1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD 5[ 0001]

The present invention relates to a sem conductor device.

Particularly, the present invention relates to a sem conductor device
in which an el ectrode pad of a semi conductor elenent is electrically
connected with a 10 bonding wire and the sem conductor el enent and

t he bonding wire are encapsul at edsweth rar ccalf edypr oduct of a
t hernosetting resin conposition. BACKGROUND ART 15[ 0002]

Electronic parts such as di odggyidcnshStBRS prafie-k Nt egrated circuits
are conventionally encapsulated mainly with thernosetting resin

conpositions. Particularly, epoxy resin conmpositions containing an
epoxy resin a phenol 20 resin-based curing agent, and an inorganic

filler wgrErsedsidhca or crystalline silica and having
excellen eat resistance and noisture resistance is used for
|nteggatqqﬂf6 ?Ults However, in accordance with recent narket trends
toward snaller-sized, lighter, and hi gher - perf or mance 25 el ectronic

devi ces, the Szg'ebggg%%tnocr 1%%% nhraev E%g&%ﬂ%g%’n% cngctor device.
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semiconductor element 1is electrically connected with a
10 bonding wire and the semiconductor element and the bonding
wire are encapsulated with a cured product of a thermosetting

resin composition.

BACKGRCUND ART
15 [00G2]

Electronic parts such as diocdes, transistors, and
integrated circuits are conventionally encapsulated mainly
with thermosetting resin compositions. Particularly, epoxy
resin compositions containing an epoxy resin, a phenol

20 resin-based curing agent, and an inorganic filler such as
fused silica or crystalline silica and having excellent heat
resistance and moisture resistance is used for integrated
circuits. However, in accordance with recent market trends
toward smaller-sized, lighter, and higher-performance

25 electronic devices, the semiconductor elements have been
enhancing higher integration year by year, and further surface

mounting of semiconductor devices has been promoted. Under



sem conductor el enents are used have becone severe, and therefore
bonding wires are also required to inprove bonding reliability.
Particularly, sem conductor elenments for use in autonobiles are
required to inprove the high-tenperature, 10 reliability of junctions

of el ectrode pads and bonding wires. [0004] For exanpl e,

Pat ent Dagusreiitr dudgsemidees, thatu aadhbher %ﬂvapb&ﬁﬂe%@%tongio&&)%ns

to 0.8 wM%to a gold alloy wire containing silver nakes it possib

t0 suppressed@ fEUUGId s dbatn Rendi f\gn ghirengt s pdhentheatdng. bé@@%l

Pat ent Docunent 2 describes that addition of an appropriate alloying
el ement tiq, & boBdihRg WMderpBkes it possible to inprove the |ong-term
reliability of a junction 20 of the bonding wire and an el ectrode and
to achi evgy@nrincrease in density, reductions in wre diameter and
characteristic variations, and the |ike. RELATED DOCUMENTS 25 PATENT
DOCUMENTS [ 000 e o t

ME [ @h Eﬁ% Bhggnggsg%3%Tngﬁgégﬁéatentg%gcuneﬁ%ggligger which
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THE | NVE wever envi ronrren condi t ons §]

whi ch semi, cond r nts .are use CONE npre se

recent ye@ar spegﬁ%gt}ﬁere Wsl_ern{%sco‘—:‘nr céf%?oé%%ﬁf:? GFre 18 rré)qu‘f pje?fuflbng
be furth%% fgbfyggy. ar iégfégﬁ ,m§%${§o£8"%%é efements for use

in automobiles are required to improve the high-temperature
10 reliability of junctions of electrode pads and bonding wires.
[0004]

For example, Patent Document 1 describes that addition
cf Mn in an amount of 0.005 to 0.8 wt% to a gold alloy wire
containing silver makes it possible to suppress a reduction

15 in bonding strength after heating.
[0005]

Patent Document 2 describes that addition of an
appropriate alloying element to a bonding wire makes it
possible to improve the long-~term reliability of a junction

20 of the bonding wire and an electrode and to achieve an increase
in density, reductions in wire diameter and characteristic

variations, and the like.

RELATED DOCUMENTS
25 PATENT DOCUMENTS
[0006]

Patent Document 1: Japanese Patent Application



[ 0008] For exanple, very high-tenperature environnents are
present in autonobiles, and therefore sem conductor elenments 15 for
use in autonobiles are required to have particularly excellent

hi gh-tenperature storage characteristics; and high-tenperature
operating characteristics. Poor connections between al um num pads and

gold W resaid-bpeh- treipei akuhe sty age-or Jgh- t enperat ure operation
are 20 caused by void formation by Kirkendall effect. The i nprovenent

by reducing thegrow hphatgeft voi dgapiatde Usi pgrahltoa b1 £sa€386: for
exanpl e, Patent Documents 1 and 2) has not yet reached satisfactory

| evel s. [[0009]o2ahn ;& 1sENt sPRductQr . deyhee iz wy ch an el ectrode pad
of a sem conductor elenent is electrically connected with a bondi ng

wire, and the sem conductor elenent and the bonding 4 wire are
encapsul ated with a cured product of a thernosetting resin

composi t iQumARS PEe VERtIQy rel ates to provide the

. AR i0 .
sem conduct or devi ce I ch has excel |l ent hi gh-tenperature storage
characteqkﬁjdfi_and hi gh-tenperature operating 5 characteristics.
[ 0010] he present invention is directed to a sem conduct or

devi ce i ncl udi . a sem conductor e] enent havi ng an el ectrode pad;
10a substrate g%&ﬁ%$§thePﬁé5&5%%%%33??&? *Eﬁgﬂﬁ Hd Nt 84<&nd

whi ch has an. el ectrical bondi ng part; a bonding wire
el eot 11 oAy CORAREE Oy T HE BT 68t Fode haRct BaTe BAGULT | BRF SpoiRi7G° 0
part; and a body of an encapsul ati resin.encapsul ating the 15
e condiECSi bl ERBAE /art 4 hbPBOAIHI wf PBL&RE Bovposed [6fents are
10 required to be further improved to have high-temperature
reliability.
(0008]
For example, very high-temperature environments are
present in automobiles, and therefore semiconductor elements
15 for use in automobiles are required to have particularly
excellent high-temperature storage characteristics and
high-temperature operating characteristics. Poor
connections between aluminum pads and gold wires in
high-temperature storage or high-temperature operation are
20 caused by void formation by Kirkendall effect. The
improvement by reducing the growth rate of voids with using
alloy wires (see, for example, Patent Documents 1 and 2) has
not yet reached satisfactory levels.
[0009]
25 In a semiconductor device in which an electrode pad of

a semiconductor element is electrically connected with a

bonding wire, and the semiconductor element and the bonding



a cured product of a thernpsetting resin conposition, wherein
a main nmetal conponent of the electrode pad is the sane as or
different froma main netal conponent of the bonding wire, and
wherein when the main netal conponent ofy 20 the el ectrode pad is
different fromthe main netal conponent of the bonding wire, a rate

of interdiffeisdon aafcdpsunaitedtialh aSch@@Hlbroduct AeeOokbicNthdHetheng
present invention, in a sem conductor device in which an el ectrode

pad of a rsedd gopempber tel eENthESpekaetyt GaldyneoBnectad tMd @ provide
bonding wire, and the 5 sem conductor elenent and the bonding wire

are encapsid aked Whiduarow gdvRRANRE cBfn Astder oPsehid R9ghetidhperature
conposition, it is possible to obtain the sem conduct or geV|ce havi ng

excel|en%ﬂﬂﬁﬁﬁéeﬁﬂ%%ﬁd%é&§ggﬁﬁﬂﬁaﬁﬂ@rﬁQBQUEgﬁgérQEQre operatin
hi gh-tenperature operating characteristics. 10 BRI EF DESCRI'PTI ON oF

THE DRAWNGS- 10012} c+ics. The above-described object, other objects
features, and advantages of the present invention wll becone nore 15
apparent y,the follow ng description of preferred enbodi ments given
with reference to the acconpanying drawings. [0013] Fig. 1 is a

diagran1shomﬁngﬁg1 fggéﬁisg%g(%%i §Oi§tﬂﬁﬁé%€e8ft%ﬁ%i%ﬁ%HPLSn%hé%or
sem conduct or devi ce accordingeﬁo e preseént i nvéention. ig.
2is a diﬁgr. S i the cross-sectional structure of one exanple

of a one S|d§¥%n2§§g&1arp " sem conduct or device according to the

present |nventgogéﬁ§%£§§g§kg¥(gié%;g@ng@%%g@%n electrode pad;

10 a substrate over which the semiconductor element is
mounted and which has an electrical bonding part:
a bonding wire electrically connecting the electrode pad
to the electrical bonding part; and
a body of an encapsulating resin encapsulating the
15 semiconductor element and the bonding wire and composed of
a cured product of a thermosetting resin composition,
wherein a main metal component of the electrode pad is
the same as or different from a main metal component of the
bonding wire, and wherein when the main metal component of
20 the electrode pad is different from the main metal component
of the bonding wire, a rate of interdiffusion of the main metal
component of the bonding wire and the main metal component
of the electrode pad at a junction of the bonding wire and
the electrode pad under a post-curing temperature of the
25 encapsulating resin is lower than that of interdiffusion of
goeld (Au} and aluminum (Al) at a junction of aluminum (A1)

and gold (Au) under the post-curing temperature.



