1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a sem conductor device. Mre

particularly, the invention relates to a sem conductor device
consisting of a lead franme having a die Jpad portion or a circuit 10
board, at |east one sem conductor elenment which is stacked on or
mounted in parallel on the die paghgiip@hfynihe ead frame or on

the circuit board, a copper wire which electrically connects an

el ectrical bonding portion provided on the die pad portion of the

| ead frame or the circuit board to an el ectrode pad provided 15 on

the sem conductor el enent, andsgiredespstbat hpgrApterial which

encapsul ates the sem conductor el enent and the copper wre.

BACKGROUND ART [ 0002] 20Conventionally, electronic conponents such as

di odes, transistors, integrated circuits and the like are largely
encapsul IECHNACAL EUEE&® product of an epoxy resin conposition.
Especially for the integrated circuits, epoxy resin conpositions
excel l ent i h0Aad resistance and noisture resistance are used, the 25
epoxy resin_conpositions containing an epoxy resin, a phenol resin

type curi ngTBgeR¥ea@ut aknveiotamine fatldetosachenicbudedtokl denjce. More
crystalline silica_or the like. In recent years, however, in the

mar ket t PBRELCBLaFéducttiiéh iRvention | rghehess tence heghicenductor device

functionalit f el ectronic equipnments, higher integration of _

senicondﬁ8P8¥ng89eﬂ§sai e cgﬁﬁg?h@a%%%gyakaﬁ,p%ﬁuPQﬁF¥Qﬁx9ﬁnﬁﬂﬂﬁﬂﬂyit
For “Fioat DPabier BRCE ARG TB StTr o T Bol SrOR oL Fot hoV - dhony F@R P on or
becom ngoreFERer BOBORLE Ubh RecPn BRI RA  LBee Rled End aemirame oF
cost of The 10 Convant: saar Thofd uPPE caMREcl AR S IR K Cad NS Cte

with useafferneéalscotl %n&fﬁ@kg@f@i&?%k@@i@é&’ .N%H%%icé)%l%gf ?ag:]t(l%n of

and copper is also enpl oyed. wever, netals other than g

still Insnéfica@ntrimetde thghciarpes ddie MO0 ldde R A rovided
tenperature operating life under the high tenperature environnent 15
havilty aot ertpersairerekceaed B] ekt tdeghaesn cantdgenkes i W inth A& 1 which
especially demanded in the autonotive applications, and the

el ectri cahcapsibptest yheushmasontiectorseliereneshatianhe cebpali Wity .
under the high tenperature and high hum dity environnment having a
tenperature exceedi ng 60 degrees centigrade and a relative 20

hum dity, exceeding 60% in addition to the cost. Furthernore, in
connect i RCHFRRUBP kT gol d wire, there are problens such as

m gration, 8@@£fion and rise in electrical resistance, and thus
satisfactorg ces have not always been obtai ned. [0004]

25Especi al | I he 1 condyct or _devi ces usi ng copper res, there

is gﬁproblé%??%%.é%%%%§$§is 8§§§%58aﬁﬁwwﬁﬁpP?P%bE%isFHég r &F st dheees,
reliabili dt inseliabilit Ther ef or e,
althought%%%%§§{%?€bs {gﬁééﬁééépsd%%ﬁé%ﬁ%%lf”%%e&ﬁg% afﬁﬁé fiFEh dargely
relativ ! i f I SGT Vi [ .
i ent 1T B Ty ocopr o T o o TRR F eber g lpPab ion.

W a VE.*_fa%ed ie@-meﬁ' OfcrRaualt dd Med 835 LN, épgxgcgﬁggpfg%?%égl%%?an

si ngl e- si ncapsul at ed packages whose wires a

i mpuri tiescallenbulrahbatt be8i Stagoe tarkkDakd sthQ@0bLsistaRabeMe used, the
Docunent 1 proposes an approach to inprove the processability of

coppér \ep@sy teenBelbvmpobadtinaseaset 4 heid arekipaliyl Feyiaf LMY resin
portions. Meanwhil e, Patent Docunent 2 proposes an approach to

i ncr easec iR @ONEEt3Tent edndbihi tyobyarbat fayleachuoh thefusppesilica,

wires wth a conductive netal to Erevent oxi dation of copper wres.
crystalline silica or the like. In recent years, however, in the

market trends of reduction in size, lightness and high



PATENT DOCUMENT [ 0007] Pat ent Docunent 1: Japanese Exam ned
Pat ent Application 15 Publication No. H06-017554 Pat ent Docunent
2: Japanese Unexam ned Patent Application Publication No. 2007-12776
DI SCLOSURE OF THE | NVENTI ON 20[ 0008] The present invention has been
acconplished in view of the foregoing problens in the conventional
arts. An object of the present invention is to provide a
sem conddohetidavilteyCcwtsi s1éogrohia kgadpheafs,ormByKd f Cuhtehoatdonaor
sem conductor elenment, a 25 copper wire and an encapsul ati ng
mat er i al semndonttiained e enserMdP fBt hodneasihigchettBeysemangndastiolsurface
el ement and the copper wire are encapsul ated with an epoxy resin
conposi thenntdngt hé ewodpondacatioy dewiaesy ild andeheraeddat andethusethe
and then the nol ded product is segnented into pieces, wherein
segnent i ALK 8PP EEeSOAf heprteleapstiracEngndnaofsitdicgg ries isgepceaof the
bl ade used for cutting is | ess worn, the copper wire which _
el ect’r i cBPPIY coRfEe t P 21 et?R§ dated Jooh dns@nserkatarPipody isgld conduga or
| ead frame or fhe_ circuit board to an el ectrode pad provided on the
senicond%i?%?n f eERt PPSORAPE| §LEOFFBHed, and the sem conduct or
device is e§§@6§ nt in a balance anong high tenperature storage life,
hi gh tenperature operating |ife and noisture resistance reliability.
10[ 0009] C dj o] p i t h i rovi,ded.a

oY gﬁé. bPfet hyﬁa, g)%o%s%%el er{\é%n de%ncrs] £LE (':85& ggggaglon on

sem conduct or devi ce consistin frame having a

portion QLmB-ShiGEELr agEFh PLOVisded Wigth §@r§'c%_(:t Lhgal ¢ Qndéd% the
I ode ﬁf

portion, at |east one sem conductor elenent having an electr

pad 1vhi ClothBent B6KLU QM D hy iU dct 1A 3kl BEgRN thendie: PRy DA tiN o
of the lead frame or on the circuit board, a copper wre which

el ectri aadtyl stent shiahegellacsutsads Roneiingmoat 6P vl Oed 01 tbeper
| ead frame or the circuit board to the el ectrode pad provided on the
sen condust el sel emgritoyeahd aHoervapsulmattiaig netlkeet akhehi ofvl20 are still
encapsul ates the sem conductor el enent and the copper wire, wherein

the wirelnsabbicient tie tbppenighr edmpesmuialrd ostoragee 1hia Ehdpmhigh
and equal to or less than 23 pm the encapsulating material is
conposed-YRPAr LB QRIRICNDILifie upory tlesiliidomeoweriadmret havéporpent
resin conposition contains an epoxy resin 25 (A), a curing agent (B)

a spfieriR&T1RY 1§ RO £5RA011) diddkiIdGeraed Senidogiadeydibicieare
solid solutioq%gﬁ?,{fnd E%S sem cqnduct or device is obtained thro%?h

a step oF RHcTH a n doylflhetq'éeboﬁ}tpg‘é’itﬁv@on%@%%?%ﬁlaﬁﬁf and’ the
nmol di ng, hen, seqgnent.i-ng the resultant into pieces. [0010].. . ...
Accor di negf%]%t%ln(‘gale%be%&ar?&rﬁl of St'he bt E%‘Srﬁlmr%%/%ﬁ%)ircﬁﬁlﬁ %réllablllty
af or enent i 1 .ce he. ave ti Lanmet er _of
The. af orShant i Bnad cotaf ChoaFSeae and Bt HhaEAPEy L FiyErE5RHE L “hating

sol utiony (Bkpbergaduak B UedUS Bba'ag:%r%rgsangefﬁi'&£a&8 Ahd €5SLhaR;ve

10 pm [0011] 10According to one enbodi'nent o e present 1 nvention,
in the afenedenyionetson aduetobddeyies, cohene i ent mati@efhdthe in
af orenenti oned netal hydroxide and/or netal hydroxide solid solution
(D is espratediiod matd thanoh¥gby drassréndiagual 40 oprbessmshas;dd % s
by mass, based on the total mass of the aforenentioned 15 epoxy resin
conposi tnigrafd@i2]corrdeico dimi tiscora efbkodirient] ekstilbeapreseahd thus
invention, in the aforenentioned sem conductor device, the

af or energd oeipoeny dydioxs deawddior akvayshydeoxodeasokdd sol ution
(D) contains 20 crystallization water in an anmount of equal to or

nore than 20834 mass. [0013] According to one enbodi nent of the
present invention, jin the aforenentioned sem conductor device, the

af oreénent i GrEF Tt iatY 25 Tyl o x5 BL ARFIRFt Pet B8 VRSB ok PHBI sEPPRET Wires,

solutio D) is alum hydr oxi de and/ pr magnesi um hydr,oxi de. [0014]
7 Acg%?(’%’l)%glﬁ o %O%d%ﬁtc%?p?ﬁel%r%g ttp n985¥?8ﬁ, 1fnat felsture

resistance reliability test and thus lacks in reliability.



0-CCOHR0-CGCCGON2 H2\1 H2 \ wherein, in the general forrmula (1),

-R1- is a phenylene group or a naphthyl ene group; the bonding

position of the glycidyl ether groups may be any one of a-position

and p-position when -Rl- is 25 a naphthy ene group; -R2- is a

phenyl ene group, a bi phenyl ene group 8 or a naphthyl ene group; R3

and R4 are groups introduced to Rl and R2 respectively, are each a

hydr ocar Wasrgifeup , halicthguiht @obpetariorR sather bRt MRS INE ISABES as
different fromeach other; a is an integer of fromO to 5; b is an

i nteger wirtsomi@ht @ &elaid wrlaveeege bival deanétak if®ra diesiridtee power
nunber of equal to or nore than 1 and equal to or less than 3, [

(>700 c OpvOCeRsp) Dt is wharwgotly mlitffd qydrietal efploywl aopBer Wbrés for ICs
hydrocarbon group having 1 to 4 carbon atons, and nay be the same or

di ff er enFeHP6ALD0 BaERSOVRER; 2aRE1Te disnekeoyedt ad@i brta diydrescartiom 25
group having 1 to, 4 carbon atons, and nay be the sane or different
from%eachPottRRectabhy fPasd ngdsn sdfadhebgapsai agegrpackagas evhasaires
integer of fromO 5 15wherejn, in the general fornmula (3) R7
and R8 a?Jéee%‘éﬁnaa%jg%?%%%rp%tﬁ?ﬁ%?l%l%tarﬁﬁrjgt?%ﬁﬁ}?l%ﬁ'd’ B Gigr @t board.
i nt eger of 6@85 to 5 9 than 4. [0017] According to one enbodi nent

of the present Tnvention, in the aforenenti oned sem conduct or devi ce,

the afore d i age i n esi,n represente

T, SRRt g
: - i N > T

a phenyl%ne grgup or % n%ph?%%ig?\% &%up;g?ﬂ?%enldﬁgu&%si tq"l)ngﬁ:eg%et hghe

hydriexy! rgI 04951 10y "BY BendngORR rafi Ar0Siid Hiviaite 3- Pebhi 0BWIRALL 2
-R9- is a naphthylene group; -RIO- is a phenylene group, a

bi phenylenepgsesipanr agpiapohhytenefeifs thd avEh&EdRishergHBslity by
introduced to R9 and R10 respectively, are each a hydrocarbon group

havi ng Iceat 18y cardion fat bessomped: iy ebewt tie s aprdactdivil eeeal fd @revent
each other; 15 f is an integer of fromO to 5; g is an integer of

from 0 texBdathen anfaveraps valies of HSweyex,positiasigunbed eflecequakal
to or nore than 1 and equal to or less than 3. [0018] According to

one enbotR el bty hBph exeitoisiverg itasigtandse rz) igfdrldrientdforegackage
sem _conduct or device, the aforenmentioned curing agent contains a
pherdl rERGIPTehFESRP¥d2 byeEhB, gbheEal st ornBFBiFERdUCEROHORVice 1tself
wherein,_in the enerag formula (6), an average value of n6 is a

posi ti v runbRl %#C%ﬁ% ?dtﬁoﬁr nmore than O and equal to or |ess than

4. [0019] Sﬁﬁ&géping to the present invention, it is possible to

obtain a

On the other hand, a MAP molding becomes a mainstream, in which,

in order to achieve downsizing, weight reduction and

20 sophistication of packages, and improve the productivity, many
semiconductor elements are molded at one time, and the elements

are cut into pieces after molding to obtain respective elements.

In a MAP molded product, in order tomold a large thin molded product,

low viscosity, strength capable of withstanding cutting during

25 segmenting into pieces, non-breaking, non-cracking flexibility,
further low wearability with respect to a cutting blade and the

like have been demanded for an encapsulating resin. In order to



sem conductor device consisting of a lead frane or a circuit board, a
sem conductor el enent, a copper wire and an encapsul ating materi al,

and obtained in a MAP nethod in which the sem conductor el enent and

the copper wire are encapsul ated with ar epoxy resin 10 conposition

for the encapsul ating material and nol ded at one tinme, and then the

nol ded product is segnented into pieces, wherein segnenting into

pi eces almproescapsul atlngbabdt polodi Nghé S agas¥mentevhbidnpddiatdes ) sit is
| ess worn, and the copper wire which electrically connects an

el ectri cakrebendbhg porat oanpriwvedgandn tiid leaadibr dnegHby ofitthed in an
circuit board to an el ectrode pad provided on the sem conduct or

el enent ¢BCARFUL§LEDEr gt ahd tdssluszni thadootistudeyi gesospekee! lremtio.
in a bal ance anong high tenperature storage |ife, high tenperature

oper at i NgPYEYRr andhdicst 1§ ear axitimicetheli aviel ity . h2ghBHiERing of the
DESCRI PT] ON OF THE. DRAW NG [ 0020] JFig. 1 is a cross-sectional view
of the sERPESATLEtToh! Rt maﬁﬁdsﬁé%ﬁelém fErt tHe phade is thus

present invention. 25 DE§CRI PTI OF EMBODI I\/ENT%%OOZl 11lP .
Her ei naf t&7 1Y h&°F&hi tondaEesFe cB26aPRe Frsent| !1f\];]€l1t b7 during
be d ' i n. det aj . The. ' duct devi f th t

e oS AIBRAPLS o guegdle, BETLARAUELEY SRYLEERDADS RISIEL o

sem cond ! - e i I N, . | aL.i rial
is a semé@c%rg%%%g% etvcl) ?el%%%aéﬁgdﬂlwﬁ%a %ejt 0 %ﬁl \%%@gcgﬁé‘g d Blade
sem CO“%@rb@éﬁn&@&aﬁantPSrCQHD@hcﬁ?gﬁ_lgggﬂgtngrg?zﬁl_at ed with an

epoxy resin conposition for an encapsul ati ng and nol ded at

one 1gi me, and then the nol ded product is segnmented into pieces.

10[0022] Fig. 1 is a schematic cross-sectional view of one exanple of

t he sem REMAIED opodievER® of the present invention after encapsul ating
and nol ding (before segnenting into pieces) at one tine, that is, a
sem condeRTENT deQCEENTMAP t ype BGA) to be segnented into pieces 15
after encapsul ating and nolding a plurality of sem conductor elenents
mounted in &Il el on a circuit board at one tinme. A plurality of

sem conductor elenents 1 are fixed in parallel on a circuit board 6

t hrough a A#ERRHi LPBHEHat drii alfapangsee| Exendaedpadaseptovhgpdiontion
t he sem caonductor elenment 1 and an el ectrode pad 20 7 provided on the
cirddit PHCIELeR ¥Peci?Pchi 9 fonnect ed by neans of a copper wire

3. Sol der g‘;ItIs 8 @re f or red, on surface _of the circuit board 6. .
opposite to & B f ROEUBR Yhi th CRPAVGTS oNRGERBIPeferfaitent | 4pplication
nmount ed, : . sol.der S e electrically connected to the

el ectrod%‘%p}gldé Jb%gvl?q%'ed?@éﬁt%%'?é circuit board 6 inside the circuit
board 6. An encapsulating material 4 is forned, for exanple, by a
cured product of the aforenmentioned epoxy resin conposition, and only
one si dgydcidurd oF OrHE Ut fvB9REgy6 on which a plurality of

sem conductor elenments 1 are nmounted is encapsul ated by the

encapsul atijipoeterial 4 and nolded at one tine. Incidentally, the

sem conductor elenents are diced along a dicing line 9, thus

segnment i ng Thd copéeces. ihvgntioh iHddusbeat escopRpOi.sEedl GONdUCdWrof the
el ements 1 nounted on the circuit board 6 in the sem conductor device
after seppmgéiny iprabpersesn bhk twoventivne lsemteand Wt osbpéetent Sthe
may be stacked or nounted in parallel. [0023] 10Accordingly, the

sen condi@Antddviveatgfon hé preseavida e sendecostugitved dey itkeconsisting
af orenmenti oned segnentation process is conposed of a |ead frane

havi ng £4di® b@F pbramencsr aa cdinceuditt bd@arg 6 pFUVi eeriyg E o apglement, a
el ectrode E)ad 7 as an electrical honding portion, at |east one

senifeon RS &idfeAnd AR GRFGPAY IAteS @ SFdd 15 WRicc kP15 ingdsiacReYAP
d, i. .al | t he di d ti f t | ead f
on the S BolRitk Bhetfaniiotnralal RIEHeRN e ihn I tosmadEs are

encapsulated with an epoxy resin composition for the encapsulating



solid solution (D). Furthernore, the aforenmenti oned sem conduct or

device is obtained through a step of encapsul ating by the epoxy resin
conposition and nol ding, and then segnenting the resultant into

pi eces. By such a configuration of the sem conductor device 5 of the
present invention, segnenting into pieces after encapsul ating and
nolding is easy, a cutting blade is |l ess worn, a copper w re which

el ect ri cakltpréaineats molelcel et tingalt ikendiadg povdn emepmdided prodde: is
| ead frame or the circuit board to the el ectrode pad provided on the
sem condaegoensbednentt ¢ s tharadlsy 10hepeindezkgmett imdalianee abeogshigfiter
tenperature storage life, high tenperature operating life and

moi st ur eSRESPSHAAEE NP RAMALdNG 4 sexeeV | enbladeresedfficer cutédpgci s iess
configurations will be described in detail. [0025] 15First, the

copper WPENusEhef 6PPPRE ¥ékrcHRAGE: 6l egéviicaldy wangcisemn electrical
inventiog wi |l be described. For a sem conductor device consisting of

a | ead fPEREIAGVPRGTACH BTRYAISEr PPokEr 158361 FCaMe Boalde &lncaddt board
one seniEonducHor el enent which |s,stacked on or unted_in paralle

| el

on the dre Bag pEHPST BRIHE I ERE PRamRe e TG ENEHE 1S herdly
W re whi ri I 0, C n.electrical bonding portiaon
pr ovi dedggﬁ%ﬁg&f egalg&f?%%eg%ﬁl%i%&ﬁ?%ﬁiée %‘gerdlﬁ S ettt rdté padance
provi ded he } e an a ' terial. .
i chenaon i B8 R Bt e Py TRy n g Rt B e
pad pitchi 88dafAqskBh bewreerdiaBbRbe22a1 8¢yl ed in order to
i nprove an integration degree. Specifically, a fequired wire dianeter
is equal to[@pobess than 23 pmand further preferably equal to or
| ess than 20 pm Wen 14 a copper wire is used as the wire, also
cont enpl at etlccsrdingt had ithewhpedsanbonidivightares, | shieher easehbivided a
increasing the wire dianeter, for the purpose of enhancing the
connect i semiebndbctorydarice buomabi st tngt b priceses satina thawfng ke die pad
copper wire itself, 5 whereby the degradation of the noisture
resi st ane@r PR abF| it Figcudith incasice prrvided fwtikenanbehdichgical bonding
suppressed. However, the above-described approach of increasing the
wire di drefetCRan®bt LEADE oSt RENLAPBREREEPENCdEBrRBE BAadlngnast electrode
provi de a sati.sfactory single-sided encapsul ated sem conduct or _
devi'ce. %‘? t“ltbéﬂ#’o%é,s 'arFkﬁSlg PR IWTPETERENER &1 15rl JedsQn tiiihdig Bad portion
hardnes;ogf ﬁheléggpﬁgﬁmﬁre itself cannot be fully exhibited and it

e

is diffidl %o B RE W &9 SEHECHUe RPN r 62 sHeRBST[ HAsE) which
The copp, 1 1 conduct.or vice of the .present .1
Tvent | oereStEECRPEY Cingdls SR, UL ol BRER, Bty 55 B on
t han 20 r u t iS,.
range af@%agn%ﬁiqﬁgﬁﬁié%ﬁ?%§u§g%¥3%go$g%%§Hagﬁgﬁégﬂfﬂgﬂ%%%bg%khgggéﬁgEd
be stablen alid heicOMRE ANl elkali, | | Lgnding | %106 h |

i nproved. Furthernore, wire smeeg ?énh%g %%é%énted]%%nggfhgggﬁ%%g'% ich
t he 2ooppeicapselatsel frhd 008kl cdhaueeprere eméntIs@ehd Othbhe&opper wire,
sem conductor device of the present invention is not particularly

li m t ed,whenethettoppere plirdigtds ¢f efler alippeafualrd d Oeqmile thar more
99.99% by mass and nore preferably 25 equal to or nore than 99.999%

by nass.than géfepml araddiquadn ©of variless ehemertd mopahéspentapsbeating
copper allows the ball configuration of each end of the copper wre

to be stdierdguki dF <¢SmboAdfnget Weencdopdntpretiectadddd am &gegeresin
anount of nore than 0.01% by nmass, the ball portion is hardened

duri ng VFIRPHOHA PRy St tIROM @I € PP Gt e coaHadmTd @t 6POXy resin
el enent iﬁ damaged,, causin d?fects such as degradation of the

moi $Cur et lesi &t FHEETS Ad5TEDi (Ply, 2deheisedn $helift gH R enpeicht ar Betal

t 1 d rise in electrjcal resistance, whjch,
a7 butbist o B (BT Pk, aRTonhi 5ok ECT 17 ithel© Hanion wiBi -t rnd che

semiconductor device is obtained through a step of encapsulating



5 bonding portion in the sem conductor device using the copper wire
under the high tenperature and high humdity environnment. Thus, it is
preferable that ionic inmpurity such as sodium or chlorine contained

in the sem conductor encapsul ating material is reduced for the

pur pose of inproving the noisture resistance reliability. 10

Herei nafter, respective conponents of the epoxy resin conposition
constit ubynghthepergapestiat cogpbstetioal ansedoflainghe asenteendyei@ienting
device of the present invention will be described. [0031] The epoxy
resin cofpesresohtbot antenpapsebkating material used 15 for the

sem conductor device of the present invention contains an epoxy resin
(A). In thelpP&8knt invention, the epoxy resin (A) refers to

mononers, oligoners and pol yners having two or nore epoxy groups in

one nol ecul RSCTRELIAB| BEUPRE RBPEALMERE Ab| EBaEl BRresenticloventhengofin the
are not gfrticularlx l.Limted. Exanples of the 20 epoxy resin (A .

