1 SPECI FI CATI ON EPDXY RESI N COVPOSI TI ON FOR SEM CONDUCTOR
ENCAPSULATI ON, CURED PRODUCT THEREOF, AND SEM CONDUCTOR DEVI CE 5
TECHNI CAL FI ELD [0001] The present invention relates to an epoxy
resin conposition for semiconductor encdpsul ation, a cured produtt

t her eof ,

and a sem conductor device using this cured product. 10

BACKGROUND ART [ 0002] | n StEceht IGBALEN copper wire has been
suggested _as an i nexpensi ve bonding wire that substitutes gold wre.

15[ 0003] EFPOXY Riap &Nt COYETHRNE L AN JES&y iFALI GOBBHATRG WNE haViAg I&N,
core material containing cogper as a main conponent, and provided

t hereon, an oubtEREGLEHRPREYE

which is different fromthe core material in terns 20 of one

copper,

EGHRETT NP BDc 6FIAGNRU GBPRI DEYJI CE

or both of the conponent and the conposition. In regard to this
bondi ng wire, when the thickness of the outer coat layer is set to
0. 0015 m {T&EQHNPCARN FIELD described that the material cost is |ow,

and bal |

bondability, wire bondability and the |like are excellent, so

that the [I0ddpl Formability is 25 al so satisfactory, and then, a
copper - based bonding wire which is also adapted to line thinning for
narrow pitch afplki ¢atdomst andeditarmet erel hicelsericngad ogppawerd{Gn
applications, can be 2 provided. RELATED DOCUMENT PATENT DOCUVENT

5[ 0004]

compos Pat ent f Dot ohdudapanese dpad end t Appl, i sadhH8d product
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thereof, and a semiconductor device using this cured product.

BACKGROUND ART
[0002]

In recent years, copper wire has been suggested as an
inexpensive bonding wire that substitutes gold wire.
[0003]

Patent Document 1 describes a bonding wire having a core
material containing copper as a main component, and provided
thereon, an outer coat layer containing a conductive metal
and copper, which is different from the core material in terms
of one or both of the component and the composition. In regard
to this bonding wire, when the thickness of the outer coat
layer is set to 0.001 pm to 0.02 pm, it is described that the
material cost is low, and ball bondability, wire bondability
and the like are excellent, so that the loop formability is
also satisfactory, and then, a copper-based bonding wire which
is also adapted to line thinning for narrow pitch applications,

and diameter thickening for power IC applications, can be



10[ 0005] However, when a sem conductor el enent connected with
t he above-descri bed copper wire is encapsul ated with an epoxy resin,
the high tenperature storage |ife (HTSL) can decrease. According to
the finding of the inventors of the pregent 15 invention, corrosion
(oxidative deterioration) in a bonded area between a netal pad and a
copper wiHe 6heHe seni conductor device causes an increase in the

el ectrical resistance at the bonded area, or a short circuit at the
bonded area in those sem conductor devi ces having poor HTSL.
Therefore, it has 20 been expected that prevention of such an

i ncr ease REFATeD ePEEUMERE] resi stance at the bonded area or a short
circuit at the bonded area nmakes it possible to i nprove the HTSL of
seni condF@t N B eVPE€EENTD006] 25The present invention was nmade in

vi ew of such circunstances, and an object of the present invention is
to provi dd®4ksin conposition for sem conductor encapsul ation, 3
whi ch can reduce the corrosion (oxidative deterioration) of a bonded
area between aPagtealt paelcamndnd dopp&rpaneeco®ad evemi Bppductdri @l enent
when the sem conductor elenent is stored at a high tenperature, and
enhance tlee debpabi Not.y 28fC 5- 52#’6éonduct or devi ces, a cured product
of the resin conposition, and a sem conductor device having this
cured product. [0007] According to the present invention, there is
provi ded 10 an epoxy resin conposition, including an epoxy resin (A)
and a cusiuMmyzegendF( BHE usede¥DIosem conduct or encapsul ation for
encapsul ating a copper wire and a sem conductor el enent connected to
t he oppenomFie, wherein when a cured product of the epoxy resin
conposition for sem conductor 15 encapsulation is heated at 200C for
10 hours, the aawRrte Of wgemes MdicOhdackiorsé 1 EREMISEYENGRT ddat tihst Be
sul fur conpound havi ng corrosiveness to the copper wire is |ess than
or equal abevE-ppatr [ B008lc AT t Der-BDrie, AecHILNG tlely heL pr §geRboxy
i nvention, a cured product of the epoxy resin conposition for

sem conduglsQin eRGaPaY LAt t eRpdesaribed @ahoyge 15 P& omieed) JOO0Ucddhse.
addition, according to the present invention, there 25 Is provided a
seni condyel-Qyr eVl Ceol RRlUdiNgy nlead fiame havipg.2 die pad mé:’?latsén%
sem conductor el enment nmounted on the die pad unit; a copper re that

el eqty i cahky GomMect Sothe s ibd e@&{&éle&v%r@eg@rfg L copdyctor a, bonded

el enment; and an encapsulating resin that is fornme roma cure

product gt .an, EPQX% I E%ﬁ@t&%;ﬂ]&)&ia%iaog LeRcapsyl At g, 4 ?%reni'conductor

sem conductor el ement and t copper w re, wherein when
encapsu! aLine.d %%!Ll%ésg ag’) tﬂﬁ%&ee%gé)rinlghréogﬁ%cactr IZC?QP’réQJ_eSQgg%ntagfthe
generation of a first corrosive gas that IS a sulfur ‘conmpoun avi ng
corrosi Vggﬁﬁ%dt %J:t&e, Cgppgrs%g% 'ci rlceflsist tahtantk% }ggH%ledt %r7eoa pipnmthose
semiconductor devices having poor HTSL. Therefore, it has
20 been expected that prevention of such an increase in the
electrical resistance at the bonded area or a short circuit
at the bonded area makes it possible to improve the HTSL of
semiconductor devices.
[0006]
25 The present invention was made in view of such

circumstances, and an object of the present invention is to

provide a resin composition for semiconductor encapsulation,



[ 0010] 10According to this invention, the anmount of generation of a
first corrosive gas that is a sulfur conpound, which is generated
fromthe encapsul ating resin when the sem conductor device is heated
for 10 hours at 200C, is adjusted to less than or equal to 70 ppm In
this way, corrosion (oxidative 15 deterioration) at a bonded area

bet ween” &t CPpAT-aAHCE EBFpEPLATE. O (Preldafildondetivri@fefan) of
can be reduced. Therefore, an increase in the electrical resistance

at the béhdF@feaasean ktiorecti Aclitak pae BoRdEd RS Eanibe on a
reduced. Accordingly, a sem conductor device having inproved high 20

t enper at HrE ¢ @R dygetoFarslctrentt Fasnand savengchinght 3ed T abl Biney tcairs

be realized. [0011] According to the present invention, a

sem condydtoredent ce it igenipprevedechi gha emperatartethstorhgeb25ity of
characteristics and having high reliability is provided. BRIEF

DESCR PTIs@v iQFo THHEC DRAWCNGS. c &5 | 0812ufddG podsca crfosshesecesdamnal

di agram schematically showi ng a sem conductor device according to an
enbodi nremtomd Gt 20ns ardl agr aamsbowichy: tanr exanplee dfat hreg aphasataus: &d
used in the evaluation of the epoxy resin conposition for

sem condpataaiuencapsul ati on of the present invention. DESCRI PTI ON OF
EMBODI MENTS [ 0013] 10Hereinafter, enbodi nents of the present
inventionowid1] be described with reference to the attached draw ngs.
Meanwhile, in all of the diagrans, the same constituent el enents are
assi gned wi th hbecsanend ef &reneepsyalelt, ianekexpbanathens tihernsedvided
w Il not be repeated appropriately. 15[0014] The epoxy resin
conposi t i2@n ebork 5 &l LN A 96 s RcaRS UL ald 1 Dl g tde dsesentebN¥enih 0And
i ncludes an epoxy resin (A) and a curing agent (B), and is used for

encapsul at £Qg idCapRet WH)e, LR FEMLINTUcH AL celemeRlc GANNESE 8dnt S0 1
this 20 copper wre. This epoxy resin conposition is such that when a

cured pr@@%@pﬁlébﬁn?p(&xkdpﬁﬁéf 799R0SIHd op ssmheateth 405 10) haurs
at 200C, the amount of generation ofa first corrosive gas that 1s a

sul fur c Vi B9 r i S-d 0t e e i n
or equalQggggggﬁgﬁ{tgSfgg1E?§b%§n%ﬁﬁﬁihnﬂﬁgifggﬂtﬁgggb%&§§¥%§?ﬁ?%£§u0t

used in phe (eROXY,E&51 B CAPAS A8 110 S & £00gHE LY fNc@psul ation

of the present
15 encapsulation is heated at 200°C for 10 hours, the amount of

generation of a first corrosive gas that is a sulfur cdmpound
having corrosiveness to the copper wire is less than or equal
to 70 ppm.

{0008]

20 Furthermore, according to the present invention, a cured
product of the epoxy resin composition for semiconductor
encapsulation described above is provided.

[0009]
In addition, according to the present invention, there

25 1is provided a semiconductor device including a lead frame
having a die pad unit; a semiconductor element mounted on the

die pad unit; a copper wire that electrically connects the



6 invention include all of those nonomers, oligomers and pol yners,

each having two or nore epoxy groups in one nolecule. Although there
are no particular limtations on the nolecul ar weight and nol ecul ar
structure of the epoxy resin, exanples 5 thereof include crystalline
epoxy resins such as biphenyl type epoxy resins, bisphenol type epoxy
resins, alrﬁfl%tfirlad%éntdygéeeiﬁ&lycpagﬂlﬁst;oms&&wtﬁyaéd@@)@n%@ﬁﬁéat1ng
such as phenol -novol ac type epoxy resins and cresol -novol ac type

epoxy redissinpbhgtunét foFaS®posgmrastaseduphicgs al iphetiol ¢eehsneesin
type 10 epoxy resins and al kyl -nodified triphenol net hane type epoxy
resins; &ARgFitypa epckenrespaslages dhiphesnlcanduoton ypeerpoky and
resins having a phenyl ene skel eton, and phenol aral kyl type epoxy

resi ns haismgecaprbepheriyenaskiekaenonharaphhboknoppes whokyngegiess. s uch
as di hydroxynapht hal ene type epoxy resins, 15 and epoxy resins

obt ai fiablhedye gl ok dyh ablers fat o oigershef adbhydr @€y raptd hat e6e; of a
triazi ne nucl eus-contai ni ng epoxy resins such as triglycidyl

i socyanurfdtmes ando nroredlieylgals gt reitdyils isoeyafuratemmnohdrhdgecg
cyclic hydrocarbon conpound-nodi fi ed phenol type epoxy resins such as
20 di cycloapent atlvenessodiof itéed pherrod r twiee epoxye s st han Jhesguary the70
used singly, or may be used in conbination of two or nore Kkinds.

[0016] Prefrerably, an epoxy resin including at | east one 25 sel ected
fromthe group consisting of epoxy resins represented by the

fol | ow ngcfoargnul a (2), epoxy resins represented by the foll ow ng
formula (3), and epoxy resins represented by the 7 followi ng fornula
(4) ovan be usedcasddien§poxyt hesi AnAnt {HOL17inE Chraiedl JForgaiérdl ion
00 H 41 -AriArtAr (14 5)g046) h(145) g 5[0018] In the fornul a
(2), Arl ofrepr ¢SeRits @ PheNYyENGagr PHA Ok saaNaphtrh! eng G oM@; WHeRh is
Arl is a naphthylene group, the glycidyl ether group nay be Eonded to

any of them Rosilinrrtd BERBIRASI 4t PRy ALL: heHESYHS s Bductor
group anmong a 10 phenyl ene group, a bi phenyl ene group and a

napht hy| negroun; 5. a0d B =36 i dependentbycrepLes A cq o 1eas

hydr ocar bon group having 1 to on a ; r epres s an

integer et Q to %C?Lbai e€5e§?3h§m§n iIBt 98" g\fatﬁ,et@o?io@rﬂgnn%oxidative

represents the degree of po rization, an aver age val ue

theﬁQQf h%tg%f%f5§iEhYeaqquqgogée& %%é% between a metal pad and a

copper wire on the semiconductor element can be reduced.
Therefore, an increase in the electrical resistance at the
bonded area or a short circuit at the bonded area can be reduced.
Accordingly, a semiconductor device having improved high
20 temperature storage characteristics and having high

reliability can be realized.
[0011]

According to the present invention, a semiconductor
device having improved high temperature storage

25 characteristics and having high reliability is provided.

BRIEF DESCRIPTION OF THE DRAWINGS



[0019] [Chemical Fornula 2] 8 [0020] In the formula (3), a
plurality of R9s each independently represent a hydrogen atom or a
hydr ocarbon group having 1 to 4 carbon atons; and n5 represents the
degree of polynerization, 5 and the avermage val ue thereof is a
positive nunber of 0 to 4. [0021] [Chemical R o R o 10[0022]

In the fdriAlal (4), a plurality of R's and a plurality of RI's each

i ndependently represent a hydrogen atom or a hydrocarbon group havi ng
|to 4 carbon afdés; antsné cepreeserrct ihoadegriesy pdmpekbhrewE tzatd bhy
and the average value thereof 15 is a positive nunber of 0 to 4.
[0023] showinheal sweridanduciobrt Heviiod e propongi e eh tdvd epoxgnt .
resin (A is not particularly limted. The m xing proportion is
preferably equallG.o2odsneréibbaan3%how inassn axknple 20 tHefaspblytus
equal to or nore than 5% by mass, relative to the total anmount of the
epoxysr esisecaimposhti ewvalaraiseoncofidudicore ergapselsdti arompbhenttibe, for
m Xxi ng proportion of the epoxy resin (A) is in the range descri bed
above, thensdenautess rrskapiugeneoal 01y vheepsekaps duevéBtion.
viscosity increase. 9 Furthernore, the upper limt of the m xing
proportion of the epoxy resin (A) is not particularly limted. The

m xi ng proportion is preferably I ess than or equal to 20% by nass,

and nor e ppreefrer @bt ynl e3s IMEDoMERGgal to 18% by mass, relative 5 to
the total anmount of the epoxy resin conmposition for sem conductor
encapsul atipars] When the upper Iimt of the m xing proportion of the
epoxy resin (A) is in the range described above, there is a less risk

of caysing a dgereast e ADI ShYEE 1 hesis! %&C%hreeb&%@édé ﬁ%ﬁbsnlwfl
due to an 10 increase in the water absorption ratio.