[0014] 6 Her ei nbel ow, a sem conductor device according to the
present invention will be described in detail. The sem conduct or

devi ce according to the present invention includes: a sem conduct or

el enent having an 5 el ectrode pad; a substrate over which the

sem conductor elenment is nounted and which has an el ectrical bonding
part; a bonging wire electrically connecting the el ectrode pad to the
el ectrical bonding part; and a body of an encapsulating resin

encapsul ati ng W&cs@mﬁgnduct% ghemmnit andy dheibendiing a1Q i@ @8dctor
conposed of a cured product of a thernobsetting resin composition,

wher ei n @ermi@enﬁhaiahqwca]@rgwét%@e%%% roeey p@@miéoh%é@é@ &Befbnt
different froma main netal conponent of the bonding wire, and

wherei n whene { Be :MRidY 1B ak o GARRANENT  OF nt ereclﬁ&iﬁgd%ﬁaéi I $nd the
different fromthe main nmetal conponent 15 of the bonding wire, a

rate of Ig’gﬁébﬁﬁu%'tm @lérﬁ@n@ahﬂgﬁh} b%m nt: ot the %%da Lated

wire and the nain metal conponent e electr de pad at a juncti

of the bQHQH?ga 1ee f&?ﬁ?ke%%r%pﬁﬂﬂggm nder. qﬁiQ?%ﬁaﬁr'g%p081tlon,-

tenperature of t e encapsulafing resinis omer

I nterdiffys Ogaﬁés%%é¥%dt§A8£ EﬂHg1n %ﬁ%@gd %tgr J UGt op Eggﬁng

alunlnunl(AfS curlng enpera ure:

f th d b 0015], .Th

Tt el comRRent L F THOIE RER S0 Saaé 2% ?%%‘gfs Sy RGrdeTor o ehBht
used in Epe}prggentrg vention is a%e he, n@tn met al conponent
of the bont wreforths aPffér éﬂgf? ﬁf?ﬁ&%ﬁﬁ?}ﬁ%?&l conponent of

t he &ndlng mnre 7 and is a netal such that the gromh rate of an
al l oy of the nain nmet al conmponent of the el ectrode pad of the

sem CONdUGLAr, eLeUeat AV MR TR Bl fgiborent of the bond ng
[0012]
The above-described object, other objects, features,
and advantages of the present invention will become more
15 apparent by the following description of preferred
embodiments given with reference to the accompanying
drawings.
[0013]
Fig. 1 is a diagram showing the cross-sectional
20 structure of one example of a semiconductor device according
to the present invention.

Fig. 2 is a diagram showing the cross-sectional
structure of one example of a one side-encapsulated
semiconductor device according to the present invention.

25
DESCRIPTION OF EMBODIMENTS

(0014]



In the present invention, the main netal conponent of the el ectrode

pad is contained in an amount of preferably 95 maas% or hi gher, nore
preferably 98 mass% or hi gher, even nore preferably 99 nass% or

hi gher with respect to the total mass 1Q of nmetal conponents

contained in the electrode pad. In the present invention, the main
nmetal conponenticofe 1hieebeRGi RY Mhecbh GRE G4 NGEvER AN AFBUAL nQf to the
preferably 90 mass% or higher, nore preferably 95 mass% or hi gher

even nor e ¥ £é et abhy 38 Messkian Hohesswirtihdespechetatihe total

mass of metal 15 conponents contained in the bonding wire. [0017]

The term " growrlh o al@n OF ol u@ld Oy " qkpithe REESLAL nlgNeNt 08 F?\fg%re%ﬁ 0

the rate of interdiffusion of netal conponents contained

different fRIaE s B Gl 2adl ;| Be <2l 1L RANRRD o Moy ORLAL TRKAMAGI gnar e

brought into contact wth each other er the post-curing

: t cac | e pos
empes al wie. Of s Lhe encapsil 8hibag a8l Ny 80 3o, | S, LOLIRA Anfycrox

junction of the im’lar netal mteria by inter

met al CO'Q}QJ}[F §%§%%§ﬁ§l§d an méc‘i?fFPaaéi{ B%Pfﬁgggﬁgzh% rC?ZI\_A{tl% RRrt;

rate of an alloy © mai n nmetal “conponen rode pa

t he sem co ct.o el nt, .an e main netal c onent _of the

bondi ng %iﬁ?ﬁﬁﬁﬁ?rﬁlﬁgo§EEQE§%g%#T ncgﬁqﬁf%ﬁn%o aﬁgeﬁqﬁﬁéﬁn?%gnto
be examned by conparing.differences, between the diffusion .
coer 110l oitts xS rerare lonanid T BeLr caithg cliberat (7b SrogRsating
encapsul ating resin. re.specifically, the main tal .conponent of .
Che. b1 ectFodd BES T ChE 00 Dot ML LSS L L TAER bonaR ig RiEid 10
are qiou ht into, contact with each other gnder'the ost - curi ng, ,

t enpet at Ur'é P ThE CSRAPSUI At i hg et P1OIBKANP he? L iF FRESSHdel ng resin
(D1=IDp_w D) between the diffusion 10 coefficient of the main_netal
conmponent P8 Het £PBet FOGE Sidl e ds & § &t tHRMRBPR el téGnFdfeiirode
of the bonding wire (Dp_w) and the diffusion coefficient of the main
metal coRfgGhermt e tTRMBoAdi AF Wil UF ERGséd oth & M i Rekedacomponent
conponent of the el ectrode pad (Dw_p). Further, alum numand gold are
brought 25 FREPEBALES Wiitth eachvBeEREluWdEn the pedit Batiadgcomponent
tenperature of the encapsulating resin to examne a difference

( D2=1Dp_@R~L Oty e sek sebrodRer aff ¥ uisiidif eventi f entt I maliuninedra dickipsatent
in afld (DAl-Au) and the diffusion coefficient of gold diffused in

al urinunPEDrRa-anding vheeprageic iavéntticomi DiugdoandfD2heatd Bfiynetal
the relation D <D2. The post-curing tenperature of the encapsul ating
resin magep@odeEny o9 Hf sheexeampleng1v3Ce 0019t hAl merimatieied y, comgonent
growh rate of an alloy may be 25 neasured in the foll ow ng manner. A
sem condaét ¢hedevdi €l rpdewriach anh el éctradeopadfotha semddnduetiare and

elenent is electrically connected with a bonding wire, and the 9
the electrode pad under a post-curing temperature of the

encapsulating resin is lower than that of interdiffusion of
20 gold (Au) and aluminum (Al) at a junction of aluminum (Al)
and gold (Au) under the post-curing temperature. Each of the
components will be described in detail below.
[0015]
The main metal component of the electrode pad of the
25 semiconductor element used in the present invention is the
same as the main metal component of the bonding wire, or is

different from the main metal component of the bonding wire,



sem conductor el enment and the bonding wire are encapsulated with a
cured product of a thernosetting resin conposition, is subjected to
hi gh-tenperature treatnent at a predeterm ned tenperature for a
predetermined tine (for exanple, at 175G 5 for 8 hours). Then, a

Wi re-bondi ng portion on the el ectrode pad of the sem conductor

el enent isheuts shecerassnaactipagl aur bacsof thecwbrezkordingy of the
portion is polished, and the growth thickness of an alloy region is

measur ed M 44 e d 25 (ot $H OREOPL -t NN 1 O habhl £hNes s HeS sdiMidati By cor
the 10 high-tenperature treatnent tinme to determne an alloy growh

rate. [0@Q2QUment andl! @h@%ﬁ@%@@ﬁahnﬁgﬁtﬂcﬁ{bnﬁ hgrspRst E)?Jtn%liﬁ@@'llgfr@ is

lead frame having a die pad portion or a circuit board. In the

lead frame,,an exLarRdlaConpeghi on ity %Eago%%@ﬁ& 20 ulrf)fi; Out put
terminal or a termnal for power source can be forned as the

el ectgi c§lo fing part. In the circuit board, an electrode pad can

be provided as the electrical bonding part. 20[0021] The
bonding wire i$.u3ed (0 eLeqt! igdldor LonnCEl ! e 8l el f odepad ol Lhe, ¢
seni conduct or €l enment ‘to an exfernal ‘conhection term nal provi ed '
alead fr r LLeuit board. The itch and wire dianeter o
sem cond&%t%greqeﬁ(gtn]ggﬁg% %g 3? gg&&arledggop%ea%n%lwgptf 8rf ﬁi{?ﬁ%’rabiy 95
i nt egratian

Aand specifically the wire diageter is required to be 30
om or | Te8 s B BRBHT be Mope p ettt Seny S afhonf &F Wik Bpnar hgn More
wre 10 used i he_sen conduct or. devi ce, according.to th resen
i nvent i oﬁriegdﬁg?ieya%gym%ésﬁmo&r & ‘?r%}ﬂhp’f%ﬁgﬁgﬁl 3°2§?1§ﬁ1td°rtal‘ gRass
but ]Tg pm_or re. The bonding wire,used.in the sem conductor  device
accorti n§ Tt 8% pr ¥EBAP Svertioha i 858 Adt G 1§ taParPy' RAd ed, I huthe
preferably containps gold (Au),. silver énAg%% or copper (Cu% as a_main,
met al coRPSRSRE MVYERSIE i thfl PR ithdDondi RFURIET s Pf efBrakIgnding
conposed of a gold alloy 'having a gold purity of 98 mass% or hi %h.er
and cont ¥itfiengSat o E3dfiSche Nef BridRP UBE| et F e oAy 0t eR® or higher,
10el enents, Ag, Be, Ca, Cu, Ga, Ce, In, My, Gs, Pd, Rh, Ru, Sn, and Y
in an anBOFE & Ot 90BB LYo 93, O'atess 08 ¥ riohP R vicdiRioite L of PEaIfleably 98
shape stability and bonding strength. The gold purity is nore
pr ef er abl'f 59% s sbd 0PNy ot R ghespasdr tieukasl ﬁqotrée{emawy ogy mytal
mass% (4N) or higher fromthe 15 viewpoint of high-tenperature
st orlage EREPEIIEN | St FO8 tarid ¢l ghnt émserze ud éngperiatd ng
characteristics. It is to be noted that the term"purity" used herein
refers td00A& rati o of the anobunt of gold contained in the bonding
wire to the total amobunt of netal conponents constituting the bonding
20wi re. [0022]The term n"genetcdl ragiectfode pddsopf senmtdenducesent
el enents use a netal mainly containing Al. However, Al contained in
t he el ecinoee tpads fefmssanal toy (anteraet ahkieao donposnd) wift meba a
gold alloy constituting bonding wires, and the growh of the alloy
occurs dapimpgridmghs tempeadhnerde ist awagel idif dut ght tieapelahtte rapel atdorche
at 100C or higher. At this tine, .