i ncl wde tFOEEEFTFAR EHox T SFESPREUSEOR adley Wisrhenyhe { ypECEABRY Pegiticle
a bi sphepol type epoxy,resi a stil bene type _epoxy resin and. {he

li ke; no@%?%%¥$§pe p%?ﬁ r é#?ﬁp%ﬁﬁﬁp%ggan%ﬁﬁﬂolhﬁé@ﬁ?égetjﬁgbéﬁbeetal
resin, Vol . NYole] resin and, the |ike; .polyfunctiona
epoxy r22§%§§%£%ﬁ%ggjg§F%%%ﬁéﬁgl¥%£fﬁ%%guig ¥?6€7@85§fj%3§¥nyméﬂugequal
al kyl nn@&f&gdléggppgggllgeggane type epoxy resin and the like;

aral kyl type epoxy resins such as a phenol aral kyl type epoxy resin
havi ng a phegylepe skel eton, a phenol 17 aralkyl type epoxy resin
havi ng a bi phenyl ene skel eton and the |ike; dihydroanthracenedi ol
typeocepoxy AeSér@indapht 6ok EMPSIenexy 6eStAs pHEReAE #AvERALX%n! €$hNthe
obtai ned by glycidyl etherification of dinmers of di hydroxynapht hai ene
and the dfdecemént sanee Senmdebedsctomt aleiing: epoky E68LBRtSUC @S of the
triglycidyl isocyanurate, nonoallyl diglycidyl isocyanurate and the

i ke; anafdréngridioyedi adhadr obgdiroxicdenpandderodidtiald plyenalxitdepesolid
epoxy resins such as a dicycl opent adi ene-nodi fied phenol type epoxy
resin andihlelon ked) Theseaualy te asewrs rdlan di% iy messused egual to or
conbi nation of two or 10 nore kinds. Meanwhile, the anmount of ionic

i mpuri t yLeIRANRS $B8iRuATREE dPaeed o heeitdit abmegisned tihe ehResemepssipned
resins is respectivelg referably equal to or less than 10 ppm and

nor & °pr FRYEDI 52U If‘ﬁ"?ﬂ‘tjr%%s than 5 ppm from the viewpoint of
corrosion OB”?E@ el ectrical bonding portion in the sem conductor

devi ce usin 15 copper w re under the high tenperature and high

hum di i . 0 I id [y, h f the.i i
o v eRASRIRNL o { 2992) el dRDNE LY. AR PIRURL oL LhE RN Cr the
First, 5 fafndbe: 20-8Pe%hi ek -20d 399 of dgﬁe' 'e!ﬁ%%é@énne{io%{eed metal

sealed up In a pressure-resistant contal ner made of

(regi st eipah-d BgleMBhKY orangkt e i j alol j egled -
treatmanffﬁ 125 degrées centigrggggg%%ag:Eﬁﬁg?vgoﬁﬁﬁ?gﬁtyﬁgf iég&ﬁhns
for 220 hotyst4 DY esstH &n CAOKeF 1M eah NBRblnt NeXt eqabl e£oC80! hBget EnEAOHD S
25 tenperature, the extraction water is centrifuged and filtered
through ey 2flagem filter. The concentration of inpurity ion is neasured
using a capillary electrophoresis apparatus (for exanple, 18
CAPI - 3300, ddhinkrcially available from Gtsuka El ectronics Co., Ltd.).
The concentration of inpurity ion (unit: ppn) obtained herein is the
nuneri cal VAR HEES drediorenbredimput i of tloa mhéséntsiexenbited inobhe
5 g of the sanple and diluted tenfold. 5 Accordingly, the

concent rEkATNGRE kR E6B1EeNEREOENtATHL T - r EBpe@farenayisiqnad unetal

mass _of .th rgi%g composition in accordance wiith the foll ow ng '
equéri o .YC%FB‘ 120 Porffetal hygrpFige i Bnl ber Sohrtiaas Db 1§ haluminum

sanple = oncentration of inmpurity ion nmeasured with a capillary
e R S Bl Al e R s Y ST e

el ect rophoresis appa ntally, the content of
[(0014]



(R5), 0 (2) io,,cl0 d (R5) e wherein, in the general formula (2),

R5 is a hydrocarbon group 15 having 1 to 4 carbon atons, and may be

the sanme or different fromeach other; R6 is a hydrogen atomor a

hydr ocarbon group having 1 to 4 carbon atons, and may be the sanme or
different fromeach other; ¢ and d are each an integer of 0 or 1; and

e is an integer of fromO to 5, 20[0036] 20 0 CGQC40 H2I H2H2 '01
0- C - CH CH2p&EB3d Rig RBR7 B8 WeRhB8HImeh biietgengrakeher Auh@nt3bn, Rin the
and R8 are each a hydrogen atom or a nmethyl group; and n3 is an

i nteger afofenendidnel, eMiFfnductd) devidbpr @he, afoidife@El®iédl ecpoxy
fornmula (4), an average value of n4 is a positive nunber of equal to

or nore thannOcampoequadnthuorhdessorntwmimsl.atf AG38{t HiEh&iepbxyf anésimisium
represented by the general formulae (1) and (4) have the feature that

a nol dedcproedsteni nihilzitere daedsidtedodubus thei ngrdwmat icnpsistio of
and the noisture absorption ratio is_ lowis obtained. Thus, the

stress appfFedlen hrdresafieondvdrotadréhenanBoharhgipertion is

reduced and i&{%her the effect of inproving the 15 noisture

resi stance F bility may be achi eved. [0039] The epoxy resin

represented by the general formula (2) has napht hal ene skel eton.in

t he nol ecul %gbfﬂﬂgghSQeoﬁ?gﬁm%%?%wéﬁésognﬁgﬁiEEEF?QFdFPV?nthH' in the
Conseque . Iy rati o, of, the 20 cured pr.oduct of th
epoxy ré%?#&ﬁ%éﬁ%?#%%nggékﬁéﬁg EERBovE etky %% iwog§ r %&?%ﬁﬂE Ehe
| ow war page,. I I . .Th e ctL _of _r i

the stress é%%%?ggé%%§t%%ﬁ%gﬁgg%ngg%%%% V;i %Peﬁgﬁéfb%ﬁd;ﬁgfgggt?gﬁn 35
may ige qbhai ed- t KOG tent MapyhI J)P’tﬁ@epgf?ef%léﬁshgvifégrgsaﬂéﬁgtgﬁé of
the general fornula (3) has a bul ky group and high rigidrty.
Consequesihyl the oiir fobeshitidikage nat | €owfaifed cuhed- 1y odegteRbntiBnea
epoxy resin conposition using the above epoxy resin is reduced and

| ow war pagee piepersibbcar eCpxtel dendl dbusr Lbesethest 00isregdurbBeg.

the stress applied on the sem conductor el enent bonding portion may

be obtai nedl0JI®KU1] 10The mi xing ratio of the epoxy resins

represented by the general fornulae (1), (2), (3) and (4) is

pref er abl y Aeprtding oro nore ¢haed208sbycfraske moeseptefrvabtyorguah the
to or nore than 30% by mass and particularly preferably equal to or
nDré5tmﬁﬁQKﬁ@%@th%%@¥ B&Bagopauchert il iegwulheofakarengidonasdi apoxy
(A). Wien the mxing ratio 15 is within the above range, the stress

appl i ed TIFYMEXERITTh Al 87 SEl R dtisbrdi REORYr fehfeieincted from the

ff ively r . 42]. The | rolim f th ing rati f
teheetcz)lt ;fr%%ﬁﬂgﬁggsﬂgg o]f at ep?(‘)A}I?y relag}% ?:eptreeserrrllt)éld %y a%ﬂg 8eneral

formula (1), an epoxy resin represented by the general formula (2),
an epoxy resin represented by the general formula (3) and an epoxy

20 resin represented by the general formula (4),

H H
o—c—e{—;}H2 0—C—GC—CH,
l Hy o | H, \0/
H—R1‘E0—R2—C—RI%‘H )
H H
\ 2 \ 2 \ nl
(RS}a (R4) b (Rs)a

wherein, in the general formula (1), -Rl- is a phenylene group
or a naphthylene group; the bonding position of the glycidyl ether
groups may be any one of a-position and p-position when -R1- is

25 a naphthylene group; -R2- is a phenylene group, a biphenylene group



epoxy resin (A) is not particularly limted, but it is preferably 20
equal to or nore than 3% by mass and nore preferably equal to or nore
than 5% by nass, based on the total amount of the epoxy resin
conposition. When the mxing ratio of tige total anobunt of the epoxy
resin (A) is within the above range, there is | ess possibility of
causing wire sweep or breaking of wires due to an increase in 25

Vi scosi t yr Omdietloy henie harslip i IS wepeR4l bkt gobupbei it XbAgcsati® ©f and
the total anmount of the epoxy resin (A) is not particularly limted,

but it iBZ2predreeeatlyekgualre each & égsirtharkbblgbypupdssviZ® 1 asdl 0mayae-bon
preferablg equal to or |less than 13% by mass, based on the total

anmount OoRLPHE, epostymaeshe thepdine i on. dMifardme fippereddhridtiefrt ke is an
mxing ratio of the total epoxy resin is within the above range,

there i siMe89epadfsibrm W%g i dadsi 31y adesdropatizmm 9 o9 Fhandoinsayesage
resi st ance religbilit due to an increase in the_noisture absorption
rati 0. [60#4F © ?ﬁelépBXPO?é§Fﬁec8HﬁB§FtPgneﬂéﬁlaﬁoeﬁéaﬂ§ﬁﬁaﬁhﬁ@ 1 and
naterialeuseg %or thf sen%ﬁondgctor device of the present invention
contai ns & 10 tUrPhg &Gent"EB) °’ The curing agent (B) naybe classified
into three types séh as a polyaddition type curing agent, a catal yst
type curing agent ~a ndensation type curing agent. [0044]

Exanpl es oﬁ; e curing agent include aliphatic 15

pol yam nes (s¥ich as.di gfHyl.enet ream ne (DELA), triethyl enetetram ne
(TETA), netaxyly edi ami ne ( A) d the like; aromatic pol yam nes
such as di am nod¥ph e , M phenyl enedi am ne ( MPDA),

di am nodi phenyl sul f one and the’fike; pol yani ne conpounds
cont ai ni ng di cyandi ami de (DfR®), 20 organic acid di hydrazide and the

| i ke; acid anhydrides containing alicyclic acid anhydri des such as
hexahydr ophitate in anhy dhiedgefbHBA) forrtibyl { 2] § ahy diophtiRalricearbon group
anhydride (MIHPA) and the like, and aromatic acid anhydrides such as
trimel |l ihdacinmhydd de ceThan, appmerebhdtney danthyardae ERVDAXferent from
benzophenone-tetracarboxylic 25 acid (BTDA) and the |ike; polyphenol
conpunc@@ Fuchtkera Rovbs az hypeogeendtomesina hyghenskbpol gmenpahdving
the |ike; polynercaptan conpounds such as pol ysul fide, thioester,

t hi oet hek %aaltw’??lke?to%r i 3pdyARAt e chpoaaEs sucAifferentyinamneeach
prepol yner., bl ocked, i socyanate and the |ike. and organic aci ds such

as a polYdier ¢ &dh di&%—a?ﬁrcﬁgaa taFBERYI PE AGH ndiche Hisken integer
[ 0045] 5 | es,of the catalyst type curing agent include tertiary

ani ne cé%%g%ﬁﬂ% et Q benzyl di methyl ani ne (BDMR), 2,4,
6-tris(dineth¥;anin P-30) and the like; imdazole
conpoundss - petyl i mydaaol - et hytl = 4- met hyl i m dazol e (EM 24)
and the Iiﬁ%{i’aﬁf W e %s{%g *conpgPexes and the Iike.

[ 0046] Exanpl es

a1 pn type curing agent include
phenol resin type aat+ig agents gWeH@s a novol ac type phenol resin,

a resol type phenol resin and the |ike; urea resins such as urea 15
resiips contwdidreith ainethy beheghoups rianth M8l 3NRNQNERS RS- SHEBh @Shydrogen
mel am ne resins containing a nethylol group. [0047] Anong t hese,

pref er atyomsed ameiehodrows: nahy pe3 cls i gy ageagsrfoontibg 0 to 5,

Vi ewpoi nt ta bal ance a g flame resisbtance, noisture 20
resistanceizélectric chaﬁﬁgteristics, E;rability, storage stability

and the i The phenol{resin type cuKing agent refers to nononers,

ol i gomers anyl pol yners ha¥%ing two or nofe phﬁpolic hydr oxyl groups in
one nol ecul The~nmk ecula 20 and_pql ecull ar structure thereof

are not pa 3 -t ¢ 3 Bxam of the phenol resin type
curing agent X such as a phenol novol ac
resin, a cresol novolac resin and the |ike; polyfunctional phenol
resins suchvlesreaint,riiphehel geathanefo2dul yped pheawlavesige and ddher n4 is

a positive number of equal to or more than 0 and equal to or less



HROGR1I0OGRe H H2\ n5 (R 11(R12) (R12)\ (R11)f 11 wherein, in the
general formula (5), -R9- is a phenylene group or a naphthyl ene

group; the binding position of the hydroxyl groups 5 may be any one

of a-position and 8-position when -R9- 9 a napht hyl ene group; -R10-

is a phenyl ene group, a bi phenyl ene group or a naphthyl ene group; Rh

| and R12 are groups introduced to 9 and R10 respectively, are each a
hydr ocar bhang#oup having 1 to 10 carbon atons, and may be the sane or
different fromeach other; f is an 10 integer of fromO to 5; g is an

i nteger of {PORVD to 8; and an average value of n5 is a positive

nunber of equal to or nore than 1 and equal to or less than 3,
15wher ei n, Racerdinenepabntoenbbdinent aff &her pgeseatuenventbons dan the
positive nunber of equal to or nore than O and equal to or |ess than

4. [0051%forBHgNphensr sesiisoncEsiteserdastian, tee gafieranensinnkd ES)ring
20 preferably used s a phenol_resin in which -R9- and/or R10- is a
naphthy| %ﬁ%nér%%i}a%%%sa RN e 1y MRREL SR due it1sy gemseradyfermula
shrinkagg5gatio of the cured product of the epoxy resin conposition
using th bove phenol resin is reduced and | ow war page properties

26 are excellen?d Thus, the stress aﬁ@lied on the sem conduct or

el emrent bondi ng bor on may be reduced. §}0052] Meanwhil e, when -RO-
and/or -R10;_Ls g LQD§1@LQQ _or. g 5|biphenyl ene group, the
di st ance betmeen\{h d%oss i Rks herégi

h

il's 'ong.®XConsequent |y, the
cured product of epéxy résin @onposit i@ using the above phenol
resin has a | ow Rkt ure abéBi@%ion r@tle and exhibits reduction of
el astic nodul us at high tenperature. Thus, the stress applied on the

sem conduct ar el enment qggondin partion is_reduced and further the
noi sture r e@?%lf%lrﬁ'e Telh HFPF}%}&%OEE‘US%?BQ/MTR 0053]2 Phepya@ficegroup
f th j t by, t he. |, f j ncl ud
phenol S aroTE R Ry R TR ey SHonp B G GGt B EBHBAUO By oS
0 hayi . . ¢ LKyl . .
R L e S e WL
Ccul g . ;
particu ?é%ﬁt%mﬂ@%ﬁ%ﬂpﬂﬁlgﬁ ik %‘%%e%y&%&lécéyéggg ?trgl?(;h%ﬂﬁre% group

formul a ese may be used singly or ‘may b I"nat1 o

of two ar r@hﬁaﬂﬂhﬂﬁ’?ler@@[?@@éﬂ);Tﬁ@l”&ﬁﬁ!‘ﬁl?%k@ gkohBs PReRBLUEES Bo RO
represented by the general forrmula (5) is preferably equal to or nore

t han 20%1hy RIEE e spRice ipredfygr aliley ca@tak kedP6caPHentdedupBaPhdBSso 10
and particularly preferably equal to or nore than 50% by mass, based

on the tcadborRtomuntand mae oarthg ageat of Bii f¥eanthérginxeaghr ather:;
is within the above range, the effect of reducing the stress applied

on tle semeomiucrbeger epEnfroondi hg porgi dbs an fheegenm oGnduomop to 8;
device 27 may be effectively achieved. [0055] The phenol resin

r epr eserd®l Py aVREagenerhrefof M 4 S(8)Perist ke nugdeur @t dakal Heo or more
el astic nmodulus during heating is |low and_a nolded 5 product having a

| ow noi stide h PRTEH rBRi OF | $eobt Bii@Rd3- Thus, the stress applied

on the seni@ﬁﬂﬂ#gtor el enent bondi ng portion is reduced and further

the effect ifrprovi ng the noisture resistance reliability may be

achi eved. [0 10The lower limt of. th i xing ratjo.of the total
anount of Eﬁ%ég%F%ﬁbnabé% S (BPRERT b3 t?%%l%???ePt TR hER- i £y Ehe
pref,era Agual % hy . Nass d ferably .
Cquar to m Rkl doncd FRhEEbRANCEo R et URS A SRSFeREEL VRS pngin
epoxy resd MRS A wWhen it ; (SRl f LX] I 8.1

15 wit hﬁéﬁ% abovel%'sgn%gg, suflf ii}%iééﬁl}t,\@;e ﬁeg}e??%ﬁagﬁf@géggc??g\?ég& Pokfiula
Meanwhi | gg) the upper Iimt of the mxing ratio of the total amount of
the curing aggnt (B) is not pgrticularly limte but it is

preferably egual to or |less tflan 10% by nmass and nore preferably

equal to or Ss % by Ss, ed.on the tal anount of the 20

(6)




[ 0057] 25Moreover, when the phenol resin type curing agent is used as
the curing agent (B), the mxing ratio of the epoxy resin to the

phenol resin type curing agent is preferably an equivalent ratio of

the 28 nunber of the epoxy groups (EP)1®f the overall epoxy resin to

t he nunber of the phenolic hydroxyl groups (OH) of the overall phenol
resin type curing agent, that is, (EP)/(OH), of equal to or nore than
0.8 and equeheteiony lmsishd hgmeral AMhremltshg oequibriaheatragat v@ldei S né is
wi thin the above range, there is less possibility that decrease in

cur abi | i 2ypo$ithee apodyer exf requnipdsi tiromofrer thavapsandtequah to or less
sem conductor or degradation of physical properties of the cured
product ®Ra2Rhé-resin and the like is caused. [0058] 10ln the epoxy
resin conmposition for an encapsul ating nmaterial used for the

sem conduct bY9H2Vi ce of the present invention, the spherical silica

(© and the, netal, hydroxi de and/or netal hydroxide solid, solution (D)
may Be used®@SCTHEY i1 e B &S0 Hravent ioRventi bR PaESHke syhatadin a
silica (g:miéggngEe Q%%%§&§g is.l%.grefgra?lé equal to or _Jless. than g
35 pm and FbFR Prer8F atst { SqTarSts tord 25 € tRaf S PO WReH tHE t Poard,
spheri cal %'eHi%n%\etr& .ae_’['&qgng' anet SF) é‘g&'h'ﬂJ}&eaﬂgovagd rangas 's%llating
used, the present i nvention can be app PBG"t 0''d e conductor "BV €&
havi ng Wi | ; L. r r : is

