GOLD ALLOY WRE FOR BALL BONDING FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to a
gold alloy wire for a ball bonding, and relates to a
gol d_al llf\E/}Wi re excellent in fracture |oad of a

tensGOLEBAMeQY WIRE AR B Aletc BOMDING:

(hereinafter, witten as a wire strength); having
| ess contam nation and shrinkage holes generated by
an oxide on an entire surface of a nolten ball when

FIEhD @pqﬂquj\k?i\%F@de excellent in stability of a

shape of a ich is formed by nelting

[Odﬁfﬁf?héa{)tf@éent/\f ihVEeAtions reldtekt en-dajold faPl'tjiBWWétﬁdr a ball

excel l ent in roundness of a conpression ball” shape

bomdény, &hd tedated toredoly aieyt e excelieht harfrgcture load of a

(herel nafter, witten as roundness of a conpression

tertsibh wapWherarwl wieeklemgationspercéntagpamdgbils t(hdreinafter,
bonding a wire by pressing it against a frame, a

writigrs asagewirg strerythy; dwpihgdegs(centamifiation andtslerinkage
as a stitch bondability). DESCRI PTI ON OF THE RELATED
holersr Jaynargtednby aonoxide ngnaaneestire csim‘aaeaaf lac rapiten ball
and an external wre, wre boding nethods
whieft #heonedtan @@IMSaf@rrmde excellerdinn stahthtysfoft aeshape of a
t hod f di I
ba@ewgtq%d%%ﬁmeﬁ bs?:neﬁ! zﬁeﬁ%é\?{e@ vlda tee Asodomalten-ball
forRgABIiEY ) ahe e RntnL iad 'Bérsg.o b EDrhpikeRioT) b%ﬁlém%ae when
bal d b d
the mﬁﬁaﬁrﬁ%ﬁﬁﬂxonﬁéﬁ & 15t had” PNl i gTRgeY, Written as
roqﬁgﬁ(gggc' 88 &X@Bﬁﬁggﬁn‘ﬂq b'g_ll gﬁ‘%ﬁ}a %ﬁﬁ"@%&eﬁen‘f in stitch
boh;‘?%ﬁ"ﬁt?ﬁgéﬂtﬁoﬁﬂﬁ?@' 2n e opy  PreBs 3! °59§”%t“iefr5me a
HRG" d
su5§e e e?t??gcb)?grchlcga&ﬁﬁga&ﬁgkeg‘h ng an {%lg a:eStltCh
bohd@tﬁlﬂ@)?f the wire 2, vvhereby

DESCRIPTION OF THE RELATED ART
[0002] When connecting an electrode on an IC chip and an external
wire, wire boding methods for interconnecting via a wire are known.
Out of these methods, by a method for bonding an aluminum
electrode on the IC chip and the wire, a thermosonic bonding and an
ultrasonic bonding play a major part.

Herein, the thermosonic bonding is usually performed by a ball
bond bonding method. A bonding method by the ball bond bonding
method is described by reproducing figures shown in Patent

Document 1 in Fig. 1.



a ball 4 is fornmed. Subsequently, as shown in Fig. 1B
the capillary 1 is descended to press and bond the
ball 4 onto an alum numelectrode 5 on an IC chip 6.
At this tinme, although not shown, an ultrasonic

[0083]iAs shawniis Bigldd, tamvdtg? ihésered iaty alca@'ﬂtartyhé a tip
IC chip 6. is_ heated by a heater block. Thereb th
en%aﬂ)ﬂ tme|w1r6h%rlﬁaarryangﬁﬁrﬁee arbedﬁféfétﬁet@rch and in this

bal,l 4 004] Th f ho
statfag aIr %%Scll%r@% P g;eraega tw?@reg? 3 n\gn raez 2S an\@1 the electric

orBh e by eb ks ok s T po¥ e yElRE Aiwhereby

the u trasonlc oscillation is added through
atxﬁgﬁngé 1, and the external wire 8 is heated by

1o g B, AL Tl B T R 1
de%@gﬂﬁéiaﬁ%rééa 450 18 ST AT i
cWﬂﬁn%l %rﬁﬁ 89 %\lffﬁégdtlg?é‘dg [@Wn[oggﬁgﬁﬂl\flnﬁ %ﬂ'ﬁltrasonic
osSfBE0H |§°%ﬁd@'d' QMrc‘M F %Eglqr}/bqndéﬁé thde|W ERip 6 is

strength nDIten the roundness

e sha t t h
hegoncgawmé f’rféé’tgr ttﬂbbk FTPhe?é‘lg hthé biegih 4 IS thermally

bi'lity need to w t hstand practlcal use.

coflpreg’iddto beicerneag eovhpréssiagnisanl4’ gol d al | oy vvn re
for a ball bonding is set to 2 to 6% However, when a

[00CHIT hereakiet, &3 stsowakien Figntl € cidves cdgpileryon, vilhiee drawing
el ongation percentage desirably is a mninmum of 3%
a prnddetepained utrajecthryi r aidyes sonto anFextergal dwirel &y and
w re for bonding a wedge, in the Patent Docunent 1
desaendsi therean.opéd mx@dmemalayoughenoh skiawn, iheou&tmsonlc
ppm by nmass of caIC| is added to high-purit

osgkﬂahlort e agislad ramugh eecaplllmvch angoihe ,@qtefryah wirg 8 is
hegltencli rrtl)J{/n tfe gr?eagtoé)rb\tl)lorrﬂ(. T?Eus, a lateral side of the wire 2 is
thermally compressed. Bonding by the thermal compression is
called a stitch bonding.

Subsequently, as shown in Fig. 1D, a clamper 7 is raised while
the wire 2 is being clamped, and thereby, the wire 2 is cut. Thus, the
wiring is completed.

[0005] In the general gold alloy wire for a ball bonding, the wire
strength, the molten-ball formability, the roundness of a compression
ball shape, and the stitch bondability need to withstand practical use.
An elongation percentage of the general gold alloy wire for a ball
bonding is set to 2 to 6%. However, when a loop formability is taken
into consideration, the elongation percentage desirably is a minimum

of 3%, and in particular, desirably is 4%.
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tension strength is a mninmumof 33.0 kg/m®2, and an
el ongation percentage is | to 3% This gold alloy
wire is excellent in high-tenperature bondi ng
strength, suitable for high-density wiring of _ the IC
chi f;0rardl @Pkb allgy wireddar bhonRigeagwengei . the Patent
DobaNERy 1o R e O elabga R sl by s B 1S 100
oo RISSE Ao AL seac . Faaolhd) 90 goi
SIS S REhSTARE okt 35 ol 0BT 2 Dby Hhass, =
q : e It . . . T .
tensiof efEBEA tsom T, of R RE ROMTGe Jad vom Glfation
o al , . q . : _
poiial Mol Ve dh 5 B 4 “ARBR.HERE B hrggiont in
. g . i e C .86 i .
nigfHSgRIAALS bR SHSRE 2SN oM NSy TBing of
Gl ' f e ; d
tho2fc 1] A Gt WRIPRBBL B InElwelGePBOHAIAEY) | 2
[0 HoWdver §N§§n9§ﬁ%@g6nﬁ_dmdwe%r®e@ as a ball bonding

chdracterizé at“a wre'breaking at the tinme of

wirad, 308 ENHARESS @Sassiimipressitt balhshiapedinelederdratst, and
an assenbly yield of the sem conductor device does

thusot a dstatiedebaltioperding atarmoeotbe pefbonedng Murthers as the
excellent in wire strength, as is apparent in a

elongatortpercentage! s Pwescldodbpdshaper cannbé bewasibs sirawn.
of a conpression ball shape is poor, and it cannot be

Thuasj the Haopt fernsabilith is cedadorated.i s Asaaireisadt, dhg. application

. [0008] Patent Document 1: Japanese Patent No. 3657087

is |HnIF‘@(CL’EQ toecwedge bonging. HiGhisclTis 2 SamgeRwitFnTwRich the

goldhaIpRWbe 1Bis a8 0b A PaBgUAIot dmidces, an
[Oo%b}]eétn %et Ig)?her hand, in Patent Document 2, an example 13
discloses a bonding wire consisting of: 29 ppm by mass of
magnesium (Mg); 10 ppm by mass of calcium (Ca); 8 ppm by mass of
europium (Eu); and a remaining portion being high-purity gold of
which the purity is 99.999%. The bonding wire is characterized in
that a wire breaking at the time of a semiconductor assembly is not
easily generated and an assembly yield of the semiconductor device
does not decrease.