20 time when the metal materials are brought into contact with

each other under the post-curing temperature of the
encapsulating resin. An alloy is formed at a junction of the
dissimilar metal materials by interdiffusion of the metal
components.
25 [0018]
A comparison between the growth rate of an alloy of the

main metal component of the electrode pad of the semiconductor



11 voids are generated and grow by Kirkendall effect due to the

di fference between interdiffusion rates, which | eads to an increase
in resistance value and a di sconnection. In the present invention,
the main metal conponent of the electroge 5 pad of the sem conductor
elenent is the same as the nain netal conponent of the bonding wre,

or is a netahesdchAntinghet he 197 ets T at GmPbnan tald 0% Hf e 18w ietkahng
conponent of the electrode pad O the sem conductor elenent and the

mai n et alp & gmRANENt Lfe bl RON] 9 I 58 1P 2heel kit Bal B @Panined
alloy 10 of alum num and gold. This makes 1t possible to prevent the

gener ati oy, ahy g5 PWhB ah ddd kendak! ¥l dsn ttgtﬁer eDyr BLEOLL ERUAY) cients
inproving the lifetine of the sem conductor device even when the
sem conduat G f8YLCaldh St OREd L0/ ORI AL ARG UNGRLe PLOD Lemneratyre.

ta t he bon

15[ 0023] en the main conponent Ing wre is

ld,sth : 1 .el t f I
dont & ns LI Taer e (R Srobira TR adichhiBailh BAEERER herat
or € prefc rnfg%%eﬁenglfsk%e()fetlpeaééggafgr]géfpj]di)atngc{ oeI dm%@r\l}:zﬂé g{lreocogn'{pgcﬁnent

Vi ewpoi nt” Of° nor sturé resistancé re ed

o1V of a0 M .l 0.0l componeps, o the.bond oq i p iz
sem condyctr, A oe Jee gL ongLifell Ip even when Lol Shored oo

voids is_slow_ On the ather hand, IS the_ sa s the main netal |
corrponenf:ooFxtaﬂb”b%ﬁdfi&g&\?ﬁrr%r,lcﬁnﬁé\?ﬁépef‘o_r%ﬂﬁg‘ji gﬁltlwﬁert & Sy Pdvit T B on
an al | oy doefs . 12 not %ccgr and Kirkendal|l voids are not generated.

[ 00 CoeLTMHLANEhE I nal R RELA FEd oo eHiP OF ffte OBokdien§ LFiGter 4 pad
copper, the electrode pad of the sem conductor el enent 5 preferabl

cont ai ns g IURFAAT Bd)C BR 1gol@ teduy oaw o el P hréthg begibor@ it randPs-«!
nore preferably consists of palladium (Pd% or gold (Au) fromthe

vi ewpoi nBN6F ths Sifrer s bensearéd el s abi  F tye Theigr Btk Ir goarsingmt of
alloy of Pd or Au and Cu as the main netal conponent of the bonding
wire is FOrePorbind ot hat dof fawed |igy tdfe Mp bpronaralapgmpiesreaioret the
t he sem conductor device has a long lifetinme even when it is stored

or operaté@riic i yR {Rmperat Tiug Werhuse! ehéngroand g Ik ekendaidught
voids is slow. [0025] 15Wien the main netal conponent of the bonding
wireds srnibweeontire teWadtr edehpathef wheesenhe mict onréngneamperature
preferably contains palladium(Pd) or gold (Au) as a nmain netal
conponentf &fd noreapeeflerbibly consinstto ofxpalinadiaind { P remagol d

(Au) fromthe viewpoint of noisture resistance 20 reliability. The
growt h r ab@=dfDgap-alldy bEtRee tAe aid fAgs asntdheefdin irettalof aluminum
conponent of the bonding wire is |lower than that of an alloy of Au

and Al , dnd futserefior gotltk (Samconaudtione devi Eeshas aolkdfgdiéetia® gold
even when it is stored or operated under high tenperature because the
growt h ofliifnkeentlalh sduds num (Day-a1) - In the present invention, D1

20 and D2 satisfy the relation D1<D2. The post-curing
temperature of the encapsulating resin may be set to, for
example, 175°C.

[0019]
Alternatively, the growth rate of an alloy may be

25 measured in the following manner. A semiconductor device,
in which an electrode pad of a semiconductor element is

electrically connected with a bonding wire, and the



25is slow. [0026] The el ectrode pad may contain at |east one sel ected
from 13 Al, Cu, C, Ti, and Si as a netal other than the nmain netal
conponent, and the anount of such a netal contained in the el ectrode
pad is preferably O to 2 mass% [0027] SHereinbel ow, a thernosetting
resin conposition used to produce the sem conductor device accordi ng

to the prasentohAvRIHd O Wehénbeadesehdebndhegt Peranseld kG d8S$hDated
conposition is nolddd and cured to forman encapsul ati ng body. The

t her noset}itg &eshRcComashtbenoysed di Phaduee ithe 10s$amM-eaniuet Pion,
device according to the present invention is not particularly limted

and may GONLaiyy Qhee QT JTBig H hesABeelld Nk R NSnaHEMN S Pred di8SHASned
nmel am ne resins, phenol resins, resorcinol resins, epoxy resins,

pol yur et hagie, £ £t Nse Wigwa grelalectasiny pohyvi eyl aleghplor esingysec

. r
. e
15 acrylic resins, vinyl urethane resins, silicone resins, a-0

mal ei & anhydrd dg, 1£sf ns, ppalyani 9%::%%%{6}?@1&‘@‘1%89%390@ 48, 188 NS &l PPGge
t alyst. Th resin

with a curing agent, and a curing cat epoxy

COHDOSitkE?%|qﬁ%ﬂé“é%ﬁ;%éﬁggé cﬁ?%%}ﬂéﬁt f%qgﬁépgﬁﬁgeg£ogglsé%%ﬁgﬂal

i nor gani er (O refera used as ernosetting resin

conposi ti h_of .the conmponents. of the epoxy, resin,c sitign
used to S(r?lor}!dfu%(ggt Rg é%ln@i cvglnggc %rnqserw céoﬁgégrndilnsg ?8%&2‘% ’esae?\g the

i ti i1l be d i_bed | ow.. [0028] 25Th '
composi { PR S R BERRBATES T RS S CORdUEL B BEVIE S4eedt di Tt 1ee

present invention may e an epoxy.resin (A)..The .epoxy resins (A)

usabl e iﬁﬁﬁﬁfsiﬁpﬁresiﬁﬁiQR%%Fﬁoﬁ i atf ﬂ&#ﬁﬁ%@, 8l it rs,
and pol yners containing twg or nore_epoxy groups in one nolecule, and
ol Ll AP W1 GhTBRA O e (172 SEROE BE&%: her B6F SAE T harh SUIHF T YLD
limted. Exanples of such epoxy resins (A) 5 include: crystalline

epoxy resiP< such as bi phenyl -type epoxy resins, bisphenol-type epoxy
resins, and stil bene-type epoxy resins; novol ac-type epoxy resins

such as 6@@@&] novol ac-type epoxy resins and cresol novol ac-type

epoxy resins; , .
In the present invention, the substrate may be a lead

frame having a die pad portion or a circuit board. In the
15 lead frame, an external connection terminal such as an
input-output terminal or a terminal for power source can be
formed as the electrical bonding part. In the circuit board,
an electrode pad can be provided as the electrical bonding
part.
20 [0021]

The bonding wire is used to electrically connect the
electrode pad of the semiconductor element to an external
connection terminal provided in a lead frame or a circuit board.
The pad pitch and wire diameter of semiconductor elements are

25 required to be smaller for higher integration, and
specifically the wire diameter is required to be 30 um or less,

preferably 25 um or less. The diameter of the bonding wire



pol yfuncti onal epoxy resins such as triphenol net hane-type 10 epoxy
resins and al kyl -nodified triphenol met hane-type epoxy resins;

ar al kyl -type epoxy resins such as phenyl ene structure-contai ni ng
phenol ar al kyl -type epoxy resins and bi phgnyl ene structure -containing
phenol ar al kyl -t ype epoxy resins; naphthol-type epoxy resins such as

15 di hydroxyaapht haleeneshype neResdo £ egkiRs RNh @POXY i hesits eRtaphedent
by glycidyl etherification of dimers of dihydroxynaphthal ene;

triazine lwéeeﬁoeoa%aF&IdmeleQezy E8ShASo2UERsAS Word YeidWbrably 25 um
i socyanurate and nonoal | yl di gl ycidyl 1socyanurate; and bridged cyclic

20 hydr ocar bppsgoppaungds npdi Hi-ed, phenol ot ¥PE eRAXYy MeSERS (SUGD AS the

di cycl opent adi ene-nodi fi ed phenol -type epoxy reS|ns These epoxy

resins may a?eﬁeqcsacrtglcyeetcbn %@fﬁhOEooEﬁ%Péng%elﬁvérb@%n is

Pol yf uncti on epoxy resins such as triphenol nethane-type epoxy

resing agﬂ%t?(?%y 1;89'12': gzﬁ.tgn% uf{‘;ﬁ&{{'ﬁéé‘é‘ﬁs S%H%;m%%ﬁ%(%’ {ﬁ’%iéﬁlér fau) ,

preferre Vi ewpoi i pr ovi ng enperature
storage characlefistics.a ture operati 1

charagterls ?%% aﬁg téf Egﬁgt ane %pelﬁ%%ﬁfarégﬁﬁgqge?nent' More
articul arl 0029 The Iomer limt _of otaI

IrOeS| n (A)as ceyocf 5 no pa]r3 PG T  Fi bt 8§Efbetﬁ ekijipréJ (’)f@ gt a
mass% or eferably 5 SSW o nor.e th respect to t

total mdd s Oépgsa/ Tedin 88 sttt%b terd | HBe £ SEa epbag P Es AT
(A) content s WLt hin hb above range, e i.S |Ité|% fear that mnr%
breakageQﬂqqab%188u§§d PRE %P?ﬂ F§€6§??? §OFhe Afppefart

limt . of the total epox reS|nné§; cont ent |s not particularly

i mit%d, SHG™GRC5r fEr abPy 8 9%6°Gr SEgs I Tmolte priet eri ymiB Fass9a -
or less with respect to the total nass of the epoxy resin .
conposi t POT V\Héhatfh@rtfblb%t: PEMPe 080 3 e totmepdxyfres khcotisitpesnt
wi thin the above ran there 15 is little fear that noi st ure

resi stanfé A thbfl ﬁg@wﬁ |3t Bl dduc N ByPaRdimG easEenf that efhe gold
absorption rate. [0030] The epoxy resin conposition used to produce

the semi @&FdUCE of S dBYiTCe RIETHPAPRG 1 0° T heappésdmN ) noenhilam iy 20

use a curing agent (B). The curing agents (B) usable in the present

i nvent i oRagrte ¢obighly mr\ﬂm@aabhm%hﬁ@entaw@s s48h as péloyeddifizeon the
type, catalyst type, and condensation type. [0031]