1 ca (R R S e AR B P Bk Egpotox
equal t 0 DEmEME CatdlAMS TIPS i elrablah Pl HR Pl iltes uird RIB:Y 1%sin
by mass and nore preferably equal to or |ess than 0.05% by masSs. "Wen

t he wwontestip©dit hen o sBepafithpb@3at Snihdt &r 1 e aalkoXe 182808t drietime,
defect that the coarse particles are sandw ched between the wires and
push dowm@5thae wheesyolidwat psoduit eisweegmemnedea prevebteds, Swbkrain
filler having a predeterm ned particle size distribution can be the
commer ci s¢gme¢nt Brg akni¢ pscoescaftbe ehtapaellabyngi ahdgmbhdipbudal easy,
29 kinds of the fillers or sieving the filler. Furthernore, the node
di anet er2 GMtLAASE bade sighéppeaiosn i fagd thedormen Herprvasiert elpeenicedly
may be neasured using a commercial_ | aser particle size distribution

anal yzercqRefcex &l ,e%ﬁl@aﬂo@@}ldé@@n@%gappypsowawa%m &he dpad frame
Shi madzu_Cor, oratLon,,gr t he Iikeg [0059h For the spherical silica
(0 dsed®¥n Fresant i Rodhti of° &% i AEPELLETen PRE RFFVIFRLoq ythe

of the epoxy resin co sitipon,is, suppressed. Fyrther e, the

cont ent %#m¥#%9§%ﬁ%ﬁ?2%?6%???055(%fr§8yiﬁofﬁgd8§0x§ngggﬁﬁ ESRp5eParGhor
may be i ed. b i i ng_the i.cl jze, distri iLQn. . of th
spherica §ﬁ??cg%( 8%%9%%£b?%a e?gﬁ%éséo?mﬁhé Eghﬁe%?gggkggggF %ﬁgrage
sphericalj £ | | 856 Ck dnp I R L é’f@%ﬁf 13lrkm ’mcpfét#lfe' esistance
preferably equal "to or ‘nore than 82% by %ass and nore preferably

equal tqrégiggggiﬁpap 86@§by nass, based on the total anount of the
epoxy resin conposition, in consideration of warpage of the
semzgonduct or device. Wen it does not fall below the above | ower

limt, |ow noisture absorption and | ow thermal zo expansion are

achi evedBRIEF atkBCROPTION t OE BHEeDRABINGeduced war page, so that there
is less possibility that the noisture resistance reliability is

i nsufficientQ0Zh the other hand, in consideration of noldability, the
upper limt of the content ratio of the spherical silica is

png erabl y Eirall tis ot ¢-Jé%%stfm%mtQQ%QSVEagwrrﬁésthﬁdsmiéo;adéfsépabdyvice
equal to or less than 89% by nmss, based on the total anount of the
epoxy reSIPEORDBSTR i oRe FWerdiRepbesi nbheeREBBANENENEBBEECpper

Iingg, there is less possibility that

DESCRIPTION OF EMBODIMENTS

[0021]



30 the fluidity is lowered to cause insufficient filling or the |ike
during nol ding, or defects such as wire sweep and the |i ke are caused
in the sem conductor device due to high viscosity. [0061] 5For the

nmet al hydroxi de and/or netal hydroxide sblid solution (D) used in

the present invention, crystallization water is discharged during
segnenting the sem conductor device into pieces and generation of

heat due toH®eainagtel, a-id adeniSorslii®@s sied.i cehereblye @itdddi: invention
resi stance i s reduced and the effect of suppressing 10 wearing of a

bl ade i swekhi bét ddscFiubeHeinodetatihe netal hydroxi de and/ or netal

hydr oxi de solid solution (D) exhibits a basic property, so that an

aci d gas calikémprisrasiicgenieviecedEdihd pakskotdimgepoi oh grongidering of
the high tenperature is neutralized and the effect of inproving high

t enper at &read drage Pirfe Giraud Hose@, Fheenbcandpager pakemeite, a copper
diameter of netal hydroxide and the average particle djaneter of a
soli @ i n"tFe RABCal2ThyBPERPaELE6LNE AR G ate Pr LM EEPYAeGar device
or nmore than.1 pm and al to qr.less,thapn, 10 pm and nore
preferab??g%h%% t9 ar r%e%ﬁaﬁ ?npﬂﬁéﬁg gBEaFgF6C8PgPE§§rtﬁéﬁmgnﬁnﬁnd
VWhen it js_|I han. t he abaove |ower limt,. 20 there is _a.possibili

of causi%%edﬁiépéﬁwﬁﬁ#%hﬁfi(?Qﬁ?ﬁ%ﬁ%%ﬁﬁé?%ﬁ?qlﬁg ﬁ€P§Vi§FS&'SE8§P9§}%¥On
When it Lok t l...h oxl

metal hyi oA s ar e et e cehr et pA St eng £ g Yhen che
wher eby £hedi&q | SréaROestbi sbfNeRtegeDRESL HDE-BESIS ON a cross-section
of the nol ded product or 25 Causing cracking of the nol ded product

due ipo fal l pgoparticles. [0062] Both the content ratio of
crystallization water in netal 31 hydroxide and the content ratio of
crystal lizagi@n Iwaked sichelrae ifetabsbydeexidaasorish o3 bheodk@fi®le of the
preferably equal to or nore than 20% by nass. Wen it is | ess than

t he aboveerhbwendbhctot desuippy efstba pfegeneriatiert iafn heat hgndbapehangeng
of crystallization water or the 5 effect of decrease in cutting

resi st aried inw Jebind Ulblegf axehiskeigredit imgedetor pieces) sanaingrigfmr,althet is,
On the other hand, the anpbunt of the total netal hydroxi de and/ or

met al  hyAIrBREEBIG P B Slaniicen (MBP tgrpoRehl teldwl siegmemdfast dbity pieces
equal to or nore than 0.5% by mass and equal to or /| ess than 10% by
mass? arftf o3 t PRGRRSHY 218 18r A4 aBPy g A POULSH-B Ynedls, SpEdsangRCctor

t he tot al 1 f th i it . it i | th

Lhe abovtiTBRBrS ITAHTESd (D, BaET Dhebi SGen et AEPBAC oPRES! 2byOBPSLhiPge A
oo ot o RO A AndilG S Sl f TR E R L s patatier on a
the fluidi i .St t | d

o adutt §LE kS LT EMEL AN L ) BBA B OLr LBF, 40 descotroe
cracki ng,gyrg ?Qo%@ﬂ%ﬁ”éh“tﬂqé rgéenim&ﬁﬁ)?ctc[@%@%}neme1C$ﬁ@neoat}g|%t1ﬁ&?rola%§gad

in the present invention is preferably 20 conposed o r oxi

contzai Ni NG £sysded | bz g hONcIBE @It ObogBYAE &Pc0E]18BELIERRN 20U AKCEBEShHY
and/or a metal hydroxide solid solution containing crystaYIlzatlon

wat er ofmegpslos @ aoppere wh.kan320%bydenasisal Buch dms doriedr @i desiigface
not particularly Iimted, and exanples include al um num hydroxi de,
magnesi unf hytieoxcdecand 2arte bi keppddeaimnwhitkbe, at banrdaney be uwgeda the
hi gh heat resistant type al um num hydroxide with an i ncreased

t enper atggrel ¢rduei el atlemedt séhasgacoh tedy steald ithet i onldwrt dpabys 8 are
subj ecting apart to boehmte 32 conversion, refinenment, or reduction
of sodi T 1Iahese fapnpetadedositiy yebeckagdveraded iRTrCbisicha®h ohhe
of two or, nore kinds. Furthernore, there may be used a

net al
hydedxi de- 63t BerEEi 8n IS 1Rs S ofer ereheRParAn ber yial §nERPABLAFING

hydroxi de_are. 5 sybstituted with other el enents such as iron, nickel
titani uleSime S?IFEO ?ﬁﬂ?%&eP?Fkgxﬁﬁpﬂgrn1 s%lFHr§§IEHQH¥CtH1 ethe

aforementioned epoxy resin composition, and only one side of the



20 adducts of a phosphi ne conpound with a qui none conpound and the

| i ke. These may be used singly or may be used in conbination of two

or nore kinds. [0067] The lower limt of the mxing ratio of the

curing accelerator 25 is not particularly limted, but it is

preferably equal to or nore than 0.05% by nmass and nore preferably

equal to or nore than 0.1% by nass, based on the total anpunt of the
epoxy resincadfipbsatdoh. on 3 Wiens tgleidomety |d fidentdfcditBiddod R dnddrit®s 1
of the curing accelerator is within the above range, there is |ess
possi bi | arg mhahtddcieasecapsulirabil byy the eauvsedul@nihkhemattkerialadd and
the upper imt of the mxing ratio of the curing accelerator is not
particulBplged 2t mnedinsut Incidepteléyabtlye eapnal carodwrt de sl anfeart <l Yre
by mass and nore preferably equal to or less than 0.5% by nass, based
on the t9tafdafbone 8f diféhgpdiyer 8si AhesnpesmensAngwWABHKOt Réeggper Fig.
limt of th? m xing ratio of _the curing accelerator is within the

abov@ rahgel lUREFETES | phsSEBIGY T rebRReRbh &f HAUnthid yops the

10caused. . [ 0068] Anon e curin ccel erators, re preferabl )
ssod ar BRI T 18 bRGsFrrheSedictuncierice A rnane gnto
fromth I oi 0, he fluidity. . Exanpl.es of. the phosphine
corrpoungp%%g%@is&%rg‘f%eora djuﬂc S(%nlé:oﬁhd(;q;cp & s @E&/i h‘? gtacked or
gui none &%?9 d J i phenyl phosphi ne, tri-p-tolyl phosphine,
diphenyfgyc oﬁ§x§#3§%ggﬁ%%£; tricycl ohexyl phosphi ne, tributyl

phosphi ne, pgmgpine |ike. Exanples of the quinone conpound used for

t he adduct of a phosphi ne conpound with a qui none conpound 20 i ncl ude
1, 4-1henzoquidenedin@t Pyl chle 4=RERZOGICIINCdeFREROXY -theé UK AQBEtion
phenyl - 1, 4- benzoqui none, 1, 4- napht hoqui none, and the [ike. Anong

these adshicidsned lay phlosphfoecenpoonddwstbmangdt nenepeespsnds BBheosed
preferably used is the adduct of the triphenyl phosphine with the

1, 4- benzofjua ndoped ZFatiee heetihegd 4 odi@r pddcippgttibea adductcfc@it board 6
phosphi ne conmpound with a qui none conpound is not particularly

| i mitedPheviderd widduen ehacbeogeqeat &dasf an ehamptissalbpoadding pertion,
reaction between a phosphine 35 conpound and a qui none conpound,

whi ch ar&t d€é@tagne SpHEdudter phemansryanvé ngory édieairioste pad 5 which
di ssal ves both, and by isolation of the resultant. [0069] 5In the

epoxy resT IF I ESFEsioh BR FORNERC ehfe H7A 8k S @ rnkher f 4 PFGriqmet the

r .device of th resent jinventi t here naé be .properl

sem conduct n, )
added, gj;e%‘gcggggﬁy,OWa??oﬁg additTYes IP?lﬁifgdiGr'lg 3| GHPREM ddrios? 0W¥’1°h
inhibito i i hydr oxi.de; _i norganj c, i on _exchangers. such
as bi smu %e%§€Pé§%§%ré?ggéﬁg%négﬁu%}fﬁtgfl&e%ﬁV%?%I%fo%ﬂ ﬁ%ﬁ]gQngead
hydr atg éh@rlﬁllf@;cflﬁ&mf o%&ngstéuﬁﬁ'eaélectr %:le. agti 5 provided on
y-gl yci doxypropyl tri nmet hoxysi I ane, -nercaptopropy? Fi e hox§5|lane,

3- ani nopd P WehliidRIR06Y baBgeard: t hgd 'a%eénegﬂggﬁweiﬁg%@ef% @Rnich
carbon bl ack, colcothar and the like; 1ow stress conpoRents such as

si | ixeone=n¢iher] agks tHige 15ehi Kkendhet of ab 1 ¥AXEE $USHAdABhEAEBAHRR Wa¥e 3.
synt heti c waxes; higher fatty acids such as zinc stearate, and netal
salts therefg24nd nol d rel ease agents such as paraffin; antioxidants
and the like. [0070] In particular, as the al um num corrosion

i nhi bi tor, Inordfher aflore2@nisiethdd seniasincdvalwn mlemicey,r adiconiirehdbameter
capabl e of neutralizing an acid gas that is a gas corroding a bondi ng
porti on dletihee rappssppaireniise eand lancap e paah a8 higlend equal to or
tenperature. The aforenentioned conponent (D) such as al um num

hydr oxi de€Bt Th@ghési i Wyt SacEe St adppld eablesiagndsi eomrelsed of a cured
t hereto, 25 exanples include zirconi um hydroxjde, hydrotalcite, .
boefi t PR The Ofi KT RAKY hESadRI tTYW DTt HI%e aNghi Hitn EBF¥si sAS1N
inhibitors, it.is possible to further inprove _high tenperature

st or age GTHRCS K6 Pt 24 %%%%nﬁﬂc?BPXHe§ﬁ§énhé€BngEh JFFRt (B), a

spherical silica (C), and a metal hydroxide and/or metal hydroxide



Thus, cutting property, tool wearability, warpage after PMC and

vari ati on of warpage during processing are excellent, and high
tenperature storage |ife and noisture resistance are rapidly

i mproved. 15[ 0074] Furthernore, as netessary, the inorganic filler
may be treated with an epoxy resin or a phenol resin in advance.
Exanpl es of such a treatnent nethod include a nethod in which the

i nor gani sofidllsyldtsion Xxed . wirthrthkerepeyyt hed fomd e glwnekmiednductor
using a solvent 20 and then the solvent is renoved, a nmethod in which

t he epoxgeviséenisrobheipbdnbhroeghnai stdpr e€t Eyicagdedatdnyhey the epoxy
inorganic filler and the m xing treatnent is carried out using a

m xer, abelsinecomkesifdorsind e lapioxy, reael theonpesimeingd nigothanresultant
encapsul ating material used 25 for the sem conductor device of the
present 1nveMitttTan ByesprBdacenbliowrat hon edlc Hhet semd conductor device
above-neq%ioned cggggnents at ordjnary tenperature using, for

exanpl e, %4 nREr SHE | | Keverkliong afeefehhalpy G - KhERSEhg BREST
resul tant_using, a kneadin hi ne, such as a roll, a _kneader, _an

ext 1 uder BT TRRELTT KeS U B THIRG-T Camter CHOTIRS, DAGS rhSadGPei BRI,
appropri at justi ng .degree of .dispersion, fluidity.and the.ljke,.
agpnegesggacf% .peg{j] “%lcﬁgfﬁ,ect relcsa?é@‘iycgﬁcrfﬁlcetc&rs &_g\% %2568 Tifrgl boRting
present . i j e.de i em cto evi e

P csont Touontt oordelaedCaloshe 380 FABrR BN R SR 5Ty t8%ene
frame hayvq i e dfﬂgﬁ;i arGhb I Qb t d1gandnon
senicongﬁkﬁgEﬁgﬁingﬁﬁ 0 wﬁﬁ%ﬁ'?glS%E%kggh%ﬁggﬁﬁﬁggﬁtgg'|n Sgrgflgﬁrdly
on tibe di@rPededPrdridn shibheel 8R8nEIRIBN Were Adt01£d IHEtafePaliGe,ahigh
copper wire which electrically connects an electrical bondi'ng portion
provi dedcanpdhet headdammimy 1tife shdanhisbeons d-d0 Snmleeenaddipaty is
provi ded on the sem conductor el enent, and an encapsul ating materi al

whi ch 1%serehpsut at es Here iserfitconductempesitdvent cand igueatdpper wile. be
Furthernore, the sem conductor device of the present invention is

obt ai neddesrwikpd aint@ptatl encapsul ating and nolding a plurality of

el ectroni c conponents such as sem conductor elenents or the |ike at

one tinme usﬂﬁgﬂﬁn epoxy resin conposition for an encapsul ating 20
material in accordance with a, conventional|y known nol di ng net hod

such’as trdnsfrr MOISIFREPEE otrpF @ S&i%sh £R8] HP%gs%fﬁi?‘Pﬁ“é‘é‘ﬁ%ﬁ i gE the
o, SRR e U LS e 00T T Lt B
ot gt NS Frl s i LU Lo TS 0 1%
hi p o1 2 batidbe (Ca P TR R D R ea T D Bl et bR mnor

frame- By (dFeBG  pdr 41 £h 851 AYn PAGKEISad YRS B ( Png’gA%%difEQﬁﬁeor

i ke. The electrical bonding portion neans a tern na ndi ng t

W r eoontithd ke rlead Hoare, o wihe il c2thedid] f @6nSXEFPI) cBeWE8Cal
bondi ng portion on the lead frane, an electrode pad on the circuit
board, anshdirey |pdeetid®D0ySPvidedxanpties véadhersmaperothéh€ircuit board
sem conduct or device of the present invention include a MAP type bal
grid array aiBéApctaoliePpayperohigedOositde paokiagendUcSR)r, «d eMdtt,yped an
guad flat non-|eaded package (QFN) and the |i ke, which are obtained

t hr ough encarp it engapwriienialg Whiah epoxppsediatesonpbsi t semiandductor
nol di ng, and then se%nenting the resultant into pieces. The

senm condkRTRN et Ehentapsul aitedr 1y Pl Bisclnend ek ldpdiregdiameter

met hod such as transfer, nolding or the 15 |i ke may be nounted as it
is R arf’ eciFHMECRquiPpmentishd the 1TREOVSr Ry bREABLAEEENondgpree.

Che encAlRh H1 UL Rl e 191 16/ Hoal 115 1T et bARGHGE bt EO0FSabBRE 502

23 pym and further preferably equal to or less than 20 pym. When



(1) R (RBRaO0OH2R\\ () bOH2R \_/ (R3a HN1 [ 0082]

20E- 3: Epoxy resin represented by the general fornula (2) (an epoxy
resin as a mxture consisting of 50% by mass of a conponent in which,
in the general fornula (2), R6 is a hydrlogen atom c is 0, dis 0 and

e is 0, 40% by mass of a conponent in which R6 is a hydrogen atom c¢

is 1l dis 0 and e is 0, and 10% by nmass of a conponent 25 in which

R6 is a aydepgen wivmic used,ad s Wiand elis Gortd4nplGtedlis a method
comercially available fromDirect Interface of China Corporation,

sof t eni ngn paiinth a 2prdbigreescaeht ilgiease s eepbx yi reqmdasirenthe 205 g Hégheter,
(R5) e 5[0083] E-4: Epoxy resin represented by the general formula
(3) (an Bpbxythesi purpodki clof | renhngjerer athe or ganae¢BjonR7 repdaRglity
are each a hydrogen atomand n3 is 0, YX-8800, commercially available
fromM t%‘%’n?’s]ﬁ‘ilt%;\%‘f’d Eql s poreteorRL el kY ngLpdihst (CoPRE ey besitgelt,
centigrade, oxy. equi val ent: 181 g/ . 0-C-?-C4c OH2 O CH 3H2 H?ai.
o g R R REPE QBB a0t T O Tl AT 7 SpF BSEAF OBy TEhGaDL ity

seneral [PIMA8le aq xRt BOIRREL S VAL LiSllcr, ene
Centigrqggovémﬁgybfﬂgéaa$§§£éagé50§/fHCrgggiggetﬂé:wgré)dia&é%er cannoct
improve the integration degree and cannot provide a satisfactory
single-sided encapsulated semiconductor device. Furthermore, in
10 the wire diameter of less than 18 um, hardness of the copper wire
itself cannot be fully exhibited and it is difficult to assemble

the wire itself due to wire sweep.

[0026]

The copper wire used for the semiconductor device of the present

15 1invention is equal to or less than 23 um, preferably equal to or
less than 20 um and further preferably egqual to or more than 18
pm. This range allows the ball configuration of each end of the
copper wire to be stable and the connection reliability of a bonding
portion to be improved. Furthermore, wire sweep can be prevented

20 by hardness of the copper wire itself.

[0027]

The copper wire used for the semiconductor device of the present
invention is not particularly limited, and the copper purity is
preferably equal to or more than 99.99% by mass and more preferably

25 equal to or more than 99.999% by mass. In general, addition of
various elements (deopants}) to the copper allows the ball

configuration of each end of the copper wire to be stable during



[ 0085] 42 E-6: Ortho-cresol novol ac type epoxy resin

(EOCN-1020- 55, commercially available from N ppon Kayaku Co., Ltd.,
softeni ng point: 55 degrees centigrade, epoxy equivalent: 200 g/eq).

