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
gold alloy wire excellent in fracture |oad of a
tensign.te n N I [ e S, 4%
(ner @k B AT GYNIRE W ORBALLBUNDING

| ess contam nation and shrinkage holes generated by

an oxide on an entire surface of a nolten ball when

the nolten ball is fornmed; excellent in stability of a
FEBePeOff THEUNVEMTKBN s formed by nel ting

(hereinafter, witten as a nolten-ball formability);

[Q6QH) Thet presentrinvesdicst relatespiesai goldaalioyhajye for a ball
when the ball formed by nelting is ball bonded

bonrgirg nanderelates toen g@id alnwies exsellerddngirastirgnload of a
bal | shape); and exgell?nt in stitch ondabilk%y for .

tansianntest whenws wires glaggationgersentagealée 4% (hereinafter,

A I -
o SRR S oo BEGECRuch 1 e b
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bB G Incrouieq iy THbRi keI Rrithe] B & hfolten-ball
G ably PO EBTS S aTPeBE Al e hen
tHd e a! for?ﬁ@ﬁi Bg”%éﬂinnoqmbihn I;Pdgﬁé%ggﬁ@réha{terh written as

reproduci ng gures s e ment

rdtiSdnéss! _dfO%O%orgE)réPQ}MhiBaﬁi ghépﬁgh aamtl’ @x&dlfent in stitch

Inserted into a capillary 1, a tip d of the wire 2
bbhdaibiityofart Bohaegaa sliest byc pressing. itaagdinst ha sframe, a

state, a discharge Ts generatéd between the wire 2 and
stibstreitect etc., by a capillary (hereinafter, written as a stitch

bondability).

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.



torch 3, thereby heating and nelting the tip end of
the wire 2, whereby a ball 4 is forned. Subsequently,
as shown in Fig. 1B, the capillary 1 is descended to
press and bond the ball 4 onto an al um num el ectrode

(OS] R sloan o i 1A Aowines2 JadBgcriabiap areapiiary 1, a tip
effbe theluiia? s miraageasld orcanisRrt i psRacSogTich in this
sEiGnn dsEREToS T Sendialadinefiien ﬂ%e VG £,pnf°the electric
tdfofs, HReE e BB maTtHERY iR M KB fire 2 Whereby
abars S.'*ﬁ?"?% 1 and’t hZSZ'x't 'e?tnAF”W? fe'8 15 heated by

the hegbRiadiettlly, TayS stolAl gFel FELISB the easilRry 1 is
dé@&éh@i@iﬂ 20, pl‘{esscéhHeBoﬂdSihé Qﬁalloﬂnéhtt@ a@@ﬁﬁﬂh@ﬁﬁ'é’lectrode

as shown in FI ,acarrper is raised wh

5vonead IG cﬂﬁﬁﬂ C'Amﬁré tinng, tdhm ﬁ@ﬁsWomZars uItrasomc
cut. Thus, e wiring is conplete [0005] I'n the

oseilletign ds! ddaddythroughf Qheacagilllarl;oﬁlql apnd tthe WO ehip 6 is
|

strength, the nolten- baII for it the roundness

heatedcdnprassheaterbdbllodmweThmebyhetlse|tbail 4 is thermally

bondabi ity need to withstand practical use. An

cempmmseﬂwtcpémmmega compiesgereball 4ol d al | oy WI re
for a ball bonding is set to 2 to 6% Howe

wever a

[QQ4] Thenesfter: asi showein Rigt d Gothe eapillan 1, t\NB“e drawing
el ongati on percentage desirably is a nlnlnu of 3%

aame%ﬁztgmn@m iajeq r,aBﬂ‘?Veg @%@&fbremmaﬂ Wifgy8 and

wi re for, bondi ng

AP RERBCE. ML BaeAMaTHS M 0 anak it giewm: the tsasonic
ogg?@?h égoc{p& %rouah(tﬁ%? capllfléjr?/e LhdH98 - &derhdl wire 8 is

heated by the heater block. Thus, 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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alloy wire of which a gold purity is a m ni num of
99.9% by mass, a tension strength is a m ni num of
33.0 kg/m®2, and an elongation percentage is 1 to 3%
This gold alloy wire is excellent in high- tenperature

P g oL SRSy MBS bl Skl IR Patent
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| higheae it f
" ASTSEo Sty sy, b o oty wing

the |GattsipuaridCalso dvelb bondedh by e wedgeibondiag., and
a remaining portion being high-purity gold of which

[00G6]domevers WhetPthis Jotd ity wireiiseused as a ball bonding

characterized in that a wire breaking at the tinme of

wires diec podndnexs sao s anbompression Ieakhs%a@ens@e@mrﬁded and
an assenbly yield of the sem conductor device

thus, aestabled balwooadingl canogh beipedonanead, wFﬂ-a‘th@r as the
excellent in wwre strength, as is apparent |

elongation percentage: is lavs - ilpep shape canmot, gﬁnﬁﬂ&hé drawn.

Thusatéadbon: es&r@%‘aﬁﬁhixaé?ﬁ&&riqsra&&s &3 rtasdiE e application
<51 AEhiO KD MEROS BONlingk of D IS SUinasy WRIF @hich the
gold/ENG, Mirk" i%bll.lgéndtf%r P sBRNILORdUCtOP advikgnt | on
[0007] On the other 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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[0009] In view of the above-described circunstances,
an object of the present inventionis to provide a
gold alloy wire which is excellent in nolten-bal

formability, stitch bondability, and wire strength,

0 B e S BT e
STFOBREIOR Tt OVERIIRNGT™ 1 1 170, 2y o
PR SHBE SRR BT INEIGR Drecent nventor
TS| U 1 RN TRI ! st of e
pissin, ST % TCHLE 8 RSO g € el n

nfltén BAIP fHhabilg) Sétﬁbhnﬂgﬁﬁa@:iility%?hd Iwirel stiestgtht, similarly

systemin a trace“anount of Ca-My-Eu-Sn exhibited an
teefthectprigscedtertbut 'whicte ist figrtbeh, exoetlent binl Iroundness of a