However, although this bonding wire is excellent in wire
strength, as is apparent in a comparative example 2 described later,
the roundness of a compression ball shape is poor, and it cannot be
said that the stitch bondability is satisfactory.

[0008] Patent Document 1: Japanese Patent No. 3657087
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present invention is to provide a gold alloy wire
which is excellent in nolten-ball formability, stitch
bondability, and wire strength, simlarly to the
prior art, but which is further excellent in roundness

of Eatedi\ﬁD@GGmﬂbal UPsAapld (xR@4ddfpat i ble with a

h-density wiring of _a sem conductor device. Mans
AEBYV%%H]E W\gEI[\EFrHQUOlO] Thr ough ext ensive
tudl y wre excellent in wre

s
Pr l?@hg@lbe tslﬂig Fjgé)éfﬁli\e IRYERUISON newl y found that when a

[OObﬁ?E&ﬁg"mﬁ&% t@%f%ﬁgﬁét%a' osd cugc%m%gaéppgy o BB the
preSRi iyl i€ 1o S80S g Ik Sgy GBI &kEeftent in
o eSS LERIABHETS B IS g ey
to &*ﬁe%mp%z@s%ﬁ wbh S, gRHherc R lerittin, SRITRRESS of a

Corﬁ Vgﬁ 1 on. %le%i%?e eci fﬁﬁg%ﬂb% g\t(lllggréd-)r]@?t 0] tﬁ']%l erlng ofa

Serﬁkgér‘ﬁPltJ tSVEaYic), |s pr ovi ded a gold alloy wire for
%ondlﬁng the gold alloy consisting of: 10 to 50

Me@ipi8 R)’rS@ﬁﬁanftH@W@@Vém (My); 5 to 20 ppm by mass of

europium (EU); 2 to 9 ppmby mass of cal cium (Ca);

[00410] Fhrctgh eixtensive studietedona gold dliksy) wivey exgedlent in wire

purity of a m nimumof 99. 998% by nass, wherein an
strevdth,i trelpresenttinvéntat oiewty(fca)nd hat vebemantrdcaarhount
that of europium (Eu). [0012] According to the present
of additionah calsiupnofCapwvas @Imaamnnwnw? ehalf dhak cn‘aeuroplum
bondi n% the gold alloy consisting o to 50 ppmb
(Ewassgold alloyagoesisiing phan a ddl@aalptmcmelmenbﬁystem ina

(Sn); 5 to 20 ppm ss_of europi
pregiatesninags r@mg@ap? QaTrngaEu, lq aa%c;ig]n%ﬁﬂgfngoaaﬁti% of an

ad@@@%gaﬁo' RO By Bl TarnaroUMEG BAPUNDNET S dgrEU-Sn
exﬁlgal)ed an effect excellent in wire strength, molten-ball formability,
roundness of a compression ball shape, and stitch bondability, and
thus, reached completion of the present invention.

[0011] Specifically, according to the present invention, is provided a
gold alloy wire for a ball bonding, the gold alloy consisting of: 10 to 50
ppm by mass of magnesium (Mg); 5 to 20 ppm by mass of europium
(Eu); 2 to 9 ppm by mass of calcium (Ca); and a remaining portion
being gold (Au) having a purity of a minimum of 99. 998% by mass,
wherein an additional amount of calcium (Ca) is a maximum of half
that of europium (Eu).

[0012] According to the present invention, is provided a gold alloy wire

for a ball bonding, the gold alloy consisting of: 10 to 50 ppm by mass
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maxi mum of half that of europium (Eu). [0013]
According to the present invention, is provided a gold
alloy wire for a ball bondlng t he gold all oy
consisting of: 10 to 50 ppm by mass _of nagnesi um

of r(rmgr;)esnwn (M?);pinltby%ambyerne@@ @HI(\E(@H) 2 itg 20 ppm by
m mass of cal ciu Ca d

magsgsoﬁébw'uwﬁuia\z Ko S Bk By DS of AIGKTS! (GaT and a

TS T e P D S

998 %ﬁlrm%g'é)u Walrali an anauRtahesibsRah rasims L8) is a
maidgiith G Gl that of uBhiBBEIE D ondi ng.  the gol § ol oy

oA AT o v
for?%gszﬂ’lfgﬁ)gfégﬁﬁ' gﬂ%%ﬁ ali%}t/& éogo dt?‘c ?%Lﬁ% mass
of gnn%gﬁ{ek}’q Q@lg{}‘r B0 r%glf cﬁﬁmbfﬁ?éé%f”éﬁﬁop?ﬂ?ﬁrgu ):8 to 9

opfEy ASSSDY SAERIICE ar® SgreaplngTpoonbeing goid
(A%ﬁta\ﬁ’rﬁ%aa Wlt&“@f aofnlﬁﬁnﬁhmd?y9939®8%nb9! ma%‘serv&/hérem an
de, an arnmoun

of additional trace nmagneSi um

arrfsiged dfy afdition4d ealvibn n@a) iEf teahaxihumeof half that of
I nvention [0015] According to the gold alloy wire for

europiair ﬁ@mﬁlalgdaadoltall agoont ofieagditiend tragencuropiuan (Eu)

gol d all oy conS|st|3g of an additional elenment 5
andycsalerunm((aa) isitieatiobanmaximurmprei2bppimby masge of

ﬂg or a gold alloy consisting of an addltlonm

[0Gs1 4B acosgingeto the presesd inyestion, ¢$ pravideda gald alloy wire

exhibits an effect excellent in wire st t stl
fomarrlbibanding: doadpelss aHﬂYaPQ@ﬂﬁWé‘Qspg 1 @3%1 89 y "mass

and nol ten;bal l bilit and is
of PagBaRHYTL(MEd: i SO0 pobt By Mdss bitin ()% {4 20 ppm by
mass of europium (Eu); 2 to 9 ppm by mass of calcium (Ca); and a
remaining portion being gold (Au) having a purity of a minimum of 99.
998% by mass, wherein an amount of additional calcium (Ca) is a
maximum of half that of europium (Eu), and a total amount of
additional trace europium (Eu) and calcium (Ca) is that of a maximum
of 25 ppm by mass.

In a preferred mode, an amount of additional trace magnesium

(Mg) is added by 15 to 40 ppm by mass.

Effects of the Invention
[0015] According to the gold alloy wire for a ball bonding according to

the present invention, a gold alloy consisting of an additional element
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sem conductor device. In particular, in nmounting a QFP

or QFN package, and so on, in which a stitch bonding

is said to be difficult because fixing a nenber in a

stitch bonding portion is difficult, a stable bonding
systempdasa frage amountisn a predetamaited sangeioipcerMgrky, or a

%Loductivity_of a sem conductor device. BRIEF )
gODESTRPPTCONSIHINGHEO DR RAdiaraleielempnt system im@ trace

arhsaal 95 GeiMeHEy 50 GXDRS AN AaR aslanhyl Yike steength,
St oPAHGIITa BANOBERS: R ot ROTIIRESION: Bl shape, and
maferis fmaRhing AeEEelBRlivaghdmdibind JHIcdEiy of o
seliGRRREIbP Siglicl. ool RErtcyBs” ) fRARESIA PR by QFN
oo d S mn i SIPIER, R B Oisgl) e ifcut
beb%%s@!f&iﬁ@'%rﬂémémn b?ﬁﬂgfﬁ%dlﬂggfpgrﬂénp5§S&Fﬁcult, a

I'nvent i on. scription o ef eren urrer al s

stéﬁ%lﬂoncﬁngag; 'p@ﬁ’lbl% g"rrde tRUB| aetisi effeRtive @n?irﬁﬁféving a

Conpr essi on _ electrode 6 I1C chip
prédasueity of Ssephittindicter device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figs. 1A, 1B, 1C, and 1D are schematic diagrams each
explaining a bonding method by a ball bonding method.

Figs. 2A and 2B show shapes and sizes of a bonding portion
according to a ball bonding method and a stitch bonding method,
respectively.

Fig. 3 is a schematic diagram for explaining a bonding strength
measurement of a bonding wire.