[ 0086] 5Curing Agent H 1. Phenol novH ac resin (PR-HF-3,
commercially available from Sum tono Bakelite Co., Ltd., softening

poi nt: 80 degrees centigrade, hydroxyl equivalent: 104 g/eq). [0087]
10H 2: Phendinar al Kigknr dspanhavirng adbieghénybenergkekebont( @fcampeuntan
in which, in the general forrmula (5), -R9- is a phenyl ene group,

-R10- isO0a0btphgnpbeae gheupball perbiandig her@enkEHIT831§Swire bonding
comercially avail able from Meiwa Plastic Industries, Ltd., softening
poi nt: 63ndefheeslechiirgradad Mfdridg | semicordieptor 203emgyteds damaged,
average n5: 1.9). H 3. Napht hol aral kyl resin having a phenyl ene
skel et onCRASEBAPBEABCEA WHICEN 25 ifadi@dpdnictnl of oF il BOE 5 ureRgesiigtance
napht hyl ene, gr o -R10- is a phenylepe group, f is 0 and is.0,
SN4g5) CoRMPer Rty duaFraBre s bIFN BEOnCoRbeFaEHaR: ShPrage. luta,, and
20 softening point;.87, degrees_centigrade, hydroxyl equiyal ent: 0
gleq avetage B8 GL8TCTERRR | FFORRSERIBOROINEL LoTRe attributabld to
(R11(R12) . : L. resin.rep e .t he
gener al %%rﬁ}n%%%c%%gg%q%a@%hap 8%&,5%%%%; I%l eglvéiﬁ%a(g%@g?]?)é% has
Ni ppon %§§%3 ) tid, | f tening Lnty .87 £ i grade
hydroxyﬁgequiJ%?éﬂ?&i%%énaﬁgﬁégéggrggemﬁgén%ﬁ%ﬁ.gggg%f8%%é¥ﬂ%%hg%%bgﬁll
Silica porftused mherdddiSiditca rlexi®i2@2y,conperehat! Yervad | akl e1ess
fromMcron Inc. (node dianeter: 35 pm specific surface area: 3.5

2/ g0 copdbesibDlicpatse pakt paliess kaviar@addrangtigsnd@ingguahctiaedtally,
nore 10 than 55 pm 0.02% by nass). Fused spherical silica 2:

ot ai nedfdy thiccwdbpge HS- b usednBs c ithlel yemiabhabteof rdmiMevantHapresent
using a 300 nmesh sieve to renove the coarse particles (node di aneter:
37 pm specefittosurtlheedaping 2£50n20g, toofit BABS0bycmasseopfaBti, cles Sr,
having a dianeter of 15 equal to or nore than 55 pm 0.1% by nass).
Fused spheriftlal odi B £ars: eFBhatabridraitiiel gorpair| whiehf i9raDdhie core
Kagaku Kogyo Kabushi ki Kai sha (node dianeter: 30 pm specjific surface
area: 3.WiHe/3LlAbhitenhtugthesarsRrpHet Fof 22 ha G sl @nst bonding
equal to or nore than 55 pm 0.2% by mass). 20 Fused spheri cal

silifa 4SC¥RISHB: commercially available fromMcron Inc. (node

di aneter: 3g @ ]specific surface area: 3.7 nR2/g, content of coarse
particles h % %% a dianeter of equal to or nore than 55 pm 0.01% by

mass). [00 r.oxi r it i .Sl |

Sol uti on, 2&%?%§%§%§JWE%§£%§%§§F%Q?Q§sﬁ%ﬁ%éﬁﬂ#%ﬁﬁf S%S&?%H%gefF§8§?sent
comer ci ghb ¥, 2VSh | @bk 8- TR S § AP Lhamifala yppdd & 1AV A% me 1 ting
particle dianmeter: 3 pm content of” crystal |zat|5% wat er:” 34% by

nmass) . Mehshaby drexi deng: amN UHE dwing R o e g -308,1 1C ORTBECiddah g the
avai l able from Sum tono Chemical Co., Ltd. (average particle

di anet erreSubtantaieni aofii el ysidlddrFatrimdmonpbet -h3d% byefBisSnt in which
Met al hydroxi de 3: Al umi num hydroxi de H42M conmerci al ly avail abl e

fr om Showiae Dehke Kablisht&d Katkhacfawenage paetpcl e dianmeter: 1 pm
content of crystallization water: 34% by mass). 10 Metal hydroxide 4:

Al um num hydt@®x$Hde 8WL53, conmmercially available from N ppon Light

Metal Co., Ltd. (average particle dianmeter: 15 pm content of

crystal | i zaie®h weher eNgaPEYy akdsy) mateniala|usgr bBRT dEhs: spEGEesdumtor
hydr oxi de WH4, comrercially avail able from Konoshima Chem cal Co.,

Ltd. (avePayespditi cHee 1PXRERE ertNVEIHMO orftidnt & cApstcAliNesat i onThe
water: 31%b SS) . t al _hydr gxi_de |id solution; Echomag Z- 10,
oz oi S $3E AL £ 49 dEF St Thr BRBOCHGR EAP PROGEOPHOSes. Qepafe of the

(aver age rticl.e dianeter. 1 content of crystallizatjon water: .
299 by rREGTeRS G ed ST AP oREg R Pec et B {Re A Bbrestn
composition containing an epoxy resin (A), a curing agent (B), a



I ncidentally, the content of crystallization water in the netal

hydr oxi de and/ or netal hydroxide solid solution or the |like was 45
shown by the nmass | oss val ue when heated from25 to 650 degrees
centigrade at an increase rate of 5 degk®ees centigrade/mn using a

TG DTA anal yzer. [0091] 5Al um num corrosion inhibitor 1: DHT-4A,
commercially available from Kyowa Chem cal Corporation, average

parti cl esghanetel sl HcpmC)hydndtaheitzd. hydroxiAbumhdlior e@d0s hgdiroxide
i nhibitor 2: |1 XE-800, commercially available from Toagosei Co., Ltd.,
aver age patidcteldiamet €¢P).5 pm ZrQ OH)2. 10[ 0092] Curing

Accel er at or Curing accelerator 1: Adduct of triphenyl phosphi ne and
1, 4- benzoqul %oHe] r epresented by the general formula (7), 15[ 0093]
Coupl i ng Agent Epoxysilane: y-glycidoxypropyltrinmethoxysilane [0094]

Col oring A ro0carBeh @def@ow]ommﬂu OF@éF@§§@SA@@nPfC5Pﬁa@ gchaptcal
[ 0096] ZbSPr aration of [Epoxy Resin Conposition, for Encapsulating 46
Mat e al PBGHpY LA P th5r BSTHGORFUSTRI 43 BICH AT D iaSOPPEr wire

5H- 25. 33 b F d her i iLi 186 . Me

v oxi dEast Y SR IR aite e St e s v e Thus,
EpoxySIIPQQP %grgfé%gbgg QH§§ %ggiébQH QL§E 0 géhp§£t§08Xuﬁaﬁ§ chlorine
Car nauba V\B.X%. parts Y mass e arore n§| one conponents were

m xed at- Qi NRLY 4£THRS rastaeg‘[eiec‘: /8 |k & gt s@%&i&@i&a&%ﬁi’a\i}gggdggdﬁEed

70 to 100 degrees centig ter cooling,

pul veri zegh knd %u%ienoﬁnixﬁ]gﬁ&iiﬁésﬂﬂb GRIMRASIAd QR shiQhafe reliability.
encapsul ating material. [0097] Exanples 2 to 34 and Conparative

Exanpl esHdré Dndf EPOX ) dffd dt GANROSIPonRME SVBFEr 19& et 86 reld ihh8omBABition
manner as in Exanple 1 in accordance with fornul ati ons of the epoxy
resin 20ceospoisitions eoenaapsntapsnbata ingr el esical fshame samIabhdsactor
to 5. [0098] Wres used in Exanples and Conparative Exanples are

shown befemic€opberhev peesdit: Einventeoni aily headeabkébédom Tat sut a
Electric 25 Wre & Cable Co., Ltd. (copper purity: 99.99% by nass,

wire diametEt03%hown in Tables 1 to 5). Gold wire: NL-4, comercially

avai l able from Sum tono Metal 47 .
The epoxy resin composition for an encapsulating material used

15 for the semiconductor device of the present invention contains an
epoxy resin (A). In the present invention, the epoxy resin (A)
refers to monomers, oligomers and polymers having two or more epoxy
groups 1in one molecule. The molecular weight and molecular
structure thereof are not particularly limited. Examples of the

20 epoxy resin (A) include crystalline epoxy resins such as a biphenyl
type epoxy resin, a bisphenol type epoxy resin, a stilbene type
epoxy resin and the like; novolac type epoxy resins such as a phenol
novelac type epoxy resin, a cresol novolac type epoxy resin and
the like; polyfunctional epoxy resins such as a triphenocl methane

25 type epoxy resin, an alkyl modified triphenol methane type epoxy
resin and the like; aralkyl type epoxy resins such as a phenol

aralkyl type epoxy resin having a phenylene skeleton, a phenol



Mning Co., Ltd. (gold purity: 99.99% by mass, wire dianeter: shown

in Table 5). [0099] Epoxy resin conpositions for an encapsul ating
material obtained 5 in the respective Exanples and Conparative

Exanpl es were evaluated in the follow n§ manner. The obtained results
are shown in Tables 1 to 5. [0100] Eval uati on Methods 10Spiral Fl ow
The epoxy resin conposition was injected into a nold for the

measur enenéLbflspiypal ebloaw iresdecdradaimoe av bhpkddfidnébskatletohhand the
conditions of a nold tenperature of 175 degrees centigrade, an

i nj ecti ohipeestilvwdrfarg i avRaiediml & ypeespox e rapplnscanaphthbiet yife Epoxy
120 seconds _using a | owpressure transfer nolding machine (KTS-15,
comer ci BF PN aVEITAL % Yy BRPRBhY QRN PPleed Biemh INheHivisd dud. ethegificand on
the flow Length was neasured. The unit was cm |If the length is equal

to or |35 tHHReED cAf nBLdvAgodrrephshadleReasanffi Fhed pakrRagedragyine
occur_ in so]{Jre cases 20£010%1£J Wre Sweeg Rﬁti 0 A,Tlig c,%@sgr ovi ded

wi t hal HRETE S F3E B 1%h SE X% Haf 5ad U fl & L B0 Toiat s 1 BoRyeaIsA te
adep i f .a 352 pi.n BGA (substrate: bisnmaleimde triazgine..
Feat v o SRBSHTR Ao sBoRTer kU ARG R L BR el A ddsiE ki
size: 3 i ; , 1 f_.the
TEG chi glg%gg%g?%n‘?%g#s 0 Izds'?ﬂ%‘%ﬁg?% l?/\}gé}gc’%vi re- :)gr‘?d%%}mvﬁ% %asovﬁur% as a
pi tch ofq B0y pIRMShOgd] Be -A8a YEL 8§ JHENS BSU B AN LIRS RILY %lecﬁtt%% RY ke.
t he epoxy resin conposition and noldi ng was perforred under the

condi ti orge ¢ ma P& dLIPAGIe H mhip e HRRS 16 Rb®iadei N of two or
injection pressure of 6.9 MPa, and a curing tine of 2 mnutes using a

| ow-1pr essatr € ki ddsanfeinwitol e NG Hmahbnat( Yt Seriies impamiekCsathas sodium
avai |l abl e from TOM Corporation) to produce a 352 pin BGA package.

Thi s packagemaBlposhecioredoat aifeddégridesse epbikgr adlei fiori Arhepestively
After cooling to roomtenperature, the resultant was observed using a
sof t X- rrae f¢ @b by copea { RROCTESEs$00hapohbreprm ard) s paklferbdm equal
Softex 10 Corporation) and the sweep ratio of the wire was shown as

the rati%P ofT(IREEp eyt ee) PPN e drenighe) vigrpoyat uetf srontsign eof the
part which exhibited the | argest val ue was recorded. The unit was %

I f the VtEREEXEREROBHNG (PN tifhatt Dl jSEEEMONHUR L Ya A8V igge vy ing the
contact with each, other. 15[0102] Cutting Resi stance and Tqol .
Vearabi | FIRPR t 5t Di ¥ Hav | ahﬁ‘ﬁ%ckﬁg’g?e&rat@rﬁn FES nBrd8d hBHBLALtY
t he condé'rg‘irfpgm%ng nol d tenperature of 175 degrees centigrade, an

i njection pressure of 6.9 MPa, and a curing time of 180 seconds 20
using a | OV ¢ ure transfer nolding machine (KTS-30, commercially

avai |l abl e from Koht aki Precision Machine Co., Ltd.). The test piece

was subj ectgebiQPOosiTeUrinNg Lhsahierk and healed ﬁﬁoplg%%)geﬂﬁeﬁﬁe epoXy

centigrade for 8 hours. Then, cutting resistance and t wearabi ity
were evatapies iy bl fgasduweadr ihestc aPARI UK ARV dedr¥tt N5 &y of the

drill as a cutting tool. For this test apparatus, a drill having a
drilde dieweter rebid rmangdoequi yal eltstsharqnesst¥as aisedseaddt b in a
nunber of drill rotations was set to 850 rpmand 49 a |load was set

to 2 Kg fris6Nje-Tdei sesht pi eces:-ateree r espdet | vef y Twidhed 3Qregimsered
each and eval uated. However, in order to avoid an error due to a
di f f er erfeeademapk i nnad gt triesnsl tofna Maltads,alt He Sedt epitede twasreatment
punched 30 tinmes, and before and after punching, 5 an alum numplate
havi ng &% h€kréesrefs comt igsaganahdda whépbbyechuridgtyesifsL8AGRH for
and t ool arability were evaluated by the val ues indicated bel ow.
Cutting F ST (BT eEPPERIBOTHBE TR Bl T i y: NExE302£R8D ariing jheeroom
f the test pi.ece

i.od i |ved in the first hi t A10:
C e opert P VRe TR pORRRG O THE-SF URPnaR e dsel gred F41tered
hi [ t A130: ti iod i | ved in,
Punchi ng S1oHAE &1 o M B 15 BPPer oRE SOCH DG ol L Ho {88 o

measured using a capillary electrophoresis apparatus (for example,



Hi gh Tenperature Storage Life (185 degrees centigrade) 20 A TEG

(TEST ELEMENT GROUP) chip provided with alum num el ectrode pads (3.5
mmx 3.5 nm) was bonded on a die pad portion of a 352 pin BGA
(substrate: bismaleinde triazine resinfflass cloth substrate having

a thickness of 0.56 mm package size: 30 x 30 mm thickness: 1.17

mm), and the al um num el ectrode pads of the TEG 25 chip and term nals
of a subSRPEra3\er ecammersondeéd wvieh labdier f pim Bt 9fk&0Eparctsongcsh€o. ,
W res such that the pads and the term nals were dai sy-chain .
connect edtdThe r 88 CRRCRAS AR O AMERBIL ¥ hEORpORFL L 50PPREsPRtained
conposi tion and ml di ng was p rfgﬁned under the conditions of a nold

t enper at WESHF 175 N%e 108t VBHH8eDCARVT Rflet®T o riddiifid ofios yhich
MPa, and, a curing.ti of 2 mnutes using a | oyw pressure transfer

nol di ng Jﬁ%ctﬁxﬁga%\?eég?ifégf“ conmer éjl%al ?beS 3@‘5P¥\%blaé“fr Grht tenfold.
Cor pQr at3 du a i ackage. The resul ti.n acka

was Bt L e R Y S0 R e TheROR AiTphof
tenperatifsoolorade dhnl pleS deot eanentlaor ale) Mas; £adhdQilion in
The el ectrical resistance val ue between the wres was neasured every

24 hour sacddeapaskagecd Ocigxhibi 1hong heqhnersase ohet higivakde By 20%
conpared to the initial value was deferm ned as "defective,” and the
time periodii@kert ¢ ol hregsere wefechiye &@%H@%&hﬁ?ﬂe Thecdgtestrpeibador
was shown by a tine period taken to generate at |east one defective
devi ce iimpel taseroheashredeituhid osas ey eNben rophdekedisSappheatus)
generated 15 in all of the packages even after 1,000 hour storage,

t he IPesut t50vas Fecorded as "1,000<." [0104] H gh Tenperature Storage
Life (200 degrees centigrade) A TEG (TEST ELEMENT GROUP) chip

provi ded wikneigdamialin el det reet 2t patisi¢sis hmpRrit$ aeptassedohdethe
on a die pad portion of a 352 pin BGA (substrate: bisnaleimde

tri azi n€EYeihrGeasstel ke Keamstest behayi san 2431 brRreSaseFed. I5p thg same
package size: 30 x 30 mm thickness: 1.17 nm, and the al um num

el ect r od¥'Bids' of the TEG chip and ternminals of a substrate were
mﬁre-bonded%m¢%g awre pitch 25 of 50 pmusing the wres such that

t he pads an term nal s were dai sy-chain connected. The resultant
was ,encaps .epno esi it nd _mol.din S .
per%grned H%gégqfﬁéeggﬁéﬁgi%%éﬁ“%fg%§g§H%§F&'$g§%5?59ﬁ%§°8%u%$§r device
degrees gandi | B 1O . 6.9 ur.ings.. -
e of O e T B L2 By Sl oS b ime,
Series, LWBEe abiMeaYahbahl® F&%%E%@OJ PR PR) n P S AAUCE 1B rger
352 pin BGA package. 5 Thé resulting package was post-cured at 175

degr ees wenihgivde HemaGehadi sa @d ittham aséhdboh@RPes At Wnenmsher ade: to
test (200 degrees centigrade) was carried out. The el ectrical

resi st anGrpeaajalcaedt deear i beawd oesofasheeaslriediaverny Ad hodrshe Theress
package exhibiting the increase of the value by 20% conpared to the

i ni 2Pal appMadienwasbardengipet ias bedfvecn wectppad Wi tdnte apeeiedent,
taken to becone defective was neasured. The defect period was shown

by a ti & pet i BRI EhRkehat by gehefarebie [thast thee afeixctiselnlegpmposhtion
the case of n=5. The unit was hour. [0105] 15H gh Tenperature

Oper at i MPAGFEA PEG {TEST RIEMVERPOSROUPESERI pSpkovieed f4amh &hen auevp
el ectrode ads,fs.ﬁg?n1x 3.5 was bonded on a die pad portion of a
352 pin 16 it S0 PTRMEY 1S ITREST R FRsP N Hiaseeeehth formula

bstrat g hayj t hi_ck f_0.56 k ize: 30 x, 30
201 hi ckidsat n eSS Si B o o RinF bR T FAHE0R [ Wl FEGPORY

0 . t rere adsor | e
o By DA S A RO R SRR Bt 48R Pl
dai sy-c%ﬁ&%ﬁ%%ﬁ, thie Jauldanto ugs engapsul ated by the epoxy

resin conposition a nol dimg was perforned under the conditions 25
[0034]



exposed alum numcircuit (no protective filnm) was bonded on a die
pad portion of a 352 pin BGA (substrate: bisnmaleimde triazine
resin/glass cloth substrate having a thickness of 0.56 nm package 15
size: 30 x 30 nm thickness: 1.17 nm, Yhd the al um num pads and
termnals of a substrate were wire-bonded with a wire pitch of 80 pm
using the wires, The resultant was encapsul ated by the epoxy resin
conposition andoﬁﬁfﬁﬁﬁg was perﬁ5ﬁ§8&9&nder the conditions of a nold

t enper at ure of 75§é%grees centilgrad8, an injection 20 pressure of

6.9 MPa, and_a uring_Lj&gL;g_gFﬁin th ugjyng a low pressure transfer

mol di ng machine\(Y Series, op cially available from TOM
Cor por ati on) to o ducte &Q3Sf pu ) package. The resulting package
was post-cured at 2175 degreées centd grade for 8 hours. Then, for this
package, the HAST (Hi ghly Accelerated 25 tenperature and humdity
Stress Testyhewsironidudthed gemeaedofdanoéawi(l h, | BECL68t2-s6Ghenylene group
Specifically, the package was treated under the conditions of 140

degr ees @Brit NGPAGEY1EREREIroRpY i Hcrwingh pard tiva ¢68hwwlycisivl ehber
presence or absence of open defect of the circuit was neasured. The
measur engFPYPHEPRY nfe?BY 8N oPhl AoPO2BtEPRcEREsPoPogitéphi HARE/ TR1- 1s
package x 5 packages and the evaluati Qns were nade by the numbher of

ef ecti Ve RTINS S I6988] At P RIpLRRE SFOEP: PRSLBANY (ang Agous
(PMO) Encapsuyl.ation was carri.ed_oyt _by the epoxy resin,co si ti.on
and ol dihg \Ar/%sp%ﬁ-‘glr%loernr?e@rﬁﬁl@ér IR?hgn oﬁgi ‘ﬁ%n%r‘glfp% Jr%qfq"lﬁ"?g%ﬁ R0371e‘5md
of 175 r i gr.ad Lnj.ectl u 6. - 10
curi ng trad P s frsl Tt hl e BB ol r il & 1 O PrBon
machi ne (. eri il | vaj I rporatiqn) .t

pr oduce %t%r%' piﬁfld B pacﬁﬂahgée S)(ésngeb?tllr g?g:efeférreq{gesi n glg%sc;l’,i glﬁgﬁcﬁmbgsgs an
mat eri al i heydde & Ehbrknesss of §s3k ﬁfﬂlte?%(fkéﬂ%r%n?gft@é;xag& dHhverage
encapsul ating resin having a thickness of 1.17 nm silicon 15 chip
Sizap 9 Xalbwan of hhTkNeSs: pds BHi v nshibe £ChEdafiQalli €cbondinggd. +tABR 1 and
resul ti ng package was post-cured at 175 degrees centigrade for 8

hours, asghidheto dvsplasenemséni B, t he di agonal direction was neasured
fromthe gate of the package using a surface roughness tester at 25
degrees cent@@Fade. The val ue exhi biting the highest 20 di spl acenent
difference was takgg as the anount of warpage after post curing. The

unit was pm An ave al ue of n=3 was shown in Tables. [0109]
Vari ation of p\Wa %gggﬁgessing 25Aft er measuring the anount
of war page er %lhe af dr efenth@ned post curing, an IR refl ow

di rection was neasured t he gate’/of the package using a surface
roughness tester at 25 degress centigrade. The val ue exhibiting the

hi ghest di spl acenent difference was taken as the anount of warpage
during proqg§gégﬁ The vacihatlben p I p I

determ ned fromt bﬁfblﬁghgﬁggggga%g%%&%éiﬁ%?fﬂgiJ&%Fué?8$%§53%9paéégup
pm (AN average Valdlq ehrBod WRSmSNONRG I MaJ Akl GShe samfPlkh RePbnt from
war page during processing = Anount of warpage during processing -
Amount cfadRrPager AfReri Posthedroddn H6om 0420k hiabbeatbonE¥a8Bbehating
2 3 4 Fornul ati ons of epoxy resin conposition for an encapsul ating
materi all to 4 carbon atoms, and may be the same or different from each

treatment (260 degfeesé€dliti grade i gyaccofdance with JEDEC
conditions) was penté °Lhéﬁ£]55 di spl acenent in the diagonal

other; ¢ and d are each an integer of 0 or 1; and e is an integer
of from 0 to 5,

20 [0036]



E-1 1.40 1.40 1.40 1.40 E-2 E-3 E-4 3.27 3.27 3.27 3.27

E-5

i0

15

20

E-6 H1 H2 5 33 5.33 5.335.33. H3
20
Hzﬁ\“,é“ﬁfo‘%OCH 7\ ocfo, o
o M H, ?_ﬁz © M o
CH n3
R7—Rs R7— R8

wherein, in the general formula {(3), R7 and R8 are each a hydrogen
atom or a methyl group; and n3 is an integer of from 0 to 5,

[0037]

7 J 7

0 0

OISO

wherein, in the general formula (4}, an average value of n4 is
a positive number of equal to or more than 0 and equal to or less
than 4.