formability, roundness of a conpression ball shape,
cemprassioh halhdhizipe and eorhpatibie, witbeawdhedepisityi wiring of a
of the present invention. [0011] Specifically,
saniocoddugtop dewicer esent i nvention, is provided a
old alloy wire for_a ball bonding, the gold alloy
dor &wluing thetRrawenppm by mass of magnesi um
(Nﬁ&; 5 to 20 ppm by mass_ of europium (Eu); 2 to ﬁ;} ) )
[ApWbhregghextensivamtudies ofha goldeatioyiwigexeelipnt in wire
bei ng gold (Au) having ,a purity,of i ni mym of 99.
SU@Q%%BythﬁsBEeS%ieW&ﬂtQﬁ newly fouad thaliwhes afaga,amount

of ke 524 TR £ et 8. KB il of awyropiur
(S5 bl ke s Rl A tem i o
pldRieniBEAB88 B MG S B 50 A el of an
agﬁﬁi}éqé‘cd%%rgéﬁﬂﬁ:%ﬁ?gfogy 8" #5689 Fotirt Bf NeULNG-Eu-Sn
exhibited an effect excellent in wire strength, molten-bali 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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998% by mass, wherein an anmount of additional cal cium
(Ca) is a maxi mum of half that of europium (Eu).

[0013] According to the present invention, is provided
a gold alloy wire for a ball bonding, the gold alloy

of tBauRe i iMhh, o b BREh i, FBgss 3 i1 &% 20 ppm by
SR ol 0 T BB O BAG 50 n
rraﬁa"/ﬁﬁig Bifiort 611 B (FRHEYS LPHGH SRR of 00.

! B, AIBYS! yior@H ShoBRloUARER AUGRRINGD EBIbiurdCa) is
1 gﬁﬁ%nfﬁﬁ?ﬁﬂfﬂgaﬂa bnﬁoﬁgﬁﬁqm% nvention, is provided

alloy wre or a dlng the gold all oy

[@(9’113] AUchnioq é%ﬁ}hb&)%ﬂﬂ%ﬁﬁ‘%ﬂlf%?ﬁ?gédga plggl]d alloy wire

tomatbal borid girtheEgbld lloy Sonsisting wisd0ofo 68 Bomby mass

(Ca); and a renalnlng portion being gold (Au) having

oé rpagresiam {Mg)i Sto 80 ppm (@Wabﬁ ohsurogienei(kwn 2 to 9

amount of addit1 onal caIC|un1 ) is a maxi num of

ppan fby hatass ofucalgium (B8), and a temainmgportien being gold

addi tional trace europlun1(Eu) and calcium (Ca) is
(Auaathamng aspiritymof @ ramipnimoof &% 998% Hypreass, wherein an

an_anount of additional trace nmagnesium (M%

aamraléat Wf @dddionalpsaleiynatea) e &t Blaximwa of alf “that of

| nventio 015], Accarding to,t l.d aII wre for
er@BIUmbGr-EnLl .ngnsﬁcacMaﬂ rHeunt ni} aaagtmal. ﬁé’rFOPHJm (Eu)

old allo of an .additi elenent
abigtCafbinny (CoJ 3 dhalBi s nfaiT i ab s RPREBY RS of
s My+Eu, ar d_all oy .consi,stin d n
Uﬁ?&%ﬁﬁm&y@m@ 1Re piRact iR (8 el & g8 Roy wire
i - r
fsAial it dhi. GO6F s18Y eofisitulfl B §B%J 50,5k BY mass
of‘?ﬂagnesium (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 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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nolten-ball formability, and is effective in inproving

a productivity of a sem conductor device. In

particular, in mounting a QFP or QFN package, and so

on, in which a stitch bonding is said to be difficult
ause fixi titch b

SySTToRn o taCoAmou A hredatelidaedianth b (edlg fu, or a
gl Bl consSngL L R @ ifefal eletieht sydtem in a trace

T T i St e R
stEI‘P' E%ﬁ%‘ﬂﬁ’m rbgﬁdn%%§” 28 %@Wp@@?ﬁ@oaﬁélls'ﬁféi)e and

tron accor |ngtoa ndr n

n@l’t@ﬁ%é‘l’l‘%ﬁﬁlwl C d| agr gr??’?r)meg(rgpzl ni 'a"Bi'%(?]UICH\éIty of a
séhmeamduct@?aaémnt |Af parfienfmdrvimeuntiry & QFFa or QFN

phot ograph showi ng an exanple of a ball bonding by a

pakagd, andwsoeohprinavbidh é)@tdchgbohdiﬂigé |Brsaﬂ:htto be difficult

invention. Fig. 5 is a photograph showi ng an exanpl e
betauss ifidhgbandnembdry inha gtitch dbdnging rporftion asbdlifficult, a
bondi ng of the present invention. Description of the

stabbler bordingris gpessitdey]and thas,| itaisy effective iB improving a
El ectric torch 6 4 Ball 4' Conpression ball 5 Al

pevductivity af a(semlqonducicn’r@ewce

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



8 External wire D Wre dianeter L, Conpression ball
diameter L2 Collapse width Description of Preferred
Enbodi nents [0018] In the present invention, types of
additional trace elenents are few and conponent
range t”gereof are narrow and limted. Collapse of a
aI an f a conpounding ratio of the additional trace

A1 ook ampPesSlih Bl h o < Tch bondabi 11 Ly, &

round conpression ball shape, or a
S Ite%‘?%i?efrpgr rmbl lity. Thus, a purity of gold (Au)

6de3| rR§|éh s as high as possible. In an alloy system
of the pre ent invention, when a total of the

7addi t g ﬁmpég ace elenments and inpurity el ements other
t han e'gold is less than 100 ppm by nass, the

goondi Etafris Wwite be displayed as that of hi gh-purity
gold having a purity of a mninmmof 99.99% by nass,