The curi pg %@%ﬂ@@u&g@n mé@@rgﬁeéy troesemecgmag%hfe'ooraigwtngad ly

sem conduct or encapsul ation of the present I nvention can

di vided jabe i ee, t He%l§UQhEa§hef85a§§%¥B£ €, ¢ Be 12 g%%ﬁﬂ@é%i?ﬂekxpe

curing agent, a catal'yst type curing a ‘and a condensati on
curing aQ?@meA§p2§le assigned with the same reference symbecl, and

explanations thereon will not be repeated appropriately.
15 [0014]
The epoxy resin composition for semiconductor
encapsulation of the present invention includes an epoxy resin
(A} and a curing agent (B), and is used for encapsulating a
copper wire and a semiconductor element connected to this
20 copper wire. This epoxy resin composition is such that when
a cured product of the epoxy resin composition is heated for
10 hours at 200°C, the amount of generation of a first corrosive
gas that is a sulfur compound having corrosiveness to the
copper wire is less than or equal to 70 ppm.
25 [0015]
Examples of the epoxy resin (A) used in the epoxy resin

composition for semiconductor encapsulation of the present



Exanpl es of the polyaddition type curing agent include polyam ne
conpounds including aliphatic pol yam nes such as 20

di et hyl enetri am ne (DETA), triethylenetetram ne (TETA), and

met axyl yl enedi ami ne (MXDA), aromatic pol%ami nes such as

di am nodi pheny| et hane ( , phenyl enedi am ne (MPDA), and

di ami nodi‘gh&nyt SaP &ﬁl&k@;?lﬁ%m%%e dP ey aRGni otéﬁlwnew cates
organi c acid di hydrazi des; acid anhydrides 25 including alicyclic

aci d anhyfi WeST Sude &8 Nekahy FrshREHRP F @ SHAWAGTIRHupAYngAgelecule.
met hyl t et rahydr opht hal i ¢ anhydri de (MIHPA), and aromatic 10 acid
anhydri dés HtRRI AL R T Hed 1§ 11 PRARYITY Bt (TR tapjremepni the molecular
anhydride (PMDA), and benzophenonetetracarboxylic acid anhydride
(BTDA) ; Pl yfherndird chapBaHds s $EH Wt wheoP Act hipperphandlsisci r estnsmpies
and phenol polyners; pol ynercaptan conpounds such as pol ysul fides,

t hi 0 est &heremi i loedd ey st sbtyanarosvnpphYs ssuwhagsbisbeypadat gpe
prepol yners and bl ocked i socyanates; and organi c acids such as

car boxy| ie® ey d-ecom ai b hgepehpdsteper epiory. rEG0026])and stiliExarptese
of the catalyst type curing agent include tertiary am ne conpounds
such as ez diesetrtyd apivivd fBDVRE, epndy resins such as phenol-novolac
2,4,6-trisdi nmet hyl am nonet hyl phenol (DWP-30); i m dazol e conpounds

such as 2vyipet pponydazelies amd 15r2setlhylovie hethylyiprl dazat ¢ ¢ EbL24);;
and Lewi s acids such as BF3 conpl exes. [0027] Exanpl es of the
condensapiodry fiyypet tuneig cagery rasknde sphenod s ct ke phrriElyest kahend ype
agents such as novol ac type 20 phenolic resins and resol type

pherd i c epesiyngie diired d1edi bk gUehoas feddiy 01 p e ABPMeAH A1 i Ngp dIr@Box y
resins; and mel am ne resins such as nethyl ol group-containing

nel am ne reesins; Q028§ 1 Aphg diese, r4®i 5k Us @chess Pranesl £t £Tkyicalpe
25 characteristics, curability, storage stability and the |ike,

phenol i cepesiynrasiat Ky gy ageHen Pl enpr ekeneedf,r emd e eH EWROE N kv 1
of achieving a bal ance between flane resistance. 11 The phenolic
resin-bagepeClpbRy 2HeNhs HAEI HES Bl PORER 1S 1 O bHOTRLShAAd] type
pol yners, each having two or nore phenolic hydroxyl groups in one

mol ecul eep b6/ @ edlig 1@ 3 ta'sclilli%rydﬂdﬂ}t(ﬁ&ffaﬁ@%aqrér{é‘%y_rﬂg epH-ar Melght
and the nol ecular 5 structure. Exanples of the phenoliic resin-based
curiing ageat $gdic) udes NAYOLAE iR 1S5 DS q3YeN AL WQLi@g‘iﬂlganimers
resins and cresol-novol ac resins; polyfuncCtional” type phenolic resins

such as 5@igﬁg@@ﬂg§§@@§%§¥%?é ng%%faﬁ fleNsudmAi {1 ednPRERAlH S epoxy

resins such asterpene- enolic resins and
di cycl opegtadieena:ddLti ed sRhaflol b o T 88sa AL AL KY! LRGBS 1, SuCh
as pheno? ara kgﬁlre5|ns aving a %%enyﬁgkﬁé&g et on éngF%FE%ffy
bi pheW'SESlﬁ)&%‘ P“isggg}a aphthol %58' Mic{gee%“é Qi‘é'c“ % .Phenylshe
and/ or a brphenyl-ene skélFeton; and bi Sphénol” conpound "such as
compound-modified phenol type epoxy resins such as
20 dicyclopentadiene-modified phenol type epoxy resins. These
may be used singly, or may be used in combination of two or
more kinds.
[001l6]
Preferably, an epoxy resin including at least one
25 selectedfromfﬂuagroupconsistingchepoxyresinsrepresented

by the following formula (2), epoxy resins represented by the

following formula (3), and epoxy resins represented by the



15 bi sphenol A and bi sphenol F. These may be used singly, or may be
used in conbination of two or nore kinds. [0029] Preferably,
at | east one curing agent selected fromthe group consisting of
conmpounds represented by the follow ng 20formula (5) can be used as
the curing agent (B). [0030] [Chemical Fornmula 4] - OHOH - H Ar3r3 H
OR7); (18)Ed11l4wingd fokmyDH3LE) | mamhéerd onsmbaaEb)hArsh sepr esenitrs @) .
phenyl ene group or a napht hyl ene group; when Ar3 is a naphthyl ene
group, thedwydroxyl group nmay be bonded to any of the a-position and
the 5 p-position, Ar4 represents any one group anong a phenyl ene
group, a luphenyheneodinaups ang a napht hyl ene group; R7 and te each
i ndependently represent a hydrocarbon group having 1 to 10 carbon
atons; i represents an integer of 0 to 5; j represents an integer of
0 to 8, and n4 represents degree 10 | yneri zation, and the
average val ue thereof is a\pgsitive nunmbeN gf 1 to 3. [0032]
The lower limt of the mxiAg proportion of the curing agent (B) is
not particularly limted. Ahe m xing propgrtion 15 is preferably
equal to or nore than 0.8%by mass, and re preferably equal to or
nore than 1.5% by nass, |n(5h poxy resi onmposi tion f%DI
sem conduct or encapsula Whgn the Iome | Iq of thé 1 Xi ng
proportion is in the ranges 5 i‘cient fluidity can
be obtained. Furthernore, t 2 Er |Iﬂﬁ{ the m xing proportion
of the curing agent (B) is ol no rti y limted. The m xi ng
proportion is preferably Iggsﬁ; antgaiequgﬁ ? 16% by mass, and nore
preferably | ess than or equal to 14% by nass, 'h t he epoxy resin
conposition for sem conductor encapsul ati on. When the 25 upper limt
of th; 6|qg3proportion is in the range described above, there is a
| ess rlsQ 3 éausin d i i i i abili

g a decrease in noisture resistance reliability

and the Ilke dyg Egeagok%%ﬁ%ﬁ%a)lnA&herepresents a phenylene group or

a naphthylene group; when Ar' is a naphthylene group, the
glycidyl ether group may be bonded to any of the a-position
and the f-position; Ar? represents any ohe group among a
10 phenylene group, a biphenylene group and a naphthylene group;
R® and R® each independently represent a hydrocarbon group
having 1 to 10 carbon atoms; g represents an integer of 0 to
5; h represents an integer of 0 to 8; and n® represents the
degree of polymerization, and the average wvalue thereof is
15 a positive number of 1 to 3.
[0019]

[Chemical Formula 2]

9 RQ RS RS 9 RG RS RS

A oYK K oy @

9 R9 RQ RQ 9 RS RSI' RQ

. -n




wat er absorption ratio. [0033] Furthernore, the mxing ratio

of the epoxy resin and the phenolic resin-based curing agent in the
case of using a 5 phenolic resin-based curing agent as the curing

agent (B) is preferably equal to or norg than 0.8 and equal to or

|l ess than 1.3 in the equivalent ratio of the total nunber of epoxy
groups of[ddmwoepoxy resin (EP) and the total nunber of phenolic

hydr oxyl groups of the phenolic resin-based curing agent (OH), 10
(EP)/(08). Whennt breefipirmalant3ratd @livcd I ¢ Pick RABGEcl HefdepSnd@ent ly
| ess risk of causing a decrease in the curability of the epoxy resin
conposi t iip F9sefenhcOpdueen arcaps at hglir ccHdessgageolp hhe®ing 1 to
properties of the resin cured product or the Iike. 15[0034]

Fur t her mar ga rhblde 8ROXYS ;7 88NN THERASd 44 9Ps Ol e SRIG £OAULLO ymerization,
encapsul ation of the present invention may include an inorganic

filles matRfidle RPdrhlyNecEssaryhedeBeulirald ZhHg: a96RL RN SUSEND to
accel erator. 20[0035] As the inorganic filler material, those
used in general epoxy resin conpositions for sem conductor
encapsul ati on can be used. Exanpl es thereof include fused spherical
silica, fiyged crushed silica, crystalline silica, talc, alumna, 25
titaniumwhite, and silicon nitride. Fused spherical silicais

parti cul ar r anmp hem These inorganic filler materials

may be ugé%%gﬁag%g,%ggnhay g%fused in conbination 14 of two or nore

ki nds. Furthernore, the spherical shape of the inor
materi al has prefdPaB') arR!?rR& as possi bIR? &8 tR
distribution pf the{norRanic{filler materijal{i

ganic filler
&0 priticle size
brpad as possible

in order ﬁ- d S W epoxy )
resin co ionXo¥ sem uct or 1 £0 Turther
i ncrease the fon t Lof 't heo | ey gani € road . LA so, the
inorganic filker tgrial may ‘be surfa mﬁth g coupl i ng

agent. In addition, if necessary, the inorganic 10 filler materi al

may be prelimmnarily treated with an epoxy resin or a phenolic resin
bef or'e u%@ngbanples of the nmethod for such treatnent include a

met hod of mxin tFe resin with the inorganic filler, material using, a
sol vent, and tﬁgnt EmbOFAY ithel Vot Vet UL 5YnefhBd DRMUE mg Welity
resin directly 15 to the inorganic filler material, and treating the
mxture By & xPn§aGdi ig: ACRPRARY Ll Hi SR CFBDS6R NYIrogFRepd OFf € ho?
limtations on the content proportion of the inorganic filler

mat er i al NYPF QoHS? eerdi e on TtV e 120014 IGEghian ey oFfs 1 e dePoXpaexient s
conposi tion for sem conductor encapsulation and the reliability of

sem condtBofeg@R T el ROLYBBREESRT NTbpcrtd on1 ¢ s2 PRERGEaNIAL UryUdieteo
or nore than 60% by mass, and nore preferably equal to or nore than
65%1By mass2 redsityeet puithe ovhl Cafiourdt- of the epoxy resin 25
conposition for sem conductor encapsulation. If the content

proporti 6A0i28 )i n a range which does not fall below the lower limt
descri bed above, | ow hygroscopic properties and low 15 thernal
expandabil ity Bhe oébtaimeddimifhep &f bhe, mtilkkémgy isr@portion of the epoxy

resin (A) is not particularly limited. The mixing proportion
is preferably equal to or more than 3% by mass, and more
20 preferably equal to or more than 5% by mass, relative to the
total amount of the epoxy resin composition for semiconductor
encapsulation. When the mixing proporticn of the epoxy resin
(A) is in the range described above, there is a less risk of

generating wire scraps due to viscosity increase.



| ess risk of having insufficient noisture resistance reliability.

Furt hernore, when noldability is considered, the upper limt of the
content proportion of the inorganic 5 filler material is preferably

| ess than or equal to 92% by mass, and rfbre preferably | ess than or
equal to 89% by mass, relative to the total anmount of the epoxy resin
conposi t i'dhF EhEBROLENT ESRIUPRHT dridhbs i atilvh mi¥inaereeRpERion of the
proportion is in a range which does not exceed the upper limt

descri beFPIOXAbBYEL Tt Hetle 13 BOFe®R 4k bt r hivilddg iderd easBde f mdxdingy
and having filling failure at the time of nolding, or of having

i nadequatt R P Bt £ PBWLEr PR 95l VY nl g6/ Ebaducttoe ded] ces d0d by mass,
viscosity increase. [0037] 15The epoxy resin conposition used in the
present ianEROIENP KR caladol ¥ dlamiéhameuteab ity l&fehy mhseh relative
neutralizes the acidic corrosive gas generated by heating of a cured
produtt dfo tthee epoky lr esianmonpésichicorspdxy orden nt @ suypps essonheor
corrosion (oxidative deterioration) at the 20 bonded area between a
copper wisEaiamehducabunienum e etbtdde padiadn ttee seppeanduict ot of the
el ement. Specifically, it is preferable to incorporate at |east one
neut r al i ziingi ragept opelrediced ¢ f othehepgroupreshsi SR)ng ofi bashe metmdje
salts, particularly conpounds containing calciumelenent, conpounds

