and excellent weighing accuracy, in the
25 particle size distribution as determined by sieving the
whole resin composition using JIS standard sieves, the

ratio of particles having & size of 2 mm or greater is



On the other hand, the second granul ar epoxy resin conposition for

encapsul ating a sem conductor is an epoxy resin conposition for

encapsul ati ng a sem conductor used for a sem conductor device

obt ai ned by encapsul ating a 20 sem condéZtor el ement by conpression

nmol ding, and is characterized in that in the particle size

di stribution_as term ned by sieving.the whol e epoxy resin

conposi t P&iF FoF 2&rchpRBlratidgSat coridaet o2 dsi r‘?gn%I Bo&iqnRsrderably

sieves, the ratio of coarse particles having a si,ze of 2 25 nmm or

greater NS MAOTorehRRan B3obyftss, Atd Batk OX5f G €rof F e paPtic BEE

having a size of |ess th?n 106 pmis not nore than 5%bry mass, . and

the rati ¢ (DDAR] BRIt helUFF Grandl e Femss t97 D16 t hE b1 rBsfnfact,

conposition for encapsul ating a sem conductor to the specific gravity

D2 of a &8 edBr ddufct CaPtlerP 2 Grilfy- € Ae Péhdk P Or &si ha€GFpodi Efont For 190,

encapsul ati_ngha sem conductor (is in _the range of 0.88 5 or nore to

0.97 br P&dgh pRGoraf AR C AdhEsiTRABE Shed §ramd a¥ eilédh h8onpd’i £ion

is prevented, so that conveyance performance and productivity can be

i mpr ovedP eEREREr fork2 ottt nefhStf FoF Irobé PRy B sékisconbadticry of a

device of the present invention conprises encapsulating 10 a ,

seni cond&&fbC @ NEVERE 0By ANpEEs H %Ee#olﬂﬁ?hél@él rngSPhéqh%r Efen¥ fored 2

granul ar epoxy resin conposition for encapsul ating a sem conductor,

and accoPdidiyl §Macdedlcondiiacor Hevi Terediy eopEollcad afitndyence path

causing failures such as defective filling and the |ike. 15[0041] As

descri begrapgdve, ladcdr di A td A6 Wrlesedn 9@BAL itdra L fheaseathqt Bs in

sem conductor device is obtained by encapsul ati ng a sem conduct or

el enidht byecafpr@ese brnablEP g tdiamn the seevadugPeiulladmepox§Xcast hent

conposition 20 for encapsul ating a sem conductor, it is possible to

obt ai n avgrisnuiag egexyr aeyi i scemduse viedh sfot harc dpsargt ivglattle risk

sem conductor in which adhesion of the granular resin conposition can

be preventfedle tomieyanté ngertfoemancel L§ i rmpf ow ed emainelo nhig! o oductd vhce,

can be further 25 inproved. Furthernore, a sem conductor device

excel | entanich tthheer e el s abi kittlye cains beo produsdch gvia ot bégusiody of gilagesng

such as defective filling and the |ike by 33 encapsulating a

sem condadct ;@ shereny by roonpressi oanme i ngeugiaght e gk hrullar kepoxy

resin conposition for encapsulating a sem conductor. [0042]

5Medrinhi Fe,r thersecond ghenul aweepokymrigsi afcdiiposititare fof particles

encapsul ating a sem conductor can be suitably used for a

sen condyctom r devpee i icbkisgh lea v tad Br anezorof Linmwuwt Hoaradk @andia not

sem conductor el enent are connected by neans of fine pitch wres,

| ong W regrisialil adt hpeflam vk eds candO itthembiykéne [ 0843y maBtee. fir st

granul ar epoxy resin conposition for encapsul ating a sem conduct or

has the congructjon X, X2 or X3. Besides, the first granul ar epoxy

resin conposition 15 for encapsul ating a sem conductor may have the

constructi ogoYlstoru¥Ziodnt Be second granul ar epoxy resin conposition

for encapsul ating a sem conduct or. On the other hand, the second

gramd ar epE¥\rwesineGofosith ®ng f ahuencapspib atli pg sai rsetvpovdlct Dbn for

has the 20 construction Y1 or Y2. Incidentally, the second granul ar

epoxy resint £0800%t108 kors encapsidaticng o segheonsitieten taynkavwetion,

the construction XI, X2 or X3 of the first granular epoxy resin

conposi t ien d peencapselati dgea ssebeondisediobor?bE 084e peGaPORaRice,

of Granul ar Resin Conposition according to the Present Invention 34
productivity and stabilized weighing accuracy, in the

particle size distribution as determined by sieving the
25 whole resin composition using JIS standard sieves, the
ratio of microfine particles having a size of less than

106 pm is preferably not more than 5% by mass and more



Hereinafter, in the present invention, the conponents of the granul ar

epoxy resin conposition for encapsul ating a sem conductor used for a

sem conduct or devi ce obtai ned by encapsul ati ng a sem conduct or

el enent by conpression 5 nolding will beé4described. In the granul ar

epoxy resin conposition for encapsul ating a sem conductor of the

present invention, an epoxy resin nay be used. The epoxy resin in use

may genePddYSHE&HohoREls W ¢ gbhérs, andypBidyier s Ravitnigct@e Sravwbre 2

epoxy groups in _one nolecule. 10 The nol ecul ar_ wei ght and nol ecul ar

st ruct ur § t3fer 86f L eSnétJgar t PEulvdr | §2HiSH t2dh ednde Bx afpltdset Reragprlar

include crystalline epoxy resins such as a bi phenyl type epoxy resin,

a bi spheR&S Wt FRERPIRY 13| AU T B s SHchOR IF 1t yPRhLEFox1 r 881N J a

stil bene type epoxy resin, a hydroqui none 15 type epoxy resin and the,

li ke; noP@itdel €y ePBx hesFAT VRKEANES PBEEsIE né\gl@l ST PP ®poxgsin

resin, a phenol novolac type epoxy resin, a naphthol novolac type

epoxy? r eSOMRATLECHL N | k&L phehRélCHrANKyYIT @ yPe CEPOR YEEKT Bis aPURhr a8 Ug

phenol aral kyl type epoxy resin having a phenylene structure, a 20

phenol arF&ligh bpseepsxy rfexsthoavd hgca Wi jphenyl erensevadieeefagdlure,

napht hol aral kyl type epoxy resin having a phenyl ene structure and

the |ikesot tifahctneizd epoRkyPredd hemsdch &N 4 itvd phenplnad hahd tipy or

phenol resin, an al kyl-nodified triphenol met hane type phenol resin

and t he 254 ikeactnddifeed fphrehol ugtpeoapoxyh s esi nesuth asim case that

di cycl opent adi ene-nodi fi ed phenol type epoxy resin, a

t er pene- @i friasti phemoll it yee eporyer o manduohe ktihesy @nd aB®ve upper

het erocyclic ring-containing epoxy resins such as a triazine

nuclus- ¢dmtial ni re Epbkyg nrtesi dnana udves| phker d Théser hay berdisstadlidnezed

or in conbination of two or nore kinds. 5[0045] In the granul ar

epoxy repirmdwonpdsiiipnclaor keacapsul avieny aisémcondactoingf adleesion

present invention, a curing agent may be used. The curing agent in

use i s netcpay tpaultdrd Yyebi pirt ed aschompn st ot af grotveps ntae cappalkhtus .

the resin conposition by reacting with an epoxy resin, and exanples

t her eof Fmdtuiterstame ght hehal awaln phamhiic do dmties haviing @ft mi20rofine

carbon atons such as ethyl enedi am ne, trinethyl enedi am ne,

t et r amet pplranedil am nea vhiexanet bylzanedifamiscxesanth dhel D% lnkei samoes

such as m phenyl enedi am ne, p-phenyl enedi am ne, p-xyl enedi am ne,

4, 4' 151 apenadi phémydt het hdmel ted ,4,ah ddiiammagi phengkpropanass .

4, 4" -di am nodi phenyl ether, 4,4'-diam nodi phenyl sulfone,

4, 4" - di am ngdiocyr] ohexane, 20 bi s(4-am nophenyl) phenyl net hane,

1, 5-di am nonapht hal ene, m xyl yenedi am ne, p-xylenediamne, 1, 1 -bi s

( 4 - ami nophenyde)taycl phexanemedi icydnodimshde milgthrel pket r€selsize

type phenolic resins such as an aniline-nodified resol resin, a

di met hyl detsher 1 Bo trigsel orfesi e ald 4 e 1lkirker e Bav0l @embyei pherol i ¢

resins such as a phenolic novolac resin, a cresol novolac resin, a

tert-but ghpienskba e @G § €8s t RoBonRldIneAhiC oM A€ £ 3t ¢ eSighmple

and the |ike; phenol aral kyl resins such as a phenol aralgyl resin

havigtg aogherny!Enehsbliteh Us @ e vie PNRAAIL Arah kK¥li @St RebdVidWe@es over a

bi phenyl ene structure and the |ike; phenolic resins each having a

condensedepalygyeld 2§ stimlict 46€ GUERbRS 2o Paphiiab ene St & Wetdlr 100

an ant hracene structure; pol yoxystyrenes such as pol y-p-oxystyrene

and the Vikejuegidanhydriides §oRt ik RBaAd CyEE*an@nlhé(qri'ﬂlﬁsaéﬁgtﬁﬁes

hexahydr opht hal i ¢ anhydride (H -1PA) , nmethyl tetrahydrophthalic

anhydri dg £( MTHPA) mandafihe 1ld &euml O 25 eBatl £qa6id anpydrd £§S tSHED 8% eve

trimellitic anhydride (TMA), pyronellitic anhydride (PVDA),

benzopheganatet I aga DoyuliccrRehd APTPAL AN ke d ¢ keba&%aﬁglra 3 {8fes
€,

conpounds such as polysulfide, thioester, thioether and the |i

| sogyanal-enGOMPOHNES SHEN A% de bBOSYANALES RIEPQ WPma bLoskedi crofine

particles passing through the sieve of 106 pm based on the

mass of the sample before classifying because properties



encapsul ating a sem conductor of the present invention, an inorganic
filling material may be used. The inorganic filling material in use

is not particularly limted as long as it is generally used for a

sem conduct or encapsul ation 10 materi al 15and exanpl es include silica
such as nolten crushed silica, nolten spherical silica, crystal

silica, secondary aggregated silica and the like; .alumna; titanium
white; aPff HEFPHM ST FE T REHc CORRYS SHIIQR RP Add f9 Fere &P theed. In
| i ke. Anpbng these, partiqularlx 15 preferably used is nolten,

spheri calt’§ |88 The paritS dretirshe PEXFriet eRPEDIBAY APInid ey IRedrTHECT
spherical. Furthernore, the anpount of an inorganic filling materi al

may beirﬁ%%h%edqﬁﬁnﬁﬁQﬁfpﬁﬂﬁ@ﬁ%@rmﬁh%ﬁe& fefefMmat 285 HodBvéh e
the particle dianmeter is preferably from20 0.01 umor nore to 150 um
or | ess PRTORSTGerati BR S ¥EVRIngG PRoSER | £INENtDL 2RHE 5er | Phemp of is
the sem conductor element in the nold cavity. [0047] In the granul ar
epox)P r eSife TohposNaiNofk hedy) Z5r @ itapsdiodtY Mp 2ss89 cofRiegbrrepdetive
present invention, a curing accelerator may be used. The curing

accel er aBére Y aSus & hay eBes godl rass ¢ BHG reise R € cacclelt er Magst ACd i | 1§ z38
reaction of an epoxy group with a curing agent, and those used for a
seni conddétsof r ehtidpsuna® fohhrabarirakl oy gereral cenp dsol sed 1Bk gt esed
t hereof include di azabicycl oal kene and derivatives thereof such as 5

1, 8- di azaliagyetdt] 4 9) tnbgcarwes 7 aid tihte ¢oreoremne conpoandsisdchy a
as tributyl am ne, benzyl di net hyl am ne and the like; imdazole

conpounds$ eguechl as e ekl i mi dazol e and the |ike; organic phosphines
such as triphenyl phosphi ne, nethyl di phenyl phosphine and the |ike;

10 tHtra-subdtizait ed phosphoni umtetra-substituted borate such as

t etraphenyl phosphoni um tetraphenyl borate, tetraphenyl phosphoni um
tetra benzoFerdcherborrag e, thet raphenmy| c phosphbhilem t©0 raemaphphoilating
acid borate, tetraphenyl phosphoniumtetra napht hoyl oxy borate, 15

t et r aphenyls gghosphchi amotret f arnaphthy k sedyo homat kd Andy twieikhkdiaantbeen
tri phenyl phosphine with benzoqui none added thereto. These may be
used al oneeat I noconbhaapiacnt ofatwa qulereer KEads.pMidecir efletalilreed by
exanpl es i nclude curing accel erators having latency in which a sudden

i ncr easepirre2Dxf.hey viesqoscty vaf trerw med & € 0g ahe gr@onkart s ess hng a mixer,
conposition in the nold cavity is reduced. [0048] The granul ar

epoxhp r eannl torgposit ¢ e ifroy weinchpsabatiimyg kay sene cohdudtroz a dfinihevachine
present invention, in addition to 25 the aforenenti oned conponents,

may cont aiuh assnecessartyr vaai Gise addirt,i ves suchrasiecoupki i agentks:,
such as y-gl yci doxypropyltrinmethoxysilane and the |like; coloring 39
agent s stiell laswear bgnclhlcickn gndntthe uliker irzelreqase hgeattie sueh iasle size
nat ural wax, synthesized wax, a higher fatty acid or a netal salt

t her eof , dpasrtat 1 bt ioxh diazedd pokyet hiykane ywax iand t e tii&kevhbaw steessn
agents such as silicone oil, 5 silicone rubber and the like; ion

trappi ngcageint § 18Ucdn ag shydy ovalscid €aand thesliidkes sf | arfee r ey dant & £
such as al um num hydroxi de and the like; and anti-oxidants. [0049]

Vet hed f Rl JF OduaiaNgp Leand e sResi ni fghRosé L izen P aecny dtAad ol Be pm
Present |nvention Next, the method for obtaining a granular epoxy
resin Pomméaéd@aTIU%e@gaﬁ&@éﬂl@ﬁdaﬂﬁﬁﬂ£ﬁ8@w%(EfOEdéKS@r S@Mlicles
invention will be described. The nmethod for obtaining a granular

resin cCoppesind OB isS 2@t opant ikl aFl ¥ rida t bW ted aspbend 88 by mass to
satisfies the particle size

6% by mass, and the resin composition had a wide particle
size distribution. Also, an epoxy resin molding material
25 described in Japanese Patent Application Laid-Open No.

2000-021908 (Patent Document 1) was a coarse particle

obtained by cutting pulverized fine powder or a granular



distribution and the granule density of the present invention, and
exanpl es include a nethod including supplying a nelt-kneaded resin
conposition to the inside of the rotor conposed of a cylindrical

outer peripheral 20 portion having a pl#ality of snmall pores and a

di sk- shaped bottom surface, and allowing the resin conposition to

pass through small pores, by centrjfugal force obtained_hy the

rotati onr@rs%%é”?%?(i’rsj(‘hé?\éi ﬂBF@drn?gs%Yr%ﬂitlé YERG E&Mr PrtRer . and
pomderin% nethod%é a met hod including 25 prem xi ng resps&;'ve raw

mat er i al TEIMPORERES ©isi A ' ¥ xBLAGhY SR kA& iy G edtli A vy29¢€
use of a kneadi ng nachine such _as a roller, a kneader, _an extruder or
theIike?anﬁﬂ?éﬁl&%ﬁmS}Q%mPﬁn@QRMtp@\Rﬁi%?&;?%egﬁk¥%f That 1s,
pul veri zed product, and renoving coarse particles and m crofine
pmﬂicle§q%i%@°§%w%§56mﬂ%Pﬁ%%Qﬁ ref&realt feasctabed in Fatent
pul veri zi ng-si eving net hod); a nethod including premxing 5 _
respett i PO THNE Fikt er 1P 1 ESrpuhent 8 adsi igP & Trfi et € SaRd TheA Rnéadi dgef 2
with heating using an extruder having a die with a plurality of small
pores at ™Mhe ¥ r G/ B Lol 1t he §é~r%®\flgﬁ§adh¥t PA® W kol ten resin

extruded fromsmall pores arranged at the die into a strand form

using a cutf@92dlslidingly rotating alnost in parallel to the die
surface (hereinafter referred to as the hot cutting nethod), and the
like. The pHetitcl etBpzeodi st Fllsdd onsard e X anll 8hgedfsi f§toprigeular
present invention can be obtained by sel ecting kneadi ng conditions,

cent ri f UGHICXHITE § iLBNS OTHC 8 il Evij ATy %bﬁdﬂii:@@s%ul:ﬁﬂitﬁ% xerdiirensiwetor
the like in all of the nmethods. A particularly preferably used is a
cent¥l f ugall bondedagcwetiiod: The granul ar resin conposition obtained
by the nethod can stably exhibit the particle size distribution and

the granul el@8&isity of the 20 present invention, so that the nethod

is preferable for conveyance performance and the prevention of

adhesi on onColes tonedyiameeXgat h. Furthernore, in the centrifugal
powdering nethod, since it is possible to make the surface of

particl es shoat the danmeséexteranufae nepheg ise25 mrebtvpad etinnt ef os
of prevention of bridging (clogging) at the supply port to the
conveyanee gt hudrd pn gventieoni ob nstagnati,on rorm T e rcdrv eyative epatrhe ven
wi thout sticking 41 particles anong thenselves or w thout increasing
the & i ceponatkiesigstante w tdpbeesonvepancd gpatdhestird acevariation in
Furthernore, in the centrifugal powdering nethod, voids inside the
particl eshar esfippigd ¢6 Sdne gxtenilbecauseinhe dnpesiint tonposisti dhe

is formed using centrifugal force fromthe nolten state, and the

nmet hod 1 pafravie bl e i pe cdrhveyahbe tfaes hoamantet e rcionpre st ol avlididgthe
because the granul e density may be reduced to sonme extent. [0050]

100n thewatdies hard,ni ootes plktvdern zuBg-sy eVIisg et hadr@ setchodsof the
treating a large quantity of mcrofine particles and coarse particles
gener at edl olwe si Bvindg: needs hieo et 1 evicevgsha rhutc lae 8i Bvivign gppasatis OF 1
the like is used at the existing production line of the resin

conmusi t ménorlSy seatthat , t batcAdwest tonral Prafdudld air EifrRe: LoDybé dusele s s
wi t hout any nodification; therefore the nethod is preferable.