Dand t Wige dianheteronmerci al | y advant ageous. [0019]
(Stitch bondability and wire strength) Stitch bondi ng

of a ?H}‘H j [ : ed into a solid phase
Hondl g. P?g‘l‘:’ék{!ﬁgvl?nﬂ @?gﬁégéﬁphenonenon whi ch favorably
i nfluences the solid phase bonding is the

geforggtgjdﬁ]gde/v\; igthan adhesion portion formation and a

stron I ng power at the adhesion portion. 7 The
def ormabi | i gé for the_ adhesion portion formation neans
Desgription ofdRegfereed eEmbodlme RiSastic deformation, a
c deformation, creep def i.on,
[&ﬁéi tthﬁrpﬂﬁ%ﬁﬁﬂ'iflﬂyﬁrﬁl@n,e @eaﬂ?@% FRre flements are
Q)\g’pllastothe stitch b& d|n In a case of h
gcqmp@nerﬂ 988 dhereohare aTow.and figlited.e Collapse

g easi er t e def

ﬁnpgr & 6RMARYEC mg,,gaﬁo g? gﬁe 58Gith A 52e°Blements

of the present invention may adversely affect a wire strength, a stitch
bondability, a roundness of a compression ball shape, or a
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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rel ati onship of a negative correlation between the
wWre strength and the stitch bondability. [0020] On
t he other hand, the boundi ng power at the adhesi on
portion is attributed to various phenonena such as a

F oughhpes daostabily dor e cadhesion eyl forfidtion means
thit {iglﬁﬁ ?9 %Qlj? PURAN élﬁrstjgﬂéﬁ{g%@%:] %t piastic dgformation,
apehioB o BInthhaR. . & cogGmRe Py BrbBbl' e,  This
pfleriqtiehilfh St BPRIEH 10 fBhopoHUiny; (I3 Gise of the
lghling! e, af 1€ taoRght 3hat e RS the wire strbhioh, fiiereasier

ti%e TBfIrmPAa s Yoran %@Igﬁgicﬂﬂ p@ir’ti@rﬁfﬁrfrﬂéﬁog? FhushdRere is a
esi on porti

bondi ng power at the a on can be obtai ned.

rél@fibHsHibesf i) g1et ative Worrslatidrs Betwesn athie wiry @tfrepgth and

m ni mum of  99.999% by mass is used to produce a bal

the ditol tgmh@ab&im¥_ wi t hout addi ng no additi onal
elenent at all, the wire is soft, and thus, the

[0@20] @ the dthertienddties bounding powen akthemdtsesion portion

easy, and there is no adverse effect resulting from ]
is rattribdted oteal varieus nphenarenaxisichofas taecheaaicabnaounding
el ement present on the wire surface. As a result, the
poweei, t agglutination, \a seirface desghuiess @ surkage condition, etc.
excellent in stitch bondabi[it¥. Fbmﬁﬁe , the bondi ? \
Haweves, eegenasal gold plloyawire, Ter a l«,qugngt Is ptrinsically
ame tinpe, and for exanple, unless the bonding wire 8
skanaer. dn; BOHNAING BONGTythan: REMGr ARekal pondingawires. The
robl e ch.as, inferiot wtre at _the tine of. a
rGaSPR° o dhnds: i Fomniim T 9978 b mak (0" 8o Mirimum of
[ o) LT 1 e 1.S.: d. of ' .
9ER% Tl e Tl SRENPosHIF TorisBtal ol Fhity is hardly
t ' re ' Ntgl :
oRI RS i atiobPiers: TR rRLEClt BGRB8 Mien there
id oY ddVdrde el réSaIthRY RYM%B R WditiBhl MeMESEbPan 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
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portion even when conpared to pure gold. [0022] The
use of the additional trace elenents of the present
invention at a predeterm ned conpounding ratio also
provi des an effect of inproving the wire strength.

e & Bt Wit sHreibls Baerd SSe et fbleyfis such as
'@fﬁ@@s@ o ey a8 4P (e o rdshEndlc sRLHIT SoRAabity.  As
raev e R0ififidve theiHeSuRRafE AREETS' dBpAGSt Rsing trace

f
a\qg’lﬁoﬁéi glefndhtEr I"J\rl‘le ”éﬂhiti&'@agrg;%ﬁbmver t&USed in the

oxl de presen Wre sur

présant 'Iﬁ?éh%@r#‘@régtl'ﬂié@'rﬂﬁ Illﬁehﬁlﬁfﬁbﬂfng‘ tﬁ‘ésbtitéh bondability

nmet hod of the present 1nvention Is nore’practical.
V\Elﬂﬂ%ékge(dt/ttti arr flueh e renithiel BouHdingo bwe:balt |thesaélhe3|on
bal | obtai ned by generating a spark in"t at nosphere
portionl éventwheanconfpdred topdireggaeld.e. 1 n sorre

additional elenments, it is confirned that when an

[G@2R] The ausentofi thearapditiomal trdcke eferneataddift ithealpresent
element is grown on a ball entire surface or at an

|mvemh®acat(aapredehemmmd peempounding: eatichealsal prawitdes an

the wire. sone cases, the shrinkage hole nmay be

ebtecir af dm@rro\angotherwvyedétremgth:e bhie oxide @fbﬂﬂ&ﬂa@dltlonal
re perfornance the mol ten-ball formability is

clemantapresend ofe thgi u@r%naurfasesmre.smgabwr@saﬂts fsom an

requi.red to be reﬁ ed to as few as possible, Wien th
n%@émg\@appegﬁaw &Fﬁbh%ﬁ?é’ﬂsﬂ @Htea R Hnal m@mingnprocess at

are used at a edet e ra

@peatieds  Bnothen GeT o I S Bk At o8y relting point,

%Me@éﬂﬁaﬁ aélgﬁﬁaﬂﬁgs ﬁﬁcggﬁfw:?an [i%%%fl]atmosphere or

chemically washing the wire surface after the annealing process 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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Because of a high-density packagi ng of a sem conductor
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

SRR o SR L G BT, RS race
oE BB aleo s, ot TR oH L o e at @
SEGEBTRI S bROBRRIRE 1S, Shyictony  roten-ba
ARG YA ARl AR Pt fined

[@?gn]essed becomes ununiform and thus, the roundness
of a conpression ball shape cannot be naintained.