Fig. 4 is a photograph showing an example of a ball bonding
by a gold alloy wire for a ball bonding of the present invention.

Fig. 5 is a photograph showing an example of a stitch bonding
by the gold alloy wire for a ball bonding of the present invention.

Description of the Reference Numerals

[0017]

1 Capillary

2 Wire

3 Electric torch



D Wre dianmeter L i Conpression ball dianeter L2

Col | apse w dth Description of Preferred Enbodi nents
[0018] In the present invention, types of additional
trace elenents are few and conponent ranges thereof
are Balrow and linited. Coll apse of a balance of a

, conpoundi ng ratio of the additional trace elenents of
t he (EPEARIESSIANNAN on nay adversely affect a wire

strepgth, .a stitch bondability, a roundness of a
con‘p&ESEQQtﬁoaﬁl | shape, or a nmolten-ball formability.
Thus, . a,purity of gold (Au) desirably is as high as
possliQ)IC@.lpl n an alloy system of the present invention,

vvhenq;fn total of the additional trace el enents and
I mpu qr}“pﬁrerrents other than the gold is |less than

100 SS, the bonding wire can be displayed as
thatggglﬁ%w@%rity gold having a purity of a m ninmm

of ss, and thus, it is comercially
a\?}ﬁ rd U’ m’etF%

adv ageous. 019] (Stitch bondability and wire
strength) Stitch bonding of a bonding wire is
Licl asé%ﬂ'éﬁe$$\‘95‘ *aa@éﬁa f®ise bonding. It is known
that a phenonenon which favorably influences the
solié hase bonﬁji ng is the deformability for an
Lzadhe @p&?r‘(vi'% formati on and a strong boundi ng
power at the adhesion portion. 7 The deformability for
Ddsteiptithe ©f Praferitdd Erhboditigrnitsmeans  that it is easy
to performan elastic deformation, a plastic
[OGE8 e presentdneentidet, dypeisi oh addlitienal treideoeldents are
diffusion, etc. This phenonenon also applies to the
fewtand rcdropdinent renges dseredf ane naroodi agdiimied.t Collapse
thought that the lower the wire strength, the easier
of aqba?mmoermft accompowndingheatiorohthe iadditionadttrage elements

Thus, there is a  relationship of negative )
of ¢lae rregenininyentiam naay acdv«arSﬁlVeafgeﬁt anire strength, a stitch

bondability, a roundness of a compression ball shape, or a

O © ~N o o~ b

molten-ball formability. Thus, a purity of gold (Au) desirably is as
high as possible. In an alloy system of the present invention, when a
total of the additional trace elements and impurity elements other than
the gold is less than 100 ppm by mass, the bonding wire can be
displayed as that of high-purity gold having a purity of a minimum of
99.99% by mass, and thus, it is commercially advantageous.
[0019]
(Stitch bondability and wire strength)

Stitch bonding of a bonding wire is classified into a solid phase
bonding. It is known that a phenomenon which favorably influences
the solid phase bonding is the deformability for an adhesion portion

formation and a strong bounding power at the adhesion portion.
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the stitch bondability. [0020] On the other hand, the
boundi ng power at the adhesion portion is attributed

to various phenonmena such as a chem cal boundi ng

power, agglutination, a surface roughness, a surface

condl heoAefermabiliywéor thea aghesian gertioal foymatipa means

for. a ball bonding is intrinsjcally _strora‘;er,in

thagdtirieds yolsweertaran an réastiedaiopadioly avlastic geformation,
8 rRaRmOAIOTRsS, by AISTITE R Cap LS Be oot s This
onBhelBbios 445, 4BoRE5cll LA ObRGHE. TIAPIRRELE o tne
ooB 155 35c8! S 1iSIeht 158, A ToRANL WS A Tebasior
th HoPRAAT b AT ZRingbioh bRETH BB Wndflugictrel® is a
relgPP5Bib 0P AROCUATEL ERrfulbl beveRil e [T strength and
th%(i%wﬁ%?mgﬂdi ng no additional elenent at all, the

W e d thus, the deformation for the

[0 OrPth® SthePhdrid e Bbuirﬁ:liﬁﬁsﬁ@wé'ﬁ%ttth@f adh&sié® portion

adverse effect resul'ting fromthe additional el ement
is Qttritheterki tée vefrioddeplhddomenal selchney aresemicaln Hdinding

wire surface. As a result, the resultant bonding wre
powert,:oag?ﬂﬂmmm lbe supidcee xoalghergsg, nassutfabe condition, etc.
bondabiTity. However, the bonding wire is required of
HoweVer,abi genefral igoldt aboyg wiret far saballt boadirgdsf imtrinsically
exanpl e, unless the bonding wire 8 has a certain wire
strengargim, bouadingrpewesr tam cathgr shetats bongtingswires.  The
inferior wire flow at the tine of a resin nold and .
reagep farr #ais s tihataa paritgsarl t99%o bynpnass {@eawmisimum of

99898k e mass aritieorpBRIon CRTTSISis pE @y e hardly
oxidiéedt it Bie sintspnets. “neretatpetus gt nbet there
is %ggg%gggg%#«ggp g%’\ﬁ’e@t@b ﬁ?)?naa%%sdocmon%?reﬁé%rﬁvgpan oxide
of the additional element present on a bonding wire surface, a
stronger bonding power at the adhesion portion can be obtained.

[0021] When the high-purity gold having a purity of a minimum of
99.999% by mass is used to produce a ball bonding gold wire without
adding no additional element at all, the wire is soft, and thus, the
deformation for the adhesion portion formation is easy, and there is
no adverse effect resulting from the additional element or the oxide of
the additional element present on the wire surface. As a result, the
resultant bonding wire is considered to be most excellent in stitch
bondability. However, the bonding wire is required of a plurality of

functions at the same time, and for example, unless the bonding wire

8



[0022] The use of the additional trace el enents of the
present invention at a predeterm ned conpoundi ng
ratio al so provides an effect of inproving the wire
strength. The oxide of the additional elenment present
hasra ttertain eviser streagthedhers| grisespracticalopreilems such as
~ _annealing process which is carried out after a final
mfeimewvwge%m@tstm tinne mfea desiresnold eng erfoonabiy. As
to 60%of a nmelting point. Carrying out an annealin
a resotiede impeevarthenwite stiengiertbese Iscﬁeﬁeeam using trace

BT M P
o S okl oS 56 ARLRD B3 08 oy
AP 68hte BL s L A o s
pofifare SerWRE® KeiifopSadito it BRIE™, i < "Conti o

[OG THET st B cltls o Aol Fabl" Egmiqiis B dhe” present
inv%i{tf&?ea’frhae"’kg(gcfé“tgm{iﬁﬁﬂaﬁ%rﬁﬁépn%‘i‘n PRGE) aky tphrgﬂ/ides an

ween e wre. n sone cases, t

eff?ﬁfe ic@iﬁ?@r@%ﬁﬁg%ﬂ firgesere H. oTiRebekiden&f dse aflditional

ng wre > performance, the

elefbhgnphasént form Mt Livire isurfaser pposuntalslyt hesgksdfrom an

and the shrinkage hole are 9 required to be reduced
anhealisig proees9asisich is cilfried the aftece findddrawnad process at

el enents of the present invention are used at a
ternpetteteos ned theparddirngfr 830%, ta S0%sfalctar pelting point.

nolten-ball formability which can w thstand practica
Carsgingaoute asbtanmealing 0pragess Randeteasn dned atmosphere or
ché?s&széﬁif»&%gh?% gé%hg%% 33?5%%‘5’ %ftoefr t?’leh ia%rr]{edael innsé tp¥ocess may
decrease the oxide present on the wire surface. However, there is a
manufacturing problem in terms of a cost. A method of the present
invention is more practical.
[0023]
(Molten-ball formability)

The molten ball is a ball obtained by generating a spark in the
atmosphere to melt a tip end of the bonding wire. In some additional
elements, it is confirmed that when an addition amount is large, the
oxide of the additional element is grown on a ball entire surface or at
an interface (called a neck) portion between the ball and the wire. In
some cases, the shrinkage hole may be generated on a bottom side
of the ball. For a bonding wire performance, the molten-ball

formability is important, and the oxide and the shrinkage hole are
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device, an interval and an area of an al um num

el ectrode on an IC chip are becom ng narrower. Wen

bondi ng on the alum num el ectrode of which the

interval and the area are narrow, to pr vent contact
l“eq:iill'@ﬁet@d])@céﬁh@UGGﬁlprt@sﬁiSoﬁGWala% Pessibienr dddantt ?@1 trace

the roundness of c npreSS|on bal | sha e becones

addi@nglerelaiments wafh thepaseses tﬁ@veatﬁ@aheélgeofU%ed at a

[ bal | sh fl
ST, hroiin ol A Sllihion grvstenva

an en ,t.h balan C undi ng_rati
forfpilBe Btichein WiBs(ind afaGREA HRE c b oBiaihed
O 4Tnessed becones ununi form and thus, the roundness
a conpression ball shape cannot be naintained.