Exaribp'i es Véfewdtel pbl 9Addiitdlont eppe radrirryy ageme denctudlea c2% ol tyhes nend
conpounds, i ncl udi ng al i phatic pol yam nes such as diethyl enetri am ne
(DETA), bthigetthamperetugd nep¢TETANg afderacteristics. It is to be

noted that the term “purity” used herein refers to the ratio
of the amount of gold contained in the bonding wire to the
total amount of metal components constituting the bonding
20 wire.
[0022]
In general, electrode pads of semiconductor elements use
a metal mainly containing Al. However, Al contained in the
electrode pads forms an alloy (intermetallic compound) with
25 a gold alloy constituting bonding wires, and the growth of
the alloy occurs during high-temperature storage or

high-temperature operation at 100°C or higher. At this time,



met axyl yl enedi am ne (MXDA); aronmatic pol yam nes such as 16

di am nodi phenyl net hane (DDM, m phenyl enedi am ne (MPDA), and

di am nodi phenyl sul fone (DDS), dicyandi am de (DI CY), and organic acid
di hydrazi des; acid anhydrides including;alicyclic acid anhydrides
such as hexahydropht hal i ¢ anhydri de 5(HHPA) and

net hyl t etyahydr 9pBt §ahiee a8y dih geg £ MEHRPH) k and 3Bt iCr 86LE due to the
anhydri des such as trinellitic anhydride (TMA), pyronellitic

anhydri dey { PMPALL cand bepzephenenst e £ agak Bex W 4k aci Qh(i@BD/i)e'adsl to an

pol yphenol conpounds such as novol ac-type phenol resins and pheno

pol ynmer s;; 3ot ¥HBECAR! e £P8PQURAS SULRaS nROIY SH ELHBS e I DESTEF S the

and t hi oet hers; isocyanate conpounds such as 1socyanate prepol yners,

bl ocked ip%,o&é/@netfﬁiyfemq&{,gam&_n@fjo,ggﬁy%gggm BRHYIIE che electrode

aci d-cont'al ni ng pol yester resins

cat al yst r?‘taa%lcﬁ% £urjng F@%ﬁgn%gk g‘i\ze %t??‘ret“ita-ri#et%ﬁi?nga%%mguﬁg%pﬁéﬁﬁ Retal

benzyl di yl'am ne risdi | am nonet

(DMP- 30) ;. i.m e 0 as, 2- net hyl.i m dazol e, and

ety L P AR ST TE R SATY B ke o RsTBrg gy that the
conpl exes. e condensat.i curin

3 Exa s aof. t,he -type g

agent in&%d‘ggﬁplﬁ‘é‘ﬁ& Orfesall%-'ggggg &Fritlr‘\}be agent's " a‘ég'ﬁ&‘?é’ie&t Ypethe
henol resins_and resql .- e phenol resins:; urea resins such as, 25

et hyl of St  CORUBTRI Bh Ui ee T RESUARP Fel LeiT Hetr BRRr6hS JEht Aaretal
met hyl ol _gr oup- cont ai_nj | ami ne resins. [ 0034 17 Anong them
phengl I’é:g)ln}?- %Eg 86#58 g&é‘ﬁ?%“%r“é“b?e?%ri@iﬁeﬁjr(‘i%atrhé: %vﬁlgi‘?ﬁ dfloy
a bal ance ng flane resistance, noisture resistance, electric
cha?%itepﬁggﬁég?l%%?aﬁP i?9a%andT¥Fd?éﬁ%k%?abFlP?§?l?H@ premgievent the
resin-based 5 curing agents include al]l nononmers, oligonmers, and
pol yrer s IFAR TR 4B 1 heF e PhEnGL Khykpadell lgritbds ntére shy ecul e
and nol ecul ar, wei ght _and nol ecul ar structure thereof are not

particul 841§ hreBEl YEXART @VEngr iR h! phehdéme &xf nt bgssgmiromguctor

agents include: novol ac-type resins such as phenol .
device even when the semiconductor device is stored or

operated under high temperature.
15 [0023]

When themainmetal component of the bonding wire is gold,
the electrode pad of the semiconductor element preferably
contains palladium (Pd) or gold (Au) as amainmetal component,
and more preferably consists of palladium (Pd) or gocld (Au)

20 from the viewpoint of moisture resistance reliability. The
growth rate of an alloy of Pd and Au as the main metal component
of the bonding wire is lower than that of an alloy of Au and
Al, and therefore the semiconductor device has a 1long lifetime
even when it is stored or operated under high temperature

25 because the growth of Kirkendall voids is slow. ©On the other
hand, Au is the same as the main metal component of the bonding

wire, and therefore basically, the growth of an alloy does



10 novol ac resins and cresol novol ac resins; polyfunctional-type

phenol resins such as triphenol net hane-type phenol resins; nodified
phenol resins such as terpene-nodified phenol resins and

di cycl opent adi ene-nodi fi ed phenol resing; aral kyl-type resins such as
phenyl ene structure - and/or biphenyl ene 15 structure -containing
phenol aradkybcEasi i g pheRvaneansdi g Ri-khefyl egenstiuctyre
-cont ai ni ng napht hol aral kyl resins; and bi sphenol cConpounds such as

bi sphenol[ gy 2and bi sphenol F. These resins may be used singly or in
conbi nation of two or nore of them Polyfunctional-type phenol resins
20 such as tri m%rfplméhﬁa%téa%@ B8l R AS @fetwegg%r&&ﬁngr%%weis

vi ewpoi nt of further inprovin I gh-tenperature stora

char act edal &2, apd il Lempacaliye gpetat! N haraghercs! | ehenand

tri phenol ane-type phenol resins are particularly preferred.

25[ 00:35] i f, t.he t | _cur] t. (B)_conten

i's ngg'? pgrrtel fceu]faairl;Pg Jf?}r{;?tgéh,sn%étﬁiaﬁlgﬁ%f(g@bf)y %C.}ggng%@]/oaos(f a I?Lglﬁonrl%, al
nore prefer 5 s% or. pore with, respect to t t at.al ., mass, of

t he epoxflﬁﬁﬁ%eﬁgﬁpggﬁtﬁé%? fnén ﬁﬁ?%gmﬁgnfﬁﬁﬁf;SEBPéi%?Qmecﬁﬁgﬁgor
agent (B). contepnt.is w thin the above range, sufficient fluidity is
achieved%cﬁﬁg ﬁ%%ér%ﬁQ%[EQﬁ ELENO G Bl CEufPrig Bt BB St eht i s
not particularly, limted. either, but |s preferably 10 ss% or_ | ess,

nor e pref@iﬁﬂ%Z§lh¥55%g8?IQ&&WE@t%afﬁsgécﬁnt8?ﬁm¥t%#t%$dﬁggﬂﬁa?ﬂecu
epoxy resin, _conposition. Wien the uppet |[imt of the total curing

agent (B?Scaﬁzee _31%“\&”%&}% T+ THCBES eO_ffaEbs, PPREFE] 15 % Iy Feathan
t hat |s§ure reS|st?ice reliability will be reduced bg an increase

in wat er “B590PHt PBNA AP, OF0bdeind AL, anghdmer phersl thest alpgsagluctor
curing agent, is used as the curing agent (B), the epoxy resin and the
phenol rB&V-Tad&f B5 1A g HRjehticafBepr Bhenablty i 868§ OFarnaRated
equi valent ratio of the total nunber of egoxy groups (EP) in the '
epoxy redfRaohiRd torme rRirBER BECpRSRoknEe ByamdkyP fgkbupsndadlivpids
t he phenol resin-based curing agent ((EP)/(OH)) is 0.8 or nore and

1.3 or | &8sSiTe- equivalent ratio within the above range 20 causes

| ess the reduction of the curability of the sem conductor
encapsul P04 lepoxy resin conposition or the decline of the physical
properties of the resin cured product. [0037] The epoxy resin
conpgdsi ti on usédeno threoduzent het2s semmpongudt orf delrecooactiordi wgreo is
the present invention may use an inorganic filler (C). The inorganic
filler (€)lused naybecdretgende abhy wusedtha semicamtictoor element

encapsul ati ng epoxy
preferably contains palladium (Pd) or gold (Au) as amainmetal

component, and more preferably consists of palladium (Pd) or
gold (Au) from the viewpoint of moisture resistance
20 reliability. The growth rate of an alloy of Pd or Au and Ag
as the main metal component of the bonding wire is lower than
that of an alloy of Au and Al, and therefore the semiconductor
device has a long lifetime even when it is stored or operated
under high temperature because the growth of Kirkendall voids
25 is slow.
[0026]

The electrode pad may contain at least one selected from



19 resin conpositions. Exanples of such inorganic filler (C include
fused silica, crystalline silica, talc, alumna, titaniumwhite, and
silicon nitride. Anong them fused silica is nost preferably used.
These inorganic fillers (C) 5 may be used singly or in conbination of
two or nmore of them Further, these inorganic fillers (C) nmay be
surface-tyeated, wekh &:coud ng; agenk. mZhe 1f idd s -praLEr ably idsn anetal
shape as close to a perfect sphere as possible and a broad particle
size di StydipbhBRt], N A h & OahBRQY & £ | 8l dht ¥ 18 10-LARGAHUE in the
filler (C) preferably contains particles whose size is two-thirds or

less of aMilerphbch M b |pean appunt oot 99 g% or nore from

t he vi ewpoi nt f)f ap%lai cat?o‘ﬁ '?o sem con%ugtoo% 3%&{\:?%% with a narrow
wire pit Q}QZT-EF inorganic filler (C having such particles in an
anount 15 within the above range can suppress the occurrence of the
Surdclent Thllad spoxy, os! 0, SORSAI PR, OLo LU WE SIEEP BaSEd co
oy et Prefffebc 83 B ARKE BYlieel | o Y50 comenchal L Al | sbLs
commer ci al |.y-avail abl.e .i norgani c f.i.llers,_or passi ng the m xture

t hr ough éLns‘%:lerrg%ln(.mTHé ﬁ?ﬁ%%#ﬂ&%‘fm%ﬁt ?ﬁl‘?rﬂffoﬁ% CEREr géiii

e AN e TeRsu el b P AR S AL LS 208 Laser PATLELE noay.
ot part [N S5 ERIG It Bl CBA0 (HERORGE LOPHS B FReDHGRGEA Ehe.
filler (C content is preferably 82 nmass% or npre, nore preferably 85
masé"}éor SRBE W ERCFOLPERT 108t RECOTHINGrabS b &t e SRRy BIEmtion is
cConposi tg%%\%heQ,thﬁ inlggvgqjarglipgi:fbgl er (O contqeﬁnt_ is not 5 less than

t he abové&®l T impHt2n $t6Fe UL OrPYi FiOMY-BHY PBR CRertRife
expansibility are achieved and therefore there is little fear that

noi st ur e P& SREELRE iTA/R 17 E ySWED afe Yok . LERE Nfppete } AR R eofr aiens ,
inorganit filler (C content is preferably 92 nass%or |ess, nore

pr ef er abP} e8P Inies94 3 110¢ $ @86 LWiotth ressigett arPr¥ne ¢ piak  nped yofratieane
epoxy resin conposition. Wien the inorganic filler (C) content does

not exce®@ Stifes abviBYdpparetabet restiere igolyvting ¥ eatcohatl defettve
filling and the like will be caused during nolding due to a reduction

i n flui deey vdria heeséniscondiuey br udeingerd 5raslinshavel aiprokl e such,

as wire sweep caused by an increase in viscosity. [0039] The epoxy

resi n coapedictiiion wséeito Frivddeédehe sseim spongwdtyEmdéyi ce saccor ding

to the present invention may 20 further use a curing accelerator (D).
The curipgladeelds atesifB) dkongt wpatt ixutarling iagdred, aankorg asrihg
can accel erate a cross-linking reaction between epoxy groups of the
epoxy reskmadndtf uncthenabogiyoupss 0fi thepesingoagenn (f06iegampl @poxy
phenol i c hydroxyl groups of a phenol resin-based curing agent) . 25
The curi ngsdccefzer at or c(b) ripetgéntt e )pr esedt ahnyertdigm hayrhe 1ene ()
usual |y used in epoxy resin conpositions. Exanples of such a curing
accelcer at or pR)f d e udeudicar ad cylekoahkerRssetting resin composition.