25 cont aidristy: db e abowel, enerise angd £orPesNdsseopFaBRG MAGNas dPtase
el enent. [0038] 16 Exanpl es of the conpounds contai ni ng

cal ci um ehenentst nekude stad icd e caebanatiel 1 €@l ehumther ateke afde to an
calciumnetasilicate, preferably cal cium carbonate, and nore

prefiey abliv qireecsd i 1 At el eCalLoi e BRI BYRsPESI.zed by a 5 carbon

di oxi de reaction nmethod fromthe viewpoints of the content of
inmpuritigeomater resistance, and | ow water absorption ratio. [0039]
Exanpl es of the conpounds containing alum num el enment 10 i ncl ude

al um num hydr oxhdecanénboghahte npref enabh il YFHSUMANANROXIAR o 8165 on
nore preferably | ow sodium al um num hydr oxi de syntHesi zed by the

t wo- st age oBay 8 : RIREASSt o L 0040) pExangl £sn ofr ke pRUnds 4ot 8t BhNga
magnesi um el enment 15 i ncl ude hydrotal cite, magnesi um oxi de, and
magnesi ugLCarhoRate. o Ay hydrot alke e, Fapr ggegut@ﬁegggnw; Whp1e, a

formula (1) is preferred fromthe viewpol o] tent o

A BRI SRt phl s % AL IR 2 gene,
cati ot yi REot Re Fara) oastom Ss e REIR AR L
represen&§0§@]integer of equal to or larger than O.
Examples of the polyaddition type curing agent include
polyamine compounds including aliphatic polyamines such as
20 diethylenetriamine (DETA), triethylenetetramine (TETA), and
metaxylylenediamine (MXDA), aromatic polyamines such as
diaminodiphenylmethane (DDM), m-phenylenediamine (MPDA),
and diaminodiphenylsulfone (DDS), as well as dicyandiamides
{DICY) and organic acid dihydrazides; acid anhydrides
25 including alicyclic acid anhydrides such as
hexahydrophthalic anhydride (HHPA) and

methyltetrahydrophthalic anhydride (MTHPA), and aromatic



25[ 0041] Specific exanples of hydrotalcite include My6Al 2 (OH) 16
(rall rnMy3ZnAl 2(OH) 12( C33) . H20, and 17 ng4.3AI2 (OH) 12.6 (003)
VH20. [0042] In the epoxy resin conposition used in the
present invention, the content of the negtralizing agent is
preferably 5 equal to or nore than 0.01% by mass and equal to or |ess
t han 10%dyidesshiealrdtdee 4 @chhe st atralmarmuat cofa e £0aR0siTiingn. | f
the content of the neutralizing agent is less than the lower Iimt

descri begyahewel 1atsef fd ol ot i gEf qetvmiy addhng a neutralizing agent
may not be obtained. Particularly, there 10 is a tendency that the

corrosi o rpxbSREhwe cdalerd 05 abbar it 4 beqbandedargas Bebwsen a
copper wire and an al um num el ectfode pad of thé sem conductor

el ement GRNALORoR! RUaHSth anduLhe KISl of1 dbe: el panduelor fevigg,

decr eases. the other "hand, if the content 1Is an the upper

limtg15 i a re,| ]gﬂﬂgg i r
absor%tiSﬁﬁfgéégggﬁc?ggggg%Pihdpgg é% cracﬁMr%gﬁg¥§ﬂgggg%§%gagg§.
Parti cul ayd o whenqeal cliym cacbenate of, dyvdhobalella ] s; Used.as.a
corrosi on preventing agent, the content of the agent ‘i s prefeéerably
equal to _gr h . 05% S a | taq or ss _than 2%
by mass, C(r%)e ﬂﬁ@%gt%ﬂfﬁe Sotﬁgog%l%%ﬁ:eofé]%éggg%tgssi taino%e?i?)%ﬂfeﬁe
simlar vie i _above. [0043] The (0)4 esin _conposition for
senicondééf%ﬁﬁ%gé%%gépgﬁzﬂ?%)a%%Ltﬁéup es %?ﬂiﬁ9eﬁﬁr PEant Furt her
use a curing, acce erator.ﬁ&?ggégﬁing accel erator may be a conpound
C

capabl e 8f'accet’érati'ng % ki 1§ T E4tti on between the 18 epoxy

grOﬁg of E@ﬁwiﬁoxy resin and a curing agent (for exanple, the

phe Ticl yl group of a phenolic resin-based curing agent), and

t hose used in general epo%yE&esin conmpositions for, sem conduct or
encapsul ati on BEATEE Gt ERGnSRES 5 TheF ¥BF iGY iR agent include
di azabi cycl oal kenes such as 1, 8-di azabi cycl o(5, 4, 0) undecene-7, and
deri vat i vES GHfEr &GN NF GHATIRCPREE PR ABs2 S RAT 2% € MBREMA FH3Bhi TR )
and net hyl di phenyl phosphi ne; i m dazol e conpounds such as _

2- met hyl F‘Hiddgzélv érttrét%%l@‘abgﬁfil@mwrb%ggﬁeﬁiw11c§ DM&TH kubstidaz ede
borates such as tetraphenyl phosphi ni um tetraphenyl borate; and adducts
bet ween PFRESSHTES cORPBURGS Zamts Hy AdHd nd8ndThese nay be used
sin%gy, or may be used in conbination of two or nore kinds. [0044]

15THe | okee thivdi 14 oReE he LA g ptepdEtiladt Jof ame keviggasdct enathras
is not particularly Iimted. The m xing proportion is preferably

equal toB&P wsyelevanso. 05% by nass, and nore preferably equal to or
nore than 0.1% by mass, relative to the total anount of the epoxy
resin cofPésgistli on

Examples of the condensation type curing agent include
phenolic resin-based curing agents such as novolac type
20 phenolic resins and resol type phenolic resins; urea resins
such as methylol group-containing urea resins; and melamine
resins such as methylol group-containing melamine resins.
[0028]
Among these, moisture resistance, electrical
25 characteristics, curability, storage stability and the like,
phenolic resin-based curing agents are preferred from the

viewpoint of achieving a balance between flame resistance.



20 for sem conductor encapsul ation. When the lower |imt of the

m xi ng proportion of the curing accelerator is in the range descri bed
above, there is a less risk of causing a decrease in curability.
Furthernore, the upper limt of the nixigg proportion of the curing
accelerator is no particularly 25 |imted. The m xing proportion is

preferablynd ?%%M@Pc Qres%qu%agQd%fi’naaaséenﬁgqrf@f@d@raefle'bg?h%’ﬂéﬁ%§s ,

than or equal to 0.5%by nmass, relative to the total anount

cPOYy | 1%Lt poTaRs! O 0cseBcadyey o easapsyl i h S
(e, ange desge Bed AR 1A oR, koA doge! | shpol soayn 1 5, pscase.
;o ConOUSk: SOEBRRULR a0, ok BE MLSESIL LRICOL O d udCBERSAY.
oo, 2L coM VL SeL LT GANLE 60 SHEOFPBEL - 4Eh 35 A0 PLe)

7-g|ycidoxeg{ggyltranethox siiane 3-nmerca toprop%ltri t hoxysi | ane,

and 3- aninoptopyt PREVEEh S Er T aRe YOS rein 8% sGEF s TaHbORChr RO Wra ©

red iron oxide, Ioa/stres congoTents such as shlicone 15 rfbbers;
r el easi ng “agent s BHchTES Hai e 5P L Gax &€ ST aROL A Ha ol type
synt heti c ,waxes, hi gher fattg acids and netal salts thereof, such as
zinc st e®EW L HndT Faraf (RSN 1 R ank TrORGRAHTETRaAR JIRE UPhRDML1C
hydr oxi de, magnesi um hydroxi de, zinc borate, zinc nolybdate, and
phosphaz&fé i BRAdEESh BT aht 6i €656 P Ha§u68 asprdpinseryodified
i ncor porated. [0046] . As the epoxy resin conposition for .
seni KondR&ESC Bhe aparasi Gl AsRHCY A LORESed EBRE B fdead cehefolie
present invention, a_conposition prepared by m xing the various 25
conponent$§ sddstt | HEAL KNV E RS ngeSins Suitpl @s Rhanedr aralbrlt se2dos
a conposition prepared by further nmelt kneadi ng the conponents

t her eaf t B2 VISIh@ aPlkpRAdeRg MachisiecBuehdd9ra a Joiphenyéenea skrdlaalern,
or an extruder, cooling the kneadi ng product and then pul verizing the
kneadi ngapdodiiththad aredrdposix¢dhnpgr &gatiedy by mpproprina edyd/or a
adjusting the dispersibility, fluidity or the |like as necessary; can
be used. b3pb@ajlene skeAedipred prddbdtspdferthe epoppunesisuch as
conposition for sem conductor encapsul ation of the present invention
can Ide obtiairheth by’ Aokddndp immhawl n.t hEhepexynaeshe eeaposiitngny, or
descri bed above by a conventional nolding nmethod such as 10 transfer
nmol di ng, megnmpreessi @m nol diomgp igra § ipecbifornt wmwl @t ngo réhé icitd=ed pr oduct
of the epoxy resin conposition that has been nol ded and cured by a
nol di ng mMé0BE&d such as transfer nol ding can al so be obtained by, if
necessary, conpletely curing the epoxy resin conposition at a

t enper at ure of PabOet a®0G t @t20QE sk ohey ca rtiile apeiri ¢ fe @DOHLF 4Om the
mnutes to 10 hours. [0048] When the cured product of the

epoxy regrBu@oRiesd 14 0inbopk £seminGanduet o corcapsid & 1199 ohet Q1 1owing
present invention thus obtained is heated for 10 hours at 200C in a
dryoai r abrbsphleres) 20ahhecanud 9§ gaperatd oy of ganki rgd) corrosive
gas generated fromthe cured product is less than or equal to 70 ppm
The termpdnyjair” as used herein nmeans an air from'which noisture
and carbon di oxi de have been elim nated, and specifically, the term
means an|@hkmnlikathi ghr-hieamaijsture content has been 25 adjusted to

| ess than or equal to O 1% by volune, and the carbon di oxi de
concentration to |less than or equal to 0.04% by volune. The first
corrosive gas is not particufarly limted asqlong 21

Hol L H
SAP \Ar4/\/?\r3

, (5)
R)| R R,




as the gas includes any conpound which contains sul fur el enent and
has corrosiveness to copper wires. Exanples thereof include sulfur

di oxi de gas (sul fur dioxide, SO2), hydrogen sulfide (H2S), and sul fur
trioxide (SGB), and these may be 5 genefated singly or in combination
of two or nore kinds. [0049] The anmount of generation of the
first corpfasive gas that is generated fromthe cured product of the
epoxy resin conposition for sem conductor encapsul ation of the

pr esent i Nk | S | t ham 0 f
generatigﬁlfgwﬁrg?gﬁgéﬁy ?ﬁgé ?%anggg§%§%gwhfd;GBHEER&E$§%$$£ng O a

V1 evpol iy TSk Rl 100 SpAefiensecuLed Aok IRe Bl by Less

than or equal to 35 € VI ewpoi n rature
storage gharacteristics at 175G 1 ich is a-higher tenperature,

can be e%ﬁ%ﬁ%@i.ifﬁﬁgb? maylbeq%%?gﬁérg%r%ﬁyt%% cur €4 %Qggg&Pno?nghEhe
epoxy. resin caqgositiganor sem conduct or encgfsulation of t

h
present inveht] oh®ay“genéFREE 52152 0RBY c 8PP0 Ve g adM8RE §t§%§%ﬁ%6ne

corrosive _gas, both.having corrosiveness to co i res, when the
Cured pr SGUAI 1 <= HEAPRE e 10 HOGHE A0 200 TRIB Y 8 195t Hospher 879
At this tigsne, the total ampount of generation of the fjrst, second and
third cofy bR gANbsoTRATRERSH dHTSE T B68 t Rak 35t SRR o 2530 i V1 Ao
fron1the1viem€@jnt tgat the HTSL, 25 at 150C can be secured, %ﬂd nD%e ,
pr ef er abl'y H%ss’ tHARP 8P E4TalS it ot 268P pFmef T o e UFEAGST Mt tthat©the 3
hi gh tenEerature st or age charact%r'stics at 175C, which is a higher
t enper at GFEL HN 22 Be" BhRdRce! %0@%1%; and n° ¥R IERJHGS o § JFyeSe
gas js a hal ogen caonpound having corrosiveness to copper_ wres, and
speci%i codxa V@§rtl%fewn5 FTHE Mo 2REdAS e N A FoF REE c Hy dfogdipsitive
chl oride, hydrogen brom de, and hydrogen iodi de. These hal ogen
conpoundEuﬁéflbéDBe%eFﬁtéH singly, or two or nore kinds of different
hal ogen conmpounds may al so be generated. [0052] 10The third corrosive
gas incl 488s$%n organi c acid having corrosi veness to copper wres,
and specific exanpl es thereof include aliphatic carboxylic acids
having 1 to 4 EAfbéAvatodd MiNbrl SPpewintixlegappPes ritddudeE fidraricuring
acid, acetic acid, propionic acid, and butyric acid, and these
conpound8 gy KHB) 15 deplera el sRhglyy bimiwedor mMdrendidid percgrrtion
organi c acids nmay be generated. [0053] The amount of
gendrat i oA sratfirrddblgt cquedorid amd mdredtoenr dsilfe guswssean apad more
anal yzed by collecting the corrosive 20 gases generated when the
cured prpdededap hieat@dalotolOrhowrs dtha200C S¥ilbgcinbysor iim tdhe epoxy
liquid, and perform ng ion chromatography. The anal ysis conditions
are as fokkawscompwaliysien dapasamuis:oridbdeb rl €5280610 Iramniudact uilednbyhe
25 Di onex Corp. Colum: "AS17" manufactured by D onex Corp.

lower 1imit of the mixing proportion is in the range described

above, sufficient fluidity can be obtained. Furthermore, the
20 upper limit of the mixing proportion of the curing agent (B)
is also not particularly limited. The mixing proportion is
preferably less than or equal to 16% by mass, and more
preferably less than or equal to 14% by mass, in the epoxy
resin composition for semiconductor encapsulation. When the
25 upper limit of the mixing proportion is in the range described
above, there is a less risk of causing a decrease in moisture

resistance reliability and the like due to an increase in the



Flowrate: 1.5 m/mn 23 Detector: Electrical conductivity detector
Sol vent: Pot assi um hydroxide (gradient 1 nL to 35 i)

Retention tinme: Sulfite ion 12.7 mnutes, chloride ion 6.0 m nutes,
formc acid 3.6 minutes, and acetic acid32.9 5 ninutes [0054]

" Next, the sem conductar, device.,of the present invention wll be

descri bed3i%h PRPEFETLR o EFEC-1. The seni conductor device of the
present invention includes a lead frane 3 having 10 a die pad unit

3a; a seri%birdlct or el ement 1 mounted on the die pad unit 3a; a

copper wire 4 which electrically connects the |lead frame 3 and the
seni conduct or EMEHEHTROT §ndt AR eehpaul At i AP F 415 P it eR Sin pechEle
froma cured product of the epoxy resin conposition described above
and 15 eREFsUl hfesSFHE JEhs @OnHUEELHT A%mht 1D AM¢ tdRSeopper swinge a
4. [0055] _ There are no particular limtations on the

sem condBeresre ki enens 1n -basd ®xanples adreneodsihes uder angi agegtat8d is
circuit, 20 a large-sized integrated circuit, and a solid imge

pi ck-up Slrefertabl 9056haThee eoame o tgen il and iegitalt itonsroheskethan
| ead frame 3 used in the present invention, and a circuit board may

be 25 uséd 3 astiehd cofuihel beddré&tameo B.tBpéoitfalicalumpet eddepoagesroups
circuit boards used in conventionally known sem conductor devices

'such as dudaltlien-¢pneypacksige (ILPP) anpl adte ctdead ahliqpeR?4ofapheeablic
(PLCC), quad flat package (QFP), lowprofile quad flat package

(LQFP), &wyaldosopt lgimeids bedadpagkageo [ 58 e s i hi-haskeal tuedtld sgepackage,
(TSOP), thin quad flat package (TQFP), tape carrier package (TCP)

bal 11@ri dE&nr/ayo BGA)Whehi phsieeubvpaekageat@oP) s gHathfkatange, there
non- | eaded package (QFN), small outline non-|eaded package (SON),

| ead frate EGPebkFrBeA) o fandustlndy ar tay: eacdkage tome Bk MAPLBGE the

can be used. [0057] The sem conductor elenent 1 may be a | am nate of
plural epoxy resin composition for semiconductor encapsulation, a
decrease in the properties of the resin cured product or the
like.
15 (0034]

Furthermore, the epoxy resin composition for
semiconductor encapsulation of the present invention may
include an inorganic filler material, and if necessary, a
neutralizing agent or a curing accelerator.