Further mehewn Bhes PW Y ald 25 NdmSirevhbie fet hed y ndwidess Saityahabt @5 mass,
whi ch can be independently controlled in order to exhibit the

particl easicz e 2Pt Hiest rid balE@m 9f vt e tpnesest t haYento onb yf Ak examb e, the
sel ection of a sheet thickness in formng a nolten resin into a sheet
before pgkwest zRkine, SBkeGip®8rof ikl verlzZiggeg@NAA bl NS IrhB&e than
pul veri zation or a screen, selection of a sieve during sieving and

the |ikeg020 dPahadds | habe arerpleeityp 0f 6ot CRS fOrt REiUA 6 Ibkhenass,
particle size distribution as desired; therefore, the nethod is

prefegy abheg FUWAHBEROLG e £ 88 a0ty GUS 1 RE rBthPIN 1 6§58 8¢ md&s. In case

that the ratio is in the range of not more than the above

upper limit, uneven sprinkling conto a mold cavity due to



[ 0052] The resin conposition nelt-kneaded at a twin screw extruder
309 is supplied to the inside of a rotor 301 through a double tube
cylindrical body 305 cooled by a 25 cool ant between an inner wall and
an outer wall. At this tine, it is preféfable that the double tube
cylindrical body 305 is cooled using a coolant such that the 43

mel t - kneaded resin conposition is not attached to a wall of the )
doubl e t&bé%@PiﬁdrY%éP%’d?%@@nTﬁé FESPRIGSHBSr tih F&adupphresd 1s
to the rotor 301 t_hro%%g t he doubl e tube cylindrical body 305. So, ]
even when itthel Bedilf 16 Thofpdtingh 31 L8dS huvtshyasupmieatinea filling
filamentous_shape, the resin conposition can be stably supplied ) ,
wi t hout &Vt 1 5Reng ¥ BFh-t h&SBREP 13T byt K& Tt hftdn St Keétridt ot s 1n
301 at a high speed. Furthernmore, the particle shape and the particle
si ze di stFiSHRIBAS0P It R tgrlditF ar P20 Fgﬁ R ROWAPosPHiSIh IcRife adhesion
adjusted by controlling a discharge tenperature of the nelted resin

or the Iﬁ%@ra‘écﬁﬁé‘itﬂgcgéstﬁ’é IheRaICAGRBAIIE diise i ROPVE Y WA SsBawr may
extruder 309. Furthernore, an entrainnent of foaminto particles can

be contr8ted® 8¢ ihsT Pl it AnNddguSrerae atn15thelt Warsérd® size
extruder 309. [0053] The rotor 301 is connected to a notor 310 and
can be recHRANEN teh AR Bi FP&TL nudrbkt L&l g gths koAd, c$0i T hay theuble in
particle shape and the particle size distribution of the 20 granul ar
resin comeasyevemccan Beladhediuer By propens tded bcthAgrafd qunberibhin
rotations. A cylindrical outer peripheral portion 302 having a
pluralit{hef shavie povas mk¢ahga vEet hes pebiighie §dofe th@uecatior i Bg1 and
is provided with a magnetic material 303, and is heated by the eddy
curréht 2% Jldgkidrithechysteeegsichieysedacconpani ed by passing of an
alternating magnetic flux generated by electrically connecting an AC
power suppl ¥ O0dehet at ed by neans of an AC 44 power supply generating
device 306 to an exciting coil 304 arranged in the vicinity. Exanples
of the magnéniccl dansrilal y303singladecdnoifroaasatetngl thei predn steesize
and the like. One or two or nore of the magnetic materials 5 303 may

be used dn sconbbndtion.oThehei i nbttygofarenbhalr ppresy afegshe composition
cylindrical outer peripheral portion 302 having a plurality of small

por es mayomotebeapbewkdtding he samel ceheniatcas tdreefegrdily mmtest i B a
303, and may be fornmed, for exanple, of a nonmagnetic material having

a hilgh 1f8ettherduali cohdddtoi tyasSol fyheoi€i siamp bé ol & Opoar eshobugh
the cylindrical outer peripheral portion 302 can be heated by heat
conduct i el efr®m wiel heatsdéh hgetti lce sat erialre303 as ra sheae riaud cefbyp 0
havi ng the magnetic material 303 at its upper and | ower portions.

Exanpl esmdafndthesnonmagnetri c f1hamater i at rbied udel 20ppearnwat ai ammlasging
the like, and one or two or nore of nonnmagnetic materials nmay be used

i n conbi gatd onc afhe ress hecvaPasatriiong ispeupplted bd tthed Onminde 10f00 mm
the rotor 301, and then flies to the heated cylindrical outer

peri pher ahgpor ¢ conm302n by aclené di fitgad 26 -frrsetohiai nedviy dheker, and
rotation of the rotor 301 with the notor 310. [0054] The resin
consi t e dr@ughtn d Nt obgont=acs WiEt bathel beated- exbiindsd cah eulfes of
peri pheral portion 302 having a 25 plurality of small pores easily
passes thr.@uphng&mahld pores afm thedcyl brdmi£ak out eii pebihesaparticles
portion 302 and di scharged wi t hout causing an increase of the nelt

45 vi scopiatss i A he theab it tERRerAtave BBy beeankmtphaidy 88t the total
depending on the properties of the resin conposition in use. By
properlysselerei mg dhephead + 89 chender ey ble Paski ¢ €ophane agd

the particle size distribution of the granul ar resin conposition

can be aditsd £da rhn r@anered u aWhebrdiee B8aldMethd BARSIABWEL dsalized. In
excessively increased, curing of the resin conposition proceeds so

t hatgg hethlcovebibi tor | snheducedhold ,Snekk tAY £esoth 4-hengyld Wi healaspect

ratic are possibly passing through respective sieves,

whereas, for convenience, respective particle size



10 However, in the case of the proper tenperature condition, the
contact tine of the resin conposition with the cylindrical outer

peri pheral portion 302 is extrenely short, so that an effect on the
flowability is extrenely small. The cyl itddrical outer peripheral

portion 302 15 having a plurality of small pores is evenly heated, so
that partjial change,in the flowability is extrenely small. Also, the
particl e%‘bélgh%%%spa‘ﬁi E?l&s%@nd’i]ﬁﬁ B&Soh 6PARRSGtaupapL the
resin conposition can be adjusted by _properly selecting a pore size

of a pl uPASE§Sf SHEPP Yot s tHef 20 55| FREAT REut et pePVpiraf of
portion 302. [0055 The granul ar resin_conpagsition discharged

t hr ough St | B P tthe 9§ﬁﬁﬁ?€§l%ﬂﬁ%F pet pRECA € pBFt 'oho 363!

is collected, for exanple, at an outer tank 308 installed in 25 the

peri pher fSF - 2hE rRBALF0ICFt is preferable that the outer tank 308

is installed such that a collision surface agai nst which the granul ar
resi P conpodi%ioh! passing 46 through snal|l pores of the cylindrical
outer peripheral portion 302 and flying collides has a slop of from

10 to 80 defraest BRE PrePerably 25 to 65 degrees to the flying
direction of the granular resin conposition, in order to 5 prevent
attachment ¥eamehgdanul &p rdse nfédrpositiagit bato ameXiyniee s hal | |

fusi on anong the granul ar resin conpositions. Wen the slope of the

col lisiofCospPaceE tont Ref ISR agrdidertiow of ®RaIreenduconpbsi thiami she
not nore than the above upper limt, the collision energy of the 10

gr anul ar Viesipoeoripo St icomn cai aec ¢ W ¢ yLgirgper sedy vsd» adav etiigteejmeans
little risk of causing attachment onto the wall surface. On the other
hand,0 whem atheas| gpevob el ool Iistdrrswf ates ol it ke faydngediteoti on

of the resin conposition is not |ess than the above lower [imt, the
flyi ng speapabtdfe s hepgrantibap ress i ogormposdtiiron, camadergliy of
reduced so that, even in the case of secondary collision against the
wal | sur pacet of Leelte louvenda danke Lheree$t Lemtdehri(dk of f cagsi mpre than
attachnent onto its exterior wall surface. [0056] 20Meanwhil e, when

t he t enpér aturaen @t t hiee sdob tksisdn kanpade @ai aft nwhi go ke tdgraamul amm is
resin conmposition collides becones high, the granular resin

conposi tpaeisredsiy ynatt Actwesl, tbant Hi% i byl mamefendbwtdapraferably
cooling jacket 307 is arranged in the periphery of the collision 25

sur fldce hort cbekisnglthe A% i biyomasssf dceseThen nobe diateflerpafttildes
outer tank 308 preferably has such a size that the granular resin
conposi t harvisgf al Isy. ceobé&d ndthuse s47 {pieuentlidigumt t adhmend sef ttHet the
granul ar resin conposition onto the inner wall and fusion anong the
granul ar reasie cenpost hiionst hen agesreealnume ¢ ifldaoWsrhynddie catrat ¢ ga nefe
the rotor 301, so that a cooling effect is obtained. 5 However, cold

wi nd maypee f ot neducedc aass hergessas yenThep 8i ad Iof n yhe rodit ae 1ttaikg 308

is varied depending on the anount of the resin to be treated, but,

for exanpkeypdntdase that dhevdilanried, obhrddiestabarl 802¢d L 20demtivity
attachnment and fusion can be prevented as |ong as the inner dianeter

of X t heneuinerl d @pK 1308y ica alwdta dNQecrad [ 08Dt 156 fheondct Orc Deri €Rat
according to the Present Invention Then, the sem conductor device

of the peesentatfivwendfopaatdathed yaeneapsthat ikt GeSeMICONGUE O(L) of
el enent by 15 conpression nol ding using the granul ar epoxy resin

conposi t et O i aRCaDShh at sNGnea SN eowliet 9 Wittbe idiypt p&Et @busing
I ncidental ly, the nmethod for obtaining a sem conductor device

obt ai nedrhy engapRsSWH@thnt A semLcONEUGtnl £herRE upy 16GoNPHesH Oduring
nol di ng using the 20 granul ar resin conposition of the present

i nvent i 0B cirsy ¢ P8 nTAHE @Bo FRMtA ONed ahayep 1The csemconducd 96 c§li®8tpath
encapsul ated in the sem conductor device of the present invention is

not Jparthel arhy himéed, @hd exanphgs ivchddendt edrat@do¢l ik tScles

having the shortest length (S) of exceeding 1 mm is small,

there is little risk of causing failures such as a



invention is not particularly limted, and exanples include ball grid
arrays (BGAs), MAP type BGAs and the like. It can also be applied to
chip size packages (CSPs), quad 5 flat no | eaded packages (QFNs),

small outline no | eaded packages (SONs)j191ead frane BGAs (LF-BGAs)

and the |ike. [0059] The sem conductor device of the present

i nvention obtained by encapsul ating._a sem conductor_el enment froma 10
cured prBadcta bt Othel Pe&itF cHAPFRN t 1 6/ Yoy RoRprSes sE B/ thof BBng 8 31 tised
as it is or is nounted on ang el ectroni c apparatus after conpletely
curing t AEMREF A tddipositt IRHAT atll Mg ¢ eAp&rat dr € 2911 Bo@dn BOELEo LDbE-
over a period of about 10 mnutes to 10 hours. 15[0060] Hereinafter,
the sem EBFduUEE Bt adelY ee2Fnél BGItHYL @ P EalcrRsdel BE &hE rligesdarlength
one or nore senm conductor elenments |am nated or nounted in parall el

on the | é&d fAgetBe HELeES t1 dbatd: bDhdi RG W #6d Sfprhaving a size
electrically 20 connecting the lead frame or the circuit board and

t he Peni edndadt oo 8 éneansl 04ndran reéneaisey adi by Adwesriap tbe granular
encapsul ating the sem conductor el enents and the bonding wires wll

be described i ncdema $ 1 wilomn res @nenceh € oatiiver ¢mawitiigen edowel@r s tidnedard
present invention is not 25 restricted to the sem conductor devices

usi ng boadiernte s ree0 pPoesl]jclae areFrgnd®mvaseilew showi ngnaparticles
cross-sectional structure of one exanple of a sem conductor device

obt ai nedhby leng apsabiats g anseri cdrmuct 66 emensamdnbhst ddbogest! daahgth
frame using the epoxy resin conposition for encapsulating 5 a

sem condd¢torarmfl the pseeerteshvémtrionh ASSend Eorduct osielghenbaddlicle
is fixed through a die bond material cured product 402 on a die pad
403.10An ekrectrosae upat of stimgy senndandustop el egenippldd andla deagdrnier
frame 405 are connected by nmeans of a wire 404. The sem conductor 10

el enment 481 iiseencapsstatled. W B teer epeapsiit dkisorh awtierg at h406Lcngest
conposed of a cured product of the epoxy resin conposition for

encapsul aeimrg:-la $@&m conductomo fO06RkrFi Y. mblansl & weewhshowend dength
cross-sectional structure 15 of one exanple of a sem conductor device
obt ai ned(By erftapstul mbirmg thsanicamjuctmd ekarentpapuitcelde snage sorted
circuit board using the epoxy resin conposition for encapsulating a

sem conddaatqr taceomaisyy ¢ phe thresernt Hawenti ame Al sarieconduenerth (L)
el ement 401 is fixed through a die bond 20 material cured product 402
on ascirefii hdwahdr40& h#n 6l ect rofde pak 4Hoen ddie semcondystiorof not
el enent 401 and an el ectrode pad 407 on the circuit board 408 are
connect edokye neRAs df MmWile rddsuQey anel side ertvbChhidweeof to the
sem conductor elenent 401 in the circuit board 408 is 25 nounted is
encapsul abet Wirtdls 8o £n€ ansalb atrd iafg nedepilal (408 campased ofdar ewheithed,
product of the epoxy resin conposition for encapsulating a

sem condugtia’h daea ©|e6Cﬁé}]@d%spﬁﬁitéQl7 a0 98 vhea cérey troardt408 issin
connected with solder balls 409 on a non-encapsul ated side on the

circuit beargh408 itdher eimst e ran&EXAVPEESs[HPS]in rIke prese 3B, for

invention is nowillustrated in_nDre qetail beIOM/mﬁth reference to
Exampl ese adoveyen g itdepprasent o, nuenéi Al $e BBt gLotriid edatk@ d hgge the

Exanpl es. 10First G anul ar Epoxy Resin Conposition for Encapsul ating
SeMtngnggest length (L), while the shortest part is taken as
the shortest length (S). As shown in Fig. 4, when a
particle shape is bent, the longest part of the
straight-line distance may be measured.
25 [0027]

Construction X3

Meanwhile, in the first granular epoxy resin



Exanple 1-1 M xing of Resin Conposition (part by mass) Epoxy resin 1:
8.0 parts by mass of a phenol aral kyl 15 type epoxy resin having a
phenyl ene structure (NC3000, manufactured by N ppon Kayaku Co., Ltd.,
softeni ng point: 58C, epoxy equival ent:2@77) Epoxy resin 2: 2.0
parts by nmass of a bisphenol A type epoxy resin (YL6810, manufactured
by Japan Epoxy Resin Cq., 20 Ltd., nelting point: 45C _epoxy

equi val eRCMAFSY t1omppénd] inFERT 42 ti T par SETHYCRESH oF °F phkRS|

aral kyl resin having a phenyl ene structure (XLC-4L, manufactured by
Mtsui CRetikaPse #RELC dot P&ifi hgTph Y NEEEORGdr BRP 3eqirddeht; more
165) 25Phenolic resin 2: 2.6 parts by_mass of a phenoljc_novol ac

resin (PREEEST ARdn(f BBEUFERYL By tSiad t Sifo TaRéErRa® cand Lfgrther
softening point: 80C, hydroxyl equivalent: 105) 51 Curing

accel er aPéref(GEFF‘BHéhW‘b%ﬁﬁﬁi%é)@l? par & IL passn Vigipryhnfenveyance
filling material (nolten spherical silica having an average particle

di anet er P& ABTPEMAC B8R Y0 Yok t 8 Thy2 nEeS oY ARG TARD.S1 PAFD S ndss
Car bon bl ack0. 3 parts by mass Coupling agent0.2 parts by mass [0064]
10Pr epar Htibora bl omast@e Batcte r tflfﬁeldgiﬁe mMxed & 28 fhédnpeset pert kawd s
materials were pul verized and m xed by use of a super m xer for