Each of the components of the epoxy resin composition used
to produce the semiconductor device according to the present
invention will be described below.
[0028]

25 The epoxy resin composition used to produce the
semiconductor device according to the present invention may

use an epoxy resin (A). The epoxy resins (A) usable in the



21 and derivatives thereof such as

1, 8-di azabi cycl o( 5, 4, 0) undecene-7; organi ¢ phosphi nes such as

tri phenyl phosphi ne and net hyl di phenyl phosphi ne; i m dazol e conpounds
such as 2-nethylimdazole; 5 tetra-subsyjtuted

phosphoni um tetra-substituted borate such as

t et raphenyt phesphamiwim €1 saphepyly hor at e ranbRdduct §1af; phosphi A%
compounds wi th qui none conpounds. These curlng accelerators may be

used si nq:!d’l%e'r@ £onRiNat on tq&otafapmq;rré*%r J@‘:ﬂ; %%leolecule,

The lower Iimt of the curing accel erator

pmw'CU|%ﬁhYddI%E§@arbHE'&h@r cf%%ﬂéb919§ g@%%%fﬂ émgﬁérg?%eﬁre not

preferably 0.1 mass%or nore with respect to the total nass

epoxy re §9§HQ§'t 'llﬂwﬁgdthel %%é biemgt, f %ﬁgxgug%%RQ?e

accel erator cont 'S W CHi Nt ove range re’is

fear §hat; é%%?é“éy g%%lf%ﬁ%%%ﬁ%?%gfhe cﬂ1a§@ﬁg%%§£&t yﬁggkoxy

accelerator cont IS no m ted

pr ef er abl y % ) nDre referab ess_with

r espect to:%he té?%?gﬂggs%Z 0&%8 §|nag§nﬁégﬁ%%ﬂ$"wﬁgﬁ ?ﬁ%xy
upper “'?ésfﬁ the cuilng accelerator D) con is.within th

range, thére 13’ TR ecFed RHEPFINIE J}P%\ASIUIC 8%888@8 R[] iﬁc ¢pe
When necessary, t he epggﬁ resin gp 03|i|on used to 25 produce the

serm condGRGHY BV F¢8Sadltt dF hSe BSehtY BvER? £ 8n TRy Rt t her
contain aQﬁﬁﬁgdlt% qgles of such an additive, i nclude: alum num
corrosi ok BRrELH Il?:jéhe QXYoFeSANT R Gith Rydrioxt BBE PG e T b Pe
exchangers such as, bi smuth oxi de hydrate; coupling agents such as

y-gl .d&w%d@ﬁ%Wﬁe%ﬂex%Fwénéﬂoqb,l%?éabfaﬁmﬁmwﬁeﬁmfs&m%@oxy
and 5 3-am ropyl tri met hoxysil ane; col oring agents such as carbon

bl ack an&qq%ﬁ%reﬂraﬁ&ﬁ¥ﬁF%E§ EBPIOhen? 18 6cIF Eh 57 Fi BIRE YIRS

rel easi ng agents such as natural waxes (for exanple, carnauba wax),

synt het i & LidGEsU L A §REL F it 1 §9 abhes GrRl abkall daiRe eReKeorrqFions and
exanpl e, zinc stearate), and 10 paraffin; and antioxidants. Wen
necessar91ﬂﬂﬂﬁYh©ﬂQaﬁ¢éWQH¢é? ey Nl 1) kg t PEaned a2 hk #h -&yme epoxy
resin or a phenol resin in advance. Exanples of the treating nethod

i ncl ude &8&1ine whhehhahsol veypei spoerbveds ahsersurdlxi ag t he inorganic
filler and an epoxy resin or a phenol resin using the solvent, 15 and
one Iin wHildly dreepogrp hitésd e oe -aypleermpoxesirr siig i aedt bpoard/detdemns
the inorganic filler and then m xed by using a mxer. [0042] The

epoxy resbriacionpdsbyi gd wrsiedly t oepheduckl ¢ heisenicdontlimeos devi ce
according to the present invention may 20 be prepared by m xing the
above- deddhivisetb xpnpphemtasl awée b the. ausin ©f nachiexer-osnthenlirke apoxy
roomtenperature, or then adjusted dispersion degree, fluidity or the

| i ke as mecedssaryubl mwl timigg hpdikiydadi swgec wehh rusiengamdkneadi ng

machi ne such as rolls, a kneader, or an extruder, and then cool ed
before monocallyldiglycidyl isocyanurate; and bridged cyclic

20 hydrocarbon compound-modified phenol-type epoxy resins such
as dicyclopentadiene-modified phenol-type epoxy resins.
These epoxy resins may be used singly or in combination of
two or more of them. Polyfunctional epoxy resins such as
triphenclmethane-type epoxy resins and alkyl-modified

25 triphenolmethane-type epoxy resins are preferred from the
viewpoint of further improving high-temperature storage

characteristics and high-temperature operating



25 crushed. [0043] Hereinbel ow, the sem conductor device according to
the 23 present invention will be described. The thernosetting resin
conposition is cured and nol ded by a conventional nolding nmethod such
as transfer nol ding, conpression noldingg or injection nolding so
that the cured product encapsulates an 5 electronic part such as a

sem condutiOF = ekerEndt Bng, 2a handir AU El et hBB etk e th ORL Al BsthE are
sem conduct or device according to the present invention. Wen a

sem condycd ©f 1 80GARIY at+ 8RRy, resin conposition is nol ded and
cured by transfer nolding or conpression nolding, the epoxy resin

conposi tijgpd®;in the formof powder or granules may be directly
used, or may be conpressed into tablets before use. The sem conduct or

devi ce encapsuhated fye 2 1%9£n9fn€ﬁe09?§§ghgg§§e{ l%%‘ﬁﬁ {(ii?ie f'és'gt'bﬁt is

nount ed on an el ectronic device or the y or a

conpl gt e Gyr i @lcﬁl%%(%ilafﬁﬁ@em Tﬁgwﬁﬁggﬁg%éa%fg% rﬁé’és%"bggtﬂnége,

mnutes to 1 ours. sem ctor el ement useé

the present %3;%%&9913&3,65%39@@J‘Eg%@gm{ﬁiﬁteggpe%@gtsxegggétal nass

t her eof |n81 e Integra Ci f Cui arge-sca ntegrate iTCUits,

20,120 g SOMLLSL G aMEDs BLRC! i .1 FRORSRIBLID o
ot e PraSeo L NG Lan LS 0F PRLTLRULAY L LT Lefl and Sxarml 8 22,
Corr e (Pl QL el EOrkge [ S L QUL Packags (500
TS0, U Bdrbst Bockens (ISTR), Tape Cotiier Dpckede (1)) o
particularly limited, but is preferably 15 mass$% or less, more
preferably 13 mass% or less with respect to the total mass
of the epoxy resin composition. When the upper limit of the
total epoxy resin content is within the above range, there
15 is little fear that moisture resistance reliability will be
reduced by an increase in water absorption rate.
[0030]
The epoxy resin composition used to produce the

semiconductor device according to the present invention may
20 use a curing agent (B). The curing agents (B) usable in the
present invention are roughly divided into three types such
as polyaddition type, catalyst type, and condensation type.

[0031]
Examples of the polyaddition-type curing agent include:
2> polyamine compounds including aliphatic polyamines such as
diethylenetriamine (DETA), triethylenetetramine (TETA), and

metaxylylenediamine (MXDA}; aromatic polyamines such as



5Fig. 1 is a diagramshow ng the cross-sectional structure of one
exanpl e of a sem conductor device according to the present invention.
A sem conductor elenment 1 is fixed onto a die pad 3 by a cured die
bonding material 2 ihterposed between thgm Term nals (not shown) of
a lead frane 5 and 10 el ectrode pads of the sem conductor elenment 1

are conneft£fli hedegoe @y eE thy nkondbpd) W ke Hen JhEnseMiGRNEMCt AP DA )

elenment 1 is encapsulated with a cured product 6 of a thernosetting

resin commosidi fMinbCA4HedprEd fods @Bk Agr@m shawingide (n1cy), and
cross-sectional structure of one exanple of a one side-encapsul ated

senm conduct i n deviaes ACEPR JhRG iy d he QEgﬁe@nﬂﬁPfBE%nin—r&@Jding

sem conductor elenent 1 is fixed onto a layer of a solder resist 7
stacked qn { uefaceof Weyeil r . di .
bondi ng nafggfg? 2 ?ﬁterﬁ%s gkgggﬁigﬁgﬁhgs35%%%%2%5%?%&H%¥gﬁgﬁ§ﬂ?%%alde
Lhe soldSfge] shol (o, 70 061 i85l shot 00,9 LSLER0R M BlLlDR) an
el ectrod e 0 Ln.order t tablish.cqntinuity. betwe

the sen condint o v B IR 1 2ERESpRD B3 BRI rRasana B i BT et Fhve)
pads of the sem conductor, el,enent connected to the el ectrode
pads of &ﬁé“gﬁg%éggqﬁbé?gq%dfgﬁ&ud#wﬁﬁg)boﬁ&i gwres 4. Only the 25
one side.of the circuit board havi t he senm conductor. elenment 1 is
encapsulgﬁﬁf%ﬁ%ﬁnpﬁgzﬁﬁiﬁcﬁf 8&ﬁl¥go?céﬁ éﬁéﬁghfaPP&QHQ£ﬁﬁ
conposition. The el ectrode pads qon the circyit hoard 8 are internally
connecte&qugﬁﬁﬁérsﬁﬁqs?% %OBPgﬁQﬁﬁWBﬁ P @ﬁéir%%ﬁéBEm%ﬂ%xpg?HQl

of tqﬁ C|r%3}t board gﬁi 0048% Such sem conduct or _devi ces

accordi n§ Aot hes pr B8N NTRREASN IRIWRCBRES| 1S4ftD he §hPPensetat Lifes

st or age % ,iﬂgéggggristicaﬂ§$g?gggh-ten£§;gtgriﬁfperating a0 5

char act eri ; d Gaf o Sdiitice VR at® 1798PPEN UV RBURS
or longer, without any failure during operation even after storage at
200C f or 30 HouF . W@W%ﬁvh@@r’ﬁ%naé@@dﬁ%@@éé AEChraf a6

t he presenpc%;vent%?n cag@%;qbehused %gggé%naa‘hygh-te era%ure

envi r onmgRt: APOC 8F Ki XY ahd B§ MRRLy 1 t gepgrIuges s,
aut onobi | es. [ 0049] Al t hough the present invention has been
descri bed%853/de with reference to the enbodi ments, these enbodi nents
are 20 merely exanples of the present invention, and various

strudct ures ot hBkampdie 3 hef abbee-abdstl ¥ Bed tetrauct wr &8 gmayy ehet eipldye: :
For exanple, in the exanples shown in Figs. 1 and 2, one .