(RejUiritiiess 'ofid abrigrédsiont bal shegrsipbi 1ity, the

roundness of a conpression ball 'shape tends to have a

negat Betauma ebfit aomimtdenslt?h\pad(mingmh.aV\Bemitdwductor

trace additional elenents of e present invention
denviceisenh mterval eted eamiarecd of raoualdiminurat etectbode on an IC

the roundness of a conpression ball shape and the
chip easer begaming charcewevi t h¥Yhen pendingl onséheamaluminum
be achieved. [0025] . [My] In an alloy systemof the

eleeisede phwhichrihentijeseauandviiei arearare diaiowsota prevent
GonigS! ofne, e rivascian; el dserinBibiament on the
SERRBET Y S ien bR e Bk apensabie.
ViR BeSRRL " lindhE 8By T hard¥iioe B Fshpe, an
intiiehts ot MharuboLTEfnbniid 8 dhe, Aidfiodal Bigineif is great,
afld Wha¥sHsd BhIdMEe of the compounding ratio is collapsed, 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]
[Mg]

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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present invention, to stabilize the roundness of a
conpression ball shape, an addition anmount of
magnesi um (My) preferably is a mninmmof 15 ppm by
mass. On the other hand, in an alloy systen1 of t he

rmonelh @ Sliny) Sl i pessont fvaiios, sdegnesium (Mg) is
ﬁ%?ﬁ@gfﬁlﬂﬂ%ﬁ%té@%t for bé:w% e‘:‘H:?eﬁSYﬁrsel y

the b %W%ﬁ"ﬁfﬁﬁ@%@%éﬁﬂ JByeptBErimAtaug of 10
B, BTorss 8 praghReidit iMdR fescsdt L T gl fefsoRfor this is
tﬁéﬁgzvﬁéneltﬁgeﬁgn@ﬁfgs' Ot?séégt théetﬁéfén 'hd’fefg%a in the

Ing wWr n ecti've as ca

régAeheRed of 3 Yombire §: | %bﬁ"é ofint&g Al stem of the

I nvention, europium IS an nent eff ect

prdasenbundemmrpftcﬁ statﬁﬂrz@&henréahtine@%pe’f @%onfprefwion ball

so effective as magnesium (My). In an alloy system of

shiapeyr egenadditiemt eonouat ndhi mageésiumpivlgy peeferably is a

europi um (Eu) is needed. The reason for this is that
nuhémurheofarbuppmi byl rrss.ha@n the othieerteand, i aef oy system
inthe wire strength. On the other hand, in an alloy

of vihree presenteinvenion, whernthe radditien Amattitt oérmagnes:um
ampunt of europi um ( Eu) exceeds 20 11 ppm by nas

( RPECRMARI EXCOBHIME,| iit§., | EXeeeslss B appm:tby mass, the

27] ] I'n ap, al.l oy system of the pr esent
niokan b%lﬁafos 2l iy ie3dversely affested. nmdp: agr alleyi system of

of ., the bondin

t h t t
tf'&% RRSRA Tt Ve lans o eRtAie upd cHaliearaal ormability, the
ALHESh SamBunt of magnesium (Mg) preferably is a 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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roundness of a conpression ball shape. Therefore, in
an alloy systemof the present invention, an

ef fective conposition range of calcium(Ca) is
limted to a very narrow range, i.e., from2 to 9 ppm

P Y HianSotie thoteR-bel arfluy B A UBteey affEBiad

Qgg? tion. The reason for this is that in an alloy

m of the present invention, when an addition

gﬁgunt of calcium(Ca) is less than 2 ppm by mass,
reis no effect in the wire strength, and when 9

d . .
Cbr S AT SOV sPERARCEE theé KdSuHivENtRIn. Scaldiyg (Ca) is an
elémertl mbst agffattioe wsmn ®Are fﬁr@hgﬁ‘?%f 'th\é?rlﬁd)ﬁ!)img wire.

europium (Eu) presunmably interacts wth cal ci um

Haweves, caidioneCz)iisnalsbuan aleient which(é‘direﬁs@[%/ affects the

additional elenments effective in the wire strengt

renddwiess tdfese coltipressabn t balle sbiagreant STheﬁefm‘d?dln an alloy

together, the wre strength is further inproved.

systewveof the qbr@smtdmveemMnarmureﬁedmrebrrypmstlmn range of

maxi mum of 25 { mass. The reason for this is

calziumi{&ia)as Imﬂe@ ¥ens naxwdange,hee s fremh2 to 9 ppm by

bondab|I|ty and the roundness of a conpression ba

n%&%%e &oBlyawithigethyisafarge e €alciun Hésa) &arh&xhlbttnan effect in
t of cal ci (Ca) needs to,. be a nmaxi num of half

“i'@i QMS¥§ m@@;ese INg@BHAN or this is that 12

the i 1e ?éé‘ébﬁg"kq%rc@bts JadBaEdr, Ba AUOYSSYRETO ! e present
Hggg@agconpr %é' %Be%ddltlpﬂ ﬁ'{q)lélhp %Q%B@Hﬁi(b%ﬁ s 365 than 2
ppm by mass, there is no effect in the wire strength, and 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

12



el ement which inproves the roundness of a conpression
bal | shape, but is not so effective as nagnesi um
(My). I'nan alloy systemof the present invention, tin
(Sn) is an elenment not so effective in the wire