5m nut esW 1d&ddl ® hé b x@ldovagw manerila sl wepe g epadde s L 0065]clogging or
15Production of G anul ar Resin Conposition A punched netallic nesh
made of FhRenlHdve Myasedly Pores sofnd gore drametle? rofe3.151 meWAS Susedon
as a material of the cylindrical outer peripheral portion 302

i | lustraced e R gabe.y A ponchiceld nénaldd £e nedla thavk ngsa clegi gav est wsing
nm 20 and a thickness of 1.5 nmm processed into a cylindrical shape

was linst al ted ey & he eperd pher yuch tatte ar otidrr 301 draviiegda rdicandttes lof ke .
20 cm whereby the cylindrical outer peripheral portion 302 was

formed. Theacldindoircalasutbe perl phersa Ppoglicon S2nadd dratedhwishon,
the exciting coil 25 at 115C by the rotation of the rotor 301 at a
speed of c30Q0Di ngnp rThéendnibee loé rddtata ons ref. t A usot orh801 caredr tthiemit
tenperature of the cylindrical outer peripheral 52 portion 302 were
brought ist edthestréddyustatle; Tahditthesth, abol tien ambebieal bt aeredibhye,
melt kneadi ng the aforenentioned nasterbatch with the twin screw
extrudernd@®9 wasssupgpned tiedheel st deodf ltdesr athorn 300 ateqreatse. 5 As
of 2 kg/hr through the double tube cylindrical body 305 fromthe top

of tilse ratmoe tIC whi Inec dlegasisiangt by usé ldp aedegadid ) e ,gmandudld owess in
to pass through a plurality of small pores of the cylindrical outer

peri pherabmpos$ i ad 3022b¢ cent sifaugal ihorcegobtsai hedallyl dhedr at@at fan 1
of the 10 rotor 301, whereby a granular resin conposition was

obt ai neddoleiwd k8 afmd hes pdegducsd i oedcandi 41 hBs wesetaliowl aneTadD® in a

predetermined area from a hole of a funnel 201 until it
becomes a predetermined shape, whereby a conical granule
20 204 is formed. Subsequently, a balance weight 203 having
a certain weight placed on a pedestal 206 zlong with the
horizontal plate 205 is allowed to fall downward to apply
a certain impact to the granule 204, and a part of the
granular resin composition is allowed to naturally flow
25 for falling out from the horizontal plate 205, and then
the collapse angle of a remained conical granule 207 can

be determined as an elevation angle from a point on the



[ 0066] Eval uation of Granular Resin Conposition 15The resulting

granul ar resin conposition was evaluated in the foll ow ng manner, and
its evaluation results were shown in Table 1. [0067] Anmount of
particles having a size of 2 nmor greaker, 20 anount of particles
having a size of 1 nmor greater, but less than 2 mm and anount of

m crofine particles, having a_size qof |ess than _106 pm 40 g of the
obt ai ned°Yrditil BE TR R T o@%s?éi%rp%g%i@‘ﬁééw tBoltrlfbethé’i \)Ci-:lgathe
sanple. The JIS standard sieves 25 having apertures of 2.00 .1.00
mm and 166 ¥ i ndtal FBE Tim Janra-hteapgwﬁéﬂs?e?@ %h%ﬁépr(%aepﬂgsl&soan
manuf act ur ed b%/ Mar ubi shi  Kagaku Ki kai Sei sakusho Co. Ltd.) were used
53 to cl a§¥dYy tﬁéles%?rﬁlne tt-hlf“éu&hlef‘ﬁ@tslicb‘?/eénmef e1§hék5}1ﬂbe€1he%erePose
sieves over a periad of 20 mi nutes (nunber of hamrer strokes: 120

/ i nut e) 2nSUR eqtiBtl §, T BRe dtdsise 6ER R R L HE Part 6l E8RR8Segdngle and
throgsgh the sieve of 106 pm 5 the _mass of particles remined on the

si eve of tRemAk t 8P SFasdt hict hFotigh ke shevansrl @ Wmdhhd e fss The
of particles remained on the sieve of 2 nmwere neasured to obtain

the mass@P&thi® Pherkbf fegameet ditisamf® AlssiHeesr € WP HESIYE AT an
10[ 0068] Ratio of particles having the |ongest length (L) of not
nmor e t hafia® e 88d Atthe shdpPsstn P efdt i ()9 BR Ndta Ho¥F e Stifar: AMRMS Theon
JI'S standard sieve having an_aperture of 106 pm 15 installed in a
ro-tap t¢pe sievd idhakEi (MoEEPISS: 100A VY stahiFact e é¢ Sbys Wahuld Shi
Kagaku Ki kai Sei sakusho Co. Ltd.) was used to classify a sanple of

t he obt ava&d: 3t dawl dree@sitn occorfgusi 168 t hAsughh e hengil&veo Wil Eference
shaki ng the sieve over a period of 20 mi nutes (nunber of hammer 20
stroikes: is2@ ¥ aRhde) tOa aaevdati clesst haviomp @s sicde bf 1sessa s hdy
106 pm Subsequently, 100 of particles remained on the sieve having a
size of ¢06 Jmpwede raBdeniit sebeptreadf caad the Forgesxamgnigt h fOt ahess
the shortest length (S) of each single particle were neasured for 25
sorting bérwmeehOpaiadcees mavingathe bamgestabdngthol)l@$sndthamré 5
than 5 mm and the shortest length (S) of not nore than 1 mm and

ot her padeigtess .SuBsequentbyputieg Bbgaradusf dhethet alolbhspsef angle
particles having the longest length (L) of not nore than 5 mm and the
short est ahehgthe( S)edsrotampi e ,t mnp dwihe t otetse: ¢ ot dla Mssdafct100 £
particles before sorting was determned to give the ratio of 5

par tliscl eBolsank agat el ¢ ongesirbepgt mél) kod mekedmwre than 5 mm and t he
shortest length (S) of not nore than 1 mm [0069] Repose angl e,

col | apse angb@2shy angle of difference: As shown in Fig. 5 a

granul ar resin conposition was 10 put toward the center of the

di sk-1i ke honi zdn¢ alf ipl sat eg2@m hasirng: @o divanet e nofc @Gpomi insbal |faslr

in a powder tester (Mddel-PT-E, a product of Hosokawa M cron G oup)
from t heewnerdp sall adi 1 egt izons emi kg ndectwmel 120k raber aby hbher«conheal
granul e 204 was fornmed on the horizontal plate 205. 15 The granul ar
resin coppeditDe v €@ s ouausl yiput, ivhanfatia edneawasi taehdning
a predeterm ned shape to determ ne the elevation angle (9) using a
protaact eheasl ShgwWs t NLENG+H 40.)0ive adiepaseanghen Subsaquend | ¥hea
bal ance wei ght of 109 g placed on the pedestal 206 along 20 with the
hori zont gh o & et202 nipsh al & pwed hetf ablr daward rimy eentli GBS todM&pse
hei ght of 160 mm a part of the granular resin conposition was

col | apsednlyl  hien itHad £ bekerfah t i BG Uty Oh gbke Rl Akeh@AdEbRedbthening
el evation angle (0) was determ ned using a protractor as shown in

Fig. 5 aﬂﬂéﬂﬁkanular epoxXxy resin composition for encapsulating a

semiconductor to be described below is used, or the kind
26 and the mixing ratio of an epoxy resin, a curing agent and
a curing accelerator are adjusted.

[0029]



25 col | apse angl e was neasured. Furthernore, the difference between

t he neasured repose angle and the coll apse angle was determned to

give the angle of difference. As the 55 determnation criteria of

the col |l apse angle, an angle of not nore2than 25 degrees was

determ ned as AA, an angle of fromnore than 25 to not nore than 30
degrees was determ ned as A an angle of greater than 30 degrees was |
5 determ ne@hfs0@,8%%1&61%1%@@%?%9&?8@ fRaT BY YRS RROXY resin
determ ned as C, [0070]. Uneven sprinkling and adhesi on properties; As
shown | nCEMPOILIt 1P §OdF REAGHALREAL T sPn SENEERPSSIEFBF Waklputbe
into a hopper 501 in a vibration feeder 500 (nmanufactured by A& Co.,
Ltd., sigessFribPesyh’ 508 “BShermmnThgt R R emPRIFOt salgdie FANG dakethe
502 was adjusted to 0.4 nm and shaken to a predeterm ned degree so as
to have &RTIFEF&I1L PO EhegdmsFthodg/ minute to convey the 15

granul ar resin conposition, and a granul ar resin conposition 511 was
col | écted afsa oavai et Bi¥ i atedch 4 sdmees13d it ot heasigest loef the
mass every one mnute and to exam ne the increased mass. Furthernore,

af ter coRpmR ¥ A sgfon heopebbngemaithodxilst ehvd igig pandap ey lat Pog a

m crofine particles in which resin particles were adhered to one

anot her semat¢avked tort isel ¢msinde W 1nige feedarannlpartieréas are

cl ogged in the way was exam ned by visual observation. No adhesion,

att achnmeppmroslidggitmg odcur $ ed ewass Eadivxat ed uast AArmexy sspmcarlole the
adhesion, attachment or 25 clogging occurred but with no trouble to
cont i nuogs aconyeyances tausednpas litnidé saved @se Ab ol epny sofr hdbesiah, the
attachnment or clogging occurred and accordingly a little 56

det el or abivar afa cohtyl ndetdheonveyanee spert oratefice Heaused rwasn addition
i ndi cated as B, and remarkabl e adhesi on, attachnent or cl ogging

occur r edtand hec cor dvegley optliesuedy lteny éyance: peefdorinantedafd ecteden of
| ot was indicated as C. As the 5 determ nation criteria of uneven
sprinkl i ngnitdeinacrelased mamuiias of eslier masspafd et ibmuetieg aiter 3

m nutes, after 5 mnutes, after 7 mnutes and after 10 m nutes were
exam nedconvepseaddatebhe diddéderasca ofilh he tiinem eAsed canoont tafe thieke,
mass after 10 m nutes to the 10 theoretical increased anount of the
mass i s partheciarsge Of thk gyrAAudasr | hdisdat edomipn £hseotrhad rét awdsered
in the range of 2 g, A was indicated. OQherwi se, C was indicated.
[007E 15V veeswueerriiateon thAscshowybnck gatll2,o by canveyiyathde means
speci fic anount using the vibration feeder, a resin nmateri al

suppl yi ngueantasner W reaanitem NIFRg de gr anulidier @dike cOOPROIHE 0 rEbular
was prepared, and was pl aced between an upper nold 601 and a 20 | ower
ol d 609refs ian coBpiRssi.en ol fls and $Senecontictble el @Bl ®O4 RaviNgin
a thickness of 0.25 mmand 10 mm square were attached on a circuit
board 603chayi dgsad hi ckness, ot Hd Sy iEn AL - dirke ©f n 5@ oTip @Bd tai d €ngtsh

of 210 mm conposed of a glass fabric based epoxy resin copper-clad

| 'am nat ec2% Fheat (Abgiral 1 esugfanNcer ¢ adep FRyApeH NG & thé VesnRaSi&nce
and gold wires 605 having a width of 25 pmand a | ength of about 5 nm
wer g oi gatiﬂ Op the rsengeanaucher el eNBntconHé 804 and dthey si Ialithe
board 603 at pitch intervals of 60 pm 12 of the resulting

sem conddeinGfe fhamRN LS vEren fd xed tasthe. URPRM @J%;ﬁglo@ytﬁe granular
substrate fixing means 602 such that a surface on ich the

sem condyet0rm e 8RR $1 694 el e P2 RWH edyvas did ech ed dyahde means
Subsequently, by laterally sliding a shutter 608 constituting the

bot t om syifare Ob {he FLsi Bnmabed st SHMRH YiNgx a8l P87s 80%, atiR® sion,
granul ar resin conposition 606 was supplied into a | ower cavity 610,

and thenythe &paih vTat 8RRl g SHEPR! Yd H8geQNnt fbRel, 07 hwas; 1Pt akane Ut
of the nold. Subsequently, g.LZ of sem conductor el ements 604 were

encapsul abed 20 1 9Rf dedt @k s0NE {1h BB U8 RG 3 LOFRERSSIOPHEOL bl cavity

of the compression mold. When there are a place with a

small amount of the granular resin composition and a place



25 sweep in the resulting sinulated sem conduct or device, an average
sweep rate of 4 longest gold wires (length: 5 mMm on the diagona

| ine of the package using a soft X-ray 58 apparatus (PRO TEST-100,
manuf actured by Softex Corp.) was neasug®d, whereby the wire sweep

rate (wre sweep anount / wire length x 100 (%9 ) was cal cul ated. As

the evaluation criteria, the wire sweep rate of not |less than 5_3%

was det eFrifed® ad adef @ ctivve! t Eht r%}‘?rgﬁé FREQREPIr S WFe| Bdace of
t han 3% gé% greater thag 2% was determ ned as A, and the wire sweep
rate of F&Ss TREAOTHINEEEA&erdt nehSad G T 6672 L YoRMY itfy occurrence
properties: As shown in Fig. 14, 12 of first sem conductor )

el ement sOF0F Wali HY SF $hi BRAAIES bf NF..2 InhP¥nd s 589 0l Atmestfthr € iwg et 1on
attached on a circuit board 701 having a thickness of 0.5 nm a width
of 50 miarkk s Pérgth 6F oFLothfh Sdripetell 101D 13 & 31 SR s IR ttHasely the
epoxy resin coEper-cIad | am nat e sheet of heat_resistance grade FR-4

usi n@ a SFIAER 1 pasE & SN SRIAP OBrtlet ¥RI SO Hha REB6/IVdH doRBdctbamount
el ements 703 of the same dinensions were further attached on

respecti VE8SIO?PP EsPortt R FNGEPSEFiTbhadcttr l dLaer® S 702 afki agnchector
20 aforenentioned silver paste at the position of 90 degrees rotated

on the X¥lsmgetw t Fhespedtheset b g | Pserseti BRI L 1deneht sarpping
wher eby sinul ated el ements 704 were prepared. Subsequently, the sane
conpr essVéF sofHeseP t Pat austEniso RYUEGatY oplemame, Wi SAEEI Gt e

25 was used, and 12 of sinulated el enents 704 were encapsul ated and

mol ded afedictife By bbengf si:elonpBessisons noV dilss reehthe like in the
(manuf actured by TOM Corp.) in the sane 59 manner as in eval uation

of tife whle st haa smavhérabp va VaE fblded P vdact refs bn gt gmpatsaot ion .
sem conduct or device having a thickness (t) of the encapsul ation

mat er i al Fofr tthSrmamwdh, t he sSieag dtlkd telcdrrerd sa R0 avasr elstial reempPisel bion
nol ding conditions at this tinme were a nold tenperature of 175C, a

mol di ng pressureecoft B9 NPy z@d afcurhagprimel of €120l secdndst r Ebldt hgn,
properties were eval uated using a scanni ng acoustic tonograph

(m -scopdempgedinky, aranutf acparedi by eHistreche Kdérki #kaepllech €osphere),
Ltd.) without 10 segnenting the obtained MAP nol ded product into

pi eces. Anwrg fl2tdiorul ahed het ementtsinpespecid f anbinmy partthe: besi pees yly

of all sinmulated elenents was determ ned as A, defective filling such
as rest spovoids, oantthe Ipirkeb becuorfedia Dethid perf phériynpfsdchoa® nests,
sinmul ated el ements was 15 determ ned as B, and defective filling such

as nestsyova sisoer tthe Llike occunmed in shenpechpleyy ofinb prtirarlar,
simul ated el enents was determned as C. The obtained results were

shown i nifiabhe tad®0y8]a 20&xdnpeduttdt aldvRcel 11?2 whoi dhlb, thdd kness
Conparative Exanples 1-1 to 1-3 According to the conditions in

Tabl e 1, odr anul @ncress wl eanposi hbarsr iwile cabtal sethidohbe cStae pdrREnt
as in Exanple 1-1 and respective tests were conducted in the sane
manner. 2% The robtaai reflf ¢ esubttsuwerves shioynink Tabbeod. t h@0Y¥4lver cavity
Conparative Exanple 1-4 60 The resin conposition raw material s

wer @gpul ger itzesl abehpr xedilynh use lef e SUpRs MERL fl0dbDey N Es, cEily
then nelt-kneaded at a kneadi ng tenperature of 100C by use of the

twin screwwextnyder B08bland sucttheiscoaled wide®, Swendtng teattory
and then coarsely pulverized with a hammer mil|l, whereby a coarse

pul veri zed 1prodycic havh By 18k 8V &lageu Bar t 6é € agi ARt elo 0f £+ B0 s and

a particle size distribution of 40 pmto 10 mm was obtai ned. The

obt ai nedceaat $&ipuloter i aed: P& ogectomas fsuid her, putNen zeghby i4:000 10
rotations using a pul verizer, whereby a granular resin conposition

was obt ajned @iehie, t€Bbg et @, Carduft £d iidh tde SABE 1IMBIWEsca®irdd), the
Exanpl e 1-1. The obtained results were shown in Table 2. [0075]

15Bx | 85 nkrdy b8 ckr 1imand Foapazatl yeqgbExanpd esakd tRe productivity

may also be lowered.