20 [0035]

As the inorganic filler material, those used in general
epoxy resin compositions for semiconductor encapsulation can
be used. Examples thereof include fused spherical silica,
fused crushed silica, crystalline silica, talc, alumina,

25 titanium white, and silicon nitride. Fused spherical silica

is particularly preferred among them. These inorganic filler

materials may be used singly, or may be used in combination



10 sem conductor elenents. In this case, the sem conductor el enent of
the first layer is adhered to the die pad unit 3a through the cured
product of a die bonding material 2 such as a fil madhesive or a

t hermosetti ng adhesi ve. The seniconductga el ements of the second

| ayer and the subsequent 15 | ayers can be sequentially | am nated by
means of gn dpsubat hagd idimagdhespyernIhenran ghectpade iRath 64 8pe of
formed as the uppernost |ayer. [0058] The el ectrode pad 6 contains

al um num a; a| : 2 : r o] ret poLLm '

on The. puri v or PRe AT s mier umed e el oBF Bhds Y o S The Uiy
is prefer ; al 9. 5%: . The el r

6 can be pg’tgo%lulgg%' b%/rrl?ot?{n? ?g%&gc %%%grsgﬁz%a#%%ﬁﬁggépﬂng eﬁg ﬁfﬁﬁ?ﬂﬁf
on the suiifhace, gfa 8. £0RRCE SCLLCHLE LeL g%lss'irhlzéls e Joner. Layer, o ss
and applying a general nethod for for Ri-ng “an el ectrode pad ina

sem conduct ar_ el nt .. sugh a position, sputtering or_ electraoless
o at i ho 8F e faae b il als PEP OSSN F O R B R 7 B o
electrically connect the |lead fra and the sem conductor elepent. 1
mount ed 617 Ehe” dr °Pad “dni*t® ac%lf‘g?ﬁgolre%mfarpa%{n%%l&? ﬁ@s@fﬂ%@éa?r
the 5 copper wire an oxide filmis formed naturally or inevitab

-t or e dnE R 6 i O URET A s SnPRE e er S B o 1 he AL¥o,
copper wire 4 al so enco ses a copper wire including an oxide film
formmed ofi e WA RLIT AL 153 BUdHr? 1ODELEY TOTheU h AE Sl wifeA EF ot L Efed
copper wire é IS preferablﬁ | ess than or equal to 30 Rm nore )
pr ef er abAPY 9 haReBE eqddl 3T 5P m tand SEREFAES o Nfor 1 P haAn1s
jim_\Wen the wire dianeter is in this range, the ball shape at the
coppet witid 5% F&LE B fPed L ki € heldadidcty onr e_REFEbMLLY &t ¢hexy
15 bonded part can be enhanced. Furthernore, the wire flow can be
reduced B§Stie CHapdh88Cef & KESddpp&f atie a5 selfxanpbgs)of the method
There are no particular limtations on the copper wire 4. A copper
purity ofoF Edspertnfiatanest pieedpsls ¢ Bglalod @ 201G bridh ¢ Hess D9. VYA
by mass, and nore preferably equal to or nore than 99.999% by nass.

| n gener &he Strabi¥anaci §d 1dfet Heabakliadi de shape aplvisdtcopped Whea
tip at the tinme of bonding can be pronoted by addi ng various el enents
(dopant s¥em@vdappéhe $Howseart ; pfiddopaitteodrd addedg bha 1es e dnmemt 1y
such as nore 25 than 0.01% by nmass, the ball part is hardened at the
ti md of Wer éhlsondignggannd fhddext heaetettloderphd test drgothiehenixture
sem conductor elenment 1 is danmaged, causing inconveni ences 26 such

as a dechgase x¥imgroastupe ar esisimgcracélingbi | ity due to the |ack of
bondi ng, a decrease in the high tenperature storage characteristics,
and an i héP8ade in the electrical resistance value. On the contrary,
if a copper wire 4 having a copper 5 purity of equal to or nore than
99. 99% by nmassThsrusede sicndeirihieababhspart thes caifétsteptroportion of
flexibility, there is no risk of causing danage to the pad side at

the tinetht herdidwnidkanwhidre mdbercapper 1w rrikiddabteam ke used

in the sem conductor device of the present invention acquires 10
furtlter £apreved aghest va SkRNg) FdHi 4 heohabsichaperby depkr@rBRictor
Ca, Sr, Be, Al or arare earth netal to copper as the core wire in an

anount 0&n0a8@L%Ayi dBSsSné o Re 098%6 By iMBisSy dOQi conductor devices,
the content proportion is preferably egqual to or more than
60% by mass, and more preferably equal to or more than 65%
by mass, relative to the total amount of the epoxy resin
25 composition for semiconductor encapsulation. If the content

proportion is in a range which does not fall below the lower

limit described above, low hygroscopic properties and low



Furthernore, it is preferable that a surface of the 15 copper wire 4
has a coating |ayer conposed of a netal material including palladium
In this way, the ball shape at the copper wire tip is stabilized, and
t he connection reliability of the bonded>area can be enhanced.
Furthernore, an_effect of preventing oxidative deterioration of _
copper wHithr2dlcEierindaesli k¥ édre ARteivad - al Sbepe fopta nelderands a
the high tenperature storage characteristics at the bonded parts can
be enhancedss [ DD63] othdrahieRknéssudff ihkerbatipag Huerrednstignged of
a nmetal 25 material including palladiumin the copper wire 4 is

pr ef er ablie i @1 litvt.o Grotimymand, nherpmd edably10y00% pmnolde0es,
pm If the thickness is larger than the upper limt, 27 there is a

ri sk thatthdheupppperd ias tt hef core aanéeindl b eheipet alf Mdterimbrganic
i ncludi ng pall adiumas the coating material may not sufficiently fuse
at the tiel bér wnatelrordi nigs 1 hefbaklb lghapss smayhbacone eunsthbte, 94Adby
the noisture resistance 5 and hi gh tenperature storage

char act emizsis csaofl mdiee bondéd rparlty ripys slettesn osatequilrtbheg fdriey mhss,
the thickness is smaller than the lower limt, there is a risk that

t he oxi datd et teéetbothti aptefl eoppett i df thikecopexw e siay dwipdeition
sufficiently prevented, and simlarly, the noisture 10 resistance and
hi gh t'engermatasne Séoaage othamnacims i B4t €5nef thHethended tkald gWmypbetion
deteriorated. [0064] The copper wire 4 can be obtai ned by
casting ascapperrahbeywhitt® aoc® hiotgekiWartend eldgdw 1tiheit e ribed
further 15 performing wre drawing using a die, and subjecting the
resul ¢ antador @, Rasérbeas dread sentspfohertinaqgt RecWdsaidBuidity and
continuously sweeping the wire. The coating | ayer conposed of a netal
mat eri al nizRGludi no) pahbadbumise the coppeindi be fhothkathh Fanbe Hsedyifg
the sem conductor device of the present 20 invention can be fornmed by
prel i m namidde PrLpard Neas Wi & P g jthe ;HaLegt WMl fudi 8PBE& i ces due
imersing the wire in an electrolytic solution or electroless

sol utioncconfial b 09+ palihadidum . and plating the wire by continuously
sweeping. In this caSe, the thickness of the coating can be adjusted
by 25 thqo%wﬁqping speed. Also, a technique of preparing a wire

having a larger thickness than the target thickness, inmersing this

i n am el ectrol ¥hic 2ol | 0 0h elstidol essnsaliuld oy 28 plediqg a

coating |layer by contirnuously sweepl ng, and perform ng W re draw ng
oL LSS TR o 2,02 N L LR TR LR
neutralizes the acidic corrosive gas generated by heating of
a cured product of the epoxy resin composition, in order to
suppress the corrosion (oxidative deterioration) at the
20 bonded area between a copper wire and an aluminum electrode
pad of the semiconductor element. Specifically, it is
preferable to incorporate at least one neutralizing agent
selected from the group consisting of basic metal salts,
particularly compounds containing calcium element, compounds
25 containing aluminum element, and compounds containing
magnesium element.

[0038]



el enent 1 may be bonded through reverse bonding of wire. Under

reverse bonding, a ball forned at the tip of the copper wire 4 is
bonded to the electrode p&d 6 of the sem conductor elenent 1, and the
copper wire 4 is cut to forma bunp for1%0 stitch bonding.
Subsequently, the ball formed at the tip of the wire is bonded to the
netal - pl ated | eachnypl & s3brofc Hhadmgpduhbamecht andi hhe cbaldidm® steheht
bonded to the bunp of the sem conductor elenent. \Wen reverse bondi ng

is enpl oviats1hhe wane ihegh gbiredntike Saefd conducherr £l £meahdlcear ihgn
made 15 | ower than the height obtainable through forward bonding, and

theref or ene {181 POBAIRY NeHOAE -85 14N S0 GANEHSHRM £ €Mk 1nean be
made | ow. [0066] The sem conductor device of the present invention is

20 obt ai rmdepé/rsﬁwpgye%ii&gt@{@et EQNIS GRTROPSBLS 8V AShdsized by a
sem conductor el ement using an epoxy resin conposition-for
sem coNduCt G, £NGRRSYIRS 1 0, - A0E L C W tHh &N BRI difng J'@wﬁ&ﬂbggn%‘f‘:tﬂ{e
devi ce by a conventi onal nn?dlng nmet hod sucﬁ as tran§#er nol di ng,
conpr essi i |, iLon l.dj em d o] Vi ce
R A T i e T
on an el egt ic.ipstrunent or the like directly or after being
conplete%@”%ﬁg%glgp %a%ggytenperature of about 80C to 200C, for a
tinme per% about 10 mnutes to 10 hours. [0067] The encapsul ati ng
resin 5is a chred product of the epoxy 5 resin conposition described
resin 5 is _heated for

above. Accordi ngl when_the encapsul atjn 10
nours at 200C PRI att GRS pREPe e HRRtne 18P Ganaratbre bFngnt
fir Cor,r osi Vv s that is sul.fur c ound .havi ng corrasjveness.to
he Ebppdr Wiiee # 5  B0E B rdrSHrcab DOShe ihsin BTG HR Tl rfop e am
when the_encapsul ating resin 5 is heated_for 10 hours at, 200C in a |,
dry air BORGERbTe: ATdUoRT Bor BERT lgASH RAR TG & L iggah hydrSxide
conmpound, and a third corrosive gas that is an organic acid nay be
generate&?qﬁhﬁﬁk??dipyi§qﬁfﬁ%ﬁéBFé%ﬁuﬁa¥%% PSP%e%%munt of
generation of the first, second and 15 third corrosive gases be | ess

t han or é&&ﬁo]to 230 ppm [0068] The anpbunt of generation of
the first, second and third corrosive gases occurring as a result of

a heat treat nehk28P it %@élﬁs&IO&HW‘g%s‘FQ\nBaééﬁn@eméﬁél%ﬁzwb%/lﬁﬂéﬁnt
20 chromat ography, simlarly to the case of the cured product of the
epoxyP r ed§ o3y ek ads descrinpaacsove. o3 0989] and magmpsiunt he
operating effect of the present invention will be specifically

expl ai ne§awiidna et er ehckydgorlag ciit e 2BepEeGEdi R t oYt Reepriesielewing

i nvention, the anount of generation of sulfur dioxide that is

gener at edofroma hel encapsutderagd dsiam 5 wheni eWipodarviscorfdudtrcontent
device is heated for 10 hours 30 at 200C, is adjusted to | ess than

or equal offo I7pphtien ehids waw, we he rcarsosioni ¢ oxirddtiiov.e
deterioration) of the bonded area between the copper wire 4 and the

al um num el ect ngrle, pad) of, st he (Sep) camdoct or el enentl jcan be reduced.
Therefore, it 5 is possible to realize a highly reliable

sem2Zibndiiet dhedéwiraeiia Whj chManepmeseases ia ridiea &l etémneaal containing
resi stance at the bonded area or a short circuit at the bonded area
does not aeadidastoddyf. a, b and ¢ respectively represent numbers

satisfying the relations: 2 £ a £8, 1 £2b <3, and 0.5 £ ¢

£ 2; and m represents an integer of equal to or larger than

0.
25 [0041]
Specific examples of hydrotalcite include

Mg6A12 (OH) 16 (CO3) -mHZO, Mg3ZnAlg (OH) 12 (CO3) ‘-mH, 0, and



[ 0070] 10Since the copper wire 4 is inexpensive, it is useful for the
cost reduction for sem conductor devices. However, when a

sem conduct or elenent 1 connected to a copper wire 4 i s encapsul ated
with a conventional epoxy resin conposij{ton, the HISL can decrease.
15[ 0071] The nechani sm of* the corrosion (oxidative
deteriorq@@ogﬁlgfggpgzQg@g?gqﬁgéﬁg bet ween the copper wire 4 and the
al um num €l ectrode pad of the sem conductor elenent 1 can be
contenpl atgth 4 p be as follows. At the bonding 20 interface between a
copper wire 4 and the al um num el ectrode pad 6 of a sem conduct or

element 1, a copp/iral 49hym-aldiqy é&nﬁ@&%qoncqp@@ﬂ'?#U%%ﬁrﬁlaéé&}f%

generally have | ow corrosion resistance. At the tine o g

t enper at Yrg, &t of g,e,ug%tcro%cteeﬁ@wfnﬁhefn%?@gaﬁ%i% ggén&afg ginxge@@éébly

is 25 generated fromthe cured product e epoXy resin c osition

Cons%t u%i fr}%q%r}cm actﬂc—ﬂg d%i%‘ }§’ Iﬁ%éguggcit&gﬁgﬁl tc or less than
deconposi tion. I's corrosive gas causes ry corrosion
(corrosi ays g) daldye et eryorabl ond o Lhe, A2RRR! 3! WHUBA Yy on.
| ayer having l"ow corrosion résistance, an £ en, an. i ncréase in %ﬁe

| ectrical i hort .ci it_at_the. b d .
Stoore) Tt ERE GRAEERE e B ABORE i LEhed Bl 2hCBr The S S0 ogof Pt oee

€
gas that .i,s .a sul fur.conmpouynd, which is..generated_fromthe .
encapsul%ﬁm{}r %?ﬁr%%ﬁﬁ%ﬁ ?&FSeﬁ188E§ﬁ$%ﬁn e@?égéﬁ;%éaﬁd??Egtgd,

is adjusted . to less than or equal 70 m _In this 1Q nner, the
Cor r ot o St £ YBIGRREREGRAY: BRF B YHER boRded Brat 5ot bahy( Hatere
copﬁ@L wi.re 4 and, the algninu el ectrode pad 6 of the sem conductor

el ement 15c&n B PrevéntBar I aF C arBint! Ot Gk &t FEh S&F G- 1on)
first corrosive gas that is a sul fur conpound, the second corrosive
gas t hat 3ts A VYERILE FEFHRAUCERD 2a TR cHLFEsiVE 22 #hERLngm
an organic acid, that are all generated fromthe encapsulating resin