T PR e T e T R S
neaaeySBr 14 Abidehol Spabkghg o8y B, A dAuctor

defic?, USRY; r\?alpéf:@ebﬁr méé%frgwgwﬁﬁﬂm félé@’go?%‘ bn an IC

roundness of a conpression ape an
chig rﬁrétbéﬁémin | §8rrofper. W (WHen dbphathécaln U calliminum
e achi eved. 025] [My] In an alloy system of the

elgutrs@stof Wrﬂ@hl te imtanesli and(iB arezparel aapmw mdstprevent
effective in the roundness of a conpression bal

conteteof 1bel a caht @orapsession beiks, pihes émtproveenenbron the

magnesi um (M an additional el ement not so
rowideessvefi a tctmnwressmn ebgtlhshapearbacome$yn;1cbapeﬂsable

t he present invention, a mninmmof 10 mass of
Witmgrespeat (tog)thes rocednessTHef raeascarmlp’ressmﬂ sgaﬂ shage, an

when the anmount is less than this, re is no effect
influencr of thenepBRBOBNGING dAbiO-9E tlhe aﬁégmoml emangs great,

anahgv %n&e&é’fgﬁ@@e nﬁéi&égﬁcﬁ%fnogn ratid Siéacollapsed, the
deformation when the molten ball is compressed becomes ununiform,
and thus, the roundness of a compression ball shape cannot be
maintained. Further, similar to the stitch bondability, the roundness
of a compression ball shape tends to have a negative correlation with
the wire strength. When the trace additional elements of the present
invention are used at a predetermined compounding ratio, both the
roundness of a compression ball shape and the wire strength which
can withstand practical use can be achieved.
[0025]
[Md]

In an alloy system of the present invention, magnesium (Mg) is
an element most effective in the roundness of a compression ball

shape.
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shape, an addition anount of magnesium (M) preferably
is a mnimmof 15 ppm by nass. On the other hand, in
an alloy system of the present i nvention, when the
addition amount of magnesi um becones excessi ve,
. e.In arcalkol ssstgmmﬁgthesarﬂenveﬁnpéhmagmesuum (Mg) is
fornablllt is adversely affected, In an aIon system
an cﬂddm@@aérai@m@nt AOERO @ﬁectlmedattaienwaregﬁti@ng
nol t en- balk formabilit t he ition anDunt of

magniés AinAl YY) Syserera |tt9e.@r%s xiM@RtN.4a mipimpyn of 10
pPThERAMERS Afiaanesien (Mg) TS reSdede: dis rearpgon, this is
thafs wisaotis SaoUs & 8!%5%2351%2&@., Blfierho, Rfight'in the
rodlatifs825t BcBrpresSifR bRl SHEBE, . i alt =BV, SYStHh of the
PSR ETTs AR $RRRze e Mg, G B Holifression pail
shaP¥y " T é@”ﬁ”@@é&i% PRECHesTBRT I Brerably s a
miA AR dfs15ﬁ“t%ﬁ%ﬁ%ot helrﬁ ngfhéph%frfc?% an élitﬁy system

wre stren in an alloy syste

of @he! PReBEAS SRventiBENNHENR W@e@ﬂtléﬁdemgﬂn@r@ﬂimaghesmm

europi um (Eu) exceeds 20 11 ppm by nass,

(M%tlﬁcdmlés foxcessivd, Y iies, adxeeedsy 50 f minad by [ 68254, the

] I'n an all oy systen1of t he present invention,
maltérihati fGanabilignis edverselyoaffeetdact lvean nalﬂmye system of

strength of the bonding wire. However, calcium (Ca)
the sprasantaintriien; mmo%haw\aergmbcy miciten-balhéormability, the
adERian [apoUnt of magnesium (Mg) protarably 18 & maximum of 40
ppm by mass.
[0026]
[Eu]

In an alloy system of the present invention, europium (Eu) is
also an element effective in the wire strength of the bonding wire, but
is not so effective as calcium (Ca) described later.

In an alloy system of the present invention, europium (Eu) is an
element effective in the roundness of a compression ball shape, but is
not so effective as magnesium (Mg).

In an alloy system of the present invention, a minimum of 5
ppm by mass of europium (Eu) is needed. The reason for this is that
when the amount is less than this, there is no effect in the wire
strength. On the other hand, in an alloy system of the present

invention, when an addition amount of europium (Eu) exceeds 20
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'system of the present invention, an effective
conposition range of calcium(Ca) is limted to a
very narrow range, i.e., from2 to 9 ppmby nass.
y wthin this range, calcium (Ca) can exhibit an
ppal be/cmass theemaltesy- bfca'mabllntms @dé/@éﬁely aviectedn.
reason for this is that in an alloy system of the
OQéikent i nvention, when an addition anmount of cal cium
é ) is less than 2 ppm by mass, there is no effect
Cah the wire strength, and when 9 ppn1 by mass is

Sl S B G

e'eiﬁéiﬁﬁbﬁ%’ft S o, emif%”&ﬁ@%@ﬁ SR borgling wire.

Hofje g8t Calcrifln, (G931 ??“?h A Siemetinich Bfsgly affects the
rom%r’?&ﬁ%s@d@ft rpL)F rf’(ﬂ&!‘t?ﬂ% gvgg%%géﬂ%? h?ﬁ »an alloy

Wre s reng

syéfélﬁ' oftdfid 'ﬁ%’ﬁ‘bn“t‘”ﬂ‘éf@nt &?Stbﬁ@@fﬁéd’tﬁl ﬂ'&(gfn |2a'?1ge of

by mass e reason IS IS

cah)iuﬁ’ﬁﬁ gﬁﬂ%ﬁﬁ@é% at\J@'XSﬁaFr@bv Pangabi 'e' t’&fo@ﬁ‘? té‘@ ppm by

round a conpressi bal | shape’are” adversely

madd.ecCadly Withihethis amrfsli calgiam waancanfexhimt @n effect in

(Ca) needs to be a naximum of half that of eur opi um

the Blipy Systermasfdihg preséntinventien. 12 al t hough cal ci um
(Ca) is an elenent nost effective in the wire

st r ehpehreéasondion thibyisatihatts ahealoyrsystesm obf she present
conpression ball shape. [0029] [Sn] In an allo
invgnitem stheneapr addition ramaunin of tealcien) (Ca)ais Yess than 2
PPBAIY Blags, (here 12 1o Sffectin the Wirs strength, ahd when 9 ppm
by mass is exceeded, the roundness of a compression ball shape is
adversely affected.
[0028]
[Eu+Ca]

In an alloy system of the present invention, europium (Eu)
presumably interacts with calcium (Ca). That is, both europium (Eu)
and calcium (Ca) are additional elements effective in the wire strength,
and when these additional trace elements are added together, the
wire strength is further improved. However, a total additional amount
desirably is a maximum of 25 ppm by mass. The reason for this is
that when 25 ppm by mass is exceeded, the stitch bondability and the
roundness of a compression ball shape are adversely affected.