[0030]



1-7 JI S standard sieves having apertures of 2.00 nm 1.00 nm and

106 pminstalled in a ro-tap type sieve shaker were used to classify

a sanple of the granular resin conposition 20 obtained in Conparative
Exanpl e 1-4 through sieves whil e shakingtthese sieves over a period

of 20 m nutes (nunber of hammer strokes: 120 /mnute), and respective
cl assifying components of the granular resin conposition were m xed

so as to ha®@ theepaftherensie: ditstd i burisdn 25388 ShvweHTX Tables bn
whereby a resin conposition having_a predeterm ned particle size

di st ri bufPeP was tostaihed angdamheldadtisn et e LBAGR RECILP & HeS e POoXY
manner as in 61 Exanple 1-1. The obtained results were shown in

Tabl e 2. Te6Z 1 007BP ISTabre M L o ExaRplr@ sul #E11p9 12 33804 @ Rductioh used
Met hod Centrifugal Powdering Method Production Condition Kneading

t enper at P& o EROIGPRING M et UdEr [A)tasnEXD BY0 eoapRwhRE 160 a

rotations of the rotor [RPM 3000 3000 3000 3000
5 semiconductor element by compression molding, and is

characterized in that in the particle size distribution
as determined by sieving the whole epoxy resin composition
for encapsulating a semiconductor using JIS standard
sieves, the ratio of particles having a size of 2 mm or
10 greater is not more than 3% by mass, the ratio of particles
having a size of 1 mm or greater, but less than 2 mm is
from 5% by mass to 60% by mass, and the ratio of microfine
particles having a size of less than 106 um is not more
than 0.5% by mass. Thus, adhesion of the granular resin
15 composition is prevented and uneven sprinkling is reduced,
so that conveyance performance and productivity can be
improved. Furthermore, the method for producing a
semiconductor device of the present invention includes
encapsulating a semiconductor element by compression
20 molding using the aforementioned granular epoxy resin
composition for encapsulating a semiconductor. Thus, a
semiconductor device can be produced without causing
failures such as defective filling and wire sweep.
[0031]
25 Meanwhile, the semiconductor device is a semiconductor
device equipped with a lead frame or a circulit board, cne

or more semiconductor elements laminated or mounted in



Tenperature of the cylindrical outer peripheral portion [C] 115 115
115 115 Poresizeofsnallpores [mm 2.5 2.5 2.5 2.0 Particle Size
Distributio n Ratio of particles having a sizeof2 mmorgreater [mass
%4 1.6 1.0 0.8 0.1 Ratio of particles Baving a size of 1 nm or
greater, but less than 2 nm[mass % 56.0 33.0 18.0 28.0

parallel on the lead frame or the circuit board, bonding
wires for electrically connecting the lead frame or the
circuit board and the semiconductor elements, and an
encapsulation material for encapsulating the
5 semiconductor elements and the bonding wires, and the
encapsulation material is composed of a cured product of
the granular epoxy resin composition for encapsulating a
semiconductor of the present invention by compression
molding. With respect to the problem of uneven sprinkling
10 ontoc the mold cavity due to a supply variation, failures
such as defective filling, deterioration of wire sweep and
the like can be effectively reduced in case that a
thickness of the encapsulation material on the
semiconductor element is from 0.08 mm or more to 0.5 mm
15 or less, and such failures can be particularly effectively
reduced 1in case that a thickness of the encapsulation
material on the semiconductor element is from 0.1 mm or
moere toe 0.3 mm or less. As the thickness of the
encapsulation material on the semiconductor element is
20 thinner, the amount of the resin composition in use becomes
extremely smaller. So, the granular resin composition is
too sparsely present in the mold cavity, and the
possibility of causing unfilling ox the like becomes high.
As the thickness of the encapsulation material on the
25 semiconductor element 1s thicker, the amount of the resin
composition in use is higher. So, an effect even by a

variation in the supply is small. Herein, the thickness
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of the encapsulation material on the semiconductor element
refers to a thickness of an encapsulation material
covering a surface opposite to a surface on which a lead
frame or a circuit beoard of the semiconductor element is
5 mounted. In case that one or more semiconductor elements
are laminated and mounted on a lead frame or a circuit board,
it refers to a thickness of an encapsulation material
covering a surface of the semiconductor element on the top
opposite to a surface on which the lead frame or the circuit
10 board is mounted.

[0032]

As described above, according to the present invention,
in case that a semiconductor device is obtained by
encapsulating a semiconductor element by compression

15 molding using the first granular epoxy resin composition
for encapsulating a semiceonductor, 1t is possible to
obtain a granular epoxy resin composition for
encapsulating a semiconductor in which adhesion of the
granular resin composition is prevented, uneven

20 sprinkling is reduced, conveyance performance is improved,
and the productivity is further improved. Furthermore,
a semiconductor device excellent in the reliability can
be produced without cauvsing failures such as defective
filling and wire sweep by encapsulating a semiconductor

25 element by compression molding using the granular epoxy
resin composition for encapsulating a semiconductor.

[0033]
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Meanwhile, the first granular epoxy resin composition
for encapsulating a semiconductor can be suitably used for
a semiconductor device in which a lead frame or a circuit
becard and a semiceonductor element are connected by means
of fine pitch wires, long wires, small diameter wires or
the like, particularly a semiconductor device in which a
thickness of an encapsulation material on a semiconductor
element is not more than 0.5 mm.

[0034]

The constructions Y1 and Y2 of the second granular epoxy
resin composition for encapsulating a semiconductor will
be described below.

[00351

Constructions Y1 and Y2

For the second granular epoXxy resin composition for
encapsulating a semiconductor, the lower limit of the
ratio (D1/D2) of the granule density D1 to the specific
gravity D2 of a cured product after curing 1s preferably
not less than 0.88, more preferably not less than 0.88 and
further preferably not less than 0.90. The upper limit
of D1/D2 is preferably not more than 0.97, more preferably
not more than 0.95 and further preferably not more than
0.94. In case that the ratio is not less than the above
lower limit, there is no possibility of excessively
increasing the porosity inside the particles, and there
is littie risk of causing a problem of formation of voids

during molding or the like. Also, in case that the ratio
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is not more than the above upper limit, there is no
possibility of excessively increasing the granule density,
and the movement speed of granules may not become slower
during conveyance by use of a conveyance means such as a
vibration feeder or the like either. In case that the
movement speed becomes slcower, there is the risk of
stagnation, and accordingly a prcblem such as adhesion,
clogging or the like might occur. Furthermore, the granule
density D1 of the granular resin composition is preferably
not more than 1.95 and more preferably not more than 1.90.
In case that the ratio is not more than the above upper
limit, excellent conveyance performance is achieved.
Furthermore, the lower 1imit of the granule density D1 of
the granular resin composition is not particularly limited,
but it is preferably not less than 1.75 belonging to a range
in which the porosity inside the particles is not
excessively increased.

[0036]

As a method of measuring the granule density D1, the
granular resin composition is sieved using JIS standard
sieves of 32 meshes (aperture: 500 pm) so as to easily
handle it, and then about 5 g of the granular resin
composition on the sieves was weighed up to 0.1 mg to give
a sample. A pycnometer (capacity: 50 cc) is filled with
distilled water, several drops of a surface active agent
are further added thereto, and then the mass of the

pycnometer containing distilled water and the surface
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active agent is measured. Subsequently, the sample is put
into the pycnometer and the total mass of the pycnometer
containing distilled water, the surface active agent and
the sample is measured to calculate the granule density
accerding to the following equation.

Granule density (g/ml) = (MPXpw)/(Mw+Mp—Mt)

pw: Density {(g/ml) of distilled water at a temperature
during measurement

Mw: Mass (g) of pycnometer which is filled with
distilled water and further several drops of a surface
active agent are added thereto

Mp: Mass {(g) of sample

Mt: Mass (g) of pycnometer contalining distilled water,
surface active agent and sample

Herein, a surface active agent is used to increase the
wettability of distilled water and the sample, and to make
an entrainment of foam to a minimum. The surface active
agent which can be used is not particularly limited, and
materials without causing an entrainment of foam may be
selected.

[0037]

The second granular epoxy resin composition for
encapsulating a semiconductor is used for a semiconductor
device obtained by encapsulating a semiconductor element
by compression molding. However, from the fact that the
value is not changed depending on the molding method, as

a method of measuring the specific gravity D2 of a cured
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product according to the present invention, there is used
a method of measuring the specific gravity of a cured
product by transfer molding that is a simpler method.
Specifically, there may be cited a method comprising once
forming the granular resin composition into a tablet
having a predetermined size, forming a disk having a
diameter of 50 mm and a thickness of 3 mm at a mold
temperature of 175 * 5°C and an injection pressure of 7
MPa for a curing time of 120 seconds using a transfer
molding machine, and calculating the specific gravity of
a cured product of a molding material by determining the
mass and wvolume.

[0038]

In the second granular epoxy resin composition for
encapsulating a semiconductor, in order to have the
particle size distribution, the ratio (D1/D2) of the
granule density D1 to the specific gravity D2 of a cured
product after curing and the granule density D1 in the
aforementioned ranges, a method for obtaining the granular
epoXy resin composition for encapsulating a semiconductor
to be described below is used, or the kind and the mixing
ratio of an epoxy resin, a curing agent and a curing
accelerator are adjusted.

[0039]

The operational effect of the second granular epoxy
resin composition for encapsulating a semiconductor will

be described with reference to the objects inherent to the
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compression molding method.

In addition to Figs. 1 and 2 above, in the case of the
compression molding method comprising encapsulating a
semiconductor element using the granular resin
compesition, it is necessary that the granular resin
composition is always stably supplied in a specific amount.
When the disorder occurs during conveyance of the granular
resin composition in the conveyance path, or when adhesion
among particles of the granular resin composition or
attachment of the granular resin composition to the
conveyance path occurs, there are problems such that
clogging, delay in the supply time or irregular supply to
the mold coccurs, the productivity i1s greatly lowered, and
unsatisfactory filling occurs.

[0040]

On the other hand, the second granular epoxy resin
composition for encapsulating a semiconductor is an epoxy
resin composition for encapsulating a semiconductor used
for a semiconductor device obtained by encapsulating a
semiconductor element by compression molding, and is
characterized in that in the particle size distribution
as determined by sieving the whole epoxy resin composition
for encapsulating a semiconductor using JIS standard
sieves, the ratio of coarse particles having a size of 2
mm or greater i1s not more than 3% by mass, the ratio of
microfine particles having a size of less than 106 pm is

not more than 5% by mass, and the ratio (D1/D2) of the
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granule dénsity D1 of the epoxy resin composition for
encapsulating a semiconductor to the specific gravity D2
of a cured product after curing the epoxy resin composition
for encapsulating a semiconductor is in the range of 0.88
or more to 0.97 or less. Accordingly, adhesion of the
granular resin composition is prevented, so that
conveyance performance and productivity can be improved.
Furthermore, the method for producing a semiconductor
device of the present invention comprises encapsulating
a semiconductor element by compression molding using the
aforementioned granular epoxy resin composition for
encapsulating a semiconductor, and accordingly a
semiconductor device can be produced without causing
failures such as defective filling and the like.

[0041]

As described above, according to the present invention,
in case that a semiconductor device is obtained by
encapsulating a semiconductor element by compression
molding using the second granular epoxy resin composition
for encapsulating a semiconductor, it is possible to
obtain a granular epoxy resin composition for
encapsulating a semiconductor in which adhesion of the
granular resin composition can be prevented, conveyance
performance is improved, and the production can be further
improved. Furthermore, a semiconductor device excellent
in the reliability can be produced without causing

failures such as defective filling and the like by
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encapsulating a semiconductor element by compression
molding using the granular epoxy resin compositicn for
encapsulating a semiconductor.

[0042]

Meanwhile, the second granular epoxy resin composition
for encapsulating a semiconductor can be suitably used for
a semiconductor device in which a lead frame or a circuit
board and a semiconductor element are connected by means
of fine pitch wires, long wires, small diameter wires or
the like.

[0043]

The first granular epcoxy resin ccomposition for
encapsulating a semiconductor has the construction X1, X2
or X3. Besides, the first granular epoxy resin composition
for encapsulating a semiconductor may have the
construction Y1l or Y2 of the second granular epoxy resin
composition for encapsulating a semiconductor.

On the other hand, the second granular epoxy resin
composition for encapsulating a semiconductor has the
construction Y1 or Y2. Incidentally, the second granular
epoxy resin composition for encapsulating a semiconductor
may have the construction X1, X2 or X3 of the first granular
epoxy resin composition for encapsulating a
semiconductor.

[0044]

Components of Granular Resin Composition according to

the Present Invention
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Hereinafter, in the present invention, the components
of the granular epoxy resin composition for encapsulating
a semiconducteor used for a semiconductor device obtained
by encapsulating a semiconductor element by compression
molding will be described. 1In the granular epoxy resin
composition for encapsulating a semiconductor of the
present invention, an epoxy resin may be used. The epoxy
resin in use may generally be monomers, oligomers, and
polymers having two or more epoxy groups in one molecule.
The molecular weight and molecular structure thereof are
not particularly limited, and examples thereof include
crystalline epoxy resins such as a biphenyl type epoxy
resin, a bisphenol A type epoxy resin, a bisphenol F type
epoxy resin, a stilbene type epoxy resin, a hydroquinone
type epoxy resin and the like; novolac 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
phenylene structure and the like; trifunctional epoxy
resins such as a triphenolmethane type phenol resin, an
alkyl-modified triphenoclmethane type phenol resin and the
like; modified phenol type epoxy resins such as a
dicyclopentadiene-modified phenol type epoxy resin, a

terpene-modified phenol type epoxy resin and the like; and



m nutes [g] 70.1 70.2 70.1 69.9 | ncreased amount of mass after 10
m nutes [4] 100.2 100.1 100.2 100.1 Determ nation [-] AA AA AA AA
Adhesi on properti es Existence of adhesion anong resin particles [-]
AA AA AA AA 35

heterocyclic ring-containing epoxy resins such as a
triazine nucleus-containing epoxy resin and the like.
These may be used alcone or in combination of two or more
kinds.

5 [0045]

In the granular epoxy resin composition for

encapsulating a semiconductor of the present invention,
a curing agent may be used. The curing agent in use is
not particularly limited as long as it functiocns to cure

10 the resin composition by reacting with an epoxy resin, and
examples thereof include straight chain aliphatic
diamines having 2 to 20 carbon atoms such as
ethylenediamine, trimethylenediamine,
tetramethylenediamine, hexamethylenediamine and the

15 like; amines such as m-phenylenediamine,
p-phenylenediamine, p-xylenediamine,
4,4'-diaminodiphenylmethane,
4,4"'-diaminodiphenylpropane, 4,4'-diaminodiphenyl ether,
4,4"'"-diaminodiphenyl sulfone, 4,4'-diaminodicyclohexane,

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

25 resol resin and the 1ike; novolac type phenclic resins such
as a phenolic novolac resin, a cresol novolac resin, a

tert-butylphenolic novolac resin, a nonylphenolic novolac
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resin and the like; phenol aralkyl resins such as a phenol
aralkyl resin having a phenylene structure, a phenol
aralkyl resin having a biphenylene structure and the like;
phenolic resins each having a condensed polycyclic
structure such as a naphthalene structure or an anthracene
structure; polyoxystyrenes such as poly-p-oxystyrene and
the like; acid anhydrides containing alicyclic anhydrides
such as hexahydrophthalic anhydride (HHPA), methyl
tetrahydrophthalic anhydride (MTHPA) and the like,
aromatic acid anhydrides such as trimellitic anhydride
(TMA), pyromellitic anhydride (PMDA),
benzophenconetetracarboxylic acid (BTDA) and the like;
polymercaptan compounds such as polysulfide, thicester,
thiocether and the like; isocyanate compounds such as
isocyanate prepolymer, blocked isocyanate and the like;
and organic acids such as a carboxylic acid-containing
polyester resin and the 1ike. These may be used alone or
in combination of two or more kinds. Among these, as a
curing agent used for a semiconductor encapsulation
material, preferably used is a compound having at least
two or more phenolic hydroxyl groups in one molecule in
view of moisture resistance, reliability and the like.
Examples include novolac type phenolic resins such as a
phenclic noveclac resin, a cresol novolac resin, a
tert-butylphenolic novolac resin, resol phenolic resins
such as a nonylphenolic novolac resin and the like;

polyoxystyrenes such as poly-p-oxystyrene and the like;
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and a phencl aralkyl resin having a phenylene structure,
a phenol aralkyl resin having a biphenylene structure and
the like.

[0046]

5 In the granular epoxy resin composition for
encapsulating a semiconductor of the present invention,
an inorganic filling material may be used. The inorganic
fillingmaterial in use is not particularly limited as long
as it is generally used for a semiconductor encapsulation

10 material, and examples include silica such as molten
crushed silica, molten spherical silica, crystal silica,
secondary aggregated silica and the like; alumina;
titanium white; aluminum hydroxide; talc; clay; mica;
glass fiber and the like. Among these, particularly

15 preferably used is molten spherical silica. The particle
shape is preferably infinitely nearly spherical.
Furthermocre, the amount of an inorganic filling material
may be increased by mixing particles having different
sizes. However, the particle diameter is preferably from

20 0.01 pm or more to 150 um or less in consideration of
filling properties onto the periphery of the semiconductor
element in the mold cavity.

[0047]
In the granular epoxy resin composition for

25 encapsulating a semiconductor of the present invention,

a curing accelerator may be used. The curing accelerator

in use may be good as long as it accelerates a curing
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reaction of an epoxy group with a curing agent, and those
used for a semiconductor encapsulation material in general
can be used. Examples thereof include diazabicycloalkene
and derivatives thereof such as
l1,8~diazabicyclo(5,4,0)undecene-7 and the like; amine
compounds such as tributylamine, benzyldimethylamine and
the like; imidazole compounds such as 2-methylimidazole
and the like; organic phosphines such as triphenyl
phosphine, methyldiphenyl phosphine and the like;
tetra-substituted phosphonium tetra-substituted borate
such as tetraphenyl phosphonium tetraphenyl borate,
tetraphenyl phosphonium tetra benzoic acid borate,
tetraphenyl phosphonium tetra naphthoic acid borate,
tetraphenyl phosphonium tetra naphthoyl oxy borate,
tetraphenyl phosphonium tetra naphthyl oxy borate and the
like; and triphenyl phosphine with benzogquinone added
thereto. These may be used alcne or in combination of two
or more kinds. More preferable examples include curing
accelerators having fatency in which a sudden increase in
the viscosity after melting the granular resin composition
in the mold cavity is reduced.