5 1is adF&?ﬁ&f?%ﬁF@%%OFH§H3@@mﬁﬁﬁﬁdFGt?ﬁﬂabﬁﬁﬁmﬁﬁ@ﬂp§tﬂﬁﬁﬁﬁﬁvﬁ%69dr
corrosion (oxidative deterioration) of the bonded area between the
copper WAPE AhgndTHe of urhAURFBLECNIE Padiey 2ocoflecheases. On the
sem conductor elenment 1 can be effectively prevented. Accordingly,
the sem e6Rguctisindeviiée téfe (¢ prosens i%ttbﬁnhééleemqﬂénglmil@h
tenperature storage characteristics. That is, when the sem conductor
derﬁaoﬂeﬁmikh%geﬁboﬁﬁve¢MQﬁﬁisssﬂo¢@®d6ﬂ%m eheitr oirermo hst 156C,
25 and a sem conductor device having an increnent of 20% relative to

t he initiRlBovaEtieonf rahéceligvirezas sy esinst awkedval geaakomedhetance
wirings is determned as a failure, a failure does not 32 occur even
i f the sdpceerdiust or Ryt teuilerdtor edhan aaBicghunt enpebatate faor 2000
hours. Furthernore, when the sem conductor device of the present

i nvent i ohyids ostadreede ¢ nian uemd ronnentoatr ok7A5E @ndveaitliore agent, the
determned in the sane 5 manner, a failure does not occur even if the
sem condoohaerdevifcehiksagtateils atraf Grgbh ltyesperdt tbeo oo 20 & Haomrts. 0 5%
[ 0073] Usual ly, if a sem conductor device has resistance for
equal0 t obgrmbhengendt 8ana2080 beulssat thRC2%0byf Ak sequale tax 1P Oto the
| onger than 200 hours at 175C, sufficient reliability can be secured.
Ther ef or eothhe aiggn t espet Abukenficy BgLoahakaat eHstd L1 Dhrt R ewpoint
sem conduct or device can be sufficiently secured by adjusting the
anount ofsgemeraiion of the corrosive gas that can be generated when

t he cured

[0043]

The epoxy resin composition for semiconductor
25 encapsulation of the present invention can further use a
curing accelerator. The curing accelerator may be a compound

capable of accelerating a crosslinking reaction between the



15 product of the epoxy resin conposition is heat treated for 10
hours at 200C to the range descri bed above. [0074] As such,
according to the epoxy resin conposition of the present invention, a
semi conductor devi ce having superior 20,high tenperature storage
characterlstlcs can be obtained, and therefore a highly reliable

sem condugd g%[ OolfntW@' @ﬁoﬁysﬁeéin%@w &uge% BQtngagkby OLLHh1e,

can be reallze 75] Thus, enbodi nents of the presSent invention

have been 125 fAesesi bedh wirkh kaf en_»%%eoffoatpﬁe%tﬂ@%sdfrmggéd Qghng

these are only exenplary enbodi mrents of the present invention,

various o &Aaéhen%h%ts}eeruégénlﬁh ﬁe@%ﬁcretp%?%apgggnc%mp?§sﬂ§§fls

be enpl oyed. MPLES [0076] 5SHereinafter sent "1 nventl on

B o5, ot ThECEPAUSTRE | ORCBY MR Xy TATRES fHMh e MAARD LSS o

Exanpl es, but e present inventron is no

t he f@' ! %\Me%@am!:?%d E; %%gggﬁ: e_l_nlae)géosucht haes epoxy resin

conpositions used 1 n the nparative Exanples are
Showy TeuE ORI W ueaeacon T bl S SR iRl
e Sl s LA s s s o nE s
w'ysfzryf%ewme%@ oy o S, gmey e vart 2o
CPOnY 1 el Bae 20 ep en e olon (2 general s puose
s e St R e e e
the 3- po%e%ﬁg%henylborate, and adducts between phosphine compounds
and guinone compounds. These may be used singly, or may be
used in combination of two or more kinds.
[0044]

15 The lower limit of the mixing propecrtion of the curing
accelerator is not particularly limited. The mixing
proportion is preferably equal to or more than 0.05% by mass,
and more preferably equal to or more than 0.1% by mass,
relative to the total amount of the epoxy resin composition

20 for semiconductor encapsulation. When the lower 1limit of the
mixing proportion of the curing accelerator is in the range
described above, there is a less risk of causing a decrease
in curability. Furthermore, the upper limit of the mixing
proportion of the curing accelerator is no particularly

25 limited. The mixing proportion is preferably less than or

equal to 1% by mass, and more preferably less than or equal

to 0.5% by mass, relative to the total amount of the epoxy



25 3'-position, 5-position and 5 -position are nethyl groups; and R9s
at the 2-position, 2'-position, 6-position and 6'-position are

hydr ogen atons, "YX4000H' manufactured by 34 Japan Epoxy Resin Co.,
Ltd.; nmelting point: 105C, epoxy equivallént: 191, hydrolytic

chlorine: 150 ppm. . . BP-2: A bi phenyl type epoxy resin (an

epoxy resi§etRprUtRAedipy fRE FEMAGICRBILGH WmngétéAOIt-he When the
3-position, 5 3'-position, 5-position and 5'-position are nethyl
groups; aPROs HilE e 2hgosikiion, Proppadiitdronf Bhpositing amdelerator
6' -position are hydrogen atons; "YX4000" manufactured by Japan Epoxy
Resi n Co.}s indthemmngagguinibedodt veepgdxgredul valens ril860f causing
hydrol ytic chlorine: 670 ppn). 10BP-3: A bi phenyl type epoxy resin

(an epoxy r&stpeabeailimed byi@utyfyi ng, by a recrystallization method,
an epoxy resin represented by the formula (3) in which R9s at the
3-posbti dP085]position, 5-position and 5' -position are net hyl

groups; and R9s at the 2-position, 2'-position, 15 6-position and

6' - posi ti on ar énhydreogeno atome;s 'Y X400 b1 trimnuf Bet us el iky M stdt shi
Chemi cal Corp.; nelting point: 113C, epoxy equivalent: 177,

hydr ol ytiemcdpsuiaeichess tham rits opt)in {07 8bn 2050w d dws 8gept >various
HA- 1: A phenol aral kyl resin having a bi phenyl ene skel eton (a phenol
aral kyl mesiit 1epseseohedsby 1uhg ol i ar{S) ohnpwhiveding ehtsSsQch
Ar3 is a phenylene group; and Ar4 is a bi phenyl ene group;

" MEH- 7851S8S"z inbtwif A0 U hed hyx Meeya 1 291 asti € L8dustddishqgdtd. such as
softening point: 65C, hydroxyl group equival ent: 203). ﬁ%—l: A phenol
aralkyl pesimudla phedel nafalkyd ; resupl i3y repessentedbya4 he fornula
(5) inwhichi is 0; j is O0; Ar3 is a phenylene group; and Ar4 is a
phenyl eng_ doXEr Sby ; tsui Chemcal, Inc.;

hydr oxyl ?g?gggggqoui val %%%,l%?%q@@n}% {(9\%[12%8%% y at 150C. 360 nPa. $)

5[0079] SEild:asa b 8ELBYI trimet nEUSEd 19RIEr iS4k Silica (average
particle size: 26.5 gm “proportion of particles having a size of

equal 1030 S réPan 1AMt Rok 5SS 1ERAN Ao £OHEN L0 1% "£B-820% on

manuf act ured by
black or red iron cxide; low stress components such as silicone

15 rubbers; releasing agents such as natural waxes such as
'~ carnauba wax, synthetic waxes, higher fatty acids and metal
salts thereof, such as zinc stearate, and paraffins; flame
retardants such as aluminum hydroxide, magnesium hydroxide,
zinc borate, zinc molybdate, and phosphazene; and oxidation
20 inhibitors, may be appropriately incorporated.
[0046]

As the epoxy resin composition for semiconductor
encapsulation used in the semiconductor device of the present
invention, a composition prepared by mixing the various

25 components described above using, for example, a mixer at 15°C

to 28°C; a composition prepared by further melt kneading the

components thereafter using a kneading machine such as a



10 Denki Kagaku Kogyo K.K.) [0080] <Neutralizing agent>

Hydrotalcite (hydrotalcite represented by the fornmula (1) in which a
is 4.3; bis 2; and c is 1; "DHT-4A (registered 15 trademark)"

manuf actured by Kyowa Chem cal Industry,go., Ltd.) [0081] <Curing
accel erator> ' A 1, 4- Benzoqui none adduct  of o '

tri phenyl1059h] ne khERRe 20 YPPR60: « FRARICEUbed nbyt Kel kn&BBAMGAb roduct
I ndustry Co., Ltd.) B: Triphenyl phosphine (TPP, '"PP360" manufactured

by K I. Ghemrad Juest{¥ige: thkt dnk 0082k r<aupt | Neh ageMsmpPes £ion
y- gl yci doxypropyl tri met hoxysi'l ane C 2:

y- Mer captond opyL T bet ﬁﬁﬁﬂ&téﬁlya%flfé@{f;%gﬁ:ﬁi?gispecf§ %?gdm@w,um

hydr oxi dé (manufact ured by Sum tond Chem ca

average panti gl e, Sbzeind Qmesgecweicfe%ﬁf?ec hede LidegP/ 9) [0083]
5In addition to ¥he vari ous conponents descti bed above, carbon bl ack
was used g5 ol orant, and carnauba wax was used as a releasing
agent . [&084?7 reparation of epoxy resin conposition: 10 EXAVPLE 1

T SPony 1518 B BB P SR A 0 REDS  cpr

(4.34 parts by nass), Spherica
(o0 0Pk o Ra by BUALHA LA £oR%ENEnEo LT A M AUREL o 2R be
parts by nass) , e curing
obtained by'molding and curing the epoxy resin composition
described above by a conventional molding method such as
10 transfer molding, compression molding or injection molding.
The cured product of the epoxy resin composition that has been
molded and cured by a molding method such as transfer molding
can also be obtained by, if necessary, completely curing the
epoxy resin composition at a temperature of about 80°C to 200°C
15 for a time period of about 10 minutes to 10 hours.
[0048]

When the cured product of the epoxy resin composition
for semiconductor encapsulation of the present invention thus
obtained is heated for 10 hours at 200°C in a dry air atmosphere,

20 the amount of generation of a first corrosive gas generated
from the cured product is less than or equal to 70 ppm. The
term "dry air" as used herein means an air from which moisture
and carbon dioxide have been eliminated, and specifically,
the term means an air in which the moisture content has been

25 adjusted to less than or equal to 0.1% by volume, and the carbon

dioxide concentration to less than or equal to 0.04% by volume.

The first corrosive gas is not particularly limited as long



15 accelerator A (0.50 parts by nmass), the coupling agent C-1 (0.25
parts by mass), carbon black as the colorant (0.30 parts by nass),
carnauba wax as the releasing agent (0.50 parts by mass), and

al um num hydroxide as the flanme retardapf (1.50 parts by mass) were

m xed using a m xer at 15C to 28C, and 20 then the m xture was

rol | -kneagedhat gZ0G 401 1006. aAit@smpbenknerded PsRdHeh sWas1€0e! €dement
t he kneaded product was pul verized, and thus an epoxy resin

CONPOSi t iy Wags OBbairerk v 4 PO85] t EXAMPES: 2yt 0eb .and LGRYPARATE NEreof
EXAMPLES 1 to 3 25Epoxy resin conpositions for sem conductor

encapsul atd onuder 8udlta etk Nk hgagans BNRer 4@ <1 EXa®)ie hydrogen
according to the epoxy resin conposition blends for 37 seni'conduct or

encapsul afi o 4adigased adraflerdr (Ri830I& Lsbhe, ughl koo ddiGnay Le
various conponents is expressed in parts by mass. [0086] 5 EXANPLE% 6
to 125 ands SOVPARATI VEJXAMRLES 4 £818: nat ionEBRXYL JEXUD FOTROSI QNS
for sem conduct or encapsul ati on were obtal ned in the sane nmanner as

in Exanph%oggﬁccording to the epoxy resin conposition blends for

sem conduct or encapsul ation indicated in Table 2. In Table 10 2, the
unit for the vatio e i in. t S. 087
o oducti on of | She aReSaTPAIcHl Bol 8 BT B0 PHle PLPEL CoPYoTRN gpd Ak
(3.5 mx .3.5 LRP 5Wth_ a | umi num el ectrode pad was .
Cohor oa id e POLLRRed iy P4 N-AR50 WHAMRLE RS OGS B Vedesin
bisnaleig%%g-tgi %ine r%sgnéghgss &r %s substrgiﬁ Eavingfa hi ckness ‘
of 0.56 MM RHhe %a%?aag sit7EH L% X SO'GR S hT EkREsE M. MIF dmyesSen
qgaof t he TEG chi p,and the el ectrode 20

d.t | umi | ect rod
pad of t HE"SUbst P4t B5wdFe T et Bofed BHrbugh ADdRFEy cfidit amount of

connection using. a copper wire 4N at a wire pitch of 80 |am_ This was
Sub] oot 857 HCLOR LT 8L Baf LAl NG WP ER ATDIot hadBadfor 8] Em FEom

conposi tions of Exanmples 1 to 12 and Conparative Exanples 1 to 6,

usi ng a &R priexere eéntr &hstteri Tl drfig Lvdchi F 2P ¢ " yesujesh” and more
manuf act ur ed Qy Towa_Corp.) under the conditions of a nold ) ,

t enper at BF&IFTAFEC, 1885 féct iDh PEBRIULE GF° R MPROMakRSa VaFRILNE
time of 2 mnutes. Thus, a 352-pin BGA 38 package was produced. This
package ®aS hédte Airel igmperekarcordialane ohar2sCeanids Ui tourts, LAAAC,

t hus a sem conductor device was obtained. [0088]
15 which is a higher temperature, can bé enhanced.