[0038]

The epoxy resins represented by the general formulae (1) and (4)
have the feature that a molded product in which the elastic modulus
during heating is low and the moisture absorption ratio is low is
obtained. Thus, the stress applied on the semiconductor element
bonding portion is reduced and further the effect of improving the
moisture resistance reliability may be achieved.

[0039]

The epoxy resin represented by the general formula (2) has a
naphthalene skeleton in the molecules, thus have high bulkiness
and high rigidity. Consequently, the cure shrinkage ratioc of the
cured product of the epoxy resin composition using the above epoxy
resin is reduced and low warpage properties are excellent. Thus,

the effect of reducing the stress applied on the semiconductor
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element bonding portion may be cbtained.

[0040]

Meanwhile, the epoxy resin represented by the general formula
(3) has a bulky group and high rigidity. Consequently, the cure
shrinkage ratio of the cured product of the epoxy resin composition
using the above epoxy resin is reduced and low warpage properties
are excellent. Thus, the effect of reducing the stress applied
on the semiconductor element bonding portion may be obtained.

[0041]

The mixing ratio of the epoxy resins represented by the general
formulae (1), (2), (3) and (4) is preferably equal to or more than
20% by mass, more preferably equal to or more than 30% by mass and
particularly preferably equal to or more than 50% by mass, based
on the total amount of the epoxy resin (A). When the mixing ratio
is within the above range, the stress applied on the semiconductor
element bonding portion may be effectively reduced.

[0042]

The lower limit of the mixing ratio of the total amount of the
epoxy resin (A) is not particularly limited, but it is preferably
equal to or more than 3% by mass and more preferably equal to or
more than 5% by mass, based on the total amount of the epoxy resin
composition. When the mixing ratio of the total amount of the epoxy
resin (A) is within the above range, there is less possibility of
causing wire sweep or breaking of wires due to an increase in
viscosity. On the other hand, the upper limit of the mixing ratio
of the total amount of the epoxy resin (A) is not particularly

limited, but it is preferably equal to or less than 15% by mass



Met al hydroxi de 4 Met al hydroxide 5 Met al hydroxide solid
sol ution Uncal ci ned cl ay Tal c Al um num corr osi on
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and more preferably equal to or less than 13% by mass, based on
the total amount of the epoxy resin composition. When the upper
limit of the mixing ratio of the total epoxy resin is within the
above range, there is less possibility of causing deterioration
of the moisture resistance reliability due to an increase in the
moisture absorption ratio.

[0043]

The epoxy resin composition for an encapsulating material used
for the semiconductor device of the present invention contains a
curing agent (B). The curing agent (B) may be classified into three
types such as a polyaddition type curing agent, a catalyst type
curing agent and a condensation type curing agent.

[0044]

Examples of the polyaddition type curing agent include aliphatic
polyamines such as diethylenetriamine (DETA),
triethylenetetramine (TETA), metaxylylenediamine (MXDA) and the
like; aromatic polyamines such as diaminodiphenyl methane (DDM),
m-phenylenediamine (MPDA), diaminodiphenylsulfone (DDS) and the
like; polyamine compounds containing dicyandiamide (DICY),
organic acid dihydrazide and the like; acid anhydrides containing
alicyclic acid anhydrides such as hexahydrophthalic anhydride
{HHPA) , methyltetrahydrophthalic anhydride (MTHPA) and the like,
and aromatic acid anhydrides such as trimellitic anhydride (TMA),
pyromellitic dianhydride (PMDA), benzophenone-tetracarboxylic
acid (BTDA) and the like; polyphenol compounds such as a novolac
type phenol resin, a phenol polymer and the like; polymercaptan

compounds such as polysulfide, thioester, thiocether and the like;



Epoxysilane 0.25 0.25 0.25 0.25 Carbon black 0.25 0.25 0.25 0.25
Carnauba wax 0.2 0.2 0.2 0.2 Wre Kind of wire Copper Copper Copper

Copper
[ pni

Copper wire dianmeter [pm 18 18 18 18 Gold wire dianeter
Eval uation results Spiral flowjcn] 170 175 180 180 Wre

sweep ratio RI 2.5 2.5 2.5 2.5 Cutting resistance(tl/tAl0)
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isocyanate compounds such as 1isocyanate prepolymer, blocked
isocyanate and the like; and organic acids such as a pelyester resin
containing a carboxylic acid and the like.

[0045]

Examples of the catalyst type curing agent include tertiary
amine compounds such as benzyldimethylamine (BDMA},
2,4,6-tris(dimethylaminomethyl)phenol (DMP-30} and the 1like;
imidazole compounds such as 2-methylimidazole,
2-ethyl-4-methylimidazole (EMIZ24) and the like; and Lewis acids
such as BF3 complexes and the like.

[0046]

Examples of the condensation type curing agent include phenol
resin type curing agents such as a novolac type phenol resin, a
resol type phencl resin and the like; urea resins such as urea
resins containing a methylol group; and melamine resins such as
melamine resins containing a methylol group.

[0047]

Anmong these, preferably used are phenol resin type curing agents
from the viewpoint of a balance among flame resistance, moisture
resistance, eleciric <characteristics, curability, storage
stability and the like. The phenol resin type curing agent refers
to monomers, oligomers and polymers having two or more phenolic
hydroxyl groups in one molecule. The molecular weight and
molecular structure thereof are not particularly limited.
Examples of the phenol resin type curing agent include novolac type
resins such as a phenol novolac resin, a cresol novolac resin and

the like; polyfunctional phenol resins such as a triphenol methane



0.16 0.16 0.15 0.15 Tool wearability (tAl"/tAl) 1.8 1.8 1.7 1.7

H gh tenperature storage life (185C) [hr] 1000< 1000< 1000< 1000<

H gh tenperature storage life (200C) [hr] 240 480 840 960 High
tenperature operating life [hr] 500< 500« 500< 500< Mbisture
resistance reliability (130C) [Nunber of defective circuits] 0 0 0 o

Moi sture resistance reliability (140C) [Nunber of defective circuits]

20 0 0 Otypeowhienefl wespaganaf tBe H/Ee[pxﬂzbdﬁﬁlég PheRdl MaEiRti ORcRfas a
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terpene-modified phenol re51n, a dicyclopentadiene-modified
phenol resin and the like; aralkyl type resins such as a phenol
aralkyl resin having a phenylene skeleton and/or a biphenylene
skeleton, a naphthol aralkyl resin having a phenylene skeleton
and/oreabiphenyleneskeletonand1ﬂmalike;andbisphenolcompounds
such as bisphenol A, bisphenol F and the like. These may be used
singly or may be used in combination of two or more kinds.
Furthermore, the amount of the ionic impurity such as sodium ion
or chlorine ion contained in these phenol resin type curing agents
is preferably equal to or less than 10 ppm and more preferably equal
to or less than 5 ppm from the viewpoint of corrosion of the
electrical bonding portion in the semiconductor device using a
copper wire under the high temperature and high humidity
environment.

[0048]

In consideration of the reliability of the semiconductor device
obtained through a step of encapsulating and molding at one time
and then segmenting into pieces, and a large thin product, in order
to inhibit damage on a built-in semiconductor element due to
warpage and deterioration of the reliability due to the stress
applied on a bonding portion between a copper wire and an element,
it is particularly preferable that the epoxy resin composition
contains at least one curing agent selected from the group
consisting of phenol resins represented by the general formula (5)
and/or at least one curing agent selected from the group consisting

of phenol resins represented by the general formula (6),
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[0049]
OH OH

H IQ( R10 lj H
VUR o N @

(RH)f (R12)g (R11)f

wherein, in the general formula (5), -R9- is a phenylene group
or a naphthylene group; the binding position of the hydroxyl groups
may be any one of o~position and B-position when -R9- is a
naphthylene group; -R10- is a phenylene group, a biphenylene group
or a naphthylene group; R1l1l and R12 are groups introduced to 9 and
R10 respectively, are each a hydrocarbon group having 1 to 10 carbon
atoms, and may be the same or different from each other; f is an
integer of from 0 to 5; g is an integer of from 0 to 8; and an average
value of n5 is a positive number of equal to or more than 1 and
equal to or less than 3,

[0050]
OH OH CH

[ /% (6)

L kQ/ﬂ né

wherein, in the general formula (6), an average value of né is

a positive number of equal to or more than 0 and equal to or less
than 4.

[(0051]

Among phenol resins represented by the general formula {5),
preferably used is a phenol resin in which -R9- and/or R10- is a
naphthylene group, thus have high rigidity. Consequently, the cure
shrinkage ratio of the cured product of the epoxy resin composition

using the above phenol resin is reduced and low warpage properties
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are excellent. Thus, the stress applied on the semiconductor
element bonding portion may be reduced.

[0052]

Meanwhile, when -R9- and/or -R10- is a phenylene group or a
biphenylene group, the distance between the crosslinks thereof is
long. Consequently, the cured product of the epoxy resin
composition using the above phenol resin has a low moisture
absorption ratio and exhibits reduction of elastic modulus at high
temperature. Thus, the stress applied on the semiconductor element
bonding portion is reduced and further the moisture resistance
reliability may be improved.

[0053]

Examples of the phenol resin represented by the general formula
(5) include a phenol aralkyl resin having a phenylene skeleton,
a phenol aralkyl resin having a biphenylene skeleton, a naphthol
aralkyl resin having a phenylene skeleton and the like, but the
phenol resin is not particularly limited as long as it has a
structure of the general formula (5). These may be used singly
or may be used in combination of two or more kinds.

[0054]

The mixing ratio of the phenol resin represented by the general
formula (5} is preferably equal to or more than 20% by mass, more
preferably equal to or more than 30% by mass and particularly
preferably equal to or more than 50% by mass, based on the total
amount of the curing agent (B). When the mixing ratio is within
the above range, the effect of reducing the stress applied on the

semiconducter element bonding portion in the semiconductor device
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may be effectively achieved.

[0055]

The phenol resin represented by the general formula (6) has the
feature that the elastic modulus during heating is low and a molded
product having a low moisture absorption ratio is obtained. Thus,
the stress applied on the semiconductor element bonding portion
is reduced and further the effect of improving the moisture
resistance reliability may be achieved.

[0056]

The lower limit of the mixing ratio of the total amount of the
curing agent (B) is not particularly limited, but it is preferably
equal to or more than 0.8% by mass and more preferably equal to
or more than 1.5% by mass, based on the total amount of the epoxy
resin composition. When the lower limit of the mixing ratio is
within the above range, sufficient fluidity may be achieved.
Meanwhile, the upper limit of the mixing ratio of the total amount
of the curing agent (B) is not particularly limited, but it is
preferably equal to or less than 10% by mass and more preferably
equal to or less than 8% by mass, based on the total amount of the
epoxy resin composition. When the upper limit of the mixing ratio
is within the above range, there is less possibility of causing
deterioration of the moisture resistance reliabillity due to an
increase in the moisture absorption ratio.

[0057]

Moreover, when the phenol resin type curing agent is used as the
curing agent (B), the mixing ratio of the epoxy resin to the phenol

resin type curing agent is preferably an equivalent ratio of the
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[ pni

number of the epoxy groups (EP) of the overall epoXy resin to the
number of the phenolic hydroxyl groups (OH) of the overall phenol
resin type curing agent, that is, (EP)/(OH), of equal to or more
than 0.8 and equal to or less than 1.3. When the egquivalent ratio
is within the above range, there is less possibility that decrease
in curability of the epoxy resin composition for encapsulating a
semiconductor or degradation of physical properties of the cured
product of the resin and the like is caused.

[0058]

In the epoxy resin composition for an encapsulating material
used for the semiconductor device of the present invention, the
spherical silica (C) and the metal hydroxide and/or metal hydroxide
solid solution (D) may be used as the filler. In the present
invention, as the spherical silica {C), the mode diameter is
preferably equal to or less than 35 um and more preferably equal
to or less than 30 pm. When the spherical silica having a mode
diameter within the above range is used, the present invention can
be applied to a semiconductor device having a narrow wire pitch
as well. Furthermore, as the spherical silica (C), the content
of coarse particles having a diameter of equal to or more than 55
pm is preferably equal to or less than 0.1% by mass and more
preferably equal to or less than 0.05% by mass. When the content
of the coarse particles is within the above range, the defect that
the coarse particles are sandwiched between the wires and push down
the wires, that is, wire sweep, may be prevented. Such a filler
having a predetermined particle size distribution can be the

commercial filler as it is or can be obtained by mixing the plural



Eval uation results Spiral flow [cn] 170 110 140 170 Wre sweep ratio
[94d 2.5 4.0 2.8 2.9 IoCutti ng resistance(t1/tAl10) 0.16 0.20 0.25 0.17
Tool wearability (tAln/tAl) 1.8 2.4 2.6 1.9 High tenperature storage
life (185C) [hr] 1000< 1000< 1000< _1000@9 H gh tenperature storage

life (200C) [hr] 240 240 240 240 Hi gh tenperature operating life

[hr] 500< 500< 500< 500< Mbisture resistance reliability (130C)
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diameter of the fused spherical silica used for the present
invention may be measured using a commercial laser particle size
distribution analyzer (for example, SALD-7000, commercially
available from Shimadzu Corporation, or the like).

[0059]

For the spherical silica (C) used in the present invention, an
increase in the melt viscosity of the epoXy resin composition is
suppressed. Furthermore, the content of the spherical silica (C)
in the epoxy resin composition may be increased by adjusting the
particle size distribution of the spherical silica (C) to be
broader.

[0060]

The content ratio of the spherical silica (C) is not particularly
limited, but it is preferably equal to or more than 82% by mass
and more preferably equal to or more than 86% by mass, based on
the total amount of the epoxy resin composition, in consideration
of warpage of the semiconductor device. When it does not fall below
the above lower limit, low moisture absorption and low thermal
exXpansion are achieved, in addition to the effect of reduced
warpage, so that there is less possibility that the moisture
resistance reliability is insufficient. On the other hand, in
consideration of moldability, the upper limit of the content ratio
of the spherical silica is preferably equal to or less than 92%
by mass and more preferably equal to or less than 89% by mass, based
on the total amount of the epoxy resin composition. When it does

not exceed the above upper limit, there is less possibility that



O Misture resistance reliability (140C) [ Nunber of defective
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the fluidity is lowered to cause insufficient filling or the like
during molding, or defects such as wire sweep and the like are
caused in the semiconductor device due to high viscosity.

[0061]

For the metal hydroxide and/or metal hydroxide solid solution
(D) used in the present invention, crystallization water is
discharged during segmenting the semiconductor device into pleces
and generation of heat due to wearing of a blade is suppressed,
whereby cutting resistance is reduced and the effect of suppressing
wearing of a blade is exhibited. Furthermore, the metal hydroxide
and/or metal hydroxide solid solution (D) exhibits a basic property,
so that an acid gas causing corrosion of the electrical bonding
portion under the high temperature is neutralized and the effect
of improving high temperature storage life is exhibited. The
average particle diameter of metal hydroxide and the average
particle diameter of a solid in the metal hydroxide solid solution
are preferably equal to or more than 1 ym and equal to or less than
10 um, and more preferably egual to or more than 2 pm and equal
to or less than 5 pm. When it is less than the above lower limit,
there is a possibility of causing wire sweep due to an increase
in the material viscosity. When it exceeds the above upper limit,
the metal hydroxide and/or metal hydroxide solid solution (D) is
fallen out during cutting, whereby there is a possibility of
generating nests on a cross-section of the molded product or
causing cracking of the molded product due to fallen particles.

[0062]

Both the content ratio of crystallization water in metal
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4.34 HA4 Fused spherical silica 1 86 86 86 88.5
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hydroxide and the content ratio of crystallization water in the
metal hydroxide solid solution are preferably equal to or more than
20% by mass. When it is less than the above lower limit, suppression
of generation of heat by discharge of crystallization water or the
effect of decrease in cutting resistance is not fully exhibited;
therefore, it is not preferable. On the other hand, the amount
of the total metal hydroxide and/or metal hydroxide solid solution
(D) component added is preferably equal to or more than 0.5% by
mass and equal to or less than 10% by mass, and particularly
preferably from 1 to 5% by mass, based on the total amount of the
epoxy resin composition. When it is less than the above lower limit,
suppression of generation of heat by discharge of crystallization
water or the effect of decrease in cutting resistance is not
expected. When it exceeds the above upper limit, the fluidity is
extremely lowered or strength of the molded product is lowered,
so that there is a problem of breaking or cracking during segmenting
into pieces.

[0063]

The component (D) used in the present invention is preferably
composed of metal hydroxide containing crystallization water of
equal to or more than 20% by mass and/or a metal hydroxide solid
solution containing crystallization water of equal to or more than
20% by mass. Such metal hydroxide is not particularly limited,
and examples include aluminum hydroxide, magnesium hydroxide and
the like. Meanwhile, there may be used a high heat resistant type
aluminum hydroxide with an increased temperature for initiating

discharge of crystallization water by subjecting a part to boehmite
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conversion, refinement, or reduction of sodium ion. These may be
used singly or may be used in combination of two or more kinds.
Furthermore, there may be used a metal hydroxide solid solution
in which some elements in crystals of metal hydroxide are
substituted with other elements such as iron, nickel, titanium,
zinc, silicon and the like to form a solid solution. These may
be used singly or may be used in combination of two or more kinds.

[0064]

In the epoxy resin composition for an encapsulating material
used for the semiconductor device of the present invention, a
filler other than the aforementioned components (C) and (D) may
be used together. As the other fillers to be used together, fillers
used in the epoxy resin composition for an encapsulating material
in general may be cited. Examples include crushed silica, alumina,
titanium white, silicon nitride and the like. These fillers may
be used singly or may be used in combination of two or more kinds.
Furthermore, these fillers may be surface-treated with a coupling
agent. From the viewpoint of improvement of fluidity, the filler
has as high sphericity as possible and has a broad particle size
distribution.

{0065]

The content ratio of the total fillers consisting of the
components (C) and (D) and other fillers is not particularly
limited, but it is preferably equal to or more than 80% by mass
and more preferably equal to or more than 88% by mass, based on
the total amount of the epoxy resin composition, from the

viewpoints of warpage, moisture resistance reliability and the
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like. On the other hand, it is preferably equal to or less than
92% by mass and more preferably equal to or less than 90% by mass,
based on the total amount of the epoxy resin composition from the
viewpoints of the fluidity and the like.

[0066]

The epoxy resin composition for an encapsulating material used
for the semiconductor device of the present invention may further
contain a curing accelerator. The curing accelerator may be any
of those accelerating the crosslinking reaction of the epoxy group
of the epoxy resin with the curing agent (for example, the phenolic
hydroxyl group of the phenol resin type curing agent), and those
generally used for the epoxy resin composition for an encapsulating
material may be used. Examples thereof include
diazabicycloalkenes such as 1,8-diazabicyclo(5,4,0)undecene-7
and derivatives thereof; organic phosphines such as
triphenylphosphine, methyldiphenylphosphine and the like;
imidazole compounds such as 2-methylimidazole and the like:
tetra-substituted phosphonium tetra-substituted borates such as
tetraphenylphosphonium tetraphenylborate and the like; and the
adducts of a phosphine compound with a gquinone compound and the
like. These may be used singly or may be used in combination of
two or more kinds.

[0067]

The lower limit of the mixing ratio of the curing accelerator
is not particularly limited, but it is preferably equal to or more
than 0.05% by mass and more preferably equal to or more than 0.1%

by mass, based on the total amount of the epoxy resin composition.



0.2 Wre Kind of wire Copper Copper Copper Copper Copper wire

di anet er

[pn] 18 18 18 18 GCold wire dianeter [pm Eval uati on

results Spiral flow [cm 130 120 120 155 Wre sweep ratio [%4 3.5
3.7 4.0 4.0 Cutting resistance(t1/tA10¥40.20 0.20 0.25 0.25 Tool
wearability (tAIn/tAl) 2.5 2.8 2.7 2.0 H gh tenperature storage life
(185C) [hr] 1000< 720 672 720

10

15

20

25

When the lower limit of the mixing ratio of the curing accelerator
is within the above range, there is less possibility that decrease
in curability is caused. On the other hand, the upper limit of
the mixing ratio of the curing accelerator is not particularly
limited, but it is preferably egual to or less than 1% by mass and
more preferably equal to or less than 0.5% by mass, based on the
total amount of the epoxy resin compositicn. When the upper limit
of the mixing ratio of the curing accelerator is within the above
range, there is less possibility that reduction of fluidity is
caused.