sem condGétrdri af erant nescappotiet] ovarch diebpad yporimenhpiamine (BDMA)

and 2,4, 6-trisdimethylaminomethylphenol (DMP-30); imidazole

compounds such as Z-methylimidazole and

2-ethyl-4-methylimidazole (EMI24); Lewis acids such as BF3
20 complexes.

[0033]

Examples of the condensation-type curing agent include:
phenol resin-based curing agents such as novolac-type phenol
resins and resol-type phenol resins; urea resins such as

25 methylol group-containing urea resins; and melamine resins

such as methylol group-containing melamine resins.

[0034]



25 a lead frame or on a circuit board, but two or nore sem conductor
el enents nmay be nounted over a die pad portion or on a circuit board.
26 Further, another enbodi nent of the sem conductor device according
to the present invention is, for exanpl 3,7- a sem conductor device
including: a lead franme having a die pad portion or a circuit board;

one or nore sepinEH@uehem, elBEnbs BrUUNSHs OMeE ute fi £588E sPYtd On
of the lead franme or on the circuit board; a bonding wre

el ectri caldyr&pRBECH Nt aPhE! §G1dW SR n PORY NG PAT 4 1 PLOY ifndgta%
|l ead frame or in the circuit board to an el ectrode pad provided I n

the sem goneugt an el emRit s+ apd 2R encapsulat Eﬂ%cbvﬁrggc .19hs9%°ééilf%£

the sem conductor el'enent and the bonding wre, ein a main ne aFgS’
came as & Rl R RS Comoneat gF (he BETG wite Bl ased
that & aron i do FapEeoratlaf ot S PREMSt " s Polis rRunate groThES s
oL SCL1 00 Al BT 4her S QTSI L SR DR LI AT IBE Sl ocve,
cured praate Bt ERoxs 1ha% RTERRt 1t DRrConF AT 50 She8hospe not
e b PR T n L. AR Bl ol G p S e
descri bed, but the present jnvention is not limted to these
exanpl es .Cu'ﬁ‘féj%n‘?)gﬁgg Sof 6% Sﬁént“so"fﬁ R~ EYE Sexi BEIBd ST S paREECL
DY TP e COTBOCIL s O, oROCY | ool COBOSL 10D BEPRLed i o1 —cype
S(Epoxy ?%255? resins such as triphenolmethane-type phenol resins;
modified phenol resins such as terpene-modified phenol resins
and dicyclopentadiene-modified phenol resins; aralkyl-type
resins such as phenylene structure - and/or biphenylene
15 structure -containing phenol aralkyl resins and phenylene-
and/or biphenylene structure -containing naphthol aralkyl
resins; and bisphenol compounds such as bisphenol A and
bisphenol F. These resins may be used singly or in combination
of two or more of them. Polyfunctional-type phenol resins
20 such as triphenolmethane-type phenol resins are preferred
from the viewpoint of further improving high-temperature
storage characteristics and high-temperature operating
characteristics, and triphenolmethane-type phenol resins are
particularly preferred.
25 [0035]

The lower limit of the total curing agent (B) content

is not particularly limited, but is preferably 0.8 mass% or



Ot hocresol novol ac-type epoxy resin (E-1: manufactured by N ppon
Kayaku Co., Ltd., EOCN1020, softening point: 55C, epoxy equivalent:
196 g/ eq) Bi phenyl ene structure-containing phenol aral kyl -type 10
epoxy resin (E-2: manufactured by Nippom Kayaku Co., Ltd., NC3000,
softening point: 58C, epoxy equivalent: %74 g/ eq)

Tri phenolpget dango kbyp @Mﬂam? N, 6Emdis SR agbHECH iBh JANA EPOXY the
Resin Co., Ltd., E-1032H60 tenlng poi nt: 59C, epoxy equival ent:

171 9/GQEd%%Poﬁgks(gﬁ'{WeAQEW%Q resin cgmﬂ3§1@9¥ﬁlac E%i'%ﬂ§+ﬂower

manuf actured by Sum tono Bakelite Co., Ltd PR- HF- 3, so tenin
poi nt: 8QG,hydOX¥le egyi \ial:ﬁ'} gﬂoﬂggln%q) ?OggﬂQ 1th&nbthﬁ/babove
structure-contai ni ng phenol ar al K esin manu acture

Plastic | ér'$§fkﬁ%1mnNEhtf§¥é§§W 3 ft%ﬂtd%vgglntThQSS pﬂ%ghPﬁXEt of

equi val ent ri pheno e-type phen resin

Sof t en?ES%%?%# fﬁ% t}ﬁ%%@ol@% iRt %kfﬁeﬁ%rfg(?%]aﬁﬁ%mited
Cro
Co. Crat e iosu bV IEas IR TR S%PL@ES%E?B e %%reclaﬁ¥§g@r5ff"erably

I th di t f 105 W ess
?E{L;f i \M%%%g) |afe5%r83 érﬁ?o%heﬂqéﬁ yWB%SS%m ° epoxy

(TPP), Sllagglgggg ngtl%gnt %ﬁpoxy éqygper limit of the total curing
agent (B) content is within the above range, there is little
10 fear that moisture resistance reliability will be reduced by
an increase in water absorption rate.
[0036]
When a phenol resin-based curing agent is used as the
curing agent (B), the epoxy resin and the phenol resin-based
15 curing agent are preferably mixed so that the equivalent ratio
of the total number of époxy groups (EP) in the epoxy resin
to the total number of phenolic hydroxyl groups (OH) in the
phenol resin-based curing agent ((EP)/(OH)) is 0.8 or more
and 1.3 or less. The equivalent ratio within the above range
20 causes less the reduction of the curability of the
semiconductor encapsulating epoxy resin composition or the
decline of the physical properties of the resin cured product.
[0037]
The epoxy resin composition used to produce the
25 semiconductor device according to the present invention may
use an inorganic filler (C). The inorganic filler (C) used

may be one generally used in semiconductor encapsulating epoxy



y- gl yci doxypropyl tri met hoxysi |l ane) 10Col oring agent: Carbon bl ack

Rel easi ng agent: Carnauba wax [0055] Preparation of Epoxy Resin
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silica is most preferably used. These inorganic fillers (C)
may be used singly or in combinaticn of two or more of them.
Further, these inorganic fillers (C) may be surface-treated
with a coupling agent. The filler preferably has a shape as
close to a perfect sphere as possible and a broad particle
size distribution in order to improve fluidity. The
inorganic filler (C) preferably contains particles whose size
is two-thirds or less of a wire pitch width in an amount of
99.9 mass% or more from the viewpoint of application to
semiconductor devices with a narrow wire pitch. The
inorganic filler (C) having such particles in an amount
within the above range can suppress the occurrence of the
insufficient filled epoxy resin composition or the wire sweep
caused by coarse particles sticking between the wires. Such
the inorganic filler (C) can be obtained by directly using
commercially-available inorganic filler, or by preparing such
as mixing two or more commercially-available inorganic
fillers, or by passing the mixture through a screen. The
particle size distribution of the inorganic filler can be
measured by a commercially-available laser particle size
analyzer (for example, SALD-7000 manufactured by Shimadzu
Corporation), or the like.

[0038]

The inorganic filler (C) content is not particularly



Production of Sem conductor Device 5Silicon chips and the |ike were
encapsul ated wth an epoxy resin conposition and nol ded using a

| ow- pressure transfer noldi ng machi ne (manufactured by KOHTAKI

Cor poration, KTS-125) under conditions ef a nolding tenperature of
175C, an injection pressure of 6.9 MPa, and a curing tine of 120
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2 30 [005 The, i n conpositions, and th
ggh?condé%?%ﬁ’de '%eBPBSEaﬁﬁEHP?XgExziﬁie%HQEHEEBﬁbaﬁhfﬁeﬁ éianﬁ?%%tent
wer e eval.uat ed Qg tg 2% ., methods. The eval uati on res%%af are
shown in*Tafl'& 15 f gg@ |%ﬁ PRodQere Preggrall Gy mapas
t ted into a spiral] flowtest nold

Sheci] od' S ANBER ASPIARS 93 28575 480 T ALt e Sbe bf LRSI RTeesarEn
transfer nol di ng machi ne KTS- 15 manuf act ured by KOHTAKI
Cor por at F6FP Ute! OPhe & (516" BT T @A RBFd L Eéder didr €BTtanscloan not

i nj ection pressur e of 6.9 MPa, and a curln% ti me of 120 seconds, and
a flow | EXGYE hash ReaOA%R]. UFRE T 1o\t engERewds exptbssd¢ fear that

defective filling and the like will be caused during molding
due to a reduction in fluidity or the semiconductor device
15 will have a problem such as wire sweep caused by an increase
in viscosity.
[0039]
The epoxy resin composition used to produce the
semiconductor device according to the present invention may
20 further use a curing accelerator (D). The curing accelerator
{D) is not particularly iimited as long as it can accelerate
a cross—-linking reaction between epoxy groups of the epoxy
resin and functional groups of the curing agent (for example,
phenolic hydroxyl groups of a phenol resin-based curing agent).
25 The curing accelerator (D) used in the present invention may
be one usually used in epoxy resin compositions. Examples

of such a curing accelerator (D} include diazabicycloalkenes



15 in centineters. [0060] Alloy Gowmh Rate: The w re-bonding
portion of the 16-pin SOP subjected to post curing (175C, 8 hours)
was cut, and its cross-sectional surface was polished by a 20
cross-section polisher ( SM0 9020CP nagyfactured by JEOL Ltd. ) to
measure the thickness of an alloy region with a | aser m croscope
(VK- 9700 Jregufiaet wized ys KENENGE Cos peratison) . [ 0061] _