[0050]

Furthermore, the cured product of the epoxy resin
composition for semiconductor encapsulation of the present
invention may generate a second corrosive gas and a third

20 corrosive gas, both having corrosiveness to copper wires, when
the cured product is heated for 10 hours at 200°C in a dry
alr atmosphere. At this time, the total amount of generation
of the first, second and third corrosive gases is preferably
less than or equal to 230 ppm from the viewpoint that the HTSL

25 at 150°C can be secured, and more preferably less than or equal
to 200 ppm from the viewpoint that the high temperature storage

characteristics at 175°C, which is a higher temperature, can



5Eval uation nethod: (1) Evaluation of properties of epoxy resin

conposition The properties of the epoxy resin conposition thus
obt ai ned were neasured by the foll owi ng nethods. The results are
shown in Tables 1 and 2. 10[0089] <Spirab flow (SF)> Each of

t he epoxy resin conpositions of Exanples 1 to 12 and Conparative
Exanpl es pk tonBaasqgi.njected into a nold for spiral flow neasurenent
according to EMM -1-66, using a 15 | ow pressure transfer nol di ng
machi ne (['dglsr 15" manufactured by Kohtaki Precision Machine Co.,
Ltd.) undér the conditions of a nold tenperature of 175C, an

injection pressyle Qf-56,9 é@@ro@q%ag%giilg éiﬂ?%le%e%zgﬁﬁﬁﬂ?&géihgggng

the flow length (unit: cm was neasured. t he w | engt ess

than or %%?8&0%%?&{28%% tE?]rrce E%ﬂ;g‘E%is',“%%toﬁ%'éc%sfiué'fééérﬁ‘glgé%ﬁgﬁeof

may occur. ach ‘o €7 epoxy resin

corrpo§i t ii L?(J,fle Eﬁgtm%lol%%nl #}Pu g ' é{%da?gréggg%éa%:?\i% ]{Efr(]c?éml lﬁid%ot %n6

was nelted on a he plYat e hea en e ti aken

for the oxV: kesi onposition to. cure il e being kneaded with.a
spatul a whe VY freall B HHGL] < SHEREUr el Of AhBART OF ST LF VBaY
gas> Each _of the oxy. .resin conpositions of Exanples,.1.to 5 and
Corpar at P TERErA e P T BURLar D7 =8 hoNae o ST Rk Hbnoen
this cured rodu&t was pul verized with %ﬁ¥ibrating mll. The obtained
powder of ¥HE T %deVo&ﬁé?jﬁﬁg 4PBFER tHt ough a sieve having a

nom nal g?ﬁﬂﬁifze of 74 Rl (200-nesh) to exclude coarse particles,

and 2 g obt ai ned 10 sanpl e was pl aced on the sanple board 101
of 2% ube-shapeg fuLnace made of gl ass ,as shown in FIG 2. ) i
Sub @quent ly, B SO SRR Y e ot BT %P R okt PR § R hading
been adjusted to |l ess than or equal to 0.04% by vol unme by passing air
A havi ng S8 RS St ReESnt BT CBPeFe¥$ TERanBA 8RESI s GxfpnbEepythereot
volume through a CO2 trap (air vent filter) 102 was introduced to the
sanpl e bé&cd Ut 2 1 Pohliera BR ok Hé teur eddpriruiePonhd hégeelpBratiems .

hours at 200C using the heating
More specific examples include formic acid, acetic acid,

propionic acid, and butyric acid, and these compounds may be
15 generated singly, or two or more of different organic acids
may be generated.
[0053]
The amount of generation of the first, second and third
corrosive gases can be analyzed by collecting the corrosive
20 gases generated when the cured product is heated for 10 hours
at 200°C, directly or in a liquid, and performing ion
chromatography.
The analysis conditions are as follows.
- Analysis apparatus: "Model ICS2000" manufactured by
25 Dionex Corp.
Column: "AS1I7" manufactured by Diconex Corp.

Flow rate: 1.5 ml/min



furnace 103 under the atnosphere of this dry air (flow rate: 10
m/mn). The corrosive gas generated therefromwas 20 collected in a
scavenging liquid 104 that had been cooled in ice water 105, and the
entire anount was used as 25 nL of testzgiquid. Specifically, a
~dilute hydrogen peroxide solution (a product obtained by adding 0.1

m of aqueous hydrngen. pet oxhde.at; &, £ORGRRLALI PN Of 93P%d ), 25 M of
ultrapure water) 25 was used as tﬁ% scavenging]P?gE?d %gﬁQ?ngthe

gi ven sul furous aghd gas. d: r i: Lt t assi dr.oxi,de
solution (8 nnDI?L) was uséﬁﬂggggggchgﬁagﬁg ﬁ&%%ﬁﬁf%gyg%r ; rggeﬂL)

40 chloride and Qégggit‘io%ic%e(:f gfdg‘éﬁgt?eﬁﬁgnaﬁﬁ'-é}%ﬂgﬁt%%i d%hléggde ion

obt ai ned test |iqui were intro an“ion chromatogra
appar at us: (~ |..1.CS2Q00" manuf act ur by Dionex Corp.).,The_ .

aPal yol  SeShart T BhE Sere A Getes ihdd 5 BHRLeSrT | GRT He? t1C5a R iy, 2
det ec orhdglqggrical conductivity detector, solvent: potassium

hydr oxi de (ﬁﬁad?ent 1 mMMto 35 mM]. Each ion was quantitatively

59 calibration curve nethod, and then, the anpbunts of ions

measur ed
ot t he sanple were cal culated. The 10 results are shown

generate&Q%%
in Tables 1 and 2. [0092 2) Evaluation of characteristics of ,
sem conduct or Hsefitcet%ﬁe ﬁf“@ﬁot"éﬁife?%’f Lﬁeevjs?%r%ﬁgck]e? P& oL ) TBFeR heon
15 sem conduct or ~devi ¢ces thus_produced was neasured by the foll ow ng
method. THe T BEUFSCALBeGHhA T TREFES 1t Al - 1[-oo§>§l]e SATdIConayREO T
sem conduct or devices thus obtained were stored in 20 an environnent
at 150C, 9&Vd ¥he el Bt PreaRtesN¥ERIdO N NG PG LRe W FRHGSs Swbaving
measured every 24 hours. A sem conductor device in which the

el ect®i cal EEsPathitel Yate fnerBASORINC O asersparedadttred hen the
initial value was determned as a failure, and the time (unit: hours)
t aken unfille P5c B&idcAdrr encorgfe s &l o wdsi eleaglieedritied 1y connects
measurenent was carried out with five sem conduct or devices, and

among t héde, ligrd shopmest3 g thkemaemitddndiret occeadeamoet of 7 f anduea
is 41 shown in Tables 1 and 2. Meanwhile, if failure did not occur
when al | enkérseni cohddctres ideVi cosioer ésstforateditf nohi ghcuemseatantect

for 2000 hours, the case is indicated as ">2000" [0094]
of the epoxy resin composition described above and

15 encapsulates the semiconductor element 1 and the copper wire
4.
[0055]
There are no particular limitations on the semiconductor
element 1, and examples thereof include an integrated circuit,
20 a large-sized integrated circuit, and a solid image pick-up
element.,
[0056]
There are no particular limitations on the lead frame
3 used in the present invention, and a circuit board may be
25 used instead of the lead frame 3. Specifically, lead frames
or circuit boards used in conventionally known semiconductor

devices such as dual in-line package {(DIP), plastic lead chip



5<HTSL2> The sem conductor devices thus obtained were stored

in an environment at 175C, and the electrical resistance val ue anong
the wirings was neasured every 24 hours. A sem conductor device in

whi ch the el ectrical resistance val ue 184i ncreased by 20% as conpar ed
wth the initjal value was determned_ as a failure, and the tine

(uni t: h&FFSyLEakenUnt i 19431 TdETUPPENCE of F &1 I-ut VRS Afdaktiredd fhet
measurenent was carried out with five sem conductor devices, and

among t h&SEkage (R T bstSTa bk ctdiden aintilcaheasd@ss 86 of thdin small
is 15 shown in Tables 1 and 2. [0095] <Determ nation> A case

in whichditine Rrakage ddEHP levemin gnadséhréonagdiasre dETRERS werpe
stored at a high tenmperature for 20 2000 hours in connection wth the

HTSL1, afdT%at¢treagik@dsot (TeRur &add igritheasspivedififek orciépi cdse
were stored at a high tenperature for 200 hours in connection with
t he HISL2aGkxs el €FR) nediwsd gbbdt( Do dek detiepacasans WeQEN) , small
determ ned as failure (x). 25[0096] 42 [Table 1] el dwaiq anendwoO |
CED 019®uyliglg' @ongieadels.rckaygeCOSWN )G I CSframe BGA (LF-BGA),
and mold array package type BGA (MAP-BGA) can be used.
[0057] !
The semiconductor element 1 may be a laminate of plural
L0 semiconductor elements. In this case, the semiconductor
element of the first layer is adhered to the die pad unit 3a
through the cured product of a die bonding material 2 such
as a film adhesive or a thermosetting adhesive. The
semiconductor elements of the second layer and the subsequent
15 layers can be sequentially laminated by means of an insulating
film adhesive. Then, an electrode pad 6 is formed as the
uppermost layer.
[0058]
The electrode pad 6 contains aluminum as a main component.
20 There are no particular limitations on the purity of the
aluminum used in the electrode pad 6. The purity is
preferably equal to or more than 99.5% by mass. The electrode
pad & can be produced by forming a general barrier layer made
of titanium on the surface of a copper circuit terminal in
25 the lower layer, and applying a general method for forming

an electrode pad in a semiconductor element, such as

deposition, sputtering or electroless plating of aluminum.
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[0059]

The copper wire 4 is used to electrically connect the
lead frame 3 and the semiconductor element 1 mounted on the
die pad unit 3a of the lead frame 3. On the surface of the
copper wire 4, an oxide film is formed.ﬁaturally or inevitably
in terms of the process. According to the present invention,
the copper wire 4 also encompasses a copper wire including
an oxide film formed on the wire surface as such.

[0060]

The wire diameter of the copper wire 4 is preferably less
than or equal to 30 um, more preferably less than or equal
to 25 um, and equal to or more than 15 um. When the wire
diameter is in this range, the ball shape at the copper wire
tip is stabilized, and the connection reliability at the
bonded part can be enhanced. Furthermore, the wire flow can
be reduced by the hardness of the copper wire itself.
[0061]

There are no particular limitations on the copper wire
4. A copper purity of a copper wire is preferably equal to
or more than 99.99% by mass, and more preferably equal to or
more than 99.999% by mass. In general, stabilization of the
ball side shape at the copper wire tip at the time of bonding
can be promoted by adding various elements (dopants) to copper.
However, if dopants are added in a large amount such as more
than 0.01% by mass, the ball part is hardened at the time of
wire bonding, and then, the electrode pad 6 side of the

semiconductor element 1 is damaged, causing inconveniences
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such as a decrease in moisture resistance reliability due to
the lack of bonding, a decrease in the high temperature storage
characteristics, and an increase in the electrical resistance
value. On the contrary, if a copper wire 4 having a copper
purity of equal o or more than 99.99% by mass is used, since
the ball part has sufficient flexibility, there is no risk
of causing damage to the pad side at the time of bonding.
Meanwhile, the copper wire 4' that can be used in the
semiconductor device of the present invention acquires
further improved adhesive strength to the ball shape by deping
Ba, Ca, Sr, Be, Al or a rare earth metal to copper as the core
wire in an amount of 0.001% by mass tfo 0.003% by mass.
[0062]

Furthermore, it is preferable that a surface of the
copper wire 4 has a coating layer composed of a metal material
including palladium. In this way, the ball shape at the
copper wire tip is stabilized, and the connection reliability
¢f the bonded area can be enhanced. Furthermore, an eiffect
of preventing oxidative deteriocration of copper which
constitutes the core wire can also be obtained, and the high
temperature storage characteristics at the bonded parts can
be enhanced.

[0063]

The thickness of the coating layer constituted of a metal
material including palladium in the copper wire 4 is
preferably 0.001 pm to 0.02 pm, and more preferably 0.005 um

to 0.015 pm. If the thickness is larger than the upper limit,
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there is a risk that the copper as the core material and the
metal material including palladium as the coating material
may not sufficiently fuse at the time of wire bonding, the
ball shape may become unstable, and the moisture resistance
and high temperature storage characteristics of the bonded
part may deteriorate. Furthermore, if the thickness is
smaller than the lower limit, there is a risk that the
oxidative deterioration of copper in the core wire may not
be sufficiently prevented, and similarly, the moisture
resistance and high temperature storage characteristics of
the bonded part may be deteriorated.
[0064]

The copper wire 4 can be obtained by casting a copper
alloy into a melting furnace, rolling the ingot, further
performing wire drawing using a die, and subjecting the
resultant to a post-heat treatment of heating the wire while
continucusly sweeping the wire. The coating layer composed
of a metal material including palladium in the copper wire
4 that can be used in the semiconductor device of the present
invention can be formed by preliminarily preparing & wire
having the target wire diameter, immersing the wire in an
electrolytic solution or electroless solution containing
palladium, and plating the wire by continuously sweeping. In
this case, the thickness of the coating can be adjusted by
the sweeping speed. Also, a technigue of preparing a wire

having a larger thickness than the target thickness, immersing

this in an electrolytic solution or electroless solution,
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forming a coating layer by continuously sweeping, and

performing wire drawing until a predetermined diameter is
obtained, is also employed.
[0065]

The lead unit 3b of the lead frame 3 and the semiconductor
element 1 may be bonded through reverse bonding of wire.
Under reverse bonding, a ball formed at the tip of the copper
wire 4 is bonded to the electrode pad 6 of the semiconductor
element 1, and the copper wire 4 is cut to form a bump for
stitch bonding. Subsequently, the ball formed at the tip of
the wire is bonded to the metal-plated lead unit 3b of the
lead frame 3, and the ball is stitch bonded to the bump of
the semiconductor element. When reverse bonding is employed,
the wire height on the semiconductor element 1 can be made
lower than the height obtainable through forward bonding, and
therefore, the bonding height of the semiconductor element
1 can be made low.

[0066]

The semiconductor device of the present invention is
obtained by encapsulating electronic components such as a
semiconductor element using an epoxy resin composition for
semiconductor encapsulation, and curing and molding the
semiconductor device by a conventiconal molding method such
as transfer molding, compression molding or injection molding.
The semiconductor device encapsulated by a molding method such
as transfer molding is mounted on an electronic instrument

or the like directly or after being completely cured at a
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temperature of about 80°C to 200°C, for a time period of about
10 minutes to 10 hours.
[0067]

The encapsulating resin 5 is a cured product of the epoxy
resin composition described above. Accordingly, when the
encapsulating resin 5 is heated for 10 hours at 200°C in a
dry air atmosphere, the amount of generation of a first
corrosive gas that is a sulfur compound having corrosiveness
to the copper wire 4 is less than or equal to 70 ppm.
Furthermore, when the encapsulating resin 5 is heated for 10
hours at 200°C in a dry air atmosphere, a second corrosive
gas that is a halogen compound, and a third corrosive gas that
is an organic acid may be generated; however, it is preferable
that the total amount cof generation of the first, second and
third corrosive gases be less than or equal to 230 ppm.
[0068]

The amount of generation of the first, second and third
corrosive gases occurring as a resuit of a heat treatment of
the encapsulating resin 5 can be analyzed by ion
chromatography, similarly to the case of the cured product
of the epoxy resin composition as described above.

[0069]

Next, the operating effect of the present inventionwill
be specifically explained with reference to FIG. 1.
According to the present invention, the amount of generation
of sulfur dioxide that is generated from the encapsulating

resin 5 when the semiconductor device is heated for 10 hours
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ét 200°C, 1s adjusted to less than or équal to 70 ppm. 1In this
way, the corrosion (oxidative deterioration) of the bonded
area between the copper wire 4 and the aluminum electrode pad
of the semiconductor element can be reduced. Therefore, it
is possible to realize a highly reliable semiconductor device
in which an increase in the electrical resistance at the bonded
area or a short circuit at the bonded area does not easily
occur.

[0070]

Since the copper wire 4 is inexpensive, it is useful for
the cost reduction for semiconductor devices. However, when
a semiconductor element 1 connected to a copper wire 4 is
encapsulated with a conventional epoxy resin composition, the
HTSL can decrease.

[0071]

The mechanism of the corrosion (oxidative
deterioration) of the bonded area between the copper wire 4
and the aluminum electrode pad 6 of the semiconductor element
1l can be contemplated to be as follows. At the bonding
interface between a copper wire 4 and the aluminum electrode
pad 6 of a semiconductor element 1, a copper-aluminum alloy
is formed. Copper-aluminum alloys generally have low
corrosion resistance. At the time of high temperature
storage, a trace amount of a corrosive gas (acidic gas) is
generated from the cured product of the epoxy resin
composition constituting the encapsulating resin 5, through

thermal decomposition. This corrosive gas causes dry



0003<

6E4 O OED 0198 930 LT4 COcqgm: CD1.06 CD10 - CD 1.0

d ¢ OD 6 00001

10

15

20

25

31

corrosion (corrosion, oxidative deterioration) of the
copper-aluminum alloy layer having low corrosion resistance,
and then, an.increase in the electrical resistance or a short
clrcuit at the bonded area occurs.