U, eflcinff (feah 7 ah oElpmerl rfonC (efgSliFE T the wire
sffblieih! off dvéfsely aferishr FadhaREEETPY, Fl4qhikSsion ball

?pggder for tin (Sn) to exhibit an effect, a m nimum
0 ppm by nmass of tin (Sn) is needed. The reason
q? }hIS is that when the anobunt is |less than this,
the " effect of tin (Sn) is canceled by an inprovenent
Hgﬁ fect of the roundness of a conpression ball shape
y' magnesi um (My), and thus, the additional effect of
tin (fpn)anogiogobystmearof thleapr@éénv iavehtion, ofint {8n) is an
present invention, when tin (Sn) becomes excessive,
element whqﬂ@dmpif@:vwﬂm rountnggs o ioampaession ball shape,
formability is adversely affected. [0030] (1) Wre
bsit iemptrsefiective asnpagnesiune (Mg)ent i on- based gol d
all oy of which the elongation percentage was adjuste
to 4%mwean eadoyasysatars mﬁ ﬂ'lenpégsenhﬂnvemélaﬁbdtln (Sn) is an
simlar to the conventional nethod. The elongation .
elamesnitnolesoaffective in saeavirecsirength ofdhegeopding wire.

goi d 1 eyl ?;es?yét%r&gﬁft@g?%?@é vaiiaG b ores B tin (Sn)
S el e Hieipresensaatmaagcssin (agjs npaded.

expr el o BTOycte df e Bl Esehf inyypfidhy By order for tin (Sn)

t BSHTBL AN SR AP YR Y BPRY by Af4E oF i P8hY4s 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

13



100 (nmm [0032] The determ nation procedure is as
follows: wires having a dianmeter of 25 mwere
adjusted in elongation percentage by a final thernmal
process to 4.0% an average of five nmeasured wires was

Wirg s TS RieddRe a Faan Hadr ‘40 epsiad gty of 10
AP URGS Y it eftilhfios AR Bbedindd BHER fhe, gold alloy
B PR B 5 R ™

[0@ gg that having a wire strength of Iess than 10.0
? M\I)toamnlnumof859(833n1\l)|s

s "fair"; and that having a wire strength
[Eﬁbr‘gﬁl m 8.5¢ (83 3 mM\) is determ ned as "poor'

!0033 (2) Mol ten-bal b1bagaabbhi dviodhe widid erhaidred
iHjan pecgense

g@asﬁmi—@@@ﬁrem— x100 (%)
scanni ng-el ectron-m croscopi ¢ and I7gh croscopic

observations. In the present invention, the

determinati on procedure was as follows: 10 sanples

were neasured; a sanple in which a mninmmof 6 of )
[%leé'ha)rdemernanad)m prodedureads bsl dollowsil wirgs having a
froman oxide were confirnmed by the
diamatengafe%qnnmwenecadgmd:lrmkﬂengatmh pergeentage by a final
determi ned as "poor"; that in which 5 to 2 were
thernal nerocess toededh nan avernge of five measuredhwies was
a maxi mum of 1 was confl rmed was determ ned as

usgebas.a ppeasurermntsraiug; and@sample having ashighvalue was
bondi ng, the bonding wire, while being applied a |oad
detegmingd as goad. wave via a capillary, is deforned

h
there 3llensspe0|fically, the sample having a wire strength of a

minimum of 11.5 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 85 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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and is bonded on a frane or a substrate plated by Ag,
Au, Pd, etc. Wth respect to the stitch bondability,
simlar to the conventional gold alloy, the gold
all oy of the present invention can nalntaln hi gh

stlt bondabpi | i .The me rengnt net hod
3% datesainechasn poar: dhas in whlfé 5'19 Powere: sﬁ@ﬂrmed was

dé‘i%?r@?%e a8 L M&E@Mwﬁs lra Rt TWas confirmed
b II 0%
v deterRihbUrs @po&ﬁﬁ.“ﬁgeségf?. on was set to 100%
@6 asurenent was perfornmed near a
L /sﬁiad term nal - bondi ng portion, as shown in Fig. 3.

(gggtﬁﬁﬁ ﬁHEBHEt thod is as follows: a sanple
i

ta ne tely after the bonding was used; an

| C chi thied8tifils| Koddfl, Y, ol tlﬂpgﬁii‘g%téﬁﬁlebbe@ng'épplied a

a wre was pu

[ELRVEIER Wa%ﬁwwﬁve'ﬂat Qecésﬂl%{rgﬂ ns?‘td@f@m?é‘d thereagainst,

average of 30 neasured sanpl es was”used as a
ameRss!trsmdédvehug . frame dr aasubstraty mat@dfmfw\galm@ Pd, etc.
was determ ned as good. Mre specifically, a sanple

Withi respecieto teerstitghhbohdabikitynisimiart tor tife @cdmgeftional gold

is determ ned as "excellent"; that having a pee

)
ai;lt)fyertbehgoid Iailﬁy dﬁathe?pﬂesensm\ﬁemhmntoaa mamtmnn high stitch

49.0 is determ ned as "good"; that having
b@nﬂéﬁﬂi rength of Iess than 5.0 g (49. Olﬂm to a
nimumof 3.0 g (29.4 nmN) is detern1ned

[@@351 Th%nmaaﬁ:remenﬁgnaeﬁm frheyt pr@:sentasm&nattpn is as
ftﬂbawgn gle@d@%@ﬂezwggtgieeggf b«iﬁ | gﬁwg fﬁteslv Osglvsg%g ) was
useSk whie definho & fie r@%&%%ﬂip@f §rth@4 3 pepiral portion
oﬁ)é' nﬂ:]grg]upgr]elsi%lé@ﬁtlreﬁﬁ w%%' 48t "o Bk R % SealPeimind bonding
portion was 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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under a condition that a conpression ball dianeter
reached about 63 m a stitch bondi ng was subsequently
performed between a | ead mnade of 42 all oys plated by
silver (Ag) and the el ectrode, and the connection

atﬁ?efr@ﬁ?itaﬁeqiﬂyéﬁﬁgﬁféé %%Fed@k%r%‘mé’g'hbf IBREdRas S (294 mN)
_ ) ires, 50
4 B BlingA G Bbofer o "ar bi trar i 1y used: to eval uate