Hi gh- Tenperature Storage Characteristics: Fifteen 25 16-pin SOP

packages j(fd f4egn@val yathen, ai rouid e csHli-ect edy-d 9, PASHHEW! %H‘ﬂne such

(175C, 8 hours) were prepared, and the electric resistance eac
the eval yaliop; SheGY itsh Y8shTRASWRS m3LnVitdt 2 digi 13l thgeter
( ADVANTEST Rt A Endon Tt by AOVARTES c&jra’borgt For?)s@glnld‘l‘ ’

recordediﬁ@ﬁ%&oﬁgeCgﬁﬁ§€%§§P%§%%%a9§8%%ﬁ@%ﬁv%ﬂﬁf&ggPﬁ%'a

hi gh-tenperature stora hour's, no voltade applied),
s aoatTeiaurag i L S P R T e e R R E LG Eh P Sen
20% 1 r omerhe S b aPUE St 1 B e R B et A Gt da s Y o
e et BT b Sl AT N BOP BB T p B cring
cval uat | 8 T TEUT LB Sl edtbd T 5 pBSr et iy 11 FSEa oY) Grkvo or

prepared, and the _electric resistance of each of the eval uation

circui t s\ sEE&T-w with a digital nultinmeter (ADVANTEST R6441A
manuf act yr.ed ADVANTEST Cor poration) and recorded. Then, the 16-pin
SCP%ﬁgckgﬁéﬁ re subjected to a high-tenperature operation test (0.1
A of direct current was applied to the evaluation circuit at 175C for
1000 hours), ah8@t Hé’r’i’ei%eféméét Pifc e Qi BhRE 20 6Tl aehosf (e content
evaluation circuits was_again_neasured with the digital nultimeter

Wien t helél 86t Péhlest st ande of M dath'oh £f reupfeapld v -gop masss or
package was increased by 20% fromthe initial value, the 16-pin SOP
package WaF SevalUat eBX 83 edetlely Vel WAES %t v mimbervw bthdeksesate to the
packages is n, 25 the evaluation result is expressed as "n/15".

[0062] [ Fablad mass 2f| thiprpekye IB&inpl @egmposition. When the lower

15 1imit of the curing accelerator (D) content is within the above
range, there is little fear that curability will be reduced.
The upper limit of the curing accelerator (D) content is not
particularly limited, but is preferably 1 mass% or less, more
preferably 0.5 mass% or less with respect to the total mass
20 of the epoxy resin composition. When the upper limit of the
curing accelerator (D) content is within the above range,
there is little fear that fluidity will be reduced.
(0041]
When necessary, the epoxy resin composition used to
25 produce the semiconductor device according to the present
invention may further contain any additive. Examples of such

an additive include: aluminum corrosion inhibitors such as
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zirconium hydreoxide; inorganic ion exchangers such as bismuth
oxide hydrate; coupling agents such as
vy-glycidoxypropyltrimethoxysilane,
3-mercaptopropyltrimethoxysilane, and
3-aminopropyltrimetheoxysilane; coloring agents such as
carbon black and iron red; low-stress components such as
silicone rubbers; releasing agents such as natural waxes (for
example, carnauba wax), synthetic waxes, higher fatty acids
and metal salts thereof (for example, zinc stearate), and
peraffin; and antioxidants. When necessary, the inorganic
filler may be also treated with an epoxy resin or a phenol
resin in advance. Examples of the treating method include
one in which a solvent is removed after mixing the inorganic
filler and an epoxy resin or a phenol resin using the solvent,
and one in which an epoxy resin or a phenol resin is directly
added to the inorganic filler and then mixed by using a mixer.
[0042]

The epoxy resin composition used to produce the
semiconductor device according to the present invention may
be prepared by mixing the above-described components with the
use of amixer or the like at room temperature, or then adjusted
dispersion degree, fluidity or the like as necessary by
melting and kneading with using a kneading machine such as
rolls, a kneader, or an extruder, and then cooled before
crushed.

[0043]

Hereinbelow, the semiconductor device according to the
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present invention will be described. The thermosetting resin
composition is cured and molded by a conventional molding
method such as transfer molding, compression molding, or
injection molding so that the cured product encapsulates an
electronic part such as a semiconductor element and a bonding
wire or the like, to obtain the semiconductor device according
to the present invention. When a semiconductor encapsulating
epoxy resin composition is molded and cured by transfer
molding or compression molding, the epoxy resin composition
in the form of powder or granules may be directly used, or
may be compressed into tablets before use. The semiconductor
device encapsulated by a molding method such as transfer
molding is mounted on an electronic device or the like directly
or after complete curing at a temperature of about B0°C to
200°C for about 10 minutes to 10 hours.

[0044]

The semiconductor element used in the present invention
is not particularly limited, and examples thereof include
integrated circuits, large-scale integrated circuits,
transistors, thyristors, diodes, and solid-state image
sensing devices.

[C045]

The form of the semiconductor device according to the
present invention is not particularly limited, and examples
thereof include Dual-Inline Package (DIP), Plastic-Leaded
Chip Carrier (PLCC), Quad Flat Package (QFP), Small Qutline

Package (SOP), Small Qutline J-Lead Package (S0J), Thin
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Small-Outline Package (TSOP), Thin Quad Flat Package (TQFP),
Tape Carrier Package (TCP), Ball Grid Array (BGA), and Chip
Size Package (CSP).
[0046]

Fig. 1 is a diagram showing the cross-sectional
structure of one example of a semiconductor device according
to the present invention. A semiconductor element 1 is fixed
onto a die pad 3 by a cured die bonding material 2 interposed
between them. Terminals (not shown) of a lead frame 5 and
electrode pads of the semiconductor element 1 are connected
to each other by bonding wires 4. The semiconductor element
1 is encapsulated with a cured product 6 of a thermosetting
resin composition.

(0047]

Fig. 2 is a diagram showing the cross-sectional
structure of one example of a one side?encapsulated
semiconductor device according to the present invention. The
semiconductor element 1 is fixed onto a layer of a solder
resist 7 stacked on the surface of a circuit board 8 by the
cured die bonding material 2 interposed between the
semiconductor element I and the solder resist 7. The solder
resist 7 on electrode pads of the circuit board 8 is removed
by a development method so that the electrode pads are exposed
in order to establish continuity between the semiconductor
element 1 and the circuit board 8. The electrode pads of the
semiconductor element 1 are connected to the electrode pads

of the circuit board 8 through the bonding wires 4. Only the
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one side of the circuit board 8 having the semiconductor
element 1 is encapsulated with the cured product 6 of an
encapsulating resin composition. The electrode pads on the
circuit board 8 are internally connected toc solder bails 9
provided on the non-encapsulated side of the circuit board
8.

{0048]

Such semiconductor devices according to the prlesent
invention have excellent high-temperature storage
characteristics and high-temperature operating
characteristics, and can operates successfully at 175°C for
1000 hours or longer without any failure during operation even
after storage at 200°C for 2000 hours. Therefore, the
semiconductor device according to the present invention can
be used even in a high-temperature environment of 120°C or
higher, and is especially suitable for use in automobiles.
[0049]

Although the present invention has been described above
with reference to the embodiments, these embodiments are
merely examples of the present invention, and various
structures other than the above-described structures may be
employed.

For example, in the examples shown in Figs. 1 and 2, one
semiconductor element is mounted over a die pad portion of
a lead frame or on a circuit board, but two or more
semiconductor elements may be mounted over a die pad portion

or on a circuit board.
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Further, another embodiment of the semiconductor device
according to the present invention is, for example, a
semiconductor device including: a lead frame having a die pad
portion or a circuit board; one or more semiconductor elements
mounted over the die pad portion of the lead frame or on the
circuit board; a bonding wire electrically connecting an
electrical bonding part provided in the lead frame or in the
circuit board to an electrode pad provided in the
semiconductor element; and an encapsulating body
encapsulating the semiconductor element and the bonding wire,
wherein a main metal component of the electrode pad of the
semiconductor element is the same as a main metal component
of the bonding wire, or is different from the main metal
component of the bonding wire and is a metal such that a growth
rate of an alloy of the main metal component of the electrode
pad of the semiconductor element, and the main metal component
cof the bonding wire is lower than that of an alloy of gold
and aluminum, and wherein the encapsulating body is composed
of a cured product of an epoxy resin composition containing
an epoxy resin (A), a curing agent (B), and an inorganic filler

(C).

EXAMPLES
[0050]

Hereinbelow, examples of the present invention will be
described, but the present invention is not limited to these

examples. The amounts of components mixed are expressed in
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parts by mass. The components of epoxy resin compositions
prepared in examples and comparative examples will be listed
below.
(0051]

(Epoxy Resins)

Orthocresol novolac-type epoxy resin (E-1: manufactured
by Nippon Kayaku Co., Ltd., EOCN1020, softening point: 55°C,
epoxy equivalent: 196 g/eq) !