[0072]

Thus, the amount of generation of the first corrosive
gas that is a sulfur compound, which is generated from the
encapsulating resin 5 when the semiconductdr device is heat
treated, is adjusted to less than or equal to 70 ppm. In this
manner, the corrosion {oxidative deterioration) of the bonded
area between the copper wire 4 and the aluminum electrode pad
6 of the semiconductor element 1 can be prevented. The total
amount of generation of the first corrosive gas that is a
sulfur compound, the second corrosive gas that is a halogen
compound, and a third corrosive gas that is an organic acid,
that are all generated from the encapsulating resin 5, is
adjusted to less than or equal to 230 ppm. In this manner,
the corrosion (oxidative deterioration) of the bonded area
between the copper wire 4 and the aluminum electrode pad 6
of the semiconductor element 1 can be effectively prevented.
Accordingly, the semiconductor device of the present
invention has excellent high temperature storage
characteristics. That is, when the semiconductor device of
the present invention is stored in an environment at 150°C,
and a semiconductor device having an increment of 20% relative
to the initial value of the electrical resistance value among

the wirings is determined as a failure, a failure does not



E6 LE PP 89 10 601 0003< 294 0O ,- CED 0198 430 16.9 -1- cl CD

LED O

10

15

20

25

u? CD LED CD cO

32

occur even if the semiconductor device is stored at a high
temperature for 2000 hours. Furthermore, when the
semiconductor device of the present invention is stored in
an environment at 175°C, and failure is determined in the same
manner, a failure does not occur even if the semiconductor
device is stored at a high temperature for 200 hours.
[0073]

Usually, 1f a semiconductor device has resistance for
equal to or longer than 2000 hours at 150°C, or for equal to
or longer than 200 hours at 175°C, sufficient reliability can
be secured. Therefore, the high temperature storage
characteristics of the semiconductor device can be
sufficiently secured by adjusting the amount of generation
of the corrosive gas that can be generated when the cured
product of the epoxy resin composition is heat treated for
10 hours at 200°C to the range described above.

[0074]

As such, according to the epoxy resin composition of the
present invention, & semiconductor device having superior
high temperature storage characteristics can be obtained, and
therefore, a highly reliable semicconductor device in which
a short circuit dcoes not easily occur can be realized.
[0075]

Thus, embodiments of the present invention have been
described with reference to the attached drawings, but these
are only exemplary embodiments of the present invention, and

various configurations other than those described above can
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alsc be employed.

EXAMPLES
[0076]

5 Hereinafter, the present invention will be more
specifically described by way of Examples and Comparative
Examples, but the present invention is not intended to be
limited to the following Examples. The various 'components
of the epoxy resin compositions used in the Examples and the

10 Comparative Examples are shown below.
[0077]
<Epoxy resin>
BA-1: A phenol aralkyl type epoxy resin having a
biphenyiene skeleton (an epoxy resin represented by the
15 formula (2) in which Ar' is a phenylene group; Ar® is a
biphenylene group; g is 0; and h is 0; "NC3000" manufactured
by Nippon Kayaku Co., Ltd.; softening point 58°C, epoxy
equivalent: 276, hydrolytic chlorine: 230 ppm).
BA-2: A phenol aralkyl type epoxy resin having a
20 biphenylene skeleton (a general-purpose product of BA-1,
softening point: 55°C, epoxy eguivalent: 283, hydrolytic
chlorine: 3000 ppm).
BP-1: A biphenyl type epoxy resin (an epoxy resin
represented by the formula (3) in which R’s at the 3-position,
25 3'-position, 5-position and 5'-position are methyl groups;
and R°s at the 2-position, 2'-position, 6-position and

6'-position are hydrogen atoms, "YX4000H" manufactured by
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Japan Epoxy Resin Co., Ltd.; melting point: 105°C, epoxy
equivalent: 191, hydreclytic chlorine: 150 ppm).

BP-2: A biphenyl type epoxy resin {(an epoxy resin
represented by the formula (3} in which R%s at the 3-position,
3'-position, 5-position and 5'-position are methyl groups:
and R%s at the 2-position, 2'-position, 6-position and
6'-position are hydrogen atoms; "YX4000" manufactured by
Japan Epoxy Resin Co., Ltd.; melting point: 105°C, 'epoxy
equivalent: 185, hydrolytic chlorine: 670 ppm).

BP-3: A biphenyl type epoxy resin (an epoxy resin
obtained by purifying, by a recrystallizationmethod, an epoxy
resin represented by the formula (3) in which R%s at the
3-position, 3'-position, 5-position and 5'-position are
methyl groups; and R’s at the 2-position, 2'-position,
6-position and 6'-position are hydrogen atoms; "YX4000UH"
manufactured by Mitsubishi Chemical Corp.; melting point:
113°C, epoxy equivalent: 177, hydrolytic chlorine: less than
15 ppm).

[0078]

<Curing agent>

HA-1: A phenol aralkyl resin having a biphenylene
skeleton (a phenol aralkyl resin represented by the formula
(5) in which i is 0; j is 0; Ar® is a phenylene group; and
Ar4isaabiphenylenegroup;"MEH~7851SS"manufacturedknrMeiwa
Plastic Industries, Ltd.; softening point: 65°C, hydroxyl
group eguivalent: 203).

HB-1: A phenol aralkyl resin {a phenol aralkyl resin
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represented by the formula (5) in which i is 0; j is 0; Ar®

is a phenylene group; and Ar® is a phenylene group; "XLC-2L"
manufactured by Mitsui Chemical, Inc.; hydroxyl group
equivalent: 175, melt viscosity at 150°C: 360 mPa-s).
[0079]
<Filler material>
Fused spherical silica (average particle size: 26.5 um,
proportion of particles having a size of equal to or more than
105 pm: less than or equal to 1%; "FB-820" manufactured by
Denki Kagaku Kogyo K.K.)
[0080}
<Neutralizing agent>
Hydrotalcite (hydrotalcite represented by the formula
(1) in which a is 4.3; b is 2; and ¢ is 1; "DHT-4A (registered
trademark}" manufactured by Kyowa Chemical Industry Co.,
Ltd.)
(0081]
<Curing accelerator>
A: 1,4-Benzoguinone adduct of triphenylphosphine (TPP,
"PP360" manufactured by K.I. Chemical Industry Co., Ltd.)
B: Triphenylphosphine (TPP, "PP360" manufactured by K. I.
Chemical Industry Co., Ltd.)
[0082]
<Coupling agent>
C-1: y-glycidoxypropyltrimethoxysilane
C-2: y-mercaptopropyltriethoxysilane

<Flame retardant>
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Aluminuﬁ hydroxide (manufactured by Sumitomo Chemical
Co., Ltd., CL-310, average particle size: 9.6 um, specific
surface area: 1.1 m%/qg)

[0083]

In addition to the various components described above,
carbon black was used as a colorant, and carnauba wax was used
as a releasing agent.

[0084] |

Preparation of epoxy resin composition:

EXAMPLE 1

The epoxy resin BA-1 (5.91 parts by mass), the curing
agent HA-1 (4.34 parts by mass), fused spherical silica as
the filler material (86.40 parts by mass), hydrotalcite as
the neutralizing agent (0.30 parts by mass), the curing
accelerator A (0.50 parts by mass), the coupling agent C-1
(0.25 parts by mass), carbon black as the colorant (0.30 parts
by mass), carnauba wax as the releasing agent (0.50 parts by
mass), and aluminum hydroxide as the flame retardant {1.50
parts by mass) were mixed using a mixer at 15°C to 28°C, and
then the mixture was roll-kneaded at 70°C to 100°C. After the

kneaded product was cooled, the kneaded product was pulverized,
and thus an epoxy resin composition was obtained.
[0085]
EXAMPLES 2 to 5 and COMPARATIVE EXAMPLES 1 to 3

Epoxy resin compositions for semiconductor
encapsulation were obtained in the same manner as in Example

1 according to the epoxy resin composition blends for
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semiconductor encapsulation indicated in Table 1. 1In Table
1, the unit for the various components is expressed in parts
by mass.
[0086]
5 EXAMPLES 6 to 12 and COMPARATIVE EXAMPLES 4 to 6
Epoxy resin compositions for semiconductor
encapsulation were obtained in the same manner as in Example
1 according to the epoxy resin composition blends for
semiconductor encapsulation indicated in Table 2. 1In Table
10 2, the unit for the various components is expressed in parts
by mass.
[0087]
Production of semiconductor device
A TEG {test element group) chip (3.5mmx 3.5 mm) equipped
15 with an aluminum electrode pad was adhered to the die pad unit
of a 352-pin BGA (the substrate was a bismaleimide-triazine
resin/glass cross substrate having a thickness of 0.56 mm,
the package size is 30 mm x 30 mm, thickness 1.17 mm), and
the aluminum electrode pad of the TEG chip and the electrode
20 pad of the substrate were wire bonded through a daisy chain
connection using a copper wire 4N at a wire pitch of 80 pm.
This was subjected to encapsulation molding with any of the
epoxy resin compositions of Examples 1 to 12 and Comparative
Examples 1 to 6, using a low pressure transfer molding machine
25 ("Y series" manufactured by Towa Corp.) under the conditions
of a mold temperature of 175°C, an injection pressure cf 6.9

MPa, and a curing time of 2 minutes. Thus, a 352-pin BGA
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package was produced. This package was post-cured under the
conditions of 175°C and 4 hours, and thus a semiconductor
device was obtained.
[6088]

Evaluation method:

(1) Evaluation of properties of epoxy resin composition

The properties of the epoxy resin composition thus
obtained were measured by the following methods. The results
are shown in Tables 1 and 2.
[0089]

<Spiral flow (SEF)>

Each of the epoxy resin compcesitions of Examples 1 to
12 and Comparative Examples 1 to 6 was injected into a mold
for spiral flow measurement according to EMMI-1-66, using a
low pressure transfer molding machine ("KTS-15" manufactured
by Kohtaki Precision Machine Co., Ltd.) under the conditions
of a mold temperature of 175°C, an injection pressure of 6.9
MPa, and a curing time of 120 seconds, and the flow length
(unit: cm) was measured. If the flow length is less than or
equal to 80 c¢m, molding failure such as unfilled package may
occur.
[0090]

<Gel time (GT)>

Each of the epoxy resin compositions of Examples 1 to
12 and Comparative Examples 1 to 6 was melted on a heat plate
heated to 175°C, and then the time taken for the epoxy resin

composition to cure while being kneaded with a spatula was
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measured.
[0091]

<Measurement of amount of corrosive gas>

Each of the epoxy resin compositions of Examples 1 to
12 and Comparative Examples 1 to 6 was cured for 4 hours at
175°C, and then this cured product wes pulverized with a
vibrating mill. The obtained powder of the cured product was
sieved through a sieve having a nominal mesh size of 74 um
(200-mesh) to exclude coarse particles, and 2 g of the obtained
sample was placed on the sample board 101 of a tube-shaped
furnace made of glass as shown in FIG. 2. Subsegquently, dry
air in which the carbon dioxide concentration had been
adjusted to less than or equal to 0.04% by volume by passing
air A having a moisture content of less than or equal to 0.1%
by volume through a CO; trap (air vent filter) 102 was
introduced to the sample board 101. The powder of the cured
product was heated for 10 hours at 200°C using the heating
furnace 103 under the atmosphere of this dry air (flow rate:
10 ml/min). The corrosive gas generated therefrom was
collected in a scavenging liquid 104 that had been coocled in
ice water 105, and the entire amount was used as 25 mL of test
liguid. Specifically, a dilute hydrogen peroxide solution
{(a product obtained by adding 0.1 ml of agueous hydrogen
peroxide at a concentration of 35% in 25 ml of ultrapure water)
was used as the scavenging liquid 104 for the given sulfurous
acid gas. Furthermore, adilute potassiumhydroxide solution

(8 mmol/L) was used as a scavenging liguid 105 for hydrogen
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chleoride and organic acids (formic acid and acetic acid). The
obtained test liquids were introduced into an ion
chromatography apparatus ("Model ICS2000" manufactured by
Dionex Corp.). The analysis conditions were as described
5 above [flow rate: 1.5 ml/min, detector: electrical
conductivity detector, solvent: potassium hydroxide
(gradient 1 mM to 35 mM)]. Each ion was quantitatively
measured by a calibration curve method, and then, the amounts
of ions generated from the sample were calculated. The
10 results are shown in Tables 1 and 2.
[0092]
{2) Evaluation of characteristics of semiccnductor
device
The high temperature storage life (HTSL) of the
15 semiconductor devices thus produced was measured by the
following method. The results are shown in Tables 1 and 2.
([0093]
<HTSL 1>
The semiconductor devices thus obtained were stored in
20 an environment at 150°C, and the electrical resistance value
among the wirings was measured every 24 hours. A
semiconductor device in which the electrical resistance value
increased by 20% as compared with the initial value was
determined as a failure, and the time (unit: hours) taken until
25 the occurrence of failure was measured. The measurement was
carried out with five semiconductor devices, and among these,

the shortest time taken until the occurrence of failure is
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shown ih Tables 1 and 2. Méahwhile, if failuré did not occur
when all the semiconductor devices were stored at a high
temperature for 2000 hours, the case is indicated as "> 2000".,
[0084]

<HTSLZ>

The semiconductor devices thus obtained were stored in
an environment at 175°C, and the electrical resistance value
among the wirings was measured every 24 hours. A
semiconductor device in which the electrical resistance value
increased by 20% as compared with the initial value was
determined as a failure, and the time (unit: hours) taken until
the cccurrence of failure was measured. The measurement was
carried out with five semiconductor devices, and among these,
the shortest time taken until the occurrence of failure is
shown in Tables 1 and 2.
[0095]

<Determination>

A case 1in which failure did not occcur even if the
semiconductor devices were stored at a high temperature for
2000 hours in connection with the HTSL1, and failure did not
occur even if the semiconductor devices were stored at a high
temperature for 200 hours in connection with the HTSL2, was
determined as good (O), and other cases were determined as
failure (x).