Further, an additional amount of calcium (Ca) needs to be a

maximum of half that of europium (Eu). The reason for this is that
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but is not so effective as magnesium (Mg). In an all oy
system of the present invention, tin (Sn) is an
el enent not so effective in the wire strength of the

bonding wire. In an alloy systen1of the present
althaught iagicium (L isoan: ielepmant e sdxRitgctiven in the wire

effect, the pres nce of nesi u needed. 1In

strangln| byt advey i A defS 3 ROFMRKgSsIgN ball
t|n (Sn) to exhlblt an effect a mninmumof 1 ppm by
Sh&@€s of tin (Sn) is needed. The reason for this is

Od t when the amount is less than this, the effect of

[ (Sn) is canceled by an inprovenent effect of the

Sr undness of a conpression ball shape by magnesi um

[ and thus, the additional effect of tin (Sn)

505,y B oL BT, BP0 i an
cE 380 BBV PR piaRB ebbrgesion ) shape.

bu?Lé ﬁ@)@@b affelhige §§?ﬁépﬁ%’s%§?ﬂ\/@‘)| d al | oy Of whi Ch

el ongati on per centage was usted to 4% was

eval jyatapg é%jﬁgsgstémawfﬂ‘f@fbréﬁﬁw%@emlbﬁf ti® (D8) is an
conventi onal d. The elongation percentage was

eletmentaistdsaeffedthey tive yrivgsstrongth oflitlsé droredimswies.
to 100 mmat a roomtenperature; the gold alloy 13

wi r elnvas ko isystenbpf dheeprasent estention, ia orasr tor tin (Sn)
velocity of 10 mmim nute; and an elongatlon anmount

to exhibibeh effect; thee gmdaﬂeabeogvf rrmnesmrm(l\égl) mseeded

substituted into the follow ng expreSS|on

[ Explreasi alioy |systenyafitbe peesent myen aﬂr@n@aor@w for tin (Sn)
to g%liltr)]ltii amrlwhg?fefcct agt#ﬁrﬁ%&r%ogg 01/°ppm %y mass of tin (Sn) is needed.
The reason for this is that when the amount is less than this, the
effect of tin (Sn) is canceled by an improvement effect of the
roundness of a compression ball shape by magnesium (Mg), and thus,
the additional effect of tin (Sn) does not appear. In an alloy system
of the present invention, when tin (Sn) becomes excessive, i.e.,
exceeds 30 ppm by mass, the molten-ball formability is adversely
affected.
[0030]
(1) Wire strength

A wire strength of the invention-based gold alloy of which the

elongation percentage was adjusted to 4% was evaluated using a
measurement method similar to the conventional method. The
elongation percentage was evaluated as follows: a gauge point

distance was set to 100 mm at a room temperature; the gold alloy
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[0032] The determ nation procedure is as follows:

Wi res having a dianmeter of 25 pmwere adjusted in

el ongati on percentage by a final thernmal process to

 4.0% an average of five neasured wires was used as a
wirge yvas denaionedudy antensicanpestaraatng tensign vealagity of 10

was. determ ned as good. More specifically, the sanp

: ( : | e
mrbvingte: andeastelomgation amowiniiokiaisediwhernythe gotd alloy
is determned as "excellent!; that having. a wire
Wagt‘\gf @ﬁg‘ﬂfﬁ? Wﬂ%§§%%§%teﬁ!r§0gﬁel@l0ﬂvm SXPraSeatl- mum
(ﬁg 10.0 g (98 nmN) is determ ned as "good"; that
0G4 ng a wire strength of less than 10.0 g (98 nN) to

a_mni.nmu f 859 (83.3 M) is determned as "fair";
E’QN@*HQP%W ng a wre strength of less than 8.5 ¢

(83.3 mMN) is determ ned _as. ."pqgor". 0
E1bhbketohapkrEonnabe S g o SRS, $9%100 (%)

can be easily confirned by general00 (mm)

scanni ng-el ectron-m croscopi ¢ and |ight-m croscopic
observations. In the present invention, the

determi nati on procedure was as follows: 10 sanples

[OO@ZﬂH@a%téﬁmiﬁaﬁéﬁp'p?odeﬂPéci‘a aaﬁ‘éftglﬂwspfwir_@soﬂwaving a

entire contam nations or shrinkage s resulting

diérﬁ%?%f?éﬁsg@ Welre. SQfuisteeith Bgor’@étion percentage by a final

scanni ng Fon-m croscopl c observati on

thetehar ?r@%@s@s tc")DQ.CU%;_éHaévbﬁggg! ef fvé omeaired wires was

confirmed was determ ned as ir"; and that in which

usédnag igme@sufervehtoliier el aveemitédiavingdadtigh value was
"good". [0034] (3) Stitch bondability In the stitch

detemdired ashgobeindi ng wire, while being applied a |oad
or an ultrasonic wave via a capillary, is deforned
t her Myai rspecifieatlyj stheorsizmipde havirge aowizes shrangthe of a
plated by Ag, Au, Pd, etc. ]
minimum o 1‘?.5 g (112.7 mN) is determined as “excellent’; that
having a wire strength of less than 11.5 g (112.7 mN) to a minimum of
10.0 g (98 mN) is determined as “good”; that having a wire strength of
less than 10.0 g (98 mN) to a minimum of 8.5 g (83.3 mN) is
determined as “fair”; and that having a wire strength of less than 8.5 g
(83.3 mN) is determined as “poor”.
[0033]
(2) Molten-ball formability
The molten-ball formability can be easily confirmed by general
scanning-electron-microscopic and light-microscopic observations.
In the present invention, the determination procedure was as
follows: 10 samples were measured; a sample in which a minimum of
6 of entire contaminations or shrinkage holes resulting from an oxide

were confirmed by the scanning-electron-microscopic observation
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Wth respect to the stitch bondability, simlar to the
conventional gold alloy, the gold alloy of the
present invention can naintain high stitch bond
ability. [0035] The peasurenent. nethod of the present

wasndetginimned as “poeiri;otat & mdehr balee 2nﬂtﬁareof30m%rmed was

al | oys Iated by silver (Ag used; deflm
det@rﬁ@ fehairp o@ﬂdltb\ﬁlté@ wh)aw a m@mmm&f f jWas can Emed
co {eSS|on balj‘%ﬁi set to 0% and a |lead term na
waggagieringst 8sod -set to 100% the measurement was
O@g&Qorned near a 90% | ead-term nal -bondi ng porti on,
hown in Fig. 3. The neasurenent nethod is as

RSB S TS T Y AT L e
5 R b, BETOEIRES, SIS g sPoies -
oo " ARTEBR Y oerifofE A58 REH BoBains

an!é]li ig,hbt’)?\'dﬁﬁja‘éﬁ? ad?ﬁa‘%ﬁ@ BES %ﬁb&ﬁl"é*g ngcim | g, CRU! Pd etc.

ving a peel stren n1of 7.0

Wift@%@ @N)t tb%k@?ﬁt@h %@ébm@%cgimﬁar 00 th@abohwnmnaa gold

peel rengt  ess than 7

allﬁxnth@"g@lﬁ allBydof (HE- HreBdnti |$1v@¢ttf€fnﬂoa¢ﬂ rﬁamtawtﬂwigh stitch
havi ng a peel strength of less than 5.0 g (49.0

boﬁ&bﬂmnm.n1n|nun1of 3.0 g (29.4 nN) is determned 15
as "fair"; and that having a peel strength of |ess

[003&INTReO rgeewrenmemt methederafi the gere'sendr 'invegotiea] is as
(4) Roundness of a conpression ball shape An

followas uat ileadofrarne m@eneﬁﬂbfalmysarniatﬁdubﬁ sitver (Ag) was

uség?wﬁnﬁé@%ﬁ%ﬁ: gf%ﬂ%e%u(}gméng%g%@&q% ghahlajﬁentral portion

of coanmpsassin halloNgsosel 0 03b| ARt arelaad teammbal bonding

po?t?gHtw%Qé set to 100%, the measurement was performed near a

90%-lead-terminal-bonding portion, as shown in Fig. 3.

The measurement method is as follows: a sample obtained
immediately after the bonding was used; an IC chip side and a lead
terminal were fixed by a jig; a wire was pulled above; and in this state,
a peel strength was measured. In the determination, an average of
30 measured samples was used as a measurement value, and a
sample having a high value was determined as good.