[0048]

The granular epoxy 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

v-glycidoxypropyltrimethoxysilane and the like; coloring
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agents such as carbon black and the 1ike; release agents
such as natural wax, synthesized wax, a higher fatty acid
or a metal salt thereof, paraffin, oxidized polyethylene
wax and the like; low stress agents such as silicone o0il,
5 silicone rubber and the 1ike; ion trapping agents such as
hydrotalcite and the like; flame retardants such as
aluminum hydroxide and the like; and anti-oxidants.
[0049]
Method for Producing Granular Resin Composition
10 according to the Present Invention
Next, the method for obtaining a granular epoxy resin
composition for encapsulating a semiconductor of the
present invention will be described. The method for
obtaining a granular resin composition is not particularly
15 1imited as long as it satisfies the particle size
distribution and the granule density of the present
invention, and examples include a method including
supplying a melt-kneaded resin composition to the inside
of the rotor composed of a cylindrical outer peripheral
20 portion having a plurality of small pores and a disk-shaped
bottom surface, and allowing the resin composition to pass
through small pores by centrifugal force obtained by the
rotation of the rotor (hereinafter referred to as the
centrifugal powdering method); a method including
26 premixing respective rawmaterial components using a mixer,
and then kneading with heating by use of a kneading machine

such as a roller, a kneader, an extruder or the like,
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followed by cooling and pulverizing to give a pulverized
product, and removing coarse particles and microfine
particles using sieveg (hereinafter referred to as the
pulverizing-sieving method); a method including premixing
respective raw material components using a mixer, and then
kneading with heating using an extruder having a die with
a plurality of small pores at the front end of the screw
and cutting a molten resin extruded from small pores
arranged at the die into a strand form using a cutter
slidingly rotating almost in parallel to the die surface
{hereinafter referred to as the hot cutting method), and
the like. The particle size distribution and the granule
density of the present invention can be obtained by
selecting kneading conditions, centrifugal conditions,
sieving conditions, cutting conditions or the like in all
cf the methods. A particularly preferably used is a
centrifugal powdering method. The granular resin
composition cbtained by the method can stably exhibit the
particle size distribution and the granule density of the
present invention, so that the method is preferable for
conveyance performance and the prevention of adhesion on
the conveyance path. Furthermore, in the centrifugal
peowdering method, since it is possible to make the surface
of particles smooth to some extent, the method is
preferable in terms of prevention of bridging (clogging)
at the supply port to the conveyance path and prevention

of stagnation on the conveyance path without sticking
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particles among themselves or without increasing the
frictional resistance with the conveyance path surface.
Furthermore, in the centrifugal powdering method, voids
inside the particles are formed to some extent because the
resin composition i1s formed using centrifugal force from
the molten state, and the method is favorable toc conveyance
performance in compression molding because the granule
density may be reduced to some extent.

[0050]

On the other hand, in the pulverizing-sieving method,
a method of treating a large gquantity of microfine
particles and coarse particles generated by sieving needs
to be reviewed, but a sieving apparatus or the like is used
at the existing production line of the resin composition,
so that the conventional production line can be used
without any modification; therefore the method is
preferable. Furthermore, the pulverizing-sieving method
includes many factors which can be independently
controlled in order to exhibit the particle size
distribution of the present invention, for example,
selection of a sheet thickness in forming a molten resin
into a sheet before pulverization, selection of
pulverizing conditions during pulverization Oor a screen,
selection of a sieve during sieving and the like, sc that
there are plenty of choices for adjusting the particle size
distributicn as desired; therefore, the method is

preferable. Furthermore, the hot cutting method is also
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preferable because the conventional production line can
be used without any modification but just by adding, for
example, & hot cutting mechanism to a front end of the
extruder.

[0051]

Next, the centrifugal powdering method, one example of
a production method for obtaining the granular epoxy resin
composition for encapsulating a semiconductor of the
present inventicn, will be described in more detail with
reference to the drawings. Fig. 6 illustrates a schematic
diagram of one example from melt kneading of a resin
composition until collection of a granular resin
composition in order to obtain a granular resin
composition for encapsulating a semiconductor. Fig. 7
illustrates a cross-sectional view of one example of an
exciting coil for heating a rotor and a cylindrical outer
peripheral portion of the rotor. Fig. 8 illustrates a
cross—sectional view 0of one example of a double tube
cylindrical body for supplying the melt-kneaded resin
composition to the rotor.

([0052]

The resin composition melt-kneaded at a twin screw
extruder 309 1is supplied to the inside of a rotor 301
through a double tube cylindrical body 305 cooled by a
coolant between an inner wall and an outer wall. At this
time, it is preferable that the double tube cylindrical

body 305 is cooled using a coolant such that the
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melt-kneaded resin composition is not attached to a wall
of the double tube cylindrical body 305. The resin
composition is supplied to the rotor 301 through the double
tube cylindrical body 305. So, even when the resin
composition is continuously supplied in a filamentous
shape, the resin composition can be stably supplied
without overflowing from the rotoxr 301 by the rotation of
the rotor 301 at a high speed. Furthermore, the particle
shape and the particle size distribution of the granular
resin composition can be adjusted by controlling a
discharge temperature of the melted resin cor the like
according to the kneading conditions in the twin screw
extruder 309. Furthermore, an entrainment of foam into
particles can be controlled by installing a degasifier at
the twin screw extruder 309.

[0053]

The rotor 301 is connected to a motor 310 and can be
rotated at an arbitrary number of rotations, so that the
particle shape and the particle size distribution of the
granular resin composition can be adjusted by properly
selecting the number of rotations. A cylindrical outer
peripheral portion 302 having a plurality of small pores
arranged con the periphery of the rotor 301 is provided with
a magnetic material 303, and is heated by the eddy current
loss or the hysteresis loss accompanied by passing of an
alternating magnetic flux generated by electrically

connecting an AC power supply generated by means of an AC
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power supply generating device 306 to an exciting coil 304
arranged in the vicinity. Examples of the magnetic
material 303 include an iron material, silicon steel and
the like. O©One or two or more of the magnetic materials
303 may be used in combination. The vicinity of small pores
of the cylindrical outer peripheral portion 302 having a
plurality of small pores may not be formed of the same
material as the magnetic material 303, and may be formed,
for example, of a nonmagnetic material having a high
thermal conductivity. So, the vicinity of small pores of
the cylindrical outer peripheral portion 302 can be heated
by heat conduction from the heated magnetic material 303
as a heat source by having the magnetic material 303 at
its upper and lower portions. Examples of the nonmagnetic
material include copper, aluminum and the like, and one
or two or more of nonmagnetic materials may be used in
combination. The resin composition is supplied to the
inside of the rotor 301, and then flies to the heated
cylindrical outer peripheral portion 302 by centrifugal
force obtained by the rotation of the rotor 301 with the
motor 310.

[0054]

The resin composition brought into contact with the
heated cylindrical outer peripheral portion 302 having a
plurality of small pores easily passes through small pores
of the cylindrical outer peripheral portion 302 and

discharged without causing an increase of the melt
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viscosity. The heating temperature may be arbitrarily set
depending on the properties of the resin compositicn in
use. By properly selecting the heating temperature, the
particle shape and the particle size distribution of the
granular resin composition can be adjusted. In general,
when the heating temperature is excessively increased,
curing of the resin composition proceeds so that the
flowability is reduced or small pores of the cylindrical
outer peripheral portion 302 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 302 is extremely
short, so that an effect on the flowability is extremely
small. The cylindrical outer peripheral portion 302
having a plurality of small pores is evenly heated, so that
partial change in the flowability is extremely small. Also,
the particle shape and the particle size distribution of
the granular resin composition can be adjusted by properly
selecting a pore size of a plurality of small pores of the
cylindrical outer peripheral portion 302,

[0055]

The granular resin composition discharged through small
pores of the cylindrical outer peripheral portion 302 is
collected, for example, at an cuter tank 308 installed in
the periphery of the rotor 301. It is preferable that the
outer tank 308 is installed such that a collision surface

against which the granular resin composition passing
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through small pores of the cylindrical outer peripheral
portion 302 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 resin composition, in order to
prevent attachment of the granular resin composition onto
the inner wall, fusion among the granular resin
compositions. When the slope of the collision surface to
the flying direction cof the resin composition is not more
than the above upper limit, the collision energy of the
granular resin composition can be fully dispersed, so that
there is little risk of causing attachment onto the wall
surface. On the other hand, when the slope of the collisicon
surface to the flying direction of the resin composition
is not less than the above lower 1limit, the flying speed
of the granular 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.

[0056]

Meanwhile, when the temperature at the collision
surface against which the granular resin composition
cocllides becomes high, the granular resin composition is
easily attached, so that it is preferable that a cooling
Jacket 307 is arranged in the periphery of the collision
surface for cooling the collision surface. The inner
diameter of the outer tank 308 preferably has such a size

that the granular resin composition is fully cooled, thus
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preventing attachment of the granular resin composition
onto the inner wall and fusion among the granular resin
compositions. In general, air flows by the rotation of
the rotor 301, so that a cooling effect is obtained.
However, cecld wind may be introduced, as necessary. The
size of the outer tank 308 is varied depending on the amount
of the resin toc be treated, but, for example, in case that
the diameter of the reotor 301 is 20 cm, attachment and
fusion can be prevented as long as the inner diameter of
the outer tank 308 is about 100 cm.

[0057]

Semiconductor Device according to the Present Invention

Then, the semiconductor device of the present invention
obtained by encapsulating a semiconductor element by
compression meolding using the granular epoxy 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 is the
same as mentioned above. The semiconductor element
encapsulated in the semiconductor device of the present
invention is not particularly limited, and examples
include integrated circuits, large scale integrated
circuits, transistors, thyristors, diodes, solid-state
image sensing devices and the like,

[(0058]
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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 chip size packages (CSPs), guad
flat no leaded packages (QFNs), small outline no leaded
packages (50ONs), lead frame BGAs (LF-BGAs) and the like.

[0059]

The semiconductor device of the present invention
obtained by encapsulating a semiconductor element from a
cured product of the resin composition by compression
molding is used as it is or is mounted on any elecitronic
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.

[0060]

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
gsemiconductor 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 1s not
restricted to the semiconductor devices using bonding
wires.

[0061]
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Fig. 9 is a view showing a cross-sectional structure
of one example of a semiconductor device obtained by
encapsulating a semiconductor element mounted on a lead
frame using the epoxy resin composition for encapsulating
a semiconductor of the present invention. A semiconductor
element 401 is fixed through a die bond material cured
product 402 on a die pad 403. An electrode pad of the
semiconductor element 401 and a lead frame 405 are
connected by means of a wire 404. The semiconductor
element 401 is encapsulated with an encapsulation material
406 composed of a cured product of the epoxy resin
compesition for encapsulating a semiconductor.

[0062]

Fig. 10 is a view showing a cross-sectional structure
of one example of a semiconductor device obtained by
encapsulating a semiconductor element meunted on a circuilt
board using the epoxy resin composition for encapsulating
a semiconductor according to the present invention. A
semiconductor element 401 is fixed through a die bond
material cured product 402 on a circuit board 408. An
electrode pad 407 on the semiconductor element 401 and an
electrode pad 407 on the circuit board 408 are connected
by means of a wire 404, Only one side on which the
semiconductor element 401 in the circuit board 408 is
mounted is encapsulated with an encapsulation material 406
composed of a cured product of the epoxy resin composition

for encapsulating a semiconductor. The electrode pad 407
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on the circuit board 408 is connected with solder balls
409 on a non-encapsulated side on the circuit board 408

thereinside.

5 EXAMPLES

[0063]

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

10 First Granular Epoxy Resin Composition for
Encapsulating Semiconductor

Example 1-1

Mixing of Resin Composition (part by mass)

Epoxy resin 1: 8.0 parts by mass of a phenol aralkyl

15 type epoxy resin having a phenylene structure (NC3000,
manufactured by Nippon Kayaku Co., Ltd., softening point:
58°C, epoxy eguivalent: 277)

Epoxy resin 2: 2.0 parts by mass of a bisphenol A type

epoxy resin (YL6810, manufactured by Japan Epoxy Resin Co.,
20 Ltd., melting point: 45°C, epoxy equivalent: 172)

Phenolic resin 1: 2.6 parts by mass of a phenol aralkyl
resin having a phenylene structure (XLC-41L, manufactured
by Mitsui Chemicals, Inc., softening point: 65°C, hydroxyl
equivalent: 165)

25 Phenolic resin 2: 2.6 parts by mass of a phenolic novolac
resin (PR-HF-3, manufactured by Sumitomo Bakelite Co.,

Ltd., softening point: 80°C, hydroxyl equivalent: 105)
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Incrganic filling material {(molten spherical silica
having an average particle diameter of 16 um)

84.0 parts by mass

Carnauba wax 0.1 part by mass
Carbon black 0.3 parts by mass
Coupling agent 0.2 parts by mass
[0064]

Preparation of Masterbatch

The above mixed resin composition raw materials were
pulverized and mixed by use of a2 super mixer for 5 minutes,
and the mixed raw materials were prepared.

[0065]

Production of Granular Resin Composition

A punched metallic mesh made of iron having small pores
of a pore diameter of 2.5 mm was used as a material of the
cylindrical outer peripheral portion 302 illustrated in
Fig. 6. A punched metallic mesh having a height of 25 mm
and a thickness of 1.5 mm processed into a cylindrical
shape was installed on the periphery of the rotor 301
having a diameter of 20 cm, whereby the cylindrical cuter
peripheral portion 302 was formed. The cylindrical outer
peripheral portion 302 was heated with the exciting coil
at 115°C by the rotation of the rotor 301 at a speed of
3,000 rpm. The number of rotations of the rotor 301 and

the temperature of the cylindrical outer peripheral
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portion 302 were brought into the steady state, and then
a molten material obtained by melt kneading the
aforementioned masterbatch with the twin screw extruder
309 was supplied to the inside of the rotor 301 at a rate
of 2 kg/hr through the double tube cylindrical body 305
from the top of the rotor 301 while degassing by use of
a degasifier, and allowed to pass through a plurality of
small pores of the cylindrical outer peripheral portion
302 by centrifugal force obtained by the rotation of the
rotor 301, whereby a granular resin compositicn was
obtained. Details of the production conditicons were shown
in Table 1.

[0066]

Evaluation of Granular Resin Composition

The resulting granular resin composition was evaluated
in the following manner, and its evaluation results were
shown in Table 1.

[0067]

Amount of particles having a size of 2 mm or greater,
amcunt of particles having a size of 1 mm or greater, but
less than 2 mm, and amount of microfine particles having
a size of less than 106 um:

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, 1.00 mm and 106 pum installed
in a ro~tap type sieve shaker (Model-8$-100A, manufactured

by Marubishi Kagaku Kikai Seisakusho Co. Ltd.) were used
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to classify the sample through the sieves while shaking
these sieves over a period of 20 minutes (number of hammer
strokes: 120 /minute). Subseguently, the mass of
microfine particles passed through the sieve of 106 um,
the mass of particles remained on the sieve of 1 mm after
passing through the sieve of 2 mm, and the mass of particles
remained on the sieve of 2 mm were measured to obtain the
mass ratio thereof to the total sample mass before
classifying.

[0068]

Ratio of particles having the longest length (L) of not
more than 5 mm and the shortest length (S) of not more than
1 mm:

The JIS standard sieve having an aperture of 106 um
installed in a ro-tap type sieve shaker (Model-3SS-100A,
manufactured by Marubishi Kagaku Kikai Seisakusho Co.
Ltd.} was used to classify a sample of the obtained
granular resin composition through the sieve while shaking
the sieve over a period of 20 minutes (number of hammer
strokes: 120 /minute) to remove particles having a size
of less than 106 um. Subseguently, 100 of particles
remained on the sieve having a size of 106 uym were randomly
selected, and the longest length (L) and the shortest
length (S) of each single particle were measured for
sorting between particles having the longest length (L)
of not more than 5 mm and the shortest length (S) of not

more than 1 mm, and other particles. Subsequently, the
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ratio of the total mass of particles having the longest
length (L) of not more than 5 mm and the shortest length
(S) of not more than 1 mm to the total mass of 100 particles
before sorting was determined to give the ratio of
particles having the longest length (L) of not more than
5 mm and the shortest length (S) of not more than 1 mm.

[0069]

Repose angle, collapse angle and angle of difference:

As shown in Fig. 5, a granular resin composition was
put toward the center of the disk-like horizontal plate
205 having a diameter of 80 mm installed in a powder tester
(Model-PT-E, a product of Hosokawa Micron Group) from the
vertical direction using the funnel 201, whereby the
conical granule 204 was formed on the horizontal plate 205.
The granular resin composition was continucusly put in
until a cone was formed in a predetermined shape to
determine the elevation angle (p) using a protractor as
shown in Fig. 5 to give a repose angle. Subsequently, a
balance weight of 109 g placed on the pedestal 206 along
with the horizontal plate 205 was allowed to fall downward
three times from a height of 160 mm, a part of the granular
resin composition was collapsed by the impact for falling
out of the plate, and then the elevation angle (B8) was
determined using a protractor as shown in Fig. 5 and the
collapse angle was measured. Furthermore, the difference
between the measured repose angle and the collapse angle

was determined to give the angle of difference. As the
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not more than 25 degrees was determined as AA, an angle
of from more than 25 to not more than 30 degrees was
determined as A, an angle of greater than 30 degrees was
5 determined as B, and an angle of greater than 35 degrees
was determined as C.
[0070]
Uneven sprinkling and adhesion properties:
As shown in Fig. 11, 120 g of the granular zresin
10 compcesition was put inteo a hopper 501 in a vibration feeder
500 (manufactured by A&D Co., Ltd., size of trough 503:
450 mm long x 55 mm wide}, a gap in a gate 502 was adjusted
to 0.4 mm and shaken to a predetermined degree so as to
have an initial convey speed of 10 g/minute to convey the
15 granular resin composition, and a granular resin
composition 511 was collected at a container 512 placed
on a scale 513 to measure the mass every one minute and
to examine the increased mass. Furthermore, after
completion of the measurement, existence of particles or
20 microfine particles in which resin particles were adhered
to one another or aittached to the inside of the feeder,
or particles are clogged in the way was examined by visual
observation. No adhesion, attachment or clogging occurred
was indicated as AA, existence of adhesion, attachment or
25 clogging occurred but with no trouble to continuous
conveyance caused was indicated as A, plenty of adhesion,

attachment or clogging cccurred and accordingly a little
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deterioration of continued conveyance performance caused
was indicated as B, and remarkable adhesion, attachment
or clogging occurred and accordingly continued conveyance
performance affected a lot was indicated as C. As the
determination criteria of uneven sprinkling, the
increased amounts of the mass after 1 minute, after 3
minutes, after 5 minutes, after 7 minutes and after 10
minutes were examined. in case that the difference of the
increased amount of the mass after 10 minutes to the
theoretical increased amount of the mass is in the range
of + 1 g, AA was indicated. in case that it was in the
range of * 2 g, A was 1indicated. Otherwise, C was
indicated.