D@gssgundness of a conpression ball shape. An
rasoni ¢ applying direction, a conpression dianeter

(4 Rowanbss of HiddifirassidHBafl gipapeessi on diamet er

a vertircal d on were neasured, and a sanple

havi nArﬁeganéﬁéﬁd@r fhe?'?ggfhﬂr@bsebf‘@ébﬁﬁ’prééélﬁhabag shape is

total of conpressi on I's was determned as good.

deycribsae bélova! | A walf Bohdintpwas pesforntdd don an aluminium

deviation of less than 0.7m7 s determ ned as
elestretiee (alumiriam hthickgess stabroiat 7 x tVF ah) aon o silicon chip

mnimmof 0. 7mto less than 1.0mis determ ned as

uhgtardé ; comditiomthalpascetpréssiondalhdiameter acachediabout 63

of 1.Omto Iless than 1.5mis deternmned as "fair";

uangd & tstitchabongling swasd subseajwent!y operformead npetween a lead
1.5mis determ ned as "poor". [0037] (5)
madef ef 42 ialtpystplatedfbyditver (Ag?va‘amd theoradetnozte, and the
manufacturing nethod of the gold alloy wire 16
catn&aiiony therebetweenewas panformeed bydasballobanding method.
El ements of a predeterm ned ampunt are added to
Atithis bme: @ spanavasnd* e “mas the pumberlt of wires was 00, and
in acuum fusign furnage for casting. The cast, . .
Ouﬁ(gﬁtt @n@@nesgiea dweﬁg%bowm@rqwa@ rhalbﬁ wisre arbitrarily used
trol i rlﬁ {%Ith and col d vvorki:ng and i nternedi ﬁtﬁ anneal
QsEYGldals r e g rauBANess P arafagPressiany Rall Shaegg.  An
ﬁgslied to tpe reault nt ingot to obtain.a tﬁin W re lel
UHETPAY G ARRIMERG  AUPCEEN, i - GRERIGS QR _Qn'&}m? Cfilg@ paraie
offERsEn, Snked UoFBrb8sisH Hhrfbie? TG VRIGH BHEARN 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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[0038] In a case of an alloy conposition according to
the present invention, there is a tenperature range
in which when a tenperature of the final anneal is
rising, the elongation percentage of 4% is maintained

SRR SRR AT PR S R S

) L AERARE cPRERTARLI I ARBLETE AT 8 fgh-purty
G, e SR A, LSE L)SEhf P furmace
PRSI, THE REPWEOCINBEIGRBE A BKRE using @ groove
BHBInGI. B B SioBng 0 Rl SRRt aNed ysing 3 wir

draWRerc Final %i@ahﬁngbéﬁc@é,%i%@%s’ﬁhéma iedPtel the! r@sultant ingot

w re used as the “bondi ng re, a predeterm ned anount

tefoBtllht aofh Wi@ﬁﬁ\ﬁngsa ainetée ofnebeane bhel thereafter, a
strength than that of the gold wire having a purity

fiplal ?ﬁﬁé&l%%éﬁo?&e@@@qéiclﬁustfmﬁ(laldhg@ii@h i ;ie’rdédntagtehto 4%.

bonding wres commercial I'y avail abl'e@ are added w

[0eB88] In uan €8sk, of adni alfoy ( Eempaesitiore\acordingeteadhien present

el enents. These additional elenments have a wre
invertighh thepe ds ardempérature randeddaoyhioh wheptademperature
hand, with respect to the stitch bondability required .
of othe hfinabramnegali ise risingn thee elongatiorenpercentage:sof 4% is
stronger, the deformation for the above-descri bed ,
maintained pandi the teosion i strepgth gradually deereases. Even in
when t he additional el enents added for,k&;r%ﬁgiqg tFe )
the rsama eagoposiionadependignanng rpagnitude wfea final drawing
adhesi pn porti gn decreases, and thus, t stitgch .
PRORBRBING 1ot Seasa SanOihAHe 'Sy cLbhe, the final drawing
i nvention, according tg types of,the additiona
peperssing alvernd A fingh A asalriupSintire; Ale sentrolled to
athﬁst the elongation percentage and the tension strength. In 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.
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wire strength but have little adversely affect on the
boundi ng power at the adhesion portion and |ess

i kel i hood of deteriorating the stitch bondability
are specified, and as a result, it was found that

(G84PAETR 11128, ofer chand ciuftintesSe8oA8y HBlestich hpndability
réGIRELTl, (BR" DRt Fwip8TT R, fif, LR, StERBH "becomes
S AR b bR BB g, porton
FOARBERIP BecdRebANARES Pl AhdPIRESIILAAA LIcHhERls added

ecomnes € Secure ererore, t 0 sec

f%fﬁggmﬁ $hef wire Yrs ﬂ'i‘iﬁc@ééef**éa%urﬁ@ﬁg?c%er at the

system of the present 1 nvention uses nma S um

advBsivhi qhorfdrectecréasey r anet ring,h thel ystitch thoadability is

Wth respect to calcium (Ca) excellént in wre
dettesogatedind Iat thehpbeseabi invention, weedrdang i fo dypes of the
that even in a case of the alloy system using
additienalirelementsyhseveran esiditionavelensentse dvhichhaniprove the
taking into consideration an addition anmount or an
wire ateengiimbut traven tittte adversely affectl amthe bounding power at
i mproves the wre strength, the roundness of a .
thenpdbesion pertioshapd tess dikelthoodpeb\deteriarativgndhe stitch
Therefore, calcium (Ca) in the gold alloy system of )
bqw_dqblﬁaémre sae@meéﬁ angs agorpERsldiEd It wiashgolRdo that calcium
onsi deration the addition angunt and the interaction,..
(GRh e TP (uhaivaIce Hif MPSh SPRIPBIESS: radditional

ire strength. As a result, focusing a conpoundi ng
eﬁ%m S"ﬁetween cal cium (Ca) and europium (Eu), is