Biphenylene structure-containing phenolaralkyl-type
epoxy resin (E-2: manufactured by Nippon Kayaku Co., Ltd.,
NC3000, softening point: 58°C, epoxy equivalent: 274 g/eq)

Triphenolmethane-type epoxy resin {E-3: manufactured by
Japan Epoxy Resin Co., Ltd., E~1032H60, softening peint: 59°C,
epoxy equivalent: 171 g/eq)

[0052]

(Curing Agents)

Phenol novolac resin (H-1: manufactured by Sumitomo
Bakelite Co., Ltd., PR-HF-3, softening point: 80°C, hydroxyl
egquivalent 104 g/eq)

Biphenylene structure-containing phenolaralkyl resin
(H-2: manufactured by Meiwa Plastic Industries Ltd.,
MEH-7851SS, softening point: 65°C, hydroxyl equivalent 203
g/eq)

Triphenolmethane-type phenol resin (H-3: manufactured
by Meiwa Plastic Industries Ltd., MEH-7500, softening point:
110°C, hydroxyl equivalent: 97 g/eq)

[0053]
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{Inorganic Filler)

Fused spherical silica (manufactured by Micron Co., Ltd.,
HS-104, average particle size: 26.5 um, percentage of
particles with a diameter of 105 pm or more: 1% or less)
[0054]

{Other Additives)

Curing accelerator: Triphenylphosphine (TPP), Silane
coupling agent {(epoxysilane:
vy-glycidoxypropyltrimethoxysilane)

Coloring agent: Carbon black

Releasing agent: Carnauba wax
[0055]

Preparation of Epoxy Resin Composition

{(Example 1)

E-1 9.2 parts by mass
H-1 4.8 parts by mass
Fused spherical silica 85.0 parts by mass
Triphenylphosphine 0.1 part by mass
Epoxysilane 0.2 part by mass
Carbon black 0.3 part by mass
Carnauba wax 0.4 part by mass

The above components were mixed using a mixer at room
temperature, and then roll-kneaded at 70 to 100°C, cooled,
and crushed to obtain an epoxy resin composition.

[0056]
(Examples 2 to 7 and Comparative Examples 1 and 2)

An epoxy resin composition was obtained according to
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formulation shown in Table 1 in the same manner as in Example
1.
[0057]

Production of Semiconductor Device

Silicon chips and the like were encapsulated with an
epoxy resin composition and molded using a low-pressure
transfer moldingmachine (manufactured by KOHTAKI Corporation,
KTS5-125) under conditions of a molding temperature of 175°C,
an injection pressure of 6.9 MPa, and a curing time of 120
seconds to obtain a 16-pin SOP (package size: 7.2 mm x 11.5
mm, thickness: 1.95 mm, one evaluation circuit connecting in
series three units, and each of the units having the two
passivation openings of a test element group {(TEG) listed
below, which is bonded with Au wires (NL-4 manufactured by
Sumitomo Metal Mining Co., Ltd, Au 29.99 mass%, 25 um@), so
astocwnnecttotheinnerleadsofealeadframebyudre—bdnded).
Then the 16-pin SOP was heated at 175°C for 8 hours for post
curing.

TEGl: size 3.5 mm x 3.5 mm, thickness 0.35 mm, electrode
pad: Pd-0.6 pm thick, 115 pm x 125 pm, passivation opening:
95 pum x 100 pm x 2

TEGZ: size 3.5 mm x 3.5 mm, thickness 0.35 mm, electrode
pad: Au-0.6 pm thick, 115 pm x 125 pm, passivation opening:
95 um x 100 um x 2

TEG3: size 3.5 mm x 3.5 mm, thickness 0.35 mm, electrode
pad: A1{99.5 mass%)-Cu(0.5 mass%) alloy-0.6 um thick, 115 um

x 125 pm, passivation opening: 95 pm x 100 um x 2
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[0058]

The epoxy resin compositions and the semiconductor
devices obtained in Examples and Comparative Examples were
evaluated by the following methods. The evaluation resulis
are shown in Table 1.

[0059]

Evaluation Methods

Spiral Flow: The epoxy resin composition was injected
into a spiral flow test mold specified in ANSI/ASTM D 3123-72
with the use of a low-pressure transfer molding machine
(KTS-15 manufactured by KOHTAKI Corporation) 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
a flow length was measured. The flow length was expressed
in centimeters.

[C060]

Alloy Growth Rate: The wire-bonding portion of the
16-pin SOP subjected to post curing {(175°C, 8 hours) was cut,
and its cross-secticnal surface was polished by a
cross-secticon polisher (SM-09020CPmanufactured by JEOL Ltd.)
to measure the thickness of an alloy region with a laser
microscope (VK-9700 manufactured by KEYENCE Corporation).
[0061]

High-Temperature Storage Characteristics: Fifteen
16-pin SOP packages (fifteen evaluation circuits) subjected
to post curing (175°C, 8 hours) were prepared, and the electric

resistance of each of the evaluation circuits was measured
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with a digital multimeter (ADVANTEST R6441A manufactured by
ADVANTEST Corporation) and recorded. Then, the 16-pin SOP
packages were subjected to a high-temperature stcrage test
(200°C, 2000 hours, no voltage applied), and then the electric
resistance of each of the evaluation circuits was again
measured with the digital multimeter. When the electric
resistance of evaluation circuit of a 16-SOP package was
increased by 20% from the initial value, the 16-pin SOP package
was evaluated as defective. When the number of defective
packages is n, the evaluation result is expressed as “n/15”.
High-Temperature Operating Characteristics: Fifteen
l6-pin SOP packages (fifteen evaluation circuits) subjected
to post curing (175°C, 8 hours) were prepared, and the electric
resistance of each of the evaluation circuits was measured
with a digital multimeter (ADVANTEST R6441A manufactured by
ADVANTEST Corporation) and recorded. Then, the 16-pin SOP
packages were subjected to a high-temperature cperation test
(0.1 Aof direct current was applied to the evaluation circuit
at 175°C for 1000 hours), and then the electric resistance
of each of the evaluation circuits was again measured with
the digital multimeter. When the electric resistance of
evaluation circuit of a 16-SOP package was increased by 20%
from the initial value, the 16-pin SOP package was evaluated
as defective. When the number of defective packages is n,
the evaluation result is expressed as “n/15”.
[0062]

[Table 1]
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[0063]

As can be seen from Table 1, the semiconductor devices
of Examples 1 to 7 had excellent high-temperature storage
characteristics and high-temperature operating

5 characteristics.
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Eval uation Results 33 [0063] As can be seen from Table 1, the
sem conduct or devices of Exanples 1 to 7 had excel |l ent
hi gh-t enper ature storage characteriggics and hi gh-tenperature

operating 5 characteristics. 34 CLAIMS 1. A sem conductor device
conpri si ng.aaMsem conduct or el enment having an el ectrode pad; 5a
substrate over which the sem conductor elenent is
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1. A semiconductor device comprising:

a semiconductor element having an electrode pad;

a substrate over which the semiconductcr element is
mounted and which has an electrical bonding part;

a bonding wire electrically connecting the electrode pad
to the electrical bonding part; and

a body of an encapsulating resin encapsulating said
semiconductor element and said bonding wire and composed of
a cured product of a thermosetting resin composition,

wherein a main metal component of said electrode pad is
the same as or different from a main metal component of said
bonding wire, and

wherein when the main metal component of said electrode
pad is different from the main metal component of said bonding
wire, a rate of interdiffusion of the main metal component
of saild bonding wire and the main metal component of said
electrode pad at a junction of said bonding wire and said
electrode pad under a post-curing temperature of the
encapsulating resin is lower than that of interdiffusion of
gold (Au) and aluminum (Al}) at a junction of aluminum (Al)

and gold {Au) under the post-curing temperature.

2. The semiconductor device according to claim 1,
wherein the main metal component of said electrode pad

is gold {(Au) or palladium (Pd), and



nmount ed and which has an el ectrical bonding part; a bondi ng
wire electrically connecting the electrode pad to the el ectrical
bondi ng part; and a body of an encapsul ating resin encapsul ati ng said
10 sem conductor el enment and said bondigg wre and conposed of a
cured product of a thernopsetting resin conposition, wherein a
nmai n netal conponendieftpel daelecisode pagddondie §8Maads%i Yonding wire
different froma main netal conponent of said bonding wire, and
15wher ei n yhes1 tihe aRAi N a@%@ércqrmpﬁ,en&rofsﬁ%& ek@gs rode pad is
different fromthe main netal conponent of said bonding wire, a rate
of interdiffusion of the main netal conponent of said bonding wire
and the main netal conponent of said electrode pad at a junction of

sai d bondi ng wirie aad saif20; sheglyode Qé?o%@%{%%opc?aggﬁgy&gz, which

tenperature of the encapsulating resin is [ower than t

i nterdi ffusi f .gol al um num (Al') at a junction of
aIuni%unﬁ%iﬁ%ggﬁdlgofﬂl%éﬁ%bgg er the post-curing tenperature. 25

2. The sem conduct or device according to claim1, wherein the
mai n netal conponent of said electrode pad is gold (Au) or palladium
(Pd), an 35 wherein the in nmetal conponent of said bondjn

W o gl a (Al seabpgri ey o8 MRy e Pk AERE S Fhyp he 32" s
sem condyctor devigce accordin oclaiml or 2, which 5 is used in,

it oo oS 57 g -BSH i Par St bt S c By H D dhy chridpr n an
clainms 1 to 3 mhgrgin saidgbonding:mﬁre contains gold (Au) in an
amount of T8 has9 oF AGTES i Ph FELFedtity A°FBRAT nels oFof@Lré‘iaasfs of
component s constituting}said bonding wire. 5. The_ sem caonduct or

devi'ct aBE€&dh ngPTBOBEA 1 4C CRAEALHF 2F 9S8 Ec UL PEd Wddifsi st s of
gold (Au).

5. The semiconductor device according to claim 4, wherein

said electrode pad consists of gocld (Au).

15 6. The semiconductor device according to claim 4, wherein

said electrode pad consists of palladium (Pd).

7. The semiconductor device according to any one of claims
1L to b6,
20 wherein said substrate is a lead frame having a die pad

portion, and
wherein said semiconductor element is mounted over the

die pad portion.

25 8. The semiconductor device according to any one of claims
1l to7, wherein said body of the encapsulating resin is a cured

product of an epoxy resin composition containing an epoxy



15 6. The sem conduct or device according to claim4, wherein said

el ectrode pad consists of palladium(Pd). 7. The sem conductor device
according to any one of clains 1 to 6, 20wherein said substrate is a

| ead frame having a die pad portion, angg wherein said

sem conductor elenent is nounted over the die pad portion. 25 8. The
sem condued 1 n dexi ge aaeeariH g §&nany rone Hfd i Motgh@ it MEI&EN (C) .
said body of the encapsulating resin is a cured product of an epoxy
resin composition containing an epoxy 36 resin (A), a curing agent

(B), and an inorganic filler (C. 9. The sem conductor device
according to Cb@é“é%mﬂ@@%@h&tkﬁﬁcﬁﬁﬂ%&er§éb8rﬁéhd5%did¥3iﬁL§mth@9éln
epoxy resin. 10. The sem conductor device according to any one of
claims 1 %p &@9f%é&£$e&g?SEéﬂg'ﬁ&l&@WW@EﬂéH§1OEp%Q% resin.

encapsul ating resin is 17
5
10. The semiconductor device according to any one of claims

1 to 9, wherein the post-curing temperature of the

encapsulating resin is 175°C.