[0071]

Wire sweep rate:

As shown in Fig. 12, by conveying a specific amount using
the vibration feeder, a resinmaterial supplying container
607 containing a granular resin composition 606 was
prepared, and was placed between an upper mold 601 and a
lower mold 609 of a compressiocon mold, and semiconductor
elements 604 having a thickness of 0.25 mm and 10 mm square
were attached on a circuit board 603 having a thickness
of 0.5 mm, a width of 50 mm and a length of 210 mm composed
of a glass fabric based epoxy resin copper-clad laminate
sheet of heat resistance grade FR-4 using a silver paste
and gold wires 605 having a width of 25 um and a length

of about 5 mm were jcined to the semiconductor elements
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604 and the circuilt board 603 at pitch intervals of 60 um.
12 of the resulting semiconductor elements were fixed to
the upper mold 601 by a substrate fixing means 602 such
that a surface ocn which the semiconductor elements 604 were
mounted was directed downward. Subsequently, by laterally
sliding a shutter 608 constituting the bottom surface of
the resin material supplying container 607, the granular
resin composition 606 was supplied into a lower cavity 610,
and then the resin material supplying container 607 was
taken out of the mold. Subsegquently, 12 of semiconductor
elements 604 were encapsulated and molded at one time using
a compression molding machine {manufactured by TOWA Corp.)
while reducing the pressure in the cavity, whereby a MAP
molded product was obtained. The molding conditions at
this time were a mold temperature of 175°C, a molding
pressure of 3.9 MPa and a curing time of 120 seconds.
Subsequently, the obtained MAP molded product was
segmented into pieces by dicing, whereby a simulated
semiconductor device (the semiconductor elements 604 and
the gold wires 605 were encapsulated with an encapsulation
material 611, that is, a cured product of the resin
composition, and a thickness (t) of the encapsulation
material 611 on the semiconductor elements 604 was 0.5 mm)
was obtained as shown in Fig. 13. For the amount of wire
sweep 1in the resulting simulated semiconductor device, an
average sweep rate of 4 longest gold wires (length: 5 mm)

on the diagonal line of the package using a soft X-ray



anount of mass after 10 mnutes [g] 97.6 95.3 97.3 Det er m nati on
[-] CCC Adhesion properties Existenceof adhesi on anong
resinparticles [-] A CA Existenceof attachnentto theinsideof

t hef eeder B 58

10

15

20

2b

apparatus (PRO-TEST-100, manufactured by Softex Corp.)
was measured, whereby the wire sweep rate (wire sweep
amount / wire length x 100 (%)) was calculated. As the
evaluation criteria, the wire sweep rate of not less than
3% was determined as defective. Further, the wire sweep
rate of less than 3%, but greater than 2% was determined
as A, and the wire sweep rate of less than 2% was determined
as AA.

[0072]

Filling properties:

As shown in Fig. 14, 12 of first semiconductor elements
702 having a thickness of 0.2 mm and 5 x 10 mm square were
attached on a circuit board 701 having a thickness of 0.5
mm, & width of 50 mm and a length of 210 mm composed of
a glass fabric based epoxy resin copper-clad laminate
sheet of heat resistance grade FR-4 using a silver paste
at equal intervals, and second semiconductor elements 703
of the same dimensions were further attached on respective
corresponding first semiconductor elements 702 using the
aforementioned silver paste at the position of 90 degrees
rotated on the XY plane with respect to the first
semiconductor elements 702, whereby simulated elements
704 were prepared. Subseguently, the same compression
mocld as that used for evaluation of the wire sweep rate
was used, and 12 of simulated elements 704 were
encapsulated and molded at one time by use of a compression

molding machine (manufactured by TOWA Corp.) in the same
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manner as 1n evaluation of the wire sweep rate, whereby
a MAP molded product of a simulated semiconductor device
having a thickness (t) of the encapsulation material of
0.3 mm on the simulated elements 704 was obtained. The
molding conditions at this time were a mold temperature
of 175°C, a molding pressure of 3.9 MPa and a curing time
of 120 seconds. Filling properties were evaluated using
a scanning acoustic tomograph (mi-scope hyper II,
manufactured by Hitachi Xenki Fine Tech Co., Ltd.) without
segmenting the obtained MAP molded product into pieces.
Among 12 simulated elements, pexrfect f£illing in the
periphery of all simulated elements was determined as A,
defective filling such as nests, voids or the like occurred
in the periphery of 1 to 5 simulated elements was
determined as B, and defective filling such as nests, voids
or the like occurred in the periphery of 6 or more simulated
elements was determined as C. The obtained results were
shown in Table 1.

[0073]

Examples 1-2 to 1-8, 1-12 to 1-15, and Comparative
Examples 1-1 to 1-3

According to the conditions in Table 1, granular resin
compositions were obtained in the same manner as in Example
1-1 and respective tests were conducted in the same manner.
The obtained results were shown in Table 1.

f0074]

Comparative Example 1-4
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were shown in Table 2.
[0075]
15 Examples 1-9 to 1-11, and Comparative Examples 1-5 to
1-7
JIS standard sieves having apertures of 2.00 mm, 1.00
mm and 106 ym installed in a ro-tap type sieve shaker were
used to classify a sample of the granular resin composition
20 obtained in Comparative Example 1-4 through sieves while
shaking these sieves over a period of 20 minutes (number
of hammer strokes: 120 /minute), and respective
classifying components of the granular resin composition
were mixed so as to have the particle size distribution
25 as shown in Table 2, whereby a resin composition having
a predetermined particle size distribution was obtained

and the tests were conducited in the same manner as in



15 shape was installed on the periphery of the rotor 301 having a

di anmeter of 20 cm whereby the cylindrical outer peripheral portion
302 was forned. The cylindrical outer peripheral portion 302 was
heated with the exciting coil at 115C b¢lthe rotation of the rotor
301 at a speed of 20 3,000 rpm The nunber of rotations of the rotor
301 and the tepperature of the cylindrical outer peripheral portion
302 were %%N@ﬂg itntlor t HeR St 8REF SR afler SR Rl & Srot R @H ndteriatple 2.
obtai ned by nelt kneading the aforenenti oned nasterbatch with the
twin screw extruder 25 309 was supplied to the inside of the rotor
301 at a rate of 2 kg/hr through the double tube cylindrical body 305
fromthe top of the rotor 301 while degassing by use of 70 a
degasifier, and allowed to pass through a plurality of small pores of
the cylindrical outer peripheral portion 302 by centrifugal force
obt ai ned by the rotation of the rotor 301, whereby a granular resin
conposition was 5 obtained. Details of the production conditions were
shown in Table 3. [0082] Eval uation Method Granule density (D1):
10J1 S standard sieves having an aperture of 106 pminstalled in a
ro-tap type sieve shaker (Model-SS-100A, manufactured by Marubish
Kagaku Ki kai Sei sakusho Co. Ltd.) were used to classify a sanple of

t he obtai ned granular resin conposition through sieves while shaking
15 these sieves over a period of 20 m nutes (nunber of hanmer
strokes: 120 /mnute) to renove mcrofine particles having a size of

| ess than 106 pm Subsequently, the granule density was determ ned
according to the aforenenti oned pycnoneter nethod. 20Specific gravity
(D2) of a cured product: The obtai ned granul ar resin conposition
was once made into a tablet having a predeterm ned size, and a disk
havi ng a dianeter of 50 nmand a thickness of 3mmwas forned at a
nol d tenperature of 175 5C and an injection pressure 25 of 7 MPa for
a curing time of 120 seconds using a transfer nolding nachine, and
the specific gravity of a cured product was cal cul ated by determ ning
the mass and volune. 71 [0083] Conveyance performance and adhesi on
properties: 300 g of the sanple of the granular resin conposition
was supplied to the hopper 501 of the vibration feeder 500 5

(manuf actured by A& Co., Ltd., gap of gate 502: 0.4 mm size of
trough 503: 450 mmlong x 55 nmw de) as shown in Fig. 11, and then
strength of the vibration was adjusted so as to have an initial
convey speed of 10 g/mnute to nmeasure the tine involved in conveying
300 g. After 10 conveyance, the state such as adhesi on anong
particles, attachnment to the vibration feeder 500, clogging in the
way or the |like was observed. As the determ nation criteria of
conveyance performance, the conveyance tinme of within (29 m nutes)
was taken as A, the tine in the range 15 of (29 mnutes) to (30

m nutes) was taken as B, the tinme in the range of (30 mnutes) to (31
m nutes) was taken as C, the tine in the range of (31 mnutes) to (32
m nutes) was taken as D, and the time over (32 m nutes) was taken as
E, of which A, B and C were acceptable. Furthernore, 20 the nunber of
vibrations in the test of conveyance performance was neasured with

t he sane nunber of vibrations wthout being changed in other Exanples
and Conparative Exanples. As the determi nation criteria of adhesion
properties, no adhesion, attachnment or clogging 25 occurred was

i ndi cated as AA, existence of adhesion, attachnent or cl ogging
occurred but with no trouble during continuous conveyance caused was
indicated as A plenty 72 of adhesion, attachnment or cl ogging
occurred and accordingly a little deterioration of continued
conveyance performance caused was indicated as B, and remarkabl e



Filling properties: As shown in Fig.
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JI S standard sieves having apertures of 106 pm and 2
mminstalled in a ro-tap type sieve shaker (Mdel-SS-100A,
Sei sakusho Co. Ltd.) were

Kagaku Ki kai




75 /mnute) which was classified into conponents having a size of

| ess than 106 pm conponents having a size of 106 pmor greater,
| ess than 2 nm and conponents having a size of 2 mmor greater,

but
and

respective conponents were 5 adjusted s63as to have the distributions
in Table 4, whereby a granular resin conposition was prepared. The
tests were conducted in the same manner as in Exanple 2-1, and the

obt ai ned results were shown

in Tabl e 4.

[ 0088] 10Conparative Exanple

2-5 The[Taw materi al s havi ng cConmposi ti ons 0f Exanpl € 2- I Wxhipilene
anount of an inaorganic filling material as illustirated!iaA-Tahlé-4 | i-8
ver e pu| verduzetbrand:iviaxed by use of a super nixen fort"5 Hi{At €7 &nd?
th_en nme[T- kneaded a{neiﬁ)iraj Kagadh 0 ot epeE gt yr.g, off 19PT b){oyse 250[”9100
twin screw extrudert fP'I‘ﬂt(lIéﬁﬁﬂ-’ch ng using a degasifiier a
further | cagled: it hr“g&%.%& i A 2balts, And°t Herrmoar setop putsear i zedow t3900
a hamref cendik jomherebye g coarsecpul veri zed produ¢t haviing an|average
particle dianeter dggﬁphﬁr E}porq 20 a partl clléCki ze 187 st r iLbut i oA°Df | 4020
pm to 10 mm was ol (- OCHzc THE sﬂyipupugys coar qﬁmpw Vor 5Lt‘u 2% Uuugt5 WS 5
further|[pulverized fyid, O0P=r0tadd onsingse Ngl@espullveri, zer , and then| |
JI'S stapdard si eveﬁ—ﬁéﬁ—f@é—’ﬁ“ﬂfmeé“” 106 ﬁ:’n and—2—p--hstal--ed—-n—
. Rat V1T
a ro-tap type sieve Shaker JModele.a00 180 P& smanuiact Uredoby 2.0 | 13.0
Mar ubi shi, Kagaku |Jke:=1|.5 Sainsalrsho Co. | td.)) véreiused o cl assify
. T . ] £
sanpl e [ hrough tiloevﬁééiﬁ\ﬂf';“? eébﬁﬁf;i@chéﬁéﬁé siemes foyep & period,of 20, ,
nmi nut es| f bRt °7 anmer strokes: [ & nute) whilch was
classif|ed into corﬁﬂ@ﬁ@nfsahf&vﬂﬂgha'@ﬁzeecf | ess |[than 106 pm
. longest of not
conmponept s havi ng ano§ aQF %l;(iGa,pcmtgg gr eat eﬂrassbut de€ss$ than|2 ;npm 80
and conponents hawsmgraes@l Zencoh Ps)maE orotgreat ér and 5{respective
conpone s were a |ﬂ19€\enwaén1:¥"é“ to have the di cfr| butioms in Fahle 4
o JRepose angle b i 1. 39 |38 [ 38
wher eby| @,.9La8ul ar goest gt CUTHITEI f e UL J¥aS [T EPar €4 1iTe [t EStS | WElee 21
conduct perdlm t he SamelemnndrocascriinabExanpl ¢ 2e-l, andes he o ai ned AR
resul t slwere showd 3819 iffere [ rabl e (3120 Eyarmdfl el 221 D 37
o T T T i . Increas M: e = . TR v. = = =
2-3 2-4f 2-5 Amount|of thei nqrgapi G gkiérng mat g ali cont @i ned | Mmo.o | 10.0
theresip conpositijon [ mass%minBde 2
Increased amount
of mass after 3 [g] 30.1 3¢.1 3c.1 30.0
minutes
Uneven Increased amount
nxli of mass after 35 [g] 50.2 50.2 50.1 50.1
zprln t minutes
g Increased amount
of mass after 7 [g] 70.1 70.2 0.1 69,9
minutes
Increased amount
Evaluation of mass after 10 [g] 100.2 100.1 ipe.z2 100.1
Results minutes
Determination [-] AA AR AR AR
Existence of
acdhesion among [-1] AR AR BA AR
resin particles
Adhesion Existence of
properti attachment to the
es inside of the (-] AR AR AA A
feeder
Exist?nce of [-1 AR AR a an
clogging
Wire Wire sweep rate [%1] 1.4 1.2 1.8 2.1
sweeping Determination [-1] AR AA BA A
Filling properties [-1] A A A A




85 88 75 81.2 Production Method Centrifugal Powderi ng Met hod Productio
n Condition s Kneading tenperature of the twin screw extruder

100 100 100 100 Existenceof degassing in thetwin screw extruder
Yes Yes Yes Yes Yes Nunber of rotationeof therotor

[ C]

100

[RPM 3000 30%6]

Example

1-12

1-13

1-14

1-15

Producticn Methed

Centrifugal Powdering

Method
Kngadlng temperature of the [°¢] 100 110 199 100
twin screw extruder
Number of rotaticons of the
Production rotor [RPM] 3000 3000 2000 3500
Condition Temperature of the
cylindrical outer [°cl 115 115 115 115
peripheral portion
Pore size of small pores [mm] 1.5 1.5 1.5 1.5
Ratic of particles having a [mass
size of 2 mm or greater % 1 0.0 9.0 0.1 0.0
Ratio of particles having a [mass
size of 1 mm or greater, but %1 2.8 0.8 3.8 1.2
. less than 2 mm
Particle - - n T
: Ratio of microfine particles
S}ze . . having a size of 1ess than 106 [nass 1.8 2.2 2.5 3.5
Distributio o %] ' ‘ : .
n Ratio of particles having the
longest length (L) of not [mass
more than 5 mm and the %1 B2 B6 80 84
shortest length (5) of not
more than 1 mm
Repose angle [°] 40 39 10 40
Collapse Collapse Collapse angle ¢ 25 25 26 24
Angle angle Determination - AR AD AR AR
Angle of difference 15 14 14 16
Increased amount
of mass after 1 [g] 10.9 10.0 10.0 10.0
minute
Increased amount
of mass after 3 [g] 30.1 30.2 30.1 30.2
minutes
Increased amount
uneven | of mass after 5 [g] 50.2 | 50.3 | 50.1 | 50.2
sprinkli .
ng minuwtes
Increased amcunt
of mass after 7 [g] 70.3 70.2 70.2 70.3
minutes
Increased amount
Evaluation of mass after 10 [gl 100.2 100.2 100.2 100.2
Results minutes
DCetermination [~] AR AR AR LA
Existence of
adhesion among -1 A A by E:y
resin particles
Adhesion Existence of
properti attachment to the
es inside of the -1 AR Ad AR AA
feeder
Existence of
clogging [-1 AR n a A
Wire Wire sweep rate [%] 2.3 2.5 2.5 2.2
sWweep Determination [-1 A A A A
Filling properties [-] A A A A




3000 3000 3000 Tenperature of the cylindrical
portion [ C] 115 115 115 115 115 Pore size of small pores [mm] 2.5
2.5 2.5 2.0 2.0 Particle Size Distribut ion Ratioof particles having
a size of 2 nmmor greater [nass%] 1.2 830 0.8 0.1 1.2 Ratio of

m crofine particles having a size ofl essthanl06pm

out er peri pheral

Comparative Example
1-1 [ 1-2 [ 1-3
Production Method Centrifugal Pewdering
Method
Kngadlng temperature of the [°ci 90 100 100
twin screw extruder
Number of rotations of the
production rotor [RPM] 3000 3000 3500
Condition Temperature of the
cylindzrical outer [°ci 115 115 120
peripheral portion
Pore size of small pores [mm] 2.5 3.0 2,0
Ratio of particles having a [mass 1.5 5 2 0.8
size of 2 mm or greater %] ) ) i
Ratio of particles having a [mass
size ¢f 1 mm or greater, but 3] 68.0 60.0 18.0
. less than 2 mm
Particle - n - T
Size Rat}o of m}croflne particles [mass
Distributio 3:v1ng a size of 1less than 106 %] 2.7 1.2 7.2
n Ratio of particles having the
longest length (L} of not [mass
more than 5 mm and the %] 56 36 76
shortest length (8) c¢f not
more than 1 mm
Repose angle %1 38 42 39
Collapse Collapse Collapse angle 191 25 25 249
Angle angle Determination (-1 A3 AR A
BAngle of difference {°1] i3 17 10
Increased amount
of mass after 1 [gl 9.9 9.9 10.0
minute
Increased amount
of mass after 3 [g] 29.9 29.8 30.2
minutes
Increased amount
Uneyen . of mass after 5 [g] 49.8 49.4 49.4
sprinkli .
ng minutes
Increased amount
of mass after 7 (g1 69.2 68 .7 68.7
minutes
Increased amount
Evaluation of mass after 10 [g] 97.9 95.6 97.8
Results minutes
Determination [-] Cc [+ C
Existence of
adhesion among [-1 A .Y\ B
resin particles
Adhesion Existence of
properti attachment to the
es inside of the (-1 A A& B
feeder
Existence of [-1 B c B
clogging
Wire Wire sweep rate [%] 3.6 3.2 3.2
sweep Determination [-1] C C C
Filling properties [-1 C C B