(G EERR by B R MG gl o Biah il Wik hesidesgthe wire
SR BEL e SRR bEAGAT IR B L A tession
behe 56 Ns | AR reflired.  However, it has been known 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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conpared to europium (Eu), calcium (Ca) has a stronger
effect in wire strength of the bonding wre.
Therefore, in order that an influence of calcium(Ca)
on the wire strength of the bonding wire is rendered

(GFEATrofa kil (585 Rl Gl b .ot the prosent
g AT S Lol 8K 8D RoribrafoA e acton
BP0t B S P St oG Bament which
HpRpuASIRSR i, SRS e jBSI kel o eetpounding

rgﬁbt Bativeeh Véarqimﬁv 'gg?sélf]lﬂn_ﬁ?ro Eliys gEa)z i8Shchieved the

ereby, gold alloy i avi ng conposttions |

irpy rbbénhégf ir?‘?idtﬁ“thél lsﬁﬁiiﬁ %ohkdﬁbiﬁt irid ﬂ@é-wﬁéestrength while

i ngots underwent rolling working Using a groove ro

maintaming the éffdctofdnyerdving thsl roumdtiesslicft a compression

anneal uSing a wre drawer. Frnal draw ng processing
bedisshape, applied to the resultant ingots to obtain
thin wres having a dianeter of 25 m and thereafter, .

a fi nMorenspEcifieallpein amallay systgns of dinee psegent dnvention,
percentage to 4% 19 [0044] The Gold alloy wires were )
coonpaced doaebeopiuco s iom 4@ a)dhagiantrangerceffegt in wire

of an IC chip by using a ball bandi ng device {Lﬂtﬁ
stremgtipef thehonading warey dheveiove, moofderiaat an; wfluence of
st at e, stitch bonding is a plteg to a iIveL-glated
cRlGim (Gahon the yHBeosHERGLB: Ob tbec PaRdingoMirddS fendered
bal | conpressjion i,s shown i ig. 4, ,and,that of an i,
SEERRSTRYLAN O T oMo (U s enadiag prinasy, fe addition
apapunt bf CaGitar r(]éggnlsgsn%{,ﬁaquh' axirint o yPalt thal®rf europium

(ELbliseconds; and an ultrasoni c wave output of 300
*On the other hand, bonding conditions on a | ead

Examples
[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 roiling 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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term nal side were: a |oad of 40g; a bonding tine of
10 mlliseconds; and an ultrasonic wave output of 400
mA A common bonding condition, i.e., a bonding
tenperature, was 200C. A capillary used was that

(G854 ResGild Aoy wireB et hisndss 6.3 bl arainbrssed on an
oflihieeRaaebag. of 5 (€ ARSEY, Dsiflaa B, Hoting device
(351 QOB Byt PR INKRWASL T i this state,
AL IGA ORI ERISE 10 | 2 HiReToed " 68 teitinal. A
POBGFAPh T 808 ERAMMIETALIG BfCSgEaBRvAss sttt in Fig. 4.
ape "Bt &f 8A éxﬁmlggdﬁmegﬁ@ BdIAgds SPewel BEFigds,

conpar ati ve exa My E Sn FAB™shape roue ness

El emeBlormingf cenditidred on ap 1Q emp sitieuat this(tiine were) a load
(ppm by (ppm by (ppm by (ppm by (nolten-bal
of essibondioepddinei of 12 maillisécondss)amdsan udsagonic wave
mass) Formability) Exanple 01 Remaining 33 14 5 good
oetpet béB0GmW godin ther other Eaad bonding: canditignsen a lead
17 6 good good good good portion Exanple 03 Remai ning
taunirsalesigeoweral ra doad gbdg; @ biondingatime af410 milliseconds;
Rermai ning 47 18 6 good excel | ent. _good, good, rtion )
and an ultrasonic wave output of 400 mW. A common 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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Exanpl e 05 Remaining 45 11 4 fair excellent good good
portion Exanple 06 Remaining 12 7 3 good fair

excel | ent

good excell ent excellent fair
Remai ning 13 18 3 good good excellent fair

fair

por

ortion Exanple 07 Renmai ning 43 15 3
ortion Exanple 08

tion

)

. UUU_J RbHddhénoU&bHﬁéupo?%hples and
rtion Expnpl eCddiloRemraserpepsity 15 apgﬁagmgap good
' o)
xcedrerent || f air (Qprm%b' " @fﬁ% gp,ﬁ "’ir ‘ wire
) . . ' o0y h
E.S(Ctiﬁlt.enh!ﬂﬂ) efx Gt maesh| " g Q0d ass)|Ohass) pfRf] PP e strengt
hi LY O i {
¢ 1 Expuntetd! on (4 41 a3 vie Refraisni ng 2P &°40| gedet poeped good
T alEr (89 Re¥bing | € ZEJ' p19r I Qn |[ConMp@r atob P ER)%CETB n};ogcg 35goo d
nr_poor lexcelll ent] Fx nf’S 03 ion
Co eamgleat i [V € TR nikngl 53 3 5 foor EO@:ﬂd e (ceirl et gPOOJ  gaod
in L IIg h 226 32
o&rm#edt r|l gged gool |EXAnpl € 05 poft FBh ﬁ@ﬂﬂ? Tﬁ@d good
oIE,[awngpg Camanbe | updel sf;00d 4f rlom t I[ deapurament Ef’"d good
nesults. .t h reslbgct |t alx es—1 1o 12 1w
q bgﬂmle@@i { Ingg scanhnj ng 3 good fair excelient fair
Example 07 Re”.‘ammg 43 175 3 good axcellent | axcellent fair
portion _
Example08 | hemaning | gq 18 3 good good | excellent | fair
portion
Remaining
d
Example 09 Eo @0{1 | 28 13 4 3 good good good goo
emaining
Example 10 portion 37 15 7 1" good good good good
Remaining .
Example 11 porion_ 19 9 3 20 good good excellent fair
Exarple 12 Re"}ammg 35 17 8 15 fair excellent good good
portion
Comparalive Remaining .
Example 01 ortion 25 10 25 fair poor poor excellent
Comparative Reamaining .
Examole 02 portion 29 ] 10 good poor fair good
Comparative Remaining
Example 03 portion 35 19 15 good poor poor excellent
Comparative Remaining
Example 04 ortion 53 3 1 poor good excellent poor
Comparative Remaining .
Examole 05 dion 8 22 8 32 poor fair good good
[0046] The following can be understood from the measurement
results:

(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

formability withstood practical use, and hence, satisfactory.

In

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
practical use, and hence, satisfactory. In contrary
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osrvalipri fsiated maRTyaHTHe KofiRidiohs brshfitikdbe holes
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[(?’954‘?) L?Em %}?Iebhé‘éﬁaﬁ?ﬁl%% 1"1:%3113;{@?%%6[1?\ 95 of 80édpression

he 'exanples 1 to e roundness of a

bePMBhapE With$t¥iod ﬂ?é@ﬁcyi U%%t,Oﬁﬁdphéﬁb'ﬁ?%?ti%atiéfébtory. In

hence, "was satisfactory. In contrary thereto, in a
_ vatheretdxdpphecdngpdrativer exaarpplét 1 vandeixkrapcordparative
in which an addition anount of calcium (Ca) exceeded
emmFI@Qr il whithvahuaddition Benoambafatalciuex Cal) eXceeded an
total of addition anounts of europium (Eu) and N
upgderi imit Galuel fin the ccolmparativepexample t1,val totabfof2addition
ppm by mass), the roundness of a conpression bal
asapatsiefrewrapionn t{&u)oand ealcivmnm{iCa) @alsodexcaeded an upper
Wi t hst and gractical use, and hence, was ,
limit valge et dbyppruthenass), dhe roundeessapha gempression ball
gxanple 3 in which an addjtion anmount of calc¢jium (Ca),
shapehovhesmdhe, Tolierunpal was compressed o@ﬁd”ﬂrp’reuylthstand
t ot al_ of

PhaBliERb o BTG BENES, dpRsmUNISTAGORA CtheR) also in a
CBSABHANE TRy Dol sk BpBR U 7 calhlim (Co)
o 5ot ooty 3 H8mFF o Ml e, S Spprlum (5 (n the
PR IR SLH4 4 8,51 4 ol gf puroriom
(ggﬁp@gﬁlgiéﬁf (E&ACtREEedbl aANLbPer fifff Yafue! 8F 25 ppm by
mass), the roundness 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
W|re strength was not sufficient, and thus, the

SRBRRIAN a4 BRIt vl i PBF g SRS ety bu
5T PRI vERTRR 4 Bj6PE B Bl MBS clfrctive
cbbISS i h MRS TEhet el R fdlce. were

ative exanples did not wthstand
ub%?@?‘: FHISS and hence, were unsatisfactory.

I ndustri al Appl icability [0049] According to the gold
alloy wire for a ball bonding of the present
Irﬁﬁﬂgfﬁéloﬂ lig al l oy consisting of an additional
trace sy tem of a predeterm ned range of
Q’PA@ezordm@etcgqlhé goldosallynswizei fior od ball bonding of the
add ional trace elenent systemof Ca-M-Eu-Sn can
peabeht tirvertidrectthexckil afioy rconsistings ofofare additional trace
conpr essi on bal | shape, is effective I n inproving
ehement- sgstemf of raatprEthermmedhramg\elamf IGa-;Mngerr the gold
strength, and the reliability of a sem conductor
auey| ceonsistingr 0b tae caddifionahaltracee, elemend osystem of
'Eﬂ}i nuch industri al Eractl | value. 23 \Wat is
ﬁeEUr$n ram gxhibitl aby effect @excellent unbdsﬁunﬁ@ess of a

t he daII y consistin to 50
cfm@m sjﬁn( N§)ali 5shapey ﬂ§ Qﬁeﬁg\g@ dn elih %mq Ewoften-ba"
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of
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much industrial practical value.

23



an addition anmpunt 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 ppm by mass of nagnesium (Mg); 1 to 30 ppm by nass

el 5 siSRerfisk o7 2P By, MRss. of europium (E): 2

o1 X gRAA AP 49 ) BB, M ) BPtng of:
c21140) (FBD pArT AL B s Ul o opL o™

S0l SHPROP By B of cfobbEgy by s of

2,0, 2 RO BHTTB TrBeccof B AETD)oBhcs o o

of 99g ?&Wahﬁngﬁmmwft?éiﬁga Lg\?;lbgf(ﬁ\@)f Wiﬁggﬁgﬁa}ity of a

is a maxi mum of ~h that of “e pi um “(Eu),

nhigliaiuradef 9D09S8%UY massuwhergin( Eu) and cal ci um

(Ca) 24 is a maxi mum of 25 ppm by mass. 4. A gold

al | oyan addition aafmguntoohdiatgiun (Eapisi amayimum of half that
consisting of: 10 to 50 ppm by mass of magnesi um

of yropiurv(Ba)ppm by mass of tin (Sn); 5 to 20 ppm by
mass of europium (Eu); 2 to 9 ppm by mass of cal ci um
(Ca); and a remaining portion being gold (Au) having a
purity of a mnimumof 99. 998% by mass, wherein an_ .
2addi t Pogolthallay wirectarca ball bandirg atheugoldaloy sansisting of:
h
that 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
accordlng to any one of clainms 1 to 4, wherein

iSBPAESGHILAVBE 255 ppin by ivade™ Py mass. 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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