[0068]

Among the curing accelerators, more preferably used are the
adducts of a phosphine compound with a guinone compound from the
viewpoint of the fluidity. Examples of the phosphine compound used
for the adduct of a phosphine compound with a guinone compound
include triphenylphosphine, tri-p-tolylphosphine,
diphenylcyclohexylphosphine, tricyclohexylphosphine, tributyl
phosphine, and the like. Examples of the guinone compound used
for the adduct of a phosphine compound with a quincne compound
include 1, 4-benzoquincne, methyl-1, 4-benzoquinone,
methoxy-1, 4-benzoquinone, phenyl-1, 4-benzoquinone,
1,4-naphthoquinone, and the like. BAmong these adducts of a
phosphine compound with a guinone compound, more preferably used
is the adduct of the triphenylphosphine with the 1, 4-benzoguinone.
The method for producing the adduct of a phosphine compound with
a guinone compound is not particularly limited, but the adduct can

be produced, for example, by addition reaction between a phosphine
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in an organic solvent w%ich dissolves both; and by isolation of
the resultant.

[0069]

In the epoxy resin composition for an encapsulating material
used for the semiconductor device of the present invention, there
may be properly added, as necessary, various additives including
aluminum corrosion inhibitors such as zirconium hydroxide;
inorganic ion exchangers such as bismuth oxide hydrate, magnesium
oxide hydrate, aluminum oxide hydrate and the like; coupling agents
such as y-glycidoxypropyltrimethoxysilane,
3-mercaptopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane
and the like; coloring agents such as carbon black, cclcothar and
the like; low stress components such as silicone rubber and the
like; natural waxes such as carnauba wax; synthetic waxes; higher
fatty acids such as zinc stearate, and metal salts thereof; and
mold release agents such as paraffin; antioxidants and the like.

[0070]

In particular, as the aluminum corrosion inhibitor, preferably
used 1is a basic aluminum corrosion inhibitor capabkle of
neutralizing an acid gas that is a gas corroding a bonding portion
between a copper wire and an aluminum pad at high temperature. The
aforementioned component (D) such as aluminum hydrexide or
magnesium hydroxide 1s applicable, and in addition thereto,
examples include zirconium hydroxide, hydrotalcite, boehmite and
the like. With the addition of these aluminum corrosion inhibitors,

it is possible to further improve high temperature storage life
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of a semiconductor device having a copper wire.

[0071]

In the epoxy resin composition for an encapsulating material
used for the semiconductor device of the present invention, the
mixing amount of the aforementioned aluminum corrosion inhibitor
is not particularly limited, but it is preferably from 0.1 to 1%
by weight and further preferably from 0.1 to 0.5% by weight, based
on the total amount of the epoxy resin composition.

When the mixing amount of the aluminum corrosion inhibitor is
equal to or more than the above lower limit, high temperature
storage life and moisture resistance may be improved. Meanwhile,
when it is equal to or less than the above upper limit, high
temperature storage life and moisture resistance may be improved
without increasing wire sweep, warpage after PMC and variation of
warpage during processing.

[0072]

The average particle diameter of the aforementioned aluminum
corrosion inhibitor is preferably equal to or more than 1 um and
equal to or less than 10 pm, and further preferably equal to or
more than 2 pm and equal to or less than 5 um.

When the average particle diameter of the aluminum corrosion
inhibitor is equal to or more than the above lower limit, high
temperature storage life and moisture resistance may be improved
without increasing warpage after PMC and variation of warpage
during processing. Meanwhile, when it is equal to or less than
the above upper limit, high temperature storage life and moisture

resistance may be improved without increasing wire sweep.
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The epoxy resin composition for an encapsulating material used
for the semiconductor device of the present invention contains
aluminum hydroxide and/or magnesium hydroxide as the metal
hydroxide and/or metal hydroxide solid solution (D), along with
the epoxy resin (A), the curing agent (B) and the spherical silica
(C), and it is particularly preferable that it further contains
at least one or more of aluminum corrosion inhibitors selected from
the group consisting cof zirconium hydroxide, hydrotalcite and
boehmite.

Thus, cutting property, tool wearability, warpage after PMC and
variation of warpage during processing are excellent, and high
temperature storage life and moisture resistance are rapidly
improved.

[0074]

Furthermore, as necessary, the inorganic filler may be treated
with an epoxy resin or a phenol resin in advance. Examples of such
a treatment method include a method in which the inorganic filler
is mixed with the epoxy resin or the phenol resin using a solvent
and then the solvent is removed, a method in which the epoxy resin
or the phenol resin is directly added to the inorganic filler and
the mixing treatment is carried out using a mixer, and the like.

[0075]

The epoxy resin composition for an encapsulating material used
for the semiconductor device of the present invention can be
produced by mixing each of the above-mentioned components at

ordinary temperature using, for example, a mixer and the like, or
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after that by melt-kneading the resultant using a kneading machine
such as a roll, a kneader, an extruder or the like, and grinding
it after cooling, and in addition, appropriately adjusting degree
of dispersion, fluidity and the like, as necessary.

[0076]

Next, the semiconductor device of the present invention will be
described. The semiconductor device of the present invention is
a semiconductor device consisting of a lead frame having a die pad
portion or a circuit board, at least one semiconductor element
which is stacked on or mounted in parallel on the die pad portion
of the lead frame or on the circuit board, a copper wire which
electrically connects an electrical bonding portion provided on
the lead frame or the circuit board to an electrode pad provided
on the semiconductor element, and an encapsulating material which
encapsulates the semiconductor element and the copper wire.
Furthermore, the semiconductor device of the present invention is
obtained through a step of encapsulating and molding a plurality
of electronic components such as semiconductor elements or the like
at one time using an epoxy resin composition for an encapsulating
material in accordance with a conventionally known molding method
such as transfer molding, compression molding ox injection molding,
and then segmenting the resultant into pieces.

[0077]

The lead frame or the circuit board used in the present invention
is not particularly limited. Examples thereof include lead frames
or the circuit boards used in conventionally known semiconductor

devices, such as a tape carrier package (TCP), a ball grid array
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(BGA), a chip size package (CSP), a guad flat non-leaded package
(QFN), a lead frame-BGA (LF-BGA}, a mold array package type BGA
(MAP-BGA) and the like. The electrical bonding portion means a
terminal for bonding the wire onto the lead frame or the circuit
board, for example, a wire bonding portion on the lead frame, an
electrode pad on the circuit board, and the like.

[0078]

Examples of the shape of the semiconductor device of the present
invention include a MAP type ball grid array (BGA), a MAP type chip
size package (CSP), a MAP type quad flat non-leaded package (QFN)
and the like, which are obtained through a step of encapsulating
by an epoxy resin composition and molding, and then segmenting the
resultant into pieces. The semiconductor device encapsulated by
the aforementioned molding method such as transfer molding or the
like may be mounted as it is on an electronic equipment and the
like, or may be mounted on an electronic equipment through a dicing
step after completely curing the encapsulating material by heating
it at a temperature of about 80 to 200 degrees centigrade over about
10 minutes to 10 hours. Incidentally, the dicing step may be
carried out after encapsulating and molding at one time or before

completely curing by a heat treatment.

EXAMPLES

{0079]

Hereinafter, the present invention will be described with
reference to Examples. However, the present invention is not

restricted to these Examples. The mixing ratio means part by mass.
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encapsulating material used in Examples and Comparative Examples
will be described below.

[0080]

Respective Components of Epoxy Resin Composition for
Encapsulating Material

Epoxy Resin

E-1: Bisphenol A type epoxy resin (YL-6810, commercially
available from Mitsubishi Chemical Corporation, melting point: 45
degrees centigrade, epoxy equivalent: 172 g/eq).

[0081]

E-2: Phenol aralkyl type epoxy resin having a biphenylene
skeleton (an epoxy resin in which, in the general formula (1), -R1-
is a phenylene group, -R2- is a biphenylene group, a is 0 and b
is 0, NC3000, commercially available from Nippon Kayaku Co., Ltd.,
softening point: 58 degrees centigrade, epoxy equivalent: 274 g/eq,

average nl: 2.5).

H H
0-C—G—CH, 0—C—C—CH,
’ H2 \0/ ’ i-|2 \0/
H—Ri c—Rz—c—m%—H (1}
\ H 2 \ H2 \ ni
(Rs)a (R4} b (Rs)a
[0082]

E-3: Epoxy resin represented by the general formula (2) {an epoxy
resin as amixture consisting of 50% by mass of a component in which,
in the general formula (2), R6 is a hydrogen atom, c¢ is 0, d is
0 and e is 0, 40% by mass of a component in which R6 is a hydrogen
atom, ¢ is 1, d is 0 and e is 0, and 10% by mass of a component

in which R6 is a hydrogen atom, ¢ is 1, d is 1 and e is 0, HP4770,
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commercially available from Direct Interface of China Corporation,

softening point: 72 degrees centigrade, epoxy equivalent: 205

g/eq).
(R5),

o ¢ R6-C-R6 o (2
s <)
(Rs),
5 [0083]

E-4: Epoxy resin represented by the general formula (3) (an epoxy
resin in which, in the general formula (3), R7 and R8 are each a
hydrogen atom and n3 is 0, YX-8800, commercially available from
Mitsubishi Chemical Corporation, melting point: 110 degrees

10 centigrade, epoxy equivalent: 181 g/eq).

H ] H
H2(3\—,C—C<(O _~H O—Cc-C—CH,
H O—C-C—C—0 M, v &)
© ? %;ﬂﬁ n3 20
R7 RB8 R7 R8

[0084]
E-5: Epoxy resin represented by the general formula (4)
(HP-7200L, commercially available from Direct Interface of China
15 Corporation, softening point: 56 degrees centigrade, epoxy
equivalent: 245 g/eq, average nd: 0.4).
¢ 0 0
J J J

0 0

3OS0

[0085]
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E-6: Ortho-cresol novolac type epoxy resin (EOCN-1020-55,
commercially available from Nippon Kayaku Co., Ltd., softening
point: 55 degrees centigrade, epoxy equivalent: 200 g/eq).

[0086]

5 Curing Agent

H-1: Phenol novolac resin (PR-HF-3, commercially available from
Sumitomo Bakelite Co., Ltd., softening point: 80 degrees
centigrade, hydroxyl equivalent: 104 g/eq).

[0087]

10 H-2: Phenol aralkyl resin having a biphenylene skeleton (a
compound in which, in the general formula (5), -R9- is a phenylene
group, —-R10- is a biphenylene group, f is 0 and g is 0, MEH-78518S,
commercially available from Meiwa Plastic Industries, Ltd.,
softening point: 65 degrees centigrade, hydroxyl equivalent: 203

15 g/eq, average nb: 1.9).

H-3: Naphthol aralkyl resin having a phenylene skeleton (a
compound in which, in the general formula (5), -R%- is a naphthylene
group, -R10- is a phenylene group, f is 0 and g is 0, SN-485,
commercially available from WNippon Steel Chemical Co., Ltd.,

20 softening point: 87 degrees centigrade, hydroxyl equivalent: 210

g/eq, average n5: 1.8).
OH OH

F!Q ( R10 | j H
\LHz \ M \JnS ©

(R11)f (R12)g (R11)f

[0088]
H-4: Phenol resin represented by the general formula (6)

25 (Kayahard DPN, commercially available from Nippon Kayaku Co., Ltd.,
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softening point: 87 degrees centigrade, hydroxyl equivalent: 165

g/eq, average né6: 0.6).

OH OH

IO

[0089]

Spherical Silica

Fused spherical silica 1: HS-202, commercially available from
Micron Inc. (mode diameter: 35 um, specific surface area: 3.5 m2/g,
content of coarse particles having a diameter of equal to or more
than 55 ym: 0.02% by mass).

Fused spherical silica 2: Obtained by sieving HS-105
commercially available from Micron Inc. using a 300 mesh sieve to
remove the coarse particles (mode diameter: 37 um, specific surface
area: 2.5 m’/g, content of coarse particles having a diameter of
equal to or more than 55 pm: 0.1% by mass).

Fused spherical silica 3: FB-940, commercially available from
Denki Kagaku Kogyo Kabushiki Kaisha (mode diameter: 30 um, specific
surface area: 3.2 nﬁ/g, content of coarse particles having a
diameter of equal to or more than 55 um: 0.2% by mass).

Fused spherical silica 4: HS-203, commercially available from
Micron Inc. (mode diameter: 30 um, specific surface area: 3.7 m?/qg,
content of coarse particles having a diameter of equal to or more
than 55 uym: 0.01% by mass).

[0090]

Metal Hydroxide and/or Metal Hydroxide Solid Solution, etc.
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Metal hydroxide 1: Aluminum hydroxide CL-303, commercially
available from Sumitomo Chemical Co., Ltd. (average particle
diameter: 3 pm, content of crystallization water: 34% by mass).

Metal hydroxide 2: Aluminum hydroxide CL-308, commercially
available from Sumitomo Chemical Co., Ltd. (average particle
diameter: 8 um, content of crystallization water: 34% by mass).

Metal hydroxide 3: Aluminum hydroxide H42M, commercially
available from Showa Denko Kabushiki Kaisha (average particle
diameter: 1 pm, content of crystallization water: 34% by mass).

Metal hydroxide 4: Aluminum hydroxide BW153, commercially
available from Nippon Light Metal Co., Ltd. (average particle
diameter: 15 um, content of crystallization water: 34% by mass).

Metal hydroxide b5: Magnesium hydroxide W-H4, commercially
available from Konoshima Chemical Co., Ltd. (average particle
diameter: 2 um, content of crystallization water: 31% by mass).

Metal hydroxide solid solution: Echomag Z-10, commercially
available from Tateho Chemical Industries Co., Ltd. (average
particle diameter: 1 um, content of crystallization water: 27% by
mass) .

Uncalcined clay: Kaobrite 90, commercially available from
Shiraishi Calcium Kaisha, Ltd. (average particle diameter: 1 um,
content of crystallization water: 13% by mass).

Talc: Microlite, commercially availlable from Takehara Kagaku
Kogyo Co., Ltd. (average particle diameter: 2.5 um, content of
crystallization water: 5% by mass).

Incidentally, the content of crystallization water in the metal

hydroxide and/or metal hydroxide solid solution or the like was
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centigrade at an increase rate of 5 degrees centigrade/min using
a TG/DTA analyzer.

[0091]

Aluminum corrosion inhibitor 1: DHT-4A, commercially available
from Kyowa Chemical Corporation, average particle diameter: 0.5
pm, hydrotalcite.

Aluminum corrosion inhibitor 2: IXE-800, commercially available
from Toagosei Co., Ltd., average particle diameter: 5 um, ZrO(0H),.

[00S2]

Curing Accelerator

Curing accelerator 1: Adduct of triphenylphosphine and

1,4-benzoquinone represented by the general formula (7),

;
+
Oy o
3 OH

[0093]

Coupling Agent

Epoxysilane: y-glycidoxypropyltrimethoxysilane
[0094]

Coloring Agent

Carbon black

[0095]

Mold Release Agent

Carnauba wax

[0096]

Preparation of Epoxy Resin Composition for Encapsulating
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1.50 E-3
Material

Example 1
E-1 1.40 parts by mass
E-4 3.27 parts by mass
H-2 5.33 parts by mass
Fused spherical silica 1 86 parts by mass
Metal hydroxide 1 3 parts by mass
Curing accelerator 1 0.3 parts by mass
Epoxysilane 0.25 parts by mass
Carbon black 0.25 parts by mass
Carnauba wax 0.2 parts by mass

The aforementioned components were mixed at ordinary
temperature using a mixer, and then roll-kneaded at 70 to 100
degrees centigrade. After cooling, the resultant was pulverized
to obtain an epoxy resin composition for an encapsulating material.

[0097]

Examples 2 to 34 and Comparative Examples 1 to 4

Epoxy resin compositions were prepared in the same manner as in
Example 1 in accordance with formulations of the epoxy resin
compositions for an encapsulating material shown in Tables 1 to
5.

[0098]

Wires used in Examples and Comparative Examples are shown below.

Copper wire: TC-E, commercially available from Tatsuta Electric
Wire & Cable Co., Ltd. (copper purity: 99.99% by mass, wire
diameter: shown in Tables 1 to 5).

Gold wire: NL-4, commercially available from Sumitomo Metal
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Mining Co., Ltd. (gold purity: 99.99% by mass, wire diameter: shown
in Table 5).

[0099]

Epoxy resin compositions for an encapsulating material obtained
in the respective Examples and Comparative Examples were evaluated
in the following manner. The obtained results are shown in Tables
1 to 5.

[0100]

Evaluation Methods

Spiral Flow

The epoxy resin composition was injected into a mold for the
measurement of spiral flow in accordance with EMMI-1-66 under the
conditions of a mold temperature of 175 degrees centigrade, an
injection pressure of 6.9 MPa, and a pressure application time of
120 seconds using a low-pressure transfer molding machine (KTS-15,
commercially available from Kohtaki Precision Machine Co., Ltd.},
and the flow length was measured. The unit was cm. If the length
is equal to or less than 80 cm, molding defects such as unfilled
packages may occur in some cases.

[0101]

Wire Sweep Ratio

A TEG chip provided with aluminum pads (3.5 mm x 3.5 mm, pad
pitch: 50 um) was bonded on a die pad portion of a 352 pin BGA
(substrate: bismaleimide triazine resin/glass cloth substrate
having a thickness of 0.56 mm, package size: 30 x 30 mm, thickness:
1.17 mm), and the aluminum pads of the TEG chip and terminals of

a substrate were wire-bonded with a wire pitch of 80 um using the



Fused spherical silica 2 Fused spherical silica 3 Fused

spherical silica 4 Metal hydroxide 1 3 3 3 3 Mtal hydroxide 2
Met al hydroxi de 3 Met al hydroxi de 4 Met al hydroxide 5
Met al hydroxi de solid solution 48

wires. The resultant was encapsulated by the epoxy resin

10

15

20

25

composition and molding was performed under the conditions of a
mold temperature of 175 degrees centigrade, an injection pressure
of 6.9 MPa, and a curing time of 2 minutes using a low-pressure
transfer molding machine (Y Series, commercially available from
TOWA Corporation) to produce a 352 pin BGA package. This package
was post-cured at 175 degrees centigrade for 4 hours. After cooling
to room temperature, the resultant was observed using a soft X-ray
fluoroscope (PRO-TEST-100, commercially available from Softex
Corporation} and the sweep ratio of the wire was shown as the ratio
of (sweep degree)/(wire length). The value for the wire part which
exhibited the largest value was recorded. The unit was %. If the
value exceeds 5%, it means that adjacent wires are likely to contact
with each other.

[0102]

Cutting Resistance and Tool Wearability

A test piece having a thickness of 3 mm was molded under the
conditions of a mold temperature of 175 degrees centigrade, an
injection pressure of 6.9 MPa, and a curing time of 180 seconds
using a low-pressure transfer molding machine (KTS-30,
commercially available from Kohtaki Precision Machine Co., Ltd.).
The test piece was subjected to post-curing treatment and heated
at 175 degrees centigrade for 8 hours. Then, cutting resistance
and tool wearability were evaluated by using a wear test apparatus
provided with a drill as a cutting tool. For this test apparatus,
a drill having a drill diameter of 3 mm and equivalent sharpness

was used, and the number of drill rotations was set to 850 rpm and



Uncal ci ned cl ay Tal c Al um num corrosion inhibitor 1

Al um num corrosion inhibitor 2 Curing accelerator 1 0.3 0.3 0.3
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a load was set to 2 Kg (19.6 N). The test pieces were respectively
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25

punched 30 times each and evaluated. However, in order to avoid
an error due to a difference in cutting conditions of a blade, the
test piece was punched 30 times, and before and after punching,
an aluminum plate having a thickness of 3 mm was punched, whereby
cutting resistance and tool wearability were evaluated by the
values indicated below.

Cutting Resistance: tl1/tAl0

Tool Wearability: tAl30/tAl0Q

tl: time period involved in the first punching of the test
piece

tAl0: time period involved in punching of the aluminum plate
before punching of the test piece

tAl30: time period involved in punching of the aluminum plate
after the 30th punching of the test piece

Incidentally, as the value is smaller, both cutting resistance
and tool wearabllity are excellent.

[0103}]

High Temperature Storage Life (185 degrees centigrade)

A TEG (TEST ELEMENT GROUP) chip provided with aluminum electrode
pads (3.5 mm x 3.5 mm) was bonded on a die pad portion of a 352
pin BGA (substrate: bismaleimide triazine resin/glass cloth
substrate having a thickness of 0.56 mm, package size: 30 x 30 mm,
thickness: 1.17 mm), and the aluminum electrode pads of the TEG
chip and terminals of a substrate were wire-bonded with a wire pitch
of 50 um using the wires such that the pads and the terminals were

daisy-chain connected. The resultant was encapsulated by the epoxy



0.2 0.2 Wre Kind of wire Copper Copper Copper Copper Copper wre

di anet er

results

2.5 2.9

wear abi |

(185C) |

10
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[pn] 18 18 18 18 GCold wire dianeter [pm Eval uation

Spiral flow [cm 180 165 145 160 Wre sweep ratio[56] 2.1

2.6 Cutting resistance(ti/tAl0yc0.15 0.16 0.15 0.17 Tool

ity (tAl"/tAl') 1.8 1.9 1.8 2.0 High tenperature storage life
hrl 1000< 1000< 1000<

resin composition and molding was performed under the conditions

of a mold temperature of 175 degrees centigrade, an injection
pressure of 6.9 MPa, and a curing time of 2 minutes using a
low-pressure transfer molding machine (Y Series, commercially
available from TOWA Corporation) to produce a 352 pin BGA package.
The resulting package was post~cured at 175 degrees centigrade for
8 hours, and then a high temperature storage test (185 degrees
centigrade) was carried out. The electrical resistance value
between the wires was H@asuréd every 24 hours. The package
exhibiting the increase of the value by 20% compared to the initial
value was determined as "defective," and the time period taken to
become defective was measured. The defect period was shown by a
time period taken to generate at least one defective device in the
case of n=5. The unit was hour. When no defects were generated
in all of the packages even after 1,000 hour storage, the result
was recorded as "1,000<."