[mass% ] 1.6 2.2 2.0 2.0 2.4 G anule Density G anul edensity(Dl)
[g/cm? ] 1.78 1.80 1.88 1.80 1.84 Specificgravity(D2) [g/cm ] 1.93
1.94 2.01 1.91 1.93 D /D2 [-] 0.92 0.93 0.94

66
[0077]
[Table 2]
Comp .
Example Example
1-4 1-9 [ i-10 | 1-11
; Pulverized | Pulverizing-sieving
Production Method product Method
Rat}o of particles having (mass$] 4.2 6.8 1.0 1.2
a size of 2 mm or greater
Ratio of particles having
a size of 1 mm or greater, [mass%] 40.40 18.0 33.0 56.0
but less than 2 mm
Particle Ratio of microfine
Size particles having a size of | [mass%] 11.2 2.0 2.2 2.4

Distribution | less than 106 um

Ratio of particles having
the longest length (L} of
not more than 5 mm and the [massk] 44 64 60 62
shortest length (S) of not
more than 1 mm

Repose angle [°7 42 37 39 40

Collapse [ 36 18 20 23

Collapse Ccllapse angle

Angle angle

Determination [-1 AR LY AR

O

Angle of difference [°] 19 19 i7

Increased
amcunt of mass [gl 9.8 10.0 10.0 10.0
after 1l minute

Increased

amount of mass lg]
after 3 g
minutes

29.2 30.2 30.2 29.9

Increased
amount of mass
Uneven after 5
sprinkling | minutes

[g] 49.4 50.0 | 50.1 | 49.8

Increased
amount of mass
after 7
minutes

[g] 68.9 69.8 69.9 | 69.6

Increased
Evaluation amount of mass

Results after 10 [g] 93.2 %9.6 99,7 98.9
minutes

Determinatien -1 C AR DA :

Existence of
adhesion
among resin
particles

Adhesion Existence of
properties | attachment to
the inside of
the feeder

Existence of
clogging

. Wire sweep [%] 3.4 1.8 1.5 2.2
Wire sweep rate

Determination [-] C AA AR A

Filling properties [-] C A < A




0.90 0.95 Evaluatio n Results Conveyance perfornmance (Conveyanceti ne)
B BB AC Adhesion propertie s Exi stence of adhesion anong resin

[-]

particles [-]
of thefeeder

AA AA AA AA AA Exi stence of attachnent to the
[-] AA AA AA AA A 67

i nsi de

Comparative Example

1-5

1-6

[

1-7

Production Method

Pulverizing-sieving

Method
Ratio of particles having a
size of 2Pmm or greater ? (masss] 1.6 1.2 4.3
Ratio of particles having a
size of 1 mm or greater, but [mass&] 66.0 50.4 55.0
less than 2 mm
Particle Ratio of microfine particles
Size having a size of less than 106 [mass%] 2.8 8.0 1.0
Distribution | um
Ratio of particles having the
longest length (L} of not
more than 5 mm and the [mass%) 46 63 42
shortest length (5) of not
mere than 1 mm
Repose angle [°] 40 39 42
Collapse Collapse Cocllapse angle 1°] 24 25 30
Angle Angle Determination [-1 AA AR A
Angle of difference [°1] i6 14 12
Increased
amount of mass Tgl 9.9 10.0 10.0
after 1 minute
Increased
amount of mass fgl 29.8 29.9 30.1
after 3 minutes
Increased
Uneven amcunt of mass {g] 49.7 497 49.6
sprinkling | after 5 minutes
Increased
amount of mass [g] 69.2 69.0 68.9
after 7 minutes
Increased
Evaluation amount of mass [g] 97.6 95.3 97.3
Results after 10 minutes
Determination [-] C [of C
Existence of
adhesion among [-] A c A
resin particles
Adhesion Existence of
preoperties atta?hmgnt to [-1] B c B
the inside of
the feeder
Existence of
clogging (-1 3 A ¢
. Wire sweep rate [%] 3.8 3.2 3.1
Wire sweep Determination [-3 C C C
Filling properties [-] C B B
[0078]

For all resin compeositions in Examples 1-1 to 1-15,

5 the particle size distribution as determined by sieving

the whole resin composition using JIS standard sieves, the

ratio of particles having a size of 2 mm or greater is not

more than 3% by mass,

the ratio of particles having a size

of 1 mm or greater, but less than 2 mm is from 0.5% by mass

in



Exi stence of clogging [-] AA AA AA AA AA Filling properties [-1 A A
A AA 78 Exanple 2-6 2-7 2-8 2-9 2-10 Amount of
theinorganicfilling nmaterial contained in theresin conposition [nmass%

10

15

20

256

68

or more to 60% by mass or less, and the ratio of microfine
particles having a size of less than 106 um is not more
than 5% by mass. As a result, uneven sprinkling, adhesion
or the like did not almost occur, wire sweep was small,
and filling properties were also excellent.

[0079]

Second Granular Epcxy Resin Compesition for
Encapsulating Semiconductor

Example 2-1

Mixing of Resin Composition (part by mass)

Epoxy resin 1: 8.0 parts by mass of a phenol aralkyl
type epoxy resin having a biphenylene structure (NC-3000,
manufactured by Nippon Kayaku Co., Ltd., softening point:
58°C, epoxy equivalent: 277)

Epoxy resin 2: 2.0 parts by mass of a bisphenol A type
epoxy resin (YL6810, manufactured by Japan Epoxy Resins
Co., Ltd., melting point: 45°C, epoxy equivalent: 172)

Phenolic resin 1: 8.0 parts by mass of a phenol aralkyl
resin having a biphenylene structure (GPL-65,
manufactured by Nippon Kayaku Co., Ltd., softening point:
65°C, hydroxyl equivalent: 198)

Curing accelerator (triphenylphosphine) 0.2 parts
by mass

Inorganic f£illing material (molten spherical silica
having an average particle diameter of 16 um)

81l.2 parts by mass

Carnauba wax 0.1 part by mass



] 81.2 81.2 81.2 81.2 85 Production Method Centrifugal Powdering
Met hod Productio n Condition s Kneading tenperature of the twin screw

extruder [Cl 115 100 100 100 100 Existenceof degassing in thetwin
screw extruder [-] Yes Yes Yes Yes Yes &Nunmber of rotationsof
t herot or [ RPM
Carbon black 0.3 parts by mass
Coupling agent 0.2 parts by mass
[0080]
Preparaticon of Masterbatch
5 The above mixed resin composition raw materials were

10

15

20

25

pulverized and mixed by use of a super mixer for 5 minutes,
and the mixed raw materials were prepared.

[0081]

Production of Granular Resin Composition

A punched metallic mesh made of iron having small pores
of a pore diameter 0of 2.5 mm was used as a material of the
cylindrical outer peripheral portion 302 illustrated in
Fig. 6. A punched metallic mesh having a height of 25 nmm
and a thickness of 1.5 mm processed into a cylindrical
shape was installed on the periphery of the rotor 301
having a diameter of 20 c¢m, whereby the cylindrical outer
peripheral portion 302 was formed. The cylindrical cuter
peripheral portion 302 was heated with the exciting coil
at 115°C by the rotation of the rotor 301 at a speed of
3,000 rpm. The number of rotations of the rotor 301 and
the temperature of the cylindrical outer peripheral
portion 302 were brought into the steady state, and then
a molten material obtained by melt kneading the
aforementioned masterbatch with the twin screw extruder
309 was supplied to the inside of the rotor 301 at a rate
of 2 kg/hr through the double tube cylindrical body 305

from the top of the rotor 301 while degassing by use of



3000 2000 3000 3000 3000 Tenperature of the cylindrical outer

peri pheral portion [*C] 115 100 120 115 115 Pore size of small pores
[mmM 2.5 2.5 2.5 1.5 1.5 Particle size distribut ion Ratioof
particles having a size of 2 nmor greater [nmass%] 0.3 2.1 1.0 0.1
0.0

a degasifier, and allowed to pass through a plurality of
small pores of the cylindrical outer peripheral portion
302 by centrifugal force obtained by the rotation of the
rotor 301, whereby a granular resin composition was

) obtained. Details of the production conditions were shown
in Table 3.

[0082]

Evaluation Method

Granule density (D1):

10 JIS standard sieves having an aperture of 106 um
installed in a ro-tap type sieve shaker (Model-SS-100A,
manufactured by Marubishi Kagaku Kikai Seisakusho Co.
Ltd.) were used to classify a sample of the obtained
granular resin composition through sieves while shaking

13 these sieves over a period of 20 minutes (number of hammer
strokes: 120 /minute) to remove microfine particles having
a size of less than 106 pum. Subsequently, the granule
density was determined according to the aforementioned
pycnometer method.

20 Specific gravity (D2) of a cured product:

The obtained granular resin composition was once made
into a tablet having a predetermined size, and a disk
having a diameter of 50 mm and a thickness of 3 mm was formed
at amold temperature of 175 £ 5°C and an injection pressure

25 of 7 MPa for a curing time of 120 seconds using a transfer
molding machine, and the specific gravity of a cured

product was calculated by determining the mass and volume.



Rati oof mcrofine particles having a size ofl essthan106gm [ mass% ]
2.6 1.8 2.0 2.6 2.8 Ganule Density G anul edensity(01) [g/cm ] 1.83
1.76 1.84 1.86 1.89 Specificgravity(D2) [g/cnB ] 1.93 1.93 1.93 1.93
1.94 01/02 [-] 71
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[0083]

Conveyance performance and adhesion properties:

300 g of the sample of the granular resin composition
was supplied to the hopper 501 of the vibration feeder 500
(manufactured by A&D Co., Ltd., gap of gate 502: 0.4 mm,
size of trough 503: 450 mm long x 55 mm wide) as shown in
Fig. 11, and then strength of the vibration was adjusted
so as to have an initial convey speed of 10 g/minute to
measure the time involved in conveying 300 g. After
conveyance, the state such as adhesion among particles,
attachment to the wvibration feeder 500, clogging in the
way or the like was observed. As the determination
criteria of conveyance performance, the conveyance time
of within (29 minutes) was taken as A, the time in the range
of (29 minutes) to (30 minutes) was taken as B, the time
in the range of (30 minutes) to (31 minutes) was taken as
C, the time in the range of (31 minutes) to (32 minutes)
was taken as D, and the time over (32 minutes) was taken
as E, of which A, B and C were acceptable. Furthermore,
the number of vibrations in the test of convevance
performance was measured with the same number of
vibrations without being changed in other Examples and
Comparative Examples. As the determination criteria of
adhesion properties, no adhesion, attachment or clogging
occurred was indicated as AA, existence of adhesion,
attachment or clogging occurred but with no trouble during

continuous conveyance caused was indicated as A, plenty



0.95 0.91 0.95 0.96 0.97 Evaluatio n Results Conveyance perfornmance
(Conveyancetinme) [-] ¢ Bc ¢ ¢ Adhesion propertie s Existence of
adhesi on anong resin particles [-] AA AA AA AA AA  Existence of
attachnment tothe inside of thefeeder [-F2A AA
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of adhesion, attachment or clogging occurred and
accordingly a little deterioration of continued
conveyance performance caused was indicated as B, and
remarkable adhesion, attachment or clogging occurred and
accordingly continued conveyance performance affected a
lot was indicated as C.

[0084]

Filling properties:

As shown in Fig. 12, by conveying a specific amount using
the vibration feeder, the resin material supplying
container 607 containing the granular resin composition
606 was prepared, and was placed between the upper mold
601 and the lower mold 609 of the compression mold, and
12 of semiconductor elements 604 having a thickness of 0.25
mm and 10 mm square attached on the circuit board 603 having
a thickness of 0.5 mm, a width of 50 mm and a length of
210 mm composed of a glass fabric based epoxy resin
copper-clad laminate sheet of heat resistance grade FR-4
using a silver paste were fixed to the upper mold 601 by
the substrate fixing means 602 such that a surface on which
the semiconductor elements 604 were mounted was directed
downward. Subsequently, by laterally sliding the shutter
608 constituting the bottom surface of the resin material
supplying container 607, the granular resin composition
606 was supplied into the lower cavity 610, and then the
resin material supplying container 607 was taken out of

the mold. Subsequently, 12 of semiconductor elements 604



AA AA AA Existence of clogging [-] AA AA AA AA AA Filling
properties [-] AAAAA 79 Exanple Conp. Exanple 2-11 2-12 2-13

2-14
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were encapsulated and molded at one time using a
compression molding machine (manufactured by TOWA Corp.)
while reducing the pressure in the cavity, whereby a MAP
molded product was obtained. The molding conditicons at
this time were a mold temperature of 175°C, a molding
pressure of 3.9 MPa and a curing time of 120 seconds.
Filling properties were evaluated using a scanning
acoustic tomograph (mi-scope hyper II, manufactured by
Hitachi Kenki Fine Tech Co., Ltd.) without segmenting the
obtained MAP molded product into pieces. Among 12
simulated elements, perfect filling in the periphery of
all simulated elements was determined as A, defective
filling such as nests, volds or the like occurred in the
periphery of 1 to 5 simulated elements was determined as
B, and defective filling such as nests, voids or the like
occurred in the periphery of 6 or more simulated elements
was determined as C. The obtained results were shown in
Table 3.

[0085]

Examples 2-2 to 2-14, and Comparative Example 2-1

Granular resin compositions were prepared in the same
manner as in Example 2-1, except that the amount of the
inorganic filling material and production conditions of
the granular resin composition in Example 2-1 wexre changed
to those in Table 3. On the other hand, in Comparative
Example 2-1, kneading was performed without degassing

during melt kneading by use of a twin screw extruder. The



2-1 Amount of the inorganicfilling material contained in theresin
conposition [mass% 1 88 81.2 81.2 81.2 81.2 Production Method
Centri fugal Powderi ng Method Productio n Condition s Kneadi ng
tenmperature of the twin screw extruder §4£] 100 115 100 100 95

Exi st enceof degassing in thetwin screw extruder 1-1 Yes Yes Yes Yes
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tests were conducted in the same manner as in Example 2-1,
and the obtained results were shown in Table 3.

[0086]

Comparative Example 2-2

The raw materials having compositions in Example 2-1
were pulverized and mixed by use of a super mixer for 5
minutes, and then melt-kneaded at a kneading temperature
of 100°C by use of the twin screw extruder 309 while
degassing using a degasifier, and further cooled with a
cooling belt, and then coarsely pulverized with a hammer
mill, whereby a coarse pulverized product having an
average particle diameter of 800 pm and a particle size
distribution of 40 pym to 10 mm was obtained. The obtained
coarse pulverized product was further pulverized by 4,000
rotations using a pulverizer, whereby a granular resin
compcesition was obtained. The tests were conducted in the
same manner as in Example 2-1, and the obtained results
were shown in Table 4.

[0087]

Comparative Examples 2-3 and 2-4

JIS standard sieves having apertures of 106 um and 2
mm installed in a ro-tap type sieve shaker (Model-SS-100A,
manufactured by Marubishi Kagaku Kikai Seisakusho Co.
Ltd.) were further used to classify a sample of the
granular resin composition obtained in Comparative
Example 2-2 through sieves while shaking these sieves over

a period of 20 minutes {number of hammer strokes: 120



No Nunmber of rotationsof therotor [ RPM 3000 3000 2000 3000 2000
Tenperature of the cylindrical outer peripheral portion [ClL 115 115
100 120 110 Pore size of small pores [Pm] 1.5 1.5 1.5 1.5 2.5
Particle size distribut ion Ratioof par¥cles having a size of 2 mMm
greater [mass%

or
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/minute) which was classified into components having a
size of less than 106 pm, components having a size of 106
um or greater, but less than 2 mm, and components having
a size of 2 mm or greater, and respective components were
adjusted so as to have the distributions in Table 4,
whereby a granular resin composition was prepared. The
tests were conducted in the same manner as in Example 2-1,
and the obtained results werxe shown in Table 4.