More specifically, a sample having a peel strength of a
minimum of 7.0 g (68.6 mN) is determined as “excellent”; that having
a peel strength of less than 7.0 g (68.6 mN) to a minimum of 5.0 g
(49.0 mN) is determined as “good”; that having a peel strength of less

than 5.0 g (49.0 mN) to a minimum of 3.0 g (29.4 mN) is determined
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m a stitch bondi ng was subsequently perfornmed between
a lead made of 42 alloys plated by silver (Ag) and
the el ectrode, and the connectlon t her ebet ween was

oer fornmed by a bal | bondi ng od i s

as Sfaif vmdékaabf@mmgtweﬁln%@engf QeSS ébb 'Gkad4 mN)
ut of t?f connecfed wres, 50 conpression balls were

is detarmiged 9suPePr to eval uate the roundness of a

C@ﬁggre55|on bal | shape. An ultrasonic applying
[ ction, a conpreSS|on diameter in a paralle

(4)RPEREES.B7 & CalisSioh HRIMSAERED! o having o I ow

com By AEH 53?}@%6‘1&3?‘@‘?&?%%@%%5}&@@%%{05 Ball shape is
So3EAGHE RIOY 20O BRI EAe PRERTTaAI e ani
¥ &l Eflrﬂgm 't Rﬁéﬁééé OgbBUta? 9“10 t)Of)n0 a &Mdch chip

ess etern1ne good"; that having a
un?bg@@bﬁgﬁﬁ’dh%b‘f F@sé%n@ﬁ”bgﬂ diafeter rdRsted sout 63
etern1ne alr that having a

unt andgch 6’(?%68@{% ‘W?g) s?/g BT uHP Eeﬁ&’ﬁwé@i @)@(We'érﬂ@ lead

ds "poor’ met hod of gold

ma"ﬂ aﬁfaﬁlf?g@"ﬁ 8" Pl B ﬂVéﬁWt@%d“théoéleﬁtrd)ﬁé and the

16 according he present invention

conge@a@w tl’@@lfébeﬁiv%@ﬁt\;&/a@f perforeded ebyi aadshlb bomding enethod.

ded to high-purity gold, and the resultant m xture

At ithisTiiescaispan weas 3» TOST om, the nacebef of wiresi was 260, and
cast ingot undergoes rolling working using a groove

out of theatdonmegcted wiresdS0atampressian badlsi weserastitiasly used
anneal using a wire drawer. Final draw ng processing
to i evatuateapipie ecowndneesr ecful @ acOMPERSSIONo all ashape.  An
thin wire having a dianeter of 25 m and thereafter,
ultrasnica@ying GEeciofed t CORWIESSIQM nacmgzﬁer gn a’ parallel
t to 4%

@gﬁ%gg,g%gnagg@@%gr%@gp@] [(J,\an‘ﬁt‘?@ﬁﬁ} oe]; \?é]rtical “direction were
measured, and a sample having a low standard deviation evaluated
from a total of 50 compression balls was determined as good.

More specifically, a sample having a standard deviation of less
than 0.7um is determined as “excellent”; that having a standard
deviation of a minimum of 0. 7um to less than 1.0um is determined as
“good”; that having a standard deviation of a minimum of 1.0um to
less than 1.5um is determined as “fair’; and that having a standard
deviation of a minimum of 1.5um is determined as “poor”.

[0037]

(5) Manufacturing method of gold alloy wire

A preferred manufacturing method of the gold alloy wire
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invention, there is a tenperature range in which when

a tenperature of the final anneal is rising, the

el ongati on percentage of 4%is maintained and the

tension strength gradual |y decreases. Even in the
aceargdingoite preaendépeeating isrleseradt ude of a final

drawi.ng processing rate, .the tension striﬁg

di f flslementisl aneradeigrmingd agoynbass s ded o higfarpurity
goldhearrlofenfeaiitast FBRHge larmalies T assmaystian Tnace
forsintinedING G NOat HEMEades sORRCwaring Tising a groove
rolE ot il S Wiy et itefoiedBts A Brigo a wire
ardBE. BSR4 REBRRShaS fien SrbiS 3B eEle Sitant inoot
to Lo @4 BREWEHIRBNI 1 Bt B 2O ME B ndpeter, @
Bl alyTRA SRR RE R S0 pudeirbeldialpge i 4%
OGTEH 4 e48E ot S 4060 S5 ot keomrigre, et prosont
VRS9, b S KL EAMREATR rabel ARl whom e hamperature

of f e tigaPHrhesl %fﬁsid@,eftpbh%mhgati@hf parcentagenss 4% is

stronger, the deformation for the above-described

maigarieh dred tthen tehgrdmtétmngﬂf?r?@@myf dedreasesd Even in
e

when the additional elenents ad for increasing the
thevigama cengpositioer,edspenditguodiangnagwitudat of ke final drawing
adhesi on portion decreases, and thus, the stitch,
prooedshid irate,i the tensiorostrengthl difters. prEea; the final drawing
i nvention, according to types of the additiona
precessing,ratevand thadinabenneaktemperiutd argpreartrolled to
t he i t th but h littl I ff
adjust M@Léﬁ{é%&g@rpg?cenfaavgee énd t%ea%éﬁrsfoen yst?ens t. o?n this
way, the elongation percentage of 4% was maintained.
[0039]
Effects
In a gold wire having a purity of a minimum of 99. 999% by
mass, the wire strength is low and a decrease in wire strength over
time can also be observed. Thus, in the gold alloy wire used as the
bonding wire, a predetermined amount of additional elements is
added to increase the wire strength than that of the gold wire having a
purity of a minimum of 99. 999% by mass. A majority of bonding
wires commercially available are added with beryllium (Be), calcium
(Ca), and several rare-earth elements. These additional elements

have a wire strength improvement effect.

17



t he adhesion portion and |l ess |ikelihood of

deteriorating the stitch bondability are specified,

and as a result, it was found that calcium (Ca) and

europi um (Eu) were the nost appropriate additional .
[004@ sthe cothgr hargd.erwithorespecgetter the pstilghgoondability

W re, besides the wire _strength and the stjtch
regsiradoifor t the thendiigawiigs ayhencaher w4eg ostrepgth becomes

oS, e B o TR e SRR I erion
forratpBbecomar AREIE AndWRgNoE eciiSaal Flempnts added
for, JSERaIRGL I yEBe st Nl Bn s oiencarbbochen by at the
o 38 b BROFIHLET o, HICH Sl i
GeHGEAIE] Y ot VBT TAREORI B FARR LA o
a0 i il ARG SRS i prove the

wih SHRRLO et amecs bl s el pover

théf@@ﬁegmq?oﬁﬁ)niéﬁdobé% lik&linsERlof Thesteriorating the stitch

calcium (Ca) 1n the gold alloy system of the preSent
bohalesilifyomreespecifiedindad sskangsuit oitoaasi feurd i thratt dalcium

addi tion amount and the interaction with the other
(Caddiaridnalurepeurent (B cverenpthey emodte approptiatergailditional

As a result, focusing a conpounding ratio between
elemlesitam (Ca) and europium (Eu), is achieved the

in$rovenent in both the stitch bondability and the )
[0Q4 | EHewewgt,h fani e ganeral nbegding avirectbesides the wire

i mprovi ng the roundnes npression ball shape.

strepgihsgagi the Stitgh bﬁn‘zl.a%filih?/ofl £odRdpessnef @ pression
bahgé ntrige? P@Wgélggg%agﬂrtqomewl%w& r?u%t’ hcaasl Cti)gg]n( %?own that
generally, when the wire strength increases, the roundness of a
compression ball shape becomes difficult to be secured. Therefore,
to secure the roundness of a compression ball shape, the gold alloy
system of the present invention uses magnesium (Mg) which affects
the wire strength only a little. With respect to calcium (Ca) excellent
in wire strength and stitch bondability, it was identified that even in a
case of the alloy system using magnesium (Mg), when magnesium
(Mg) is used without taking into consideration an addition amount or
an interaction with another additional element which improves the
wire strength, the roundness of a compression ball shape cannot be

improved.
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strength of the bonding wire. Therefore, in order that

an influence of calcium(Ca) on the wire strength of

the bonding wire is rendered secondary and that of

eurQEiun1 Eu) is rendered primary, the addition
[OG4RLhhesetarsl, @aleiuraCakinsthe gold aliey mystem phithe present
. that of europium (Eu). Exanples [0043] Hereinafter, .
invantion enasereempeunded takiegarpiescangideratipar 4hey @ddition

exanpl es are descrihed. High-purijt o| d,.having a .
amiit yansi 1be. infesasionnudin (a8 Okt Slatiangl Slefent which
. redete{nined anpunt %f addi tional, el.enents in a t
ImE t i