[0104]

High Temperature Storage Life (200 degrees centigrade)

A TEG (TEST ELEMENT GROUP) chip provided with aluminum electrode
pads (3.5 mm x 3.5 mm) was bonded on a die pad portion of a 352
pin BGA (substrate: bismaleimide triazine resin/glass cloth
substrate having a thickness of 0.56 mm, package size: 30 x 30 mm,
thickness: 1.17 mm), and the aluminum electrode pads of the TEG
chip and terminals of a substrate were wire-bonded with a wire pitch
of 50 pm using the wires such that the pads and the terminals were
daisy-chain connected. The resultant was encapsulated by the epoxy

resin composition and molding was performed under the conditions



1000<

Hi gh tenperature storage life (200C) [hr] 240 240 240 264

H gh tenperature operating life [hr] 500< 500< 500< 500< Mbisture
resistance reliability (1300 [ Nunber of defective circuits] 01 00
Moi sture resistance reliability (140C) bNunber of defective circuits]
20 20 20 20 Anount of warpage after PMC [pm 45 56 55 43 Variation
of war page during processing’ [Pn]-14 -20 -25 -12 62 [0113] [Table

4] Exanpkea w1 €dmBSrEonpul a8l AN . qddr &ROXYehifShPade, an injection
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pressure of 6.9 MPa, and a curing time of 2 minutes using a
low-pressure transfer molding machine (Y Series, commercially
available from TOWA Corporation) to produce a 352 pin BGA package.
The resulting package was post-cured at 175 degrees centigrade for
8 hours, and then a high temperature storage test (200 degrees
centigrade) was carried out. The electrical resistance value
between the wires was measured every 24 hours. The package
exhibiting the increase of the value by 20% compared to the initial
value was determined as "defective," and the time period taken to
become defective was measured. The defect period was shown by a
time period taken to generate at least one defective device in the
case of n=5. The unit was hour.

[0105]

High Temperature Operating Life

A TEG (TEST ELEMENT GROUP) chip provided with aluminum electrode
pads (3.5 mm x 3.5 mm) was bonded on a die pad portion of a 352
pin BGA (substrate: bismaleimide triazine resin/glass cloth
substrate having a thickness of 0.56 mm, package size: 30 x 30 mm,
thickness: 1.17 mm}, and the aluminum electrode pads ¢of the TEG
chip and terminals of a substrate were wire-bonded with a wire pitch
of 50 um using the wires such that the pads and the terminals were
daisy-chain connected. The resultant was encapsulated by the epoxy
resin composition and molding was performed under the conditions
of a mold temperature of 175 degrees centigrade, an injection
pressure of 6.9 MPa, and a curing time of 2 minutes using a

low-pressure transfer molding machine (Y Series, commercially
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available from TOWA Corporation) to produce a 352 pin BGA package.
The resulting package was post-cured at 175 degrees centigrade for
8 hours, and then a DC current of 0.1 A was applied to both ends
of the daisy-chain connected portion of this package. While the
resultant was stored as it is at high temperature of 185 degrees
centigrade, the electrical resistance value between the wires was
measured every 12 hours. The package exhibiting the increase of
the value by 20% compared to the initial value was determined as
"defective,” and the time period taken to become defective was
measured. The defect period was shown by a time period taken to
generate at least one defective device in the case of n=4. The
unit was hour.

[0106]

Moisture Resistance Reliability (130 degrees centigrade)

A TEG chip provided with an aluminum circuit (3.5 mm x 3.5 mm,
exposed aluminum circuilt (no protective film)) was bonded on a die
pad portion of a 352 pin BGA (substrate: bismaleimide triazine
resin/glass cloth substrate having a thickness of 0.56 mm, package
size: 30 x 30 mm, thickness: 1.17 mm), and the aluminum pads and
terminals of a substrate were wire-bonded with a wire pitch of 80
pm using the wires. The resultant was encapsulated by the epoxy
resin composition and molding was performed under the conditions
of a mold temperature of 175 degrees centigrade, an injection
pressure of 6.9 MPa, and a curing time of 2 minutes using a
low-pressure transfer molding machine (Y Series, commercially
available from TOWA Corporation) to produce a 352 pin BGA package.

The resulting package was post-cured at 175 degrees centigrade for
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8 hours. Then, for this package, the HAST {Highly Accelerated
temperature and humidity Stress Test) was conducted in accordance
with IEC 68-2-66. Specifically, the package was treated under the
conditions of 130 degrees centigrade, 85%RH, 20V application and
168 hours, and the presence or absence of open defect of the circuit
was measured. The measurements were made on a total of 20 circuits
of 4 terminals/1 package x 5 packages and the evaluations were made
by the number of defective circuits.

[0107]

Moisture Resistance Reliability (140 degrees centigrade)

A TEG chip provided with an aluminum circuit (3.5 mm x 3.5 mm,
exposed aluminum circuit (no protective film)) was bonded on a die
pad portion of a 352 pin BGA (substrate: bismaleimide triazine
resin/glass cloth substrate having a thickness of 0.56 mm, package
size: 30 x 30 mm, thickness: 1.17 mm), and the aluminum pads and
terminals of a substrate were wire-bonded with a wire pitch of 80
pm using the wires. The resultant was encapsulated by the epoxy
resin composition and molding was performed under the conditions
of a mold temperature of 175 degrees centigrade, an injection
pressure of 6.9 MPa, and a curing time of 2 minutes using a
low-pressure transfer molding machine (Y Series, commercially
available from TOWA Corporation) to produce a 352 pin BGA package.
The resulting package was post-cured at 175 degrees centigrade for
8 hours. Then, for this package, the HAST (Highly Accelerated
temperature and humidity Stress Test) was conducted in accordance
with IEC 68-2-66. Specifically, the package was treated under the

conditions of 140 degrees centigrade, 85%RH, 20V application and
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168 hours, and the presence or absence of open defect of the circuit
was measured. The measurements were made on a total of 20 circuits
of 4 terminals/1 package x 5 packages and the evaluations were made
by the number of defective circuits.

[0108]

Amount of Warpage after Post Mold Curing (PMC)

Encapsulation was carried out by the epoxy resin composition and
molding was performed under the conditions of a mold temperature
of 175 degrees centigrade, an injection pressure of 6.9 MPa, and
a curing time of 2 minutes using a low-pressure transfer molding
machine (Y Series, commercially available from TOWA Corporation)
to produce a 225 pin BGA package (substrate: BT resin/glass cloth
base material having a thickness of 0.36 mm, package size: 24 x
24 mm, encapsulating resin having a thickness of 1.17 mm, silicon
chip size: 9 x 9 mm, thickness: 0.35 mm, subjected to die bonding).
The resulting package was post-cured at 175 degrees centigrade for
8 hours, and then displacement in the diagonal direction was
measured from the gate of the package using a surface roughness
tester at 25 degrees centigrade. The value exhibiting the highest
displacement difference was taken as the amount of warpage after
post curing. The unit was pm. An average value of n=3 was shown
in Tables.

[0109]

Variation of Warpage during Processing

After measuring the amount of warpage after the aforementioned
post curing, an IR reflow treatment (260 degrees centigrade in

accordance with JEDEC conditions) was performed, and then



0.3 0.3

Epoxysilane 0.25 0.25 0.25 0.25 Carbon black 0.25 0.25 0.25

0.25 Carnauba wax 0.2 0.2 0.2 0.2 Wre Kind of wire Copper Copper
Copper Copper Copper wire dianmeter [pm 18 18 18 18 CGold wire

di anet er

[ pn Eval uation results Spesal flow [cn] 160 175 190 165

Wre sweep ratio [W 3.0 2.7 2.2

displacement in the diagonal direction was measured from the gate
of the package using a surface roughness tester at 25 degrees
centigrade. The wvalue exhibiting the highest displacement
difference was taken as the amount of warpage during processing.
The variation of warpage during processing was determined from the
following equation using this value. The unit was pm. An average
value of n=3 was shown in Tables.

Variation of warpage during processing = Amount of warpage

during processing - Amount of warpage after post curing



2.5 Cutting resistance(tl1l/tA10) 0.16 0.16 0.16 0.20 Tool _
wearability (tAla/tAl) 1.8 1.8 1.8 2.5 Hi gh tenperature storage life
(185C) [hr] 1000< 1000< 1000< 1000< High tenperature storage life
(2000) [hr] 264 264 168 168 High tenpeP&ture operating life [hr]
500< 500< 500< 500< Mbisture resistance reliability (130C) [Number
of defective circuits] O 0 O O Misture resistance reliability
(1400) [ Nunt@18f] defective circuits] 20 20 20 20 Anobunt of warpage
after PMC [p[r%ja}:f[&'(a3 Ai?f 55 55

Example
i 2 3 4
E-1 1.40 1.40 1.40 1.40
E-2
E-3
E-4 3.27 3.27 3.27 3.27
BE~-5
E-6
H-1
H-2 5.33 5.33 5.33 5.33
H-3
H-4
Fused spherical silica 86 86 86 86

Fused spherical silica

Formulations Fused spherical silica

& WIN| =

Of epoxy resin =i od spherical silica

composition for

an encapsulating Metal hydroxide 1 3 2.9 2.7 7.5

Metal hydroxide

material 2
Metal hydroxide 3
Metal hydroxide 4
Metal hydroxide 5
Metal hydroxide solid solution
Uncalcined clay
Talc
Aluminum corrosion inhibitor 1 0.1 0.3 0.5
Aluminum corrosion inhibitor 2
Curing accelerator 1 0.3 0.3 0.3 0.3
Epoxysilane 0.25 0.25 0.25 0.25
Carboen black 0.25 0.25 0.25 0.25
Carnauba wax 0.2 0.2 0.2 0.2
Kind of wire Copper Coppexr Copper Copper
Wire Copper wire diameter [pm] 18 18 18 18
Gold wire diameter [pm]
Spiral flow [cm] 170 175 180 180
Wire sweep ratio [%) 2.5 2.5 2.5 2.5
Cutting resistance (t,/tAl0) 0.16 0.1¢ 0.15 0.15
Tool wearability (tB1¥/tAl) 1.8 1.8 1.7 1.7
?ﬁg? temperature storage life (185°C) 1000< 1000< 1000< 1000<
r
High temperature storage life (200°C)
Evaluation [hfl © g 240 480 840 960
results High temperature operating life [hr] 500< 500< 500< 500<
Moisture resistance reliability 0 0 0 0
{130°C) [Number of defective circuits]
Moisture resistance reliability 20 0 0 0

(140°C) [Number of defective circuits]

Amount of warpage after PMC [pm] 50 50 51 52

Variation of warpage during processing -18 _i8 ~18 _19
[um]




Vari ati on of warpage during processing [Inn] _15 -15 -20 -20 63

[ Table 4) (Continued) Exanple 29 30 31 32 Fornul ati ons of epoxy
resin conposition for an encapsulating nmaterial E-1 1.89 1.89 E-2
E-3 E-4 4.42 4.42 E-5 5.47 7.0257

[Table 1] (Continued)

Example
5 6 7 8
E-1 1.40 1.40 1.40 1.40
E~2
E-3
E-4 3.27 3.27 3.27 3.27
E=-5
E-6&
H-1
H=2 5.33 5.33 5.33 5.33
H-3
H~4
Fused spherical silica 1 86 86 86 86
Formulations FPused spherical silica 2
of epoxy resin Fused spherical silica 3
A Fused spherical silica 4
composition for -
an encapsulating Metal hydrOX}de 1
material Metal hydroxide 2 3
Metal hydroxide 3 3
Metal hydroxide 4 3
Metal hydroxide 5 3
Metal hydroxide solid solution
Uncalcined clay
Talc
Aluminum corrosion inhibitor 1
Aluminum corrosion inhibitor 2
Curing accelerator 1 0.3 0.3 0.3 0.3
Epoxysilane 0.25 0.25 0.25 0.25
Carbon black 0.25 0.25 .25 0.25
Carnauba wax 0.2 0.2 0.2 0.2
Kind of wire Copper Copper Copper Copper
Wire Copper wire diameter [pm] 18 18 18 18
Gold wire diameter [pm]
Spiral flow [cm] 170 110 140 170
Wire sweep ratio [%] 2.5 4.0 2.8 2.9
Cutting resistance (t;/tAal0) 0.16 0.20 0.25 0.17
Tool wearability (tAl®/ral) 1.8 2.4 2.6 1.9
?;g? temperature storage life (185°C) 1000< 1000< 1000< 1000<
High temperature storage life (200°C)
Evaluation [hr] i 240 240 240 240
results High temperature operating life [hr] 500< 500< 500< 500<
Moisture resistance reliability 0 g 9 0
(130°C) [Number of defective circuits]
Moisture resistance reliabilit
{140°C) [Number of defective cig;uits] 20 20 19 20
Amount of warpage after PMC [pm] 50 50 50 50
Ti;?atlon of warpage during processing _18 ~20 _20 _18




E-6 H1 2.98 3.69 3.69 H2 4.53 H 3 H 4 Fused
spherical silica 1 Fused spherical silica 2 86 Fused
spherical silica 3 86 Fused sphericgé silica 4 86

[0111]

[Table 2]

Example

1.40 1.40 1.40

5.66

3.27 3.27 3.27

::mmmthmmmmm
W N || e |wlro| =

Fused spherical silica 86 86 86 88.5

Fused spherical silica

Formulations Fused spherical silica

of epoxy resin
composition for

P LA 8T

Fused spherical silica

Metal hydroxide 1

an encapsulating

material Metal hydroxide

Metal hydroxide

2
Metal hydroxide 3
4
5

Metal hydroxide

Metal hydroxide solid solution 3

Uncalcined clay 3

Talc 3

Aluminum corrosion inhibitor 1

Aluminum correosion inhibitor 2

Curing accelerator 1 0.3 0.3 0.3 0.3

Epoxysilane 0.25 0.25 0.25 0.25

Carbon black 0.25 0.25 0.25 0.25

Carnauba wax 0.2 0.2 0.2 0.2

Kind of wire Copper Copper Copper Copper

Wire Copper wire diameter [pm] 18 18 18 18

Gold wire diameter [um]

Spiral flow [cm] 130 120 120 155

Wire sweep ratio [%] 3.5 3.7 4.0 4.0

Cutting resistance (t;/tAl0) 0.20 0.20 0.25 0.25

Tool wearability (tAl®°/tAl) 2.5 2.8 2.7 2.0

High temperature storage life {1B5°C) 1000< 720 672 920
[hr]

. High temperature storage life ({200°C) 240 144 168 168
Ewvaluation [hr]

results High temperature gperating life f[hr] 500« 336 336 336

Mecisture resistance reliability o 3 4 0
(130°C) [Number of defective circuits]

Moisture resistance reliability 20 20 20 20
(140°C} [Wumber of defective circuits]

Amount of warpage after PMC [um] 55 55 58 43

Variation of warpage during processing| -20 -20 38 -13
[um]




86 Metal hydroxide 1 3 3 3 Metal hydroxide 2 Met al
hydr oxi de 3 Met al hydroxi de 4 Met al hydroxide 5 Met al
hydr oxi de solid sol ution Uncal cined clay 3 Tal c
59
[Table 2] (Continued)
Example
13 14 i5 16
E-1
E-2 5.66 5,66 5.66 5.66
E-3
E-4
E-§5
E-6
H-1
H-2
H-3 4.34 4.34 4,34 4.34
H-4
Fused spherical silieca 1 88 88 88 88
, Fused spherical silica 2
gormulatlon§ Fused spherical silica 3
Ol epoxy resih Imised spherical silica 4
composition for
an encapsulating Metal hydrox%de 1
material Metal hydroxide 2 1 0.9 0.7 0.5
Metal hydroxide 3
Metal hydroxide 4
Metal hydroxide 5
Metal hydroxide solid solution
Uncalcined clay
Talc
Aluminum corrosion inhibitor 1
Aluminum corrosion inhibitor 2 0.1 0.3 0.5
Curing accelerator 1 0.3 0.3 0.3 0.3
Epcxysilane 0.25 0.25 0.25 0.25
Carbon black 0.25 0.25 0.25 0.25
Carnauba wax 0.2 0.2 0.2 0.2
Kind of wire Copper Copper Copper Copper
Wire Copper wire diameter [pm] 18 18 18 18
Gold wire diameter [pm]
Spiral flow [cm] 150 150 160 165
Wire sweep ratio [3] 4.0 4.0 3.5 3.2
Cutting resistance (t,/tAl0) 0.18 0.18 0.19 0.25
Tool wearability (tA1°/tal) 2.0 2.0 2.0 2.0
?ig? temperature storage life (185°C) 1000< 1000< 1000< 1000<
High temperature storage life {200°C}
Evaluation [hx] 432 840 840 840
results High temperature operating life [hr) 500< 500< 500< 500<
Moisture resistance reliability 0 0 0 0
(130°C) [Number of defective circuits]
Moisture resistance reliability 20 5 0 0
(140°C) [Number of defective circuits]
Amount of warpage after PMC [pm] 44 44 45 46
¥;;?ation of warpage during processing —14 14 ~16 17




Al um num corrosion i

nhibitor 1 Al um num corr osi on

i nhi bitor

Curing accelerator 1 0.3 0.3 0.3 0.3 Epoxysilane 0.25 0.25 0.25 0.25
Carbon black 0.25 0.25 0.25 0.25 Carnauba wax 0.2 0.2 0.2 0.2 Wre
Ki nd of wire Copper Copper Copper Coppef?® Copper wire dianeter [pni

18 18 18 18
[0112]

[Table 3]

17

20

Formulations
of epoxy resin
compositicn for
an encapsulating

material

1

1.38

mmmmtﬁmmmm
WHN R o | s wWin] =

4.34

4.34

5.41

H-4

Fused spherical silica

B6

79

77

86

Fused spherical silica

Fpsed spherical silica

o lwin]-

Fused spherical silice

Metal hydroxide 1

Metal hydroxide

10

12

Metal hydroxide

Metal hydroxide

e wlne

Metal hydroxide

Metal hydroxide solid solution

Uncalcined clay

Talc

Aluminum corrosion inhibitor 1

Aluminum corrosien inhibitor 2

Curing accelerator 1

0.3

0.3

0.3

0.3

Epoxysilane

0.25

0.25

C.25

0.25

Carbon black

0.25

0.25

0.25

0.25

Carnauba wax

0.2

0.2

0.2

0.2

Wire

Kind of wire

Copper

Copper

Copper

Copper

Copper wire diameter [um]

18

18

18

18

Gold wire diameter [pm]

Evaluation
results

Spiral flow [cm]

140

125

160

150

Wire sweep ratio [%]

4.2

4.4

4.5

2.8

Cutting resistance (t;/tAl0)

0.15

0.14

0.14

0.15

Tool wearability {tA1’°/tAl)

1.8

1.7

1.6

1.8

High temperature storage life (185°C)
[hr]

1000<

1000<

1000<

1000<

High temperature storage life (200°C)
[hr]

216

240

288

2490

High temperature operating life [hr]

500«

500<

500<

500<

Moisture resistance reliability
{130°C) [Number of defective circuits]

0

0

Moisture resistance reliability
(140°C) [Number of defective circuits]

20

7

20

Amount of warpage after PMC [um]

50

65

40

Variation of warpage during processing

{pm]

-16

-30

-10




Gold wire diameter [pm Eval uation results Spiral flow [cn] 150
140 180 170 Wre sweep ratio[56] 3.0 4.1 3.4 3.7 Cutting resistance
(ti/tA10) 0.20 0.16 0.15 0.15 Tool wearability (tAl"VtA) 2.8 1.8
1.8 1.8 High tenperature storage life ¢185C) [hr] 720 1000< 1000<
1000< High tenperature storage life (200C) [hr] 168 240 240 240

H gh tenperature operating life [hr] SOO< 500< 500< 500< Mbisture
resi st an¢gabeki abi(ltbhyiahda) [ Nunber of defective circuits]

Example

21 22 23 24

1.56 1.75 1.46

1.50

3.64 4.07 3.49
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| p| oo sl wlsa] -

4.80 2.09

Fused spherical silica 86 86 86 86

Fused spherical silica

Formulations Fused spherical silica

of epoxy resin

da L [N

Fused spherical silica

composxtion for e T hvdroxide 1 3 3 3 3

an encapsulating

material Metal hydroxide

Metal hydroxide

Metal hydroxide

[52] P RATEN)

Metal hydroxide

Metal hydroxide solid solution

Uncalcined clay

Talc

Aluminunm corrosion inhibiter 1

Aluminum corrosion inhibitor 2

Curing accelerator 1 0.3 0.3 0.3 0.3

Epoxysilane 0.25 0.25 0.25 0.25

Carbon black 0.25 0.25 0.25 0.25

Carnauba wax 0.2 0.2 0.2 0.2

Kind of wire Copper Copper Copper Copper

Wire Copper wire diameter [pm] 18 18 18 18

Gold wire diameter [um]