(0088]

Comparative Example 2-5

The raw materials having compositions of Example 2-1
with the amount of an inorganic filling material as
illustrated in Table 4 were pulverized and mixed by use
0f a super mixer for 5 minutes, and then melt-kneaded at
a kneading temperature of 100°C by use of the twin screw
extruder 309 while degassing using a degasifier, and
further cooled with a cocling belt, and then coarsely
pulverized with a hammer mill, whereby a coarse pulverized
product having an average particle diameter of 800 um and
a particle size distribution of 40 uym to 10 mm was obtained.
The obtained coarse pulverized product was further
pulverized by 4,000 rotations using a pulverizer, and then
JIS standard sieves having apertures of 106 um and 2 mm
installed in a ro-tap type sieve shaker {(Model-SS-100A4,
manufactured by Marubishi Kagaku Xikai Seisakusho Co.
Ltd.) were used to classify a sample through sieves while

shaking these sieves over a period of 20 minutes (number



] 000 0.00.1210.02.4 Ratio of mcrofine particles having a size
of | esst han106um [mass% 1 2.6 3.0 2.6 2.8 1.6 G anule Density

G anul edensity(Dl1) [g/cm 1 1.9 1.87 1.86 1.86 1.66
Specificgravity(D2) [g/cnmB 1 2.01 1.93 1693

of hammer strokes: 120 /minute) which was classified into
components having a size of less than 106 pm, components
having a size of 106 um or greater, but less than 2 mm,
and components having a size of 2 mm or greater, and

5 respective components were adjusted so as to have the
distributicns in Table 4, whereby a granular resin
composition was prepared. The tests were conducted in the
same manner as in Example 2-1, and the obtained results

were shown in Table 4.



1.93 1.93 DI/02 [-]

Conveyance performance (Conveyancetine) [-]

0.95 0.97 0.96 0.96 0.86 Evaluatio n Results

C C C CB Adhesion

propertie s Exi stence of adhesion anong resin particles [-] AA AA AA
AA A Existence of i
[0089]
[Table 3]
Exanmnple
2-1 2-2 2-3 2=-4 2-5
Amount of the inocrganic filling [mass$
material contained in the resin ] 81.2 85 88 75 g1.2
composition
Production Method Centrifugal Powdering Method
Kneading temperature of °
the twin screw extruder ("¢l 100 100 100 100 100
Existence of degassing
in the twin screw [-] Yes Yes Yes Yes Yes
Productioc extruder
n Number of rotations of
RPM
Condition the rotor [ 1 3000 3000 3000 3000 3000
5 Temperature of the
cylindrical outer [°c] 115 115 115 115 115
peripheral portion
Pore size ¢f small pores [mm] 2.5 2.5 2.5 2.0 2.0
Ratio of particles [masss
Particle having a size of 2 mm or ] 1.2 1.0 0.8 0.1 1.2
Size greater
Distribut Ratio of microfine [masss
ion particles having a size ] 1.6 2.2 2.0 2.0 2.4
of less than 106 unm
, [g/cm’
Granule density {D1) ] 1.78 1.80 1.88 1.80 1.84
Granule T3/ T
Density Specific gravity (D2} g]cm 1,93 1.94 2.01 1.91 1.93
ol/D2 {-1 06.92 0.93 0.894 0.90 0.95
Conveyance performance -
(Conveyance time) (-1 B B B A ¢
Existence
of adhesion -1 AR AR AR AR AR
among resin
particles
Evaluatio Adhesion gglstence
n Results propertie
attachment
s to the [-1] AA AA AR AR A
inside of
the feeder
Existence
of clogging [-) BA RAA AR AA BA
Filling properties [-1] A A A A A




attachnent to the

i nsi deof thefeeder

1-1 AA A AA AAA

Exi st ence

ofclogging [-] AA AA AAAAA Filling properties [-] AAAAC 80
[ 0090] [Table 4] Conparative Exanple
78
Example
2-6 2-7 2-8 2-9 2-10
Amcunt of the incrganic filling (masss
material contained in the resin ] 81.2 81.2 g1r.2 81.2 85
composition
Production Method Centrifugal Powdering Method
Kneadlpg temperature of [°c) 115 100 100 100 100
the twin screw extruder
Existence of degassing
in the twin screw [-1] Yes Yes Yes Yes Yes
Productioc | extruder
n Number of rotations of
Condition the rotor [REM] 3000 2000 3000 3000 3000
s Temperature of the
cylindrical outer i°ci 115 100 120 115 115
peripheral portion
Pore size of small pores [mm] 2.5 2.5 2.5 1.5 1.5
Ratic of particles (mass$
Particle having a size of 2 mm or ] 0.3 2.1 1.0 0.1 0.0
size greater
distribut Ratio of microfine (mass$
ion particles having a size ] 2.8 1.8 2.0 2.6 2.8
of less than 106 um
. fg/cm?
Granule density (D1) 1 1.83 1.76 1.84 1.86 1.89
Granule -
. e . [g/cm
Density Specific gravity (D2) ] 1.93 1.93 1.93 1.93 1.94
D1/D2 [-] 0.85 0.91 0.95 0.96 0.97
Conveyance peFformance [-] c B c c o
(Conveyance time)
Existence
of adaesion [-1 AR AR AR AR AR
among resin
particles
Evaluatio Adhesion Existence
n Results propertie of
attachment
s o the {-1 A AR AR AR AR
inside of
the feeder
Existence (-] AR AR AR AR AR
of clcgging
Filling properties [-] A A A A A




2-2 2-3 2-4 2-5 Amount of the inorganicfilling material contained in
t heresin conposition [mass% 81.2 81.2 81.2 88 Producti on Met hod

Pul veri z ed product Pulverizing-sievin g Method Particle Size
Distribut ion Ratio of particles having7 size of 2 mmor greater
[mass% 5.2 5.2 0.8 0.2 Ratio of mcrofine particles having a size

of | essthan106 pm [ mass56] 12.3
Comp.
E
xample Example
2-11 2-12 2-13 2-14 2-1
Amount of the inorganic f£illing [ 5
material contained in the resin m?ss 88 8l.2 81.2 81.2 8l1.2
composition
Productiocn Method Centrifugal Powdering Method
Kneading temperature of o
the twin screw extruder (el 100 113 100 100 25
Existence of degassing
in the twin screw [-] Yes Yes Yes Yes No
Productio extruder
n Number of rotations of
Condition the rotor [RPM] 3000 3000 2000 3000 2000
s Temperature of the
cylindrical outer [°ci 115 115 100 120 110
peripheral portion
Pore size of small pores [mm] 1.5 1.5 1.5 1.5 2.5
Ratio of particles [mass$
Particle having a size of 2 mm or ] 0.0 0.0 0.1 0.0 2.4
size greater
distribut Ratio of microfine (masss
ion particles having a size ] 2.6 3.0 2.6 2.8 1.6
of less than 106 um
, [g/cm’
Granule density (D1} ] 1.9 1.87 1.886 1.86 1L.66
Granule [g/com’
Density Specific gravity (D2) gj 201 1.93 1.93 1.93 1.93
D1/D2 [-1] 0.95 0.97 0.96 0.96 0.86
Conveyance performance _
(Convevyance time) (-] ¢ ¢ c ¢ B
Existence
of adhesion
among resin [-] AR AR AR AR A
particles
Evaluatio Adhesion gilstence
n Results propertie
attachment
S to the [~] AR A AR AR A
inside of
the feeder
Existence
of clogging [-1 AR AR AR AR A
Filling properties [-1] A A A A




1.2 7.2 2.2 Ganule Density G anul edensity(Dl) [g/cmJ] 1.85 1.85 1.85
1.97 Specificgravity(02) [g/cm] 1.93 1.93 1.93 2.01 01/02 [-] 0.96
0.96 0.97 0.98 Evaluatio n Results Conveyance perfornance
(Conveyancetine) [-] EDE 80
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[0090]

[Table 4]

Comparative Example
2-2 2-3 2-4 2-5

Amount ¢f the inorganic filling
material contained in the resin [mass%] g1.2 81.2 g1.2 88
composition

Pulveriz Pulverizing-sievin

Production Method ed g
product Method

Ratio ¢f particles

Particle having a size of 2 mm or [mass%] 5.2 5.2 0.8 0.2

Size greater

Distribut Ratio of microfine

ion particles having a size [masss] 12.3 1.2 7.2 2.2
cf less than 106 pm

Granule Granule density (D1) [g/cm;] 1.85 1.85 1.85 1.97

Density Specific gravity (D2) [g/cm’] 1.93 1.93 1.93 2.01
Dl/D2 [-] 0.96 0.96 0.27 0.98

Conveyance performance
{Conveyance tinme)
Existence
of adhesion
amcng resin
particles

Evaluatio Adhesion g;lStence

R 1 i
n Results propertie attachment

s to the [-] B A B A

inside of
the feeder
Existence
of clogging -1
Filling properties [-1 c B B

(-1 E D E D

[-] c A B A

[0091]

For all resin compositions of Examples 2-1 to 2-14, in
the particle size distribution as determined by sieving
the whole resin composition using JIS standard sieves, the
ratio of coarse particles having a size of 2 mm or greater
is not more than 3% by mass, the ratio of microfine
particles having a size of less than 106 um is not more
than 5% by mass, and the ratioc (D1/D2) of the granule
density D1l to the specific gravity D2 of a cured product
after curing is in the range of 0.88 or more to 0.97 or
less. As a result, the conveyance time was not excessively

long, uneven sprinkling, adhesion or the like did not



D Adhesion propertie s Existence of adhesi on anpong resin particles
[-] CABA Existence of attachnent to the inside of thefeeder [-]
B AaA Existence of clogging [-] C BSB A

1

almost occur, and filling properties were also excellent.
The present application claims priorities to Japanese
Patent Application No. 2008-314064 filed on December 10,
2008 and Japanese Patent Application No. 2008-314065 filed

5 on December 10, 2008. The contents of the applications

are incorporated herein by reference in their entirety.



Filling properties [-] CB B A [0091] 5For all resin conpositions of
Exanples 2-1 to 2-14, in the particle size distribution as determ ned
by sieving the whole resin conposition using JIS standard sieves, the
rati o of coarse particles having a size8df 2 mmor greater is not

nore than 3% by mass, the ratio of mcrofine 10 particles having a

si ze of l?ﬁf lggan 106 pmis not nore than 5% by mass, and the ratio
(D1/ D2) Gt h granul e density D1 to the specific gravity D2 of a

cured product after curing is in the range of 0.88 or nore to 0.97 or

| ess. Asa result, the conveyance tine was not excessively 15 | ong,
uneven spri nélri n}(ga% aghesi on or the |ike did not . 81 al nost occur,. and
filling Er‘op G ere ST RG Xk et T oht COMRC Brécer® Lppl istRBRUlating
clainms prioritjes to Japanese Patent Application No. 2008-314064 )
filed onaD&f“é%EPnPdl,cJ?géBuasrﬁld\]gﬁ%ésé%%%HP%%Fpéatqeo‘ﬁl%. obtained
2008- 314065 filed 5 on Decenber 10, 2008. The contents of the ,
appl itat P L AFBPISILL? porf el RBFEi FOBG U RF eREERANENEY PlPE&gSion
82 CLAIMS 1. A granular epoxy resin conposition for encapsulating a
sem condB@ldiiBed for a senmiconductor device obtained 5 by

encapsul ati ng a sem conductor el enent. by conpressi on nol di ng,

wherein, i nwg%%%a%i cie §ihfe RIRELAIDUET 67 28 detdrid Red N sPévi ng

sai d whol e granul ar epoxy resin conposition_ for encapsulating a .
sem conddEttRTNINRF JP8 FOLsVaRdardie $Pevdsole gmanpdidn P o t Felsdst
having a size of 2 mmor greater is not nore than 3% by nass, .

the rati 698 PALLIIQRsTRAVIGRCaPSiFea bl N mn 8eNgreandpcthur Ressng JIS
than 2 nmmis fromO0.5% by nass or nore to 60% by 15 nmass or |ess, and

t he ¥t i 6ten ¢ &Edofs heVedrticl es having a size of less than 106 pmis
not nore than 5% by mass. 2. The granul ar epoxy resin

conposi ti onther raéfehpsafariait 2018 sém ebnduet 6ri e cofd?ngmt o rclogieater
1,

is not more than 3% by mass,
the ratio of particles having a size of 1 mm or greater,
but less than 2 mm is from 0.5% by mass or more to 60% by
15 mass or less, and

the ratio of microfine particles having a size of less

than 106 pm is not more than 5% by mass.

2. The granular epoxy resin composition for encapsulating

20 a semiconductor according to claim 1,
wherein, in the particle size distribution as

determined by sieving said whole granular epoxy resin

composition for encapsulating a semiconductor using JIS

standard sieves, the ratioc of particles having the longest
25 length (L) of not more than 5 mm and the shortest length

(S) of neot more than 1 mm is not less than 50% by mass,

based on particles having a size of not less than 106 um.



wherein, in the particle size distribution as determ ned by sieving
sai d whol e granul ar epoxy resin conposition for encapsulating a
sem conduct or using JIS standard sieves, the ratio of particles
havi ng the |l ongest 25 length (L) of not8kore than 5 mm and the
shortest length (S) of not nore than 1 nmis not |ess than 50% by
mass, based on particles having a size of not |ess than 106 pm 83
3. The granul ar epoxy resin conposition for encapsulating a
sem condyct gr accor di to claim1 or 2, wherejin,the _coll apse angll e
of said granid KpBRy TeSHPRINpES 17 GOBPAG. eheBpd@iafiigrRotLating
senm conductor 1S no re than 35 degrees. _4. A granular epoxy resin
corrpositF‘or‘?’ef%?cgﬁbcglbgglofti%@cgrﬁaﬁ'ﬁlgoﬁdﬁcﬂa?l@%eg Pér ar whedein the
sem conduct.ar device obtained 10 by encapsul ating a sem conductor .= .
el enent 6¢ FEsSIVAL Aol my2 19 GiRREILR T | APPRY phf fild CQPpesition
di strj bution as determ ned by sieving said whol e granul ar epoxy resin
compdsi t FOF P CERSIPpSAIrdtt hgPa S EGRFUILE BP Tust hignPIts B &t driyand 35
si eves, the ratio of coarse particles having a size of 2 mm or
greater P€9¥0t®Rore than 3% by mass, the ratio of microfine particles
having a size of less than 106 lamis not nore than 5% by mass, and
20the ratio (D1/D2) of the granule density D1 of said epoxy resin
conposi tion for encapsul ating a sem conductor to the specific gravity
02 of a turéd PFBBRYCHE Bf BB XN F R§ Sai HOBPSHEL Eésith EorpeditdpAUlarting
encapsul ating a sem conductor is in the range of 0.88 or nore to 0.97
orl ess. 2531 qpBIRGEhAFat sEFbxECFedi i Sdbhposidiu dhofor eshkaps abatd hged
84 density D1 of said granular epoxy resin conposition for
encdPsul BYi ¥ @2 Bemilcvhdnet G $SsMAstomBre thaneleys:nk. bhhec g xg ion
epoxy resin conposition for encapsulating 5 a sem conductor according
to any oRelsfiedains 1 to 5, wherein said granul ar epoxy resin
conposition for encapsul ating a sem conductor is obtained by
suppl yi ng avhelnsdnyedim ebgpasittér e shed ndige wibutricioras
conposed of a cylindrical outer peripheral portion having a 10
pl ural i t §esfe mmahk dop Es sarmiv andi ska $Hapduo bet ttom sudfeacespad/ resin
al l owi ng the conposition to pass through said snmall pores by
centri f ugampe? &6 icht af aed eyc & he wlot l-hen ofssmiidcamdoctdd Tsihg JIS
met hod for producing a sem conductor device, in which a sem conductor
el erdnt $%aentapdulsatedelsy conpressi on nol di ng using the granul ar
epoxy resin conposition for encapsul ating a sem conductor according
to any one bheclraitnsolotfo aRBbe @aX sediecoruactiorg devs teeoltfaiedn or
by encapsul ati ng a sem conductor el enent by conpression nol di ng using
t he grangkamr tepoxysrestnmoarspadidmn oh floy remsapsulhat gt io of microfine
sem conductor according to any one of clains 1 to 6. 25 9. A
sem condpetrdri cdeesceaonpn & ngiad eafl fieare Ohaa ci®6upm bioardptoneore
or nore sem conductor elenents 85 |lam nated or nounted in parallel
on said tkad fsanbyormsaisd canduit board, bonding wires for
el ectrically connecting said lead frame or said circuit board and
sai @0sen conhect at iel &Nt B2 )aod aheegeapsul atdensiedemalo f @aibd epoxy
encapsul ati ng said sem conductor el enents and said bondi ng wres,

resin composition for encapsulating a semiconductor to the

specific gravity D2 of a cured product after curing said
epoxy resin composition for encapsulating a semiconductor
is in the range of 0.88 or more to 0.97 orless.

25
5. The granular epoxy resin composition for encapsulating

a semiconductor according to claim 4, wherein said granule



wherein a thickness of said encapsulation material on said

sem conductor elenments is from0.08 mmto 0.5 nm and said
encapsul ation material is conposed of a cured product 10 of the
granul ar epoxy resin conposition for en8&psul ating a sem conduct or
according to any one of clainms 1 to 6 by conpression nol di ng.
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density D1 of said granular epoxy resin composition for

encapsulating a semiconductor is not more than 1.95.

6. The granular epoxy resin composition for encapsulating
a semiconductcyr according to any one of claims 1 to 5,
wherein said granular epoxy resin composition for
encapsulating a semiconductor is obtained by supplying a
melted resin composition to the inside of a rotor composed

of a cylindrical outer peripheral porticn having a

plurality of small pores and a disk-shaped bottom surface,
and allowing the composition to pass through said small
pores by centrifugal force obtained by the rotation of said

rotor.

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

claims 1 to 6.

8. A semiconductor device obtained by encapsulating a
semiconductor element by compression molding using the
granular epoxy resin composition for encapsulating a

semiconductor according to any cne of claims 1 to 6.

9. A semiconductor device comprising a lead frame or a

circuit board, one or more semiconductor elements



10

85

laminated oxr mounted in parallel on said lead frame or said
circuit board, bonding wires for electrically connecting
sald lead frame or said circuit board and said
semiconductor elements, and an encapsulation material for
encapsulating said semiconductor elements and said
bonding wires,

wherein a thickness of said encapsulation material on
said semiconductor elements is from 0.08 mm to 0.5 mm, and
said encapsulation material is composed of a cured product
of the granular epoxy resin composition for encapsulating
a semiconductor according to any one of claims 1 to 6 by

compression molding.