R, ti e ieatin Aar 8 @RUkeIPERIND CRitiARUnding
ratfhoDBIVRRH relciodCaomTd el Ay o Ry the
imBroy8fisntinkBoih 18pR et pOBSREE! Sp W WAt strength while

i PRERGA gk, HEPRARL A Rbolioet f inpressior

ultant ingots to obtain thin wires having a
baﬁ?ﬁﬁ%ﬁ%? of 256 m and thereafter, a final anneal was

per f iadbmst ; ' e .
e BIEY RoIRERPL T 2P g6 Srrmete nsprodsytfvention
oRYHBFES $ | galoium Ggs ef seongerdftectin wire
¢ using a %§?$Qﬁgﬂg?ggw2£§?ggm (Eﬁ%ﬁooo-?§pe, g
strepythast the bdndifg Wire\A Thergforedni order thattamenfluence of
stitch bonding is applied to a silver-plated | ead
calcium n@a) An rthet egrepstrengtimeoktbepbending hwireelis rendered
conpression is shown in Fig. 4, and that of an
seepadary amdtthatﬂfiemmpiumii%ﬁgl)iis remal@reichpAarys.the addition
Bondi ng conditions on an IC chip side at this tine )
ameust o ¢calgiimofCadds setienai maximwnopf falf that of europium
m | liseconds; and an ultrasonic wave output of 300
(E On the other hand, bonding conditions on a | ead
nal side were: a |oad of 40g; a bonding tine of

ter
Exﬁmg’b@% seconds;
[0043] Hereinafter, with reference to Table 1, examples and

comparative examples are described.

High-purity gold having a purity of 99. 999% by mass was
added with a predetermined amount of additional elements in a trace
amount, the resultant mixture was melted in a vacuum fusion furnace,
and then cast. Thereby, gold alloy ingots having compositions listed
on the left column of Table 1 were obtained. The ingots underwent
rolling working using a groove roll rolling mill, and cold working and
intermediate anneal using a wire drawer. Final drawing processing
was then applied to the resultant ingots to obtain thin wires having a
diameter of 25 um, and thereafter, a final anneal was performed to

adjust an elongation percentage to 4%.
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and an ultrasoni c wave output of 400 miW A common
bonding condition, i.e., a bonding tenperature, was
200C. A capillary used was that manufactured by SPT
(ﬂkfan K. K. SBNS- 33CD-AZM1 /1 6- XL. Subsequently
(004t Inthe 4apl @ @liaynires wereaboadachto ishal n@omnm@sed dn an

alu;ﬁgﬂ&ﬂgig;@gftw DL GrchT R dBY ST Al FoR@Y device
(UREBybaiaan a@aurégdwsﬂgbﬁ%f\f&iiﬁb hend f this state,
a Fggqug] Bop,eﬁrggs;h?:q/\? a'@?ql éréz|tpo% ﬁpg%r EP@ a% e’cer'mmal A
ph&%ﬁ%ﬁ@i‘%@%&%ﬁp@x?Eﬁﬁﬁ@%%@@ﬁﬁ%@%@%ﬁghown in Fig. 4,

aﬁ?ﬁf@i[@‘%%@%ﬂb@%éﬁﬂe@t?ﬁ%ﬁm%32@@?%@%
(pp%éhﬁirﬁ%ﬁ(ﬁ i %Oaﬁe«%ﬁllﬁq ?pp‘s?@%(dﬁ H?Q'ﬁ/?b’e' a load

resson

of 067 BprERae e, TSRS, e M i v

ou'gﬁJtt bPBO@ﬁFW e 0% Heewthictthdrd 6b@fi’féﬂng%@|nﬁﬁi@ﬁ1§3@ﬁda lead
rtion Exanple 03 Renmaining 14 13 d fair good

TR 0 oSS FOqRbOB 1 19 milsoonc
and hem ultreseiienvese owped of 400 mwW. A comrgon bonding
condition, i.e., a bonding temperature, was 200°C. A capillary used
was that manufactured by SPT Japan K.K,,
SBNS-33CD-AZM-1/16-XL.

Subsequently, by using samples immediately after the bonding,
the roundness of a compression ball shape was measured from
above the aluminium electrode and the stitch bondability was
measured from a wire peel strength near the lead terminal.
Respective measurement results are shown in the right column of
Table 1.

[0045]
[Table 1] Gold alloy composition and performance table of examples

and comparative examples
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ortion Exanpl e06 Remaining 12 7 3 good fair excellent

fair

excel l ent excellent fair

13 18 3 good good excellent fair

ortion Exanple 07 Remai ning 43 15 3 good

portion Exanple 08 Remai ni ng
portion Exanpl e 09

(1) With respect to examples 1 to 12, when observed with a scanning
electron microscope, not so much entire contamination or shrinkage

holes resulting from an oxide were found, and the molten-ball

1'2 /I 2 anand acaoaod nnrrl aaaoc ool t i
= I 7 T IT T pefformance evaliation 20 mples,and
Ef?FPIe ignRsnamwmmgm&%mﬁﬁfﬁ }% gogﬂwgﬁgga 898 qood
B AAN I AL =43 " TP TTY .I.J J MHd‘ﬂéﬁS ASAVAY]
exgal| et fair | gbrii &n Exanp| & Bmﬁﬁwxnng 351l 7| 8 wire
I&nidnauhity || epvis ibsk) 6@1 ;Hs y (%Da ’iormabslt:‘ail( boddbility | strength
Remaining 25 1 gﬂ‘? 'P)(sn) z)lﬂapdﬂne Exanple
Oéa@@mtloﬁﬂﬁﬂWparative4 NRi fi NG [2%8 1QxcgR@d REBI | good
Far 1 gOUd Rt arative Remar mrmg—35
1989 dodygpor| pBor dxclel fent &9 & GF9par 58| &
C‘ﬁgm)@ At | VenaRan|l N1 Mg (p3| 341 gond ex,g-el I eggod POOL,oq
. Q4otianr t i on (‘nrrpa_rati) AiHg—8-22 -8 32
pB@tple faai | 0 goud | Exappbe rebddor| of@B4f] edade | evod
ot oW Ty SO Tmder stpod—f ~TEaSUr Erfent
r BETRESs : 4@nVVth“resﬂbct to I i 1 = W
0%&»&\!6‘3 q \’}fr'}:[!ﬁ'nga sSgarnimng 3 good fair excellent fair
Example 07 Remaining 43 1v5 3 good excellent | excellent fair
portion
Remaining .
Example 08 sortion 13 18 3 good good excellent fair
Remaining
Example 09 portion 28 13 4 3 good good good good
Remaining
Example 10 00 rtior) . 37 15 7 11 good good good good
Example 11 Rerr)ammg 19 9 3 20 good good excellent fair
portion _
Example 12 Rerr‘xalmng 35 17 8 15 fair excellent |  good good
portion
Comparative Remaining .
Example 01 sortion 25 10 25 fair poor poor excellent
Comparative Remaining .
Examole 02 portion 29 8 10 good poor fair good
Comparative Remaining
Example 03 portion 35 19 15 good poor poor excellent
Comparative Remaining
Example 04 portion 53 3 1 poor good excellent poor
Comparative Remaining .
Examole 05 sortion 8 22 8 32 poor fair good good
[0046] The following can be understood from the measurement
results:

formability withstood practical use, and hence, satisfactory.

contrary thereto, in a comparative example 4 in which an addition
amount of magnesium (Mg) exceeded an upper limit value, and a

comparative example 5 in which an addition amount of tin (Sn)
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el ectron m croscope, not so nmuch entire contam nation

or shrinkage holes resulting froman oxide were

found, and the nolten-ball formability w thstood
ractlcal use, and hence, satisfactory. In contrar

eX@‘ﬁ@ﬂ@do an nuapesnhmlbwaweexm@n sCannigueleetraR-microscopic
onféfatdh B4Rl et tina Footdhissfane on Ut noes
retifing' §Rrfean vratle, e i, b BioTsatal dotBBBiity did not
wih B Rl LR TG WeBARSHISIAERA™ ok