[0096]



0 8 OO0 0008 96.0 174'9

42

air

X X o uolsioa(]

(44 BL 6es Y (0,541)2TS1H
¢E9 Gee 0002< Y (D,061) LASLH
£le 8¢ £cl fe10.L

ploe agasy

(wdd)
seb ans01105 Jo Junowy

1D

45

|Ejel

juabe Buziegnan

lzgL 000z<

16 YE 110
CVIn C/ 6 000 0 cd O 6 00001 78
[Table 1]

OV Lg

050 050 [..080 ) 050 [ 0s0 | | 050 .
g} 0} B8
0S80 0S0 050
e F S R - S RSO s B
- hm.N ..................................... uisar Axod3
16°G L6¢ 16°G
or'o 020
&5 - o) mNo ..... wabe Budnon
- Omuo ----- Om-o -------------------- Om.o ucm.—o_oo
0£°98 0698 0098 jeLl o4
£ 4 £ ON
ajdwiexy aneledwon adwiexs | @1ge]




cv

tri

OO0 O.LIL 96'0 CV N--

cow L 099 O

0 6 C3 6 ooooL

817 99 91 TO Fri

6 0000 CD («xi

43

[CO97]

[Takle 2]

uoisioa(]

(D:5L1)ZT1S1H

(00813 LIS1H

(wdd) sef
2AISD1103 JO JUnaLy

19

S

0000t

[Bj0L

0E0

wiabe BuizpenaN

juishie Buihd

ELS

ujsal Axod3

R A U2 T4

Gz'o G20

620

A

wabe Budnag

JUBID|OD

[Bis)et Jayy

"ON

ajduwex] oajeledwag

¢oigel




8E 69 6'1 .- r-or nr O O Et 0l:6L StO 179 Cv 0 CV 6 0000 O

00 0 00 C D. C11017)17-1 oa

10

15

44
[0098]

As shown in Tables 1 and 2, in the semiconductor devices
having encapsulating resins by curing the epoxy resin
compositions of Examples 1 to 12, failure did nct occur even
if the semiconductor devices were stored at a high temperature
for 2000 hours in an environment at 150°C. Furthermore, when
these semiconductor devices were stored in an environment at
175°C, failure did not occur even if the semiconductor devices
were stored at a high temperature for 2000 hours. Therefore,
it was found that when an epoxy resin compesition in which
the amount of generation of S0, generated when the cured
product of the epoxy resin composition is heated for 10 hours
at 200°C is adjusted to less than or equal to 70 ppm, and the
amount of generation of S0;, hydrogen chloride (HCl), formic
acid and acetic acid is adjusted to less than or equal to 230

ppm is used, the HTSL of a semiconductor device can be

enhanced.
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CLAIMS

1. An epoxy resin composition for semiconductor
encapsulation, comprising an epoxy resin (A) and a curing
agent (B), used for encapsulating a copper wire and a
semiconductor element connected to the copper wire,
wherein a cured product of the epoxy resin composition
for semiconductor encapsulation is heated for 10 hours at
200°C, the amount of generation of a first corrosive gas that
is a sulfur compound having corrosiveness to the copper wire

is less than or equal to 70 ppmn.

2. The epoxy resin composition for semiconductor
encapsulation according to claim 1, wherein the first

corrosive gas is sulfurous acid gas.

3. The epoxy resin composition for semiconductor

encapsulation according toc claim 1 or 2, wherein a second
corrosive gas that is a halogen compound, and a third corrosive
gas that is an organic acid are corrosive to the copper wire,
and the total amount of generation cf the first, second and
third corrosive gases generated when the cured product of the
epoxy resin composition for semiconductor encapsulation is

heated for 10 hours at 200°C is less than or equal to 230 ppmn.

4. The epoxy resin composition for semiconductor

encapsulation according to claim 3, wherein the second
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and 2, in the semconductor devices having encapsul ati ng resins by '
curing t%ﬁ@@§¥vée§a@ CONPRSLLLeRS: Ah FXaMRLeg L to 12, failure did
not occur even he sem conddct or devices were stored at a high
tenperature for 2000 hours in an environnment at 150C. Furthernore,
when these sem conductor devices were stored in an environnment at

175C, faidure gig on C%s‘?t di%%%gﬁti%‘?{i ere%ﬁic@%\ft&%ecf :}"’ere

stored at a high te ture ours ore
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generation genera t he cur product of’ the epoxy
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or equal m = an e armoun gene
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6. The epoxy resin composition for semiconductor

encapsulation according to any one of claims 3 to 5, wherein
10 the third corrosive gas includes formic acid and/or acetic

acid.

7. The epoxy resin composition for semiconductor
encapsulation according to any one of claims 1 to 6, further

15 comprising hydrotalcite.

8. The epoxy resin composition for semiconductor
encapsulation according to claim 7, wherein the hydrotalcite
is a compound represented by the following formula (1):

290 MaBly (OH) 2a43p-20 (CO3) ¢'mH20 (1)
wherein in the formula (1), M represents a metal element
including at least Mg; a, b and c are respectively numbers
that satisfy the relations: 2 £ a £ 8, 1 <b <3, and 0.5 <
c £ 2; and m represents an integer of equal toc or larger than

25 0.

9. The epoxy resin composition for semiconductor



15 acid and acetic acid is adjusted to |l ess than or equal to 230 ppm
is used, the HTSL of a sem conductor device can be enhanced. 45
CLAIMS 1. An epoxy resin conposition for sem conductor encapsul ation,
conprising an epoxy resin (A) and a curjhg 5 agent (B), used for
encapsul ating a copper wire and a semconductor el enment connected to
the coppindp&ulation RIEIING @@riﬂ;} psREUSE Ofthe €PPXysleshBrein

conposition for sem conductor encapsu a¥ion is heated for 10 hours at

200C, the oyt of rgener akijon Rf1 @adErst ¢QLLRSLYS %@léi‘@%dl@rbﬁn 2he

sul fur compound having corrosiveness to the copper wire | ess than

or equal Ry e_ep j [
senicond&%ﬁgﬁgeﬁgggégﬁéfﬁ%ﬁlgcggr%?%Eﬁfzf%?gﬁﬂ?%?rkﬁggégﬁétﬁg Fﬁfgt
15 corrod LS rou cid.g ) e i

composi { T T ar Lt SR of 2 Ehc SPaaT D Sees: Aenr 12 hParnby gibe
2, wherei d [ gas.t .S a hal agen conmpoun nd. a
thirdgcoﬁﬁﬁgéiﬁgg Eggﬁﬁﬁgt%?é'aﬁnépgéhﬁ qgﬁ(§%§%§(ﬁ%é%%l$gtF§ Eﬁethe
copper wise,, and the total a nt of generation of the first, second
and thir é;%?%%? e%ﬁéggﬁibeﬂgrated when the cured product of the
epoxy reﬁirlco Ofi%ion f.or ﬁfniconductor encapsul ation is heated for
10 hour s ‘at* b0 S Pég%ﬂfha or equal to 230 ppm 25 4. The epoxy
resin conposition for sem conductor encapsul ati on according to claim
3, wherein the second 46 cor&0Sive gas is drogen chlori de gas. 5.
The epoxy resin conpositi r sem cond encapsul ati on accordi ng
to claim3 or 4, whereint third 5 corroglve gas includes two or
nore kinds of different organic acids. 6. /The epoxy resin conposition
for sem conductor encapsuKati on according to any one of clains 3 to
5, wherein 10 the third co rosiye gas inchudes form c acid and/or
acetic acid. 7. The epoi? resin conmposi®@i on| for semni éBnduct or
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wherein in the formula (2), Ar! represents a phenylene
10 group or a naphthylene group; when Ar! is a naphthylene group,
the glycidyl ether group may be bonded to any of the a-position

and the B-position; Ar? represents any one group among a
phenylene group, a biphenylene group and a naphthylene group;
R®> and R° each independently represent a hydrocarbon group
15 having 1 to 10 carbon atoms; g represents an integer of 0 to

5; h represents an integer of 0 to 8; n°®

represents the degree
of polymerization, and the average value is a positive number
of 1 te 3;

[Chemical Formula 2]



encapsul ati on according to any one of clainms 1 to 6, further 15
conprising hydrotalcite. 8. The epoxy resin conposition for

sem conduct or encapsul ati on according to claim 7, wherein the
hydrotalcite is a conpound represented py the following fornula (1):
20MaAl b (OH) 2a+3b-2c 003 ) all111-120(1) wherein in the formula (1),
M represents apmet elenmept including-at | east My a,_gb and c are
respectively nunbers t'ﬂa’?E atRsfy the rlel attho ?Ng¥2 R< 8, 1 < b3,
and 0.5 cl2; S sl to or |arger
t han 250. GCR: q
encapsul atHon hccom
epoxy resin (A) i S ai ed\frampt
consi sting of an epox i epresent éd®b th& f &1 ol ng formul a

(2), an epoxy resin represented by the 5 following formula (3), and

an epoxy resin ni ed oW f.or 4) . i.C
Formul a 1] (wé%ﬁ#%ﬁgwiﬁA} ¥-%Eﬁ?%g%%Syggngﬁf%Eégé&héye%%h?ﬁ%t%§Ch
formula (. e e

ar oup; _uhek oA o SRR ERb RSB P AT o FRa U bR ) B SR g e
be bonded .t o anylogotgecgiggﬁition and égen£3-gosition

2
represent$ ‘any? one  gr oup- among aécop ienyT ene gr%u%{:ezsaeﬁ‘itﬁ'hécr?y e{%\eegﬁ?&ﬁf

and napht-hyl ene_group; R6 R6 each independently represent a.. .
nydr oz ar B otbe 95 hRi R T o R BB Aok Lg T kb P tive
i nt eger ofng*to S'HQ Eeprqsenti an integer of 0 to 8, n3 represents
the degr 88 o? §nér F2ati’of"And the average value is a positive

nunber Oﬂc%éﬁﬁéﬁl[SQ%QJfg f?rnula 2] 48

(3)

10 R10 10 R10

R R‘]G R1O R R10 R1U
R11 R11
) g g S g SN
O R OH RM ®)
nG

R1U R1U R1U R1U R1D R10 R1U R1U

wherein in the formula (4), a plurality of R'*s and R!ls
10 each independently represent a hydrogen atom or a hydrocarbon

group having 1 to 4 carbon atoms; and n®

represents the degree
of polymerization, and the average value thereof is a positive

number of 0 to 4.

15 10. The epoxy resin composition for semiconductor
encapsulation according to any one of claims 1 to 9, wherein
the epoxy resin composition comprises at least one curing
agent selected from the group consisting of compounds
represented by the following formula (5):

20 [(Chemical Formula 4]



wherein in the formula (3), a plurality of R9s each independently
represent a hydrogen atom or a hydrocarbon group having 1 to 4 carbon
atons; and n5 represents the degree of 5 polynerization, and the
average value thereof is a positive nunpgr of O to 4; and [ Chemi cal
Formula 3] RMRMRNMRmRL1 Ri n6 RI0 RIOR1I0 R1° wherein in the
formula (4), a plurality of R19s and RIls 10 each independently
represent a hydrogen atom or hydr ocar bon up having 1 to 4 carbon
atons; and n6 represents degr ee of p6? rization, and the

aver age val ue ther eoin{Ia ive e to 4. 15 10. The epoxy
r4enca pﬁ i on accordi r‘(g-%%g any
t hel epoxy reesin conposition rises

resin conposition for seW
at | east one curing agegpgﬁelect 8_ron1€@§h roup consisting of
conpounds represented b ¢ [f ol Fowllng for

one of clains 1 to 9, whdrei
45): 49 OHOH - HIIH

ArsArzir-Ar3 (R7)i - (R8)j(R7)i- n4 (5) wherein in the
formula (5), Ar3 represents a phenyl ene group or a naphthyl ene group;

when Ar3 is a paphthyl ene tg{?olﬁ%o]f,%{llfah)(gr)ox&lr3g%8§§6rr;aeyntb§esab% d%ﬁ%i(e)ne

any of the a-position and positién; "Ar esen

group ampng..a phenyl en rQu a _bi phenyl en roup and napht hyl ene
gr oup; R?lg)nucf)ﬂg ae‘a%%pgﬁgéfgeepﬁjc?eﬁtrlo pr’eﬁ%ee%%trgalﬁfdpg@g}atﬂﬁﬁ?&%roup'
having 1 ilo O carbon atons; i represents an integer of .0 to 5; |

repr esent'€a yidrﬁ%@éf DFOWP tToR B; P AL PR ANt A Y 115 deift e ripsition and

> theB—position;Ar4representsawnronegroupamongeaphenylene

7 anad

group, a biphenylene group and a naphthylene group; R
R® each independently represent a hydrocarbon group having
1 to 10 carbon atoms; i represents an integer of.0 to 5; j
represents an integer of 0 to 8; n® represents the degree of

10 polymerizaticn, and the average value is a positive number

of 1 to 3.

11. The epoxy resin composition for semiconductor
encapsulation according to any one of claims 1 to 10, wherein
15 the copper purity of the copper wire is more than or equal

to 99%9.99% by mass.

12. A cured product of the epoxy resin composition for
semiconductor encapsulation according to any one of claims

20 1 to 11.

13. A semiconductor device comprising:

a lead frame having a die pad unit;



10 pol ynerization, and the average value is a positive nunmber of 1 to
3. 11. The epoxy resin conposition for sem conductor encapsul ation
according to anyone of clainms 1 to 10, wherein 15 the copper purity

of the copper wire is nore than or equatgto 99.99% by mass. 12. A
cured product of the epoxy resin conposition for sem conductor
encapsul ation acemi dgnlQcart AMe=Réntl Abim 2 49 Lhe He Aad unit;
sem conduct or device conprising: a |lead franme having a die pad unit;

50 a sem C@“_@H’ﬁ)?g@r Qe Rh SPURERY 0N-4 Py diEnRad tunthe Be§APPEEMe
wire that electrically connects the |lead frane and the sem conduct or

el enent; gnd @ne eReARSY Al dgokeshRddipt; ignformed froma cured 5

product of an epoxy resin conposition and encapsul ates the

sor coniucof SEeMLaMGLL SR (62,28 LIRS, 5 o

encapsul ating resin i s heate anoun

gener§ti%%dgué%f&f55npgﬁﬁgaaéﬁ%%%%eggagégfgi%ﬁ gn?“%k%%ﬁ%%ﬂ%%@gothe

havi ng corrosiveness to re’is T'ess than or egua

70 ppm . Th ] duct Vi cording to claim13, wherein

t he seco% mclocre?rg(g%gggas%ﬁ%g?gfsgéghgﬁl&gecno%%%oﬁ%&,e’and athird
corrosive gas that i.s an org ic_acid have corrgsiveness,l5 to, the
copper wire, an %ﬁ%ﬁ?tﬂm@%n@gSsﬁpgﬁaﬁf TsTATi §°Rd4: & 672 197 hotiF s+ ©
at 20QC, _the total anount of generation of the first, second and ,
third coPPési%égad SCrs thes sRERGF O1f EGRAT 2%t 2B it PP U s opHeO s ive
sem conduct or,_ devi ce according to Cla%ﬁ% 3 or 14, wherejin the copper

wire i s Hoddd'to 4 & &ty padrrs Dh- A COEMCONtRiCEdF tO the

el e t, and the el ectrode pad contains al um numas a nmi n conponent.
rTW copper wfre Es qeé% than or equal to 70 ppm. P

14. The semiconductor device according to claim 13, wherein
the second corrosive gas that is a halogen compound, and a
third corrosive gas that is an organic acid have corrosiveness
15 to the copper wire, and when the encapsulating resin is heated
for 10 hours at 200°C, the total amount of generation of the
first, second and third corrosive gases is less than or egual

to 230 ppm.

20 15. The semiconductor device according to claim 13 or 14,
wherein the copper wire is bonded to an electrode pad formed
on the semiconductor element, and the electrode pad contains

aluminum as a main component.