Spiral flow [cm] 180 165 145 160

Wire sweep ratio [%] 2.1 2.5 2.9 2.6

Cutting resistance (i;/tAlD) 0.15 0.16 0.15 0.17

Tool wearability (tAI1-0/tal) 1.8 1.9 1.8 2.0

High temperature storage life (185°C)
[hr 1000< 1000< 1000< 1000<

High temperature storage life (200°C)

Evaluation [hr] 240 240 240 264

results High temperature operating life [hr] 500< 500< 500< 500<

Moisture resistance reliability 4 1 0 0
{130°C) [Number of defective circuits]

Moisture resistance reliability 20

{140°C) [Number of defective circuits] 20 20 20

Amount of warpage after PMC [pm] 45 56 55 43

Variation of warpage during processing -14 -20 _25 ~12
[yam]




0 00O Misture resistance reliability (140C) [ Nunber of defective
circuits] 20 20 20 20 Amount of warpage after PMC [pn] 58 50 50 52
Vari ation of warpage during processi ngEéng) -18 -18 -18 -19 64
[0114] [Table 5] Exanple Conparative nple 33 341234 _
Formul ati ons of epoxy resin conmposition for an encapsul ating materi al
E-1 1.89 1. 8[%1%.3?9 1.89 1.89 1.89

[Table 4]
Example
25 26 27 28
E-1
E-2
E-3 5.02 5.02
E-4
E-5 5.47 S5.47
E-6
H-1
-z 4,98 4.98 4,53 4.53
H-3
H-4
Fused spherical silica 1 86
Formolations rused spher%cal s%l%ca 2
of epoxy resin Fused spher}cal silica 3
Fused spherical silica 4 B6 86 86

composition for Metal hydroxide 1 3 3 3

an encapsulating oot hydroxide

material = 2
Metal hydroxide 3
Metal hydroxide 4
Metal hydroxide 5
Metal hydroxide solid solution 3
Uncalcined clay
Talc
Aluminum corrosion inhibitor 1
Aluminum corrosion inhibitor 2
Curing accelerator 1 0.3 0.3 0.3 0.3
Epoxysilane 0.25 0.25 0.25 0.25
Carbon black 0.25 0.25 0.25 0.25
Carnauba wax 0.2 0.2 0.2 0.2
Kind of wire Copper Copper Copper Coppex

Wire Copper wire diameter [um] 18 18 18 18

Gold wire diameter [pm]
Spiral flow [cm} 160 175 190 165
Wire sweep ratio [%] 3.0 2.7 2.2 2.5
Cutting resistance (t,/tal0) 0.16 0.16 0.16 0.20
Tool wearability (tal°°/tal) 1.8 1.8 1.8 2.5
?;g? temperature storage life {185°C) 1000< 1000< 1000< 1000<
High temperature storage life (200°C}

Evaluation [hr] ¢ 264 264 168 168

results High temperature operating life [hr] S00< 500« 500< 500«

Moisture resistance reliability

(130°C) [Number of defective circuits] 0 0 0 0

Moisture resistance reliability
(140°C) [Number of defective circuits] 20 20 20 20

Amount of warpage after PMC [pm) 45 43 55 55

Variation of warpage during processing -15 -15 -20 —20
[pm]




E-3

E-4 4.42 4.42 4.42 4.42 4.42 4.42
H1 3.69 3.69 3.69 3.69 3.69 3.69 H2
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[Table 4] (Continued)

E-5

Example
29 30 31 32
E-1 1.89 1.89
E-2
E-3
E-4 4,42 4.42
E-5 5.47 7.02
E-6
H-1 2.98 3.69 3.69
H=-2 4.53
H-3
H-4
Fused spherical silica 1
. Fused spherical silica 2 8a
gormulatlon§ Fused sphexical silica 3 86
O Epoxy resin Fused spherical silica 4 86 86
composition for fu N varoxide 1 3 3 3
an encapsulating :
material Metal hydroxide 2
Metal hydroxide 3
Metal hydroxide 4
Metal hydroxide 5
Metal hydroxide solid solution
Uncalcined clay 3
Talc
Aluminum corrosion inhibitor 1
Aluminum corrosion inhibitor 2
Curing accelerator 1 0.3 0.3 0.3 0.3
Epcoxysilane 0.25 0.25 0.25 0.25
Carbon black 0.25 0.25 0.25 0.25
Carnauba wax 0.2 0.2 0.2 0.2
Kind of wire Copper Copper Copper Copper
Wire Copper wire diameter ({(um] 18 18 18 18
Gold wire diameter [pm]
Spiral flow [cm] 150 140 180 170
Wire sweep ratio [%] 3.0 4.1 3.4 3.7
Cutting resistance (t,/tA10) Q.20 0.16 0.15 0.15
Tool wearability (tA1%%/tal) 2.8 1.8 1.8 1.8
?;g? temperature storage life (185°C) 720 1000< 1000< 1000<
High temperature storage life (200°C)
Evaluation [hr] 168 240 240 240
results High temperature operating life {[hr] 500< 500« 500< 500<
Moisture resistance reliability 0 0 0 0
(130°C) [Number of defective circuits)
Moisture resistance reliabilit
(140°C) [Number of defective cirycuits] 20 20 20 20
Amount of warpage after PMC {pm] 58 50 50 52
Yziiatlon.of warpage during processing -1g -18 _18 -19




H 3 H 4 Fused spherical silica 1 86 86 86 86 86 89
Fused spherical silica 2 Fused spherical silica 3 Fused

spherical silica 4 o

[0114]

[Table 5]

Example Comparative Example

33 34 1 2 3 4

1.89 1.89 1.89 1.89 1.89 1.89

4.42 4.42 4.42 4.42 4.42 4.42

3.69 3.69 3.69 3.69 3.69 3.69

mmmmrﬁmmmmm
BN = o o;]e | w] |-

Fused spherical silica 86 86 86 86 86 89

Fused spherical silica

Formulations |Fused spherical silica

AN

of epoxy resin/Fused spherical silica

compositicon |Metal hydroxide 1 3 3 3 3 3

for Metal hydroxide

an Metal hydroxide

encapsulating|metal hydroxide

LI AT oN]

material Metal hydroxide

Metal hydroxide solid
solution

Uncalcined clay

Talg

Aluminum corrosicn
inhibitor 1

Aluminum corrosion
inhibitor 2

Curing accelerator 1 0.3 0.3 0.3 0.3 0.3 0.3

Epoxysilane 0.25 0.25 0.25 0.25 0.25 0.25

Carbon bhlack 0.25 0.25 0.25 0.25 0.25 0.25

Carnauba wax 0.2 0.2 0.2 0.2 0.2 0.2

Kind of wire Copper Copper Gold Copper Copper Copper

Wire Copper wire diameter [pm] 18 23 16 25 18

Gold wire diameter [nm] 18

Spiral flow [cm] 17¢ 170 170 170 170 180

Wire sweep ratio [%] 3.0 2.6 B< B« 2.2

Cutting resistance
{t,/tAl0) ¢.15 0.15 0.1% 0.15 0.40

Tool wearability
{ta1*/tal)

High temperature storage

life (185°C) (hr] 1000< 1000< 1000< 264 1000<

High temperature storage)
life (200°C) [hr}

High temperature
Evaluation |operating life [hr]

240 336 360 12 Unable 240
to
500< 500< 500< 96 perform 168

wire
bonding
0 0 0 6 by ball 10
portion
contact

results Moisture resistance
reliability {130°C)
[Number of defective
circuits]

Moisture resistance

reliability (140°C)

[Number of defective
circuits]

20 20 5 20 20

amount of warpage after

PMC [pm) 50 50 50 50 40

Variation of warpage

. . -17 -17 -17 -17 -15
during processing [um]




Met al

hydroxide 1 3 3 3 3 3 Met al hydroxi de 2 Met al

hydr oxi de 3 Met al hydroxi de 4 Met al hydroxide 5

Met al

10

15

20

25

hydr oxi de solid sol ution
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[0115]

As apparent from the results shown in Tables 1 to 5, Examples
1 to 34 were excellent in the wire sweep ratio, high temperature
storage life, high temperature operating life and moisture
resistance reliability.

In particular, the epoxy resin compositions containing aluminum
hydroxide as the metal hydroxide and/or metal hydroxide solid
solution (D) along with the epoxy resin (A), the curing agent (B)
and the spherical silica (C), and further containing zirconium
hydroxide and hydrotalcite as the aluminum corrosion inhibitor
were used in Examples 2 to 4 and Examples 14 to 16, exhibiting
properties excellent in high temperature storage 1life at 200
degrees centigrade and the moisture resistance reliability at 140
degrees centigrade, along with other properties shown in Tables.

[0116]

The semiconductor device obtained according to the present
invention can be suitably used for a semiconductor device
consisting of a lead frame having a die pad portion or a circuit
board, at least one semiconductor element which is stacked on or
mounted in parallel on the die pad portion of the lead frame or
on the circuit board, a copper wire which electrically connects
an electrical bonding portion provided on the die pad portion of
the lead frame or the circuit board to an electrode pad provided
on the semiconductor element, and an encapsulating material which
encapsulates the semiconductor element and the copper wire,
particularly a MAP type semiconductor device obtained by

encapsulating with the epoxy resin composition for an



Uncal ci ned cl ay Tal c Al um num corrosion inhibitor 1
Al um num corrosion inhibitor 2 Curing accelerator 1 0.3 0.3
0.3 0.3 0.3 0.3 Epoxysilane 0.25 0.25 (2.625 0.25 0.25 0.25

encapsulating material and molding at one time, and then segmenting

the molded product into pieces.



Carbon black 0.25 0.25 0.25 0.25 0.25 0.25 Carnauba wax 0.2 0.2 0.2
0.2 0.2 0.2 Wre Kind of wire Copper Copper Gold Copper Copper Copper
Copper wire dianmeter [pm 18 23 16 25 18 GCold wire dianeter [pn]

18

Eval uation results Spiral flow [ch] 170 170 170 170 170 180

Wre sweep ratio [751

10

15

20

25

CLATIMS

1. A semiconductor device comprising a lead frame having a die pad
portion or a circuit board provided with an electrical bonding
portion,

at least one semiconductor element having an electrode pad which
is stacked on or mounted in parallel on said die pad portion of
said lead frame or on said circuit board,

a copper wire which electrically connects said electrical
bonding portion provided on said lead frame or said circuit board
to said electrode pad provided on said semiconductor element,

and an encapsulating material which encapsulates said
semiconductor element and said copper wire,

wherein the wire diameter of said copper wire is equal to or more
than 18 um and equal to or less than 23 um,

said encapsulating material is composed of a cured product of
an epoxy resin composition,

said epoxy resin composition contains an epoxy resin (A), a
curing agent (B), a spherical silica (C), and a metal hydroxide
and/or metal hydroxide solid solution (D), and

said semiconductor device is obtained through a step of
encapsulating by said epoxy resin composition and molding, and then

segmenting the resultant into pieces.

2. The semiconductor device according to claim 1, wherein the
average particle diameter of said metal hydroxide and/or metal

hydroxide solid solution (D) is equal to or more than 1 um and equal



3.0 2.6 5< 5< Unable to performw re bonding by ball portion contact
2.2 Cutting resistance (tatA1l0) 0.15 0.15 0.15 0.15 0.40 Tool
wearability (tAln/tAl) 1.8 1.8 1.8 1.8 3.5 High tenperaturestorage
i fe(185C)[hr] 1000< 1000< 1000< 264 16%H0< H gh tenperature storage
life(200C) [ hr] 240 336 360 72 240 Hi gh tenperature operating
Iife[hr]t500< 500<

10

15

20

25

0 or less than 10 um.

3. The semiconductor device according to claim 1, wherein the
content ratio of said metal hydroxide and/or metal hydroxide solid
solution (D) is equal to or more than 1% by mass and equal to or
less than 10% by mass, based on the total mass of said epoxy resin

composition.

4. The semiconductor device according to claim 1, wherein said
metal hydroxide and/or metal hydroxide solid solution (D) contains
crystallization water in an amount of equal to or more than 20%

by mass.

5. The semiconductor device according to claim 1, wherein said
metal hydroxide and/or metal hydroxide solid solution (D) is

aluminum hydroxide and/or magnesium hydroxide.

6. The semiconductor device according to claim 5, wherein said
epoxy resin composition further contains one or more of aluminum
corrosion inhibitors selected from the group consisting of

zirconium hydroxide, hydrotalcite and boehmite.

7. The semiconductor device according to claim 1, wherein the mode
diameter of said spherical silica (C) is equal to or less than 35
um, and the content ratio of particles having a diameter of equal
to or more than 55 pum contained in said spherical silica (C)} is

equal to or less than 0.1% by mass.



500< 96 168 Moisture resistance reliability (130C) [ Number of
defective circuits] 0 0 0 6 10 Moisture resistance reliability

(140C) [ Nunber of defective circuits] 20 20 5 20 20 Anopunt of

war page after PMC [pn] 50 50 50 50 40 °%¥ariation of warpage during
processing [pm -17 -17 -17 -17 -15 65 [0115] As apparent from
the results shown in Tables 1 to 5 Exanples 1 to 34 were excell ent

in the wire sweep ratio, high tenperature storage |ife, high
tenmperature operating |life and noisture 5 resistance reliability.

In partiul Fe ﬁﬁ@hﬂ@&gqu9¥I¢Qﬁﬂﬁﬁxﬁq¢Qﬁ@@@@ntguﬂlagmauunmm@meln said
hydr oxi de_as the netal dr oxi de _and/ or netal hydroxide solid
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sem condygt o gégkegeHEbalB@dtﬁecgéﬂb@alt%o&%%lgrQ%ﬁnt i nvention can
be suitably used fqgf a sem Conductor, device consisting of a |ead

frame having a @r&-p#8, portion crr—o&cepmzcwt board, at |east one
sem conduct or eLerFem which is st deked on or 20 rmounted in par al | el
on the die pad porftion of the | e€ad fjrame or on the circuit board, a
copper wir et whikd gmﬁzmgy—@m tis M

\ 2 \ 2 nl

(R3), (R4) (R3),

wherein, in the general formula (1), ~Rl- is a phenylene group

10 or a naphthylene group; the bonding position of the glycidyl ether
groups may be any one of a-position and B-position when -R1l- is

a naphthylene group; -R2- is a phenylene group, a biphenylene group

or a naphthylene group; R3 and R4 are groups introduced to R1 and

R2 respectively, are each a hydrocarbon group having 1 to 10 carbon

15 atoms, and may be the same or different from each other; a is aﬁ
integer of from 0 to 5; b is an integer of from 0 to 8; and an average
value of nl is a positive number of equal to or more than 1 and

equal to or less than 3,
(RS),

(R5),

20 wherein, in the general formula (2), R5 is a hydrocarbon group

having 1 to 4 carbon atoms, and may be the same or different from



an electrical bonding portion provided on the die pad portion of the

| ead frame or the circuit board to an el ectrode pad provided on the

sem conduct or el enent, and an encapsul ating material which 25

encapsul ates the sem conductor el enent adhd the copper wire,

particularly a MAP type sem conductor device obtained by

encapsul ating with the epoxy resin conposition for an 66

encapsul ggchgoirhesri &6 dnd anblydiregeat adios toime, hand adzetosegrentd fgving
t he nol ded product into pieces. 67 CLAIMS 1. A sem conductor

devi ce conpPi §i R§racneagomsamanlaiciighbg dibe amepont idéd feremteifimowi teach
board provjded with an electrical honding 5 portion, at | east one
sem condBEbSF;eFeﬂ%‘ﬁtd%ﬁ 7 h 28 detegds p4dOwarchi i andtadikedroingeger
nount ed ig aralbek op said die pad portion of said |l ead frame or on
sai d cirbi t*B8ard“Ca ¢opper wire which electrically connects said

el ectrical 10 bondi ng=portion provided on said | ead frame or said
circuit board to said ¢l ectrode p rovi ded on said sem conduct or

el enent H.8H dpsul atin be&_éwmfh encapsul ates said

semi conduct oro el"epreny=and Gai @, coppel wikeo ® wherein the wire

_ wir&i's"e to or nore 15 than 18 pm and
equals to or | ess then 8 pm sald'mgncapsul ating material is

conposed of a cured product of an epoxy resin conposition, sai d

epoxy resin _conppsition contain n epoxy resin (A), a curing agent

(B), as phe‘?’ﬁ:‘?:%?lgi e @;ﬂ%%dﬁoa@\‘fafdwm B%i'ﬂf Bté aal’r%lﬁé}f:%n%gé(ﬁrogen
ydr oxi id solutio an ai,d sem,conductor. device is
obtainedg%%ﬁooﬁhaam%%% EoéréﬁgapgﬁgaPsnbsbﬁnsép e@ﬁSxﬁfrg§PW to 5,
conpositionzénd nol di ng, ahd t hen seg ing the resultant into

pi eces. 25 The sem copduct or device dccording to claim1l1, wherein
t he average ‘particle diangter of said tal hydroxi de and/or netal
hydr oxi de solid solution (D) is equal tgq or wre than 1 pm and equal
68 to or |e f 7TH gm gongluct or devi ce according to
claim1l, ) sai ¥l netal hydroxide and/or
metal hydroxide solid 5 solution (D)™ s equal to or nmore than 1% by

nass and eqﬁgl to or.less than 1 96b¥ ss,ﬁyased on the total nass
of said epoXxy Testn b 9ErsFal AorRRdas L e oARYSF 2RV Ee Oof nd is

accqr.di ' rel ird, 10 _net al hydr oxide and/ or t al
hydﬂgxi % é&gﬁlfﬂdlas}sé;}wr};e@g %g?)%tlaitﬁsogr@gfgl ﬁl?rét(? oéf‘flcalft%‘}aji %%al‘?r less
amount of,gqual to or nore than 20% by nass. 5. The sem conduct or
device according to claim1, wherein said 15 netal hydroxi de and/ or
metal hydroxide solid solution (D) is alum num hydroxi de and/ or
magnesi um hydroxi de. 6. The sem conductor device according to claim

5, wher ed n Hed ds@pDAYNARSEHr CABPOEET hekokdihler: o WM BiNS] ONGn O BN 8aid
of alum num 20 corrosion inhibitors selected fromthe group

consi st iagrdig zageoni con byt oxi dehehylr ot el 8i tepasdehoehnbyethe’gehbeal
sem conduct or device according to claim1l, wherein the node dianeter

of sSai d Bptrerixzaldkilica (C is equal to or less than 35 25 pm and

the content ratigyof particles havingp dianeter of equal to or nore
than 55 pmcontédineg in said sphericgl silica (C) is equal to or |ess
than 0.1% by masls. | 69 8. The sem conductor device according to claim
1, mherein'gETﬁRépo v G esi R1&om aims Rat ¢t ong epoxy resin

selected fromtheg g odbzcons\stiﬂg of\an gROXy resin represented by

the general 5 fomaw a (1), apepoxy rgsi)h represented by the general
formula (2), an epoiy resin repfesented by the general formula (3)

and an epoxy resin represented by the general formula (4),

0- 0- 0- CH20+be@<C 2 ih HRe\ géngrb2 formuld) VB[ MRO-wHer @i phehplthe group
general fornmula (1), -Rl- is a phenylene group 10 or a naphthyl ene
group; tdHe apowel gy pere tdrswrof thad yhdthgposstthien gf oups hiyely oxy lagyoups

may be any one of o-position and B-position when -R9- is a




(R5)e 20wherein, in the general formula (2), R5 is a hydrocarbon

group having 1 to 4 carbon atons, and may be the sane or different

from 70 each other; R6 is a hydrogen atom or a hydrocarbon group
having 1 to 4 carbon atons, and may be ¥he sanme or different from

each other; ¢ and d are each an integer of 0 or 1; and e is an

integer of fromO to 5, wherein, in the general formula (3) ,

R7 and R8aghghgdeneaghydpogehl Git om arpleemeldryd ggroogy; aantbmenyBewd group
integer of fromO to 5, wherein, in the general formula (4),

an aver agé faPaehshyAgDes JrOuR ; pBéﬂtﬁ@é Rd-Zb @ eo fo repped itngs roduTEe to R9
than 0 and egual to or |less than 4. 9. The sem conduct or device

accor di ngPFoR e aF PFRECHAER &Y n 358 ¢aqly BnjYagere rbent arasrahanibngll to 10

resinre regente t he gener 15formula (5),, OHOH HRI9I CR1OCR9
(R11) f 2\ E@F Eﬁlﬁ%?ﬁérlaPé Hléé’5$e thehepBen OF Hiffergaie faom samN Sther;

égéltlon o%g %e gggggf g §6§¥Oha§ gpghc %ﬁg%ogr§e§8§|9 %E%%h%gto 8;
3- 7 RlO
bup, | 2ob E%E’évﬁ% A AL S T e L

group, nylen group of “a nap ené - group,

groups ipheRdycedqt @qR21agd g}OlEg§pggghvgly, are each a hydrocarbon
group having 1 to 10 carbon atons nmay be the sanme or different
fromeach other; 5 f is an integer of fromO to 5; g is an integer of
fromO to 8; and an average value of n5 is a positive nunber of equal
to or nore.thRs demddorquatotoderitessctBafidg to cl8imThe wherein said
sem conductor device according to claim1, wherein said 10 curing

agerito comtaing agphenobnteshn aephesebt edshy tbprgerarab Hor mukagebkral
OHOHOH - [>1(6) 6 wherein, in the general formula (6), an

aver age Yarmelaf (Ab,is a positive nunber of equal to or nore than 0

and equal togpr less 15 than gy

GUOHHIDHO @

wherein, in the general formula (6), an average value of né is

a positive number of equal to or more than 0 and equal to or less

15 than 4.