(0G4 A @okvan 8 exditfide ot 2. IhBTauitidss P14 sompression
baflZdhd e AnithsiGea"a tﬁ?allu%ﬁsja?’ld %6%@%&%&@%& In

onpr Ssion ape w tood pra use

coﬁﬁ%?grtat 16 a‘ih Sé %@@érg’tlve %S&ﬁ?ﬁn%{"ey 1t BRI a 'él?ﬁ‘\pfra’uve

e exan'p e In a conparative exa

exal‘hM@' 2hinawheelidn %cﬁ?léhnén%uﬁtabﬁ icameilad)( éﬁéé@ded an

an upper [Tmt val ue n the conmpar ative exa

upperaimitf vaflee t(irprtheasomparative usxampie(Fua imdal of addltlon
caIC|un1(Ca) al so exceeded an upper linit value of

anmmm@oﬁmbﬁlmME(Egymsﬁalome (Capasoiexcdeded an upper

shape when the nolten ball was conpressed did not

lirnid vahleamf 2prEumi byl mass), dnd foemanessof a compression ball
unsatisfactory. Further, also in a conparative

shapemwienr ithewmokiean baltii wasn cormpressedcaidi not ( @ithstand
di d not reach a maxi mum of half that of europi um (Eu)

practicalheise; ompar ahem@eewaﬁl gnsatigfaetagyt ot EUrdter, also in a

co%%'&%?aﬂrﬁéia | i & éﬁd&tﬁrﬁﬁaﬁ?ﬁa‘ﬂtﬁ&%&m (Ca)

ad AR e f&%ﬁgm G Ao € (n th

CO%}S%%S & BXRniplsh s albe asol L8t ﬁi.dif of ARy fits'qf uropium
(EQEHN AIPRDCeS aee?%%&@{jﬂébgﬁsi?g JihltPalde & 28pm by

mdEPahd! Foindness of a compression ball shape did not withstand
practical use, and hence, was unsatisfactory.

[0048] (3) In all the examples 1 to 12, the stitch bondability was
stabled, and as a result, the samples all withstood practical use, and
hence, were satisfactory. In contrary thereto, in a comparative
example 4 in which addition amounts of calcium (Ca) and europium
(Eu) did not satisfy a lower limit value, the stitch bondability was
stabled but the wire strength was not sufficient, and thus, the
comparative example 4 did not withstand practical use, and hence,
was unsatisfactory. In the comparative example 1 and the

comparative example 3 in which the addition amount of calcium (Ca)
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exanple 4 in which addition anounts of cal cium (Ca)

and europium (Eu) did not satisfy a lower [imt

val ue, the stitch bondability was stabled but the

wire strength was not suff|C|ent and thus, the
exeerpatkenEpPLATing valed the: wife ﬁ&rt%gihpwa?@t satisfagiery but

and, he s unsati sfact n arative
thesgditeh qndamttwewa@on@a.s& Q@ﬂixzﬂ%{] QpE Fomparative

addi ti on apount, of . C|un1 2 exceeded a
oxBlES, adie. e WiHStSnEonBraCtea! <abeet aaﬁ%rhfﬁe, were

titch bondability was not sufficient, and thus,

un§ﬁ§ ia arative exanples did not withstand

practical use, and hence, were unsatisfactory.

I ndustrial Applicability [0049] According to the gold

Indis B AnBicabiRy 3 | o$°22‘n2.95? ' ng of bn additi onal
[O%Qfécg%'rﬁ Ho ARES d@cﬁ{il 211Bye érFBrg@ Bél'i‘gﬁoﬁf:hng of the

u or he go onS|st n
gl
pré‘é’%ht)li?ﬂ@nﬂ he! @l Ilé I‘cﬁiﬁrsg%trl]raﬁgss OEU “aditidhal trace

e|é?rﬁ@@fte§ Sl@?nbéf' n??é@etermn@éaq@ng@ ofMOaM@ERDr the gold

nol t en- aII lity, stitch bondability, wre
alleyr e@@H$|s tbﬁ reh i agdditionaif @rac@m@l@mentorsystem of

device, simTar to the conventional case, and is of

Carbly- Em@h icahusexhidit pamceffedt exoadlerit3 imhaoundness of a
claimed is: 1. Agold alloy wire for a ball bonding,

conmeragsional bajl csmapst i g «ffectivet on50|rppm\hy|grmasolben -ball
magnesi um ( 5 to 20 ppm by mass of europi um

forznabllﬁyppsﬁtwg b@mabmt;al wiken gtcangtianand rtgeaureha@mty of a

portion being gold (Au) having a purity of a m ninmm
semlcg@_dtggg%c%measgslwmm@.tne conventlonal case, and is of very

much industrial practical value.
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an addition ampunt of calcium (Ca) is a maxi num of
hal f that of europium (Eu). 2. A gold alloy wire for
a ball bonding, the gold alloy consisting of: 10 to

50, p by mass of nmagnesium (Mg); 1 to 30 ppm by nass
Wbatﬂ%@m@@i 18: to 20 ppm by mass of europium (Eu); 2

to 9 mass, of . cal ¢i ym ; and a I ni n "
1. por ¢ FOROILEHGYSRIre o DrlpeRAkiguna ol BoYsansisting of:
of 9 998% b ss, whergin an addition anount of
cal ci?Qrﬁo(ég/;pg@nEyrmﬁis B}a%‘?$'L'trﬂa(Mg)3f eur opi um
Eu . d._al ' of. [\. bondi ng, the
éol 2156¥§ %9\ Fggﬂﬁ‘spgtrh%és\é&{gua%éwgngg@pm by mass of
nmagngsi ; 3 eur opi um ( Eu) ;
2 ? ogéoggéw %295§§2¥a$@m@?i %‘ﬁg a remai ni ng
ortio bi 0 Al g PYURL Ky . i Ni.ms
o o8 88T S nRbrtioy, G Sdidr D2 rRvife; BN of a
il i pium (Eu), and a
mlt ot ai agd??rg%%;ﬁgé%{ﬁ%%é’e\ﬁ{hoeglémn (Eu) and cal ci um
Ca) o RAn :
(FP)sRieUeieh oA 2BIOLM IEAPEPg AiplraSivif halftha
ofgm@ipm;irngzg . 10 to 50 ppm by mass of nagnesi um
(M); 1to 30 ppmby mass of tin (Sn); 5 to 20 ppm by
mass of europium (Eu); 2 to 9 ppm by mass of cal cium
(Ca); and a remaining portion being gold (Au) having a
2. pur i Aygofd alloyiwireuforad bedl. boadindgythegsld wileyeconsisting of:
addi ti on anmount of calcium (Ca) is a maxi num of half
t hat 10 to 50 ppm by mass of magnesium (Mg);
1 to 30 ppm by mass of tin (Sn);
5 to 20 ppm by mass of europium (Eu);
2 to 9 ppm by mass of calcium (Ca); and
a remaining portion being gold (Au) having a purity of a
minimum of 99. 998% by mass, wherein
an addition amount of calcium (Ca) is a maximum of half that

of europium (Eu).

3. A gold alloy wire for a ball bonding, the gold alloy consisting of:
10 to 50 ppm by mass of magnesium (Mg);
5 to 20 ppm by mass of europium (Eu);
2 to 9 ppm by mass of calcium (Ca); and
a remaining portion being gold (Au) having a purity of a
minimum of 99. 998% by mass, wherein
a weight of calcium (Ca) is a maximum of half that of europium

(Eu), and a total addition amount of europium (Eu) and calcium (Ca)
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of europium (Eu), and a total addition anount of
europium (Eu) and calcium (Ca) is a nmaxi mumof 25 ppm
by mass. 5. The gold alloy wire for a ball bonding
accordin ny one of clainms 1 to 4, wherein

is aa@@ém%wmgf SiRPY NASSppm by nass. 25

4. A gold alloy wire for a ball bonding, the gold alloy consisting of:

10 to 50 ppm by mass of magnesium (Mg);

1 to 30 ppm by mass of tin (Sn);

5 to 20 ppm by mass of europium (Eu);

2 to 9 ppm by mass of calcium (Ca); and

a remaining portion being gold (Au) having a purity of a
minimum of 99. 998% by mass, wherein

an addition amount of calcium (Ca) is a maximum of half that
of europium (Eu), and a total addition amount of europium (Eu) and

calcium (Ca)is a maximum of 25 ppm by mass.

5. The gold alloy wire for a ball bonding according to any one of

claims 1 to 4, wherein magnesium (Mg) is 15 to 40 ppm by mass.
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