GOLD ALLOY WRE FOR BALL BONDING FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to An

alloy wire for ball bonding, which is superior at

fracture load of tensile test at 4% el ongati on

(described as wire strength hereinafter), and |esser

contam nati on of oxides at surface of nolten ball and

| esser sisOdkBgeL1ddY WEREaEORBBARD. BONDING bal |,

and is superior at stability of ball shape by nelting

(described as formability of nolten ball hereinafter),

and i s superior at roundness of conpressed ball shape

when nolten ball is bonded (described as roundness of
Fligipile SHEANDGFNTKMpe hereinafter), and is superior at
[0}l t ch bondability when the wire is bonded wre
The gugrees sedntian fal@eetcand/ dloyswubrs tioabd]l bhndiughwhbiabiik Isaparior at
fra¢des trad hdde@slestestt ¢ Y% kbndator (degorfitexiedsnafrt etrpngth baldmafter),
andfesEEE cARAMil2000 2 bridéhat eaFeccobf BON@hNghIWahd lesser shrinkage
caBH@CAY RIS of Rk BalRREd %Jbﬂferllo?@ﬂstaﬂﬂi[)ﬁop@ﬂﬂélﬁ%e by melting
(dTBENR0S foMhBits BE %Hﬂﬁnaoaw hdfeitthferf e I%%Edncss of
cotTREc QS bgﬁ; da n@ﬁé'n 91 01 gn 51{‘9; % %’ %Hr §§u1 ness of

S i C 1

comptes sed%&ll sngp cwn 5'{1901 andl u 01101 nog aty; \Agheu tﬂg wire is

a
bog gNW‘g‘ﬁB@ﬂeﬁ%ﬁaﬁ Shérarg aﬁ@ e bfalé: SERNIBRE \gitaibeg as stitch
ereEtalisH by bal | bondlng i s explained using the
re illustrated in Reference Patent 1 (Japanese

STP&‘ v TAPpAIRdat i on No. 3657087) shown hereinafter. As
[0®Bdwn in the Fig. 1(a), wire 2 is sent froma thin

In thel @sobf bomliof withpldctrady of 1Q chipgdndveute lbad, evied-bonding methods
wiedPhioligli ¥ whre £k €66Wh CAMORE thede hietiffls a8 g Ahdhsibr St nbling, with Al
eleBir&RR s O M Lhi %&\%ﬁﬂcdﬂlﬁ&s@on Qﬁ@tih&%@ﬂgn@%bhﬁlﬂ@ z‘ix@teoccupmd

maﬁﬂspreﬁl V‘Wlﬁ:x a[ﬂeu‘ﬂo sémEorHBﬁQn ,TNER185nd etl'1 used

f;oﬁ)cgtlm ’B& g By% btaﬂ %Qn 8 \glaé 1a1§1§¢1€ ﬁg:me

IHLléga Igécis xien?e atey einp%‘ atcH phfﬁt{op Eem’) O% %hown

her\(ﬂl tgt I%ﬁhog‘g L&lqﬂg*lé,a \gllrg, 'S %«g}té f thjn tral gapillary
t €

th r@pg wirej ko He ecg’cogkm §a}sdsq§aa|g,pmg} the tip, discharging
ba@f@ﬁlﬁ) Marssh deportay peliadse 8pmprarsddalla is farmedriiden g shown
m $hdua i(h), tchillriygl isitekn dowapintd] saig ball isis epapiasgpdabonded to Al
eleckedden@cbrl doul; chtp HoWeélsere,oitabowe itlheratadt bereciutcagotic vibration
throvghecpiltdry lleachppfiedamd siaoel ICtchio6ds thoxpd al hea,blodk, isaid ball 4
cofipilesdell| bigideatirdomes @omuldstcus BAll &1’ ViThEe@tas Odholwr Hluﬂ’(é Fig. 1(c),
caprlBRy 11 @dacing SdSRRL118Ds, RInMGRs tHEbRHIBE ofifch Citbdit Wile® 8f lead
ﬁal'nﬁ ?cﬁft Qtdo%atl‘ 9111 Oi?lf né’ﬂ H Ie!i 2fe u\MJsSn YiBration through

capl laq" qBi gﬁ}%g e u er cq{é fi hg!% dg he% block 51 wall of
wn e1§ t (g]dawt?%h% n 1} gas shown in
theckjg, 1 W?r gpss h‘&ﬁ OHBS - antRg g‘aﬁgﬁaw%’q is cut, so

wirglg ’é)ﬁ“\’/ﬁ ed for ball bond| ng should neet to wire
strength, formability of nolten ball, roundness of
[0063hpr essed ball shape and stitch bondability in
In gmact | Aalallugevire fbbelh\bendinglshagdtmenn to atie wfength, formability of
moltan BeiNtroomdlesHet donaagdtd galishapel Mdstitchabondabiliby 1 prhdtical use.
Mok&oveR! 86 i81a8Bh QateDdfecdntamichalbLall RhangakirdRs k&t& 2 - 6 %, it is
Icf'&m& d86dcNGhah OF WRLIA ElbY reﬁfonl PRP ’coﬁﬁgm irfgS P(ﬁﬁia%hlty (ff %bp, and
eSPFﬁfS Q\A}nzs Wﬁsats 1%55? e On the ot her hand

a ﬁe for

On gl%n%an e erel e At 161}1' | A m had been
dev PESIN 9\% igh which Au
pmﬁg.‘% it “'Eg iR @‘@%@1%@5} éﬁ i dan 33
g/gatn} e@@flhelpgga,%petatq]gnIQ, ° . This Au alloy wire is superior at high
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kg/ M2, and elongation rate is | - 3 % This An alloy

Wre is superior at high 1 tenperature tensile

strength, and is suitable for high density wiring for

I C chip, and had been used by wedge bondi ng. Portion

of bondi ng by wedge bondi ng, shown in Fig. 2(b), has

a feature of conpressed wdth of wire can be
tergpietupd leadlaniteniih, andsis-suitghl faringls dofsity wiirieg dérafiethep,. and had
betoweddry, wadzehonding. Partiad bOyondigeby wedgphdndohgt shdval in Fig. 2(b),
habarfditng, ofi dongaesstd bedibsadvik© cars babbigrolled! witliands ne.s times of
wikediawser.of poor roundness of conpressed ball shape.
HMveReien thisNGEall®l QRO el &8 Ball SohANLit cdb't bSutaltlr stable
ball %ogﬁﬁl‘ﬁ’ QAR SHRPSor ARHdhdss Q)?Cc% cS00F $611 &hape. Moreover, since
cldnBhd %W b € ¥ lgfivel gqs HEd G drzl el dgasglgaé SaAd (!}PB(? 23 Jworse at

og HenFe e ag df)d ite B (i'déﬁ bongg}gerﬁnd ange of
Selﬁb%@%gg; REE b ais ”e‘Hf‘A% o oo a1ig T

DI SCLOSURE OF | NVENTI ON | SSUES TO BE SOLVED BY THE
ESENT | NVENTI ON 0005] The present invention is aim
[Refeisnes/PatentAd JBBPSIOSKi re, in view of the past's above-
[hefatehonBaeiZ] dDvdPahdébl which is same as conventi onal
An alloy wre for wedge bonding wire, and i s superior

DISCLPGURBOFERgtINTEON | s superior at formability of

I1SSWES a0 BhadLwng ByurgnerssphN TN pEesged bal |, nore
over IS superior at stitch bondability suitable for

h density wiring sem conductor device. |SSUES TO BE
V%]"Pt %Yfegttcl)%} EsRa%rSn?t\rrpmquNg %%)é/[ \%8(8),? % The I %n}taa% S above-
m“’u“ (\’/‘é F arl‘}ﬁSAW e ‘IS oy Wi ?Seéo% \faapy ata r%ﬂ tfr wedge
H%évq{?eﬁtl ¥ PUPCHAL Y 13 %b(‘d]ugﬂ wa @Swrlpéggfqrwahﬂ séphéwlfen
balhfand gioypd lz?ﬁwﬁtcoafpiqssect@aanalom% OVEN S ReiResiopfat adidely pordability
suitabjesfor bigd densify waingseoficandvelbr daeunt of Eu and La, it
has been di scovered that An all oy conprised prescribed
ISSUEE &0 BHGIGL VED Y CaEHVBR ESENG-IX VEs TR er i or ef f ect
[ooa)wWi re strength, formability of nolten ball,
Thé @MRARLS of Ae HRERN SRR AN Iﬁzﬁﬁzp&»ex)@@ﬁoﬁtdnﬁc']ﬁveqtigated on Au

(H(%pﬂ/%p%l!'ﬂ %r afl Pcn @ﬁtl fﬂi{%}tdf% Rz gl’] than value
of 54007 aﬁb ; aﬂ ot @33 FALel ﬁ%%g'sﬂ%s t?a S?f’meaofi)&

am n 0 1t %a 1co A;éat alI gﬁlbe tlacc
ad 1t1 g ﬁ lsas suE@m{X ‘muQ stlf@g__,t ggjénﬁgi molten
balbamua a%ﬂaplewfd ball shapgi d‘@@ st[t@ioé@pda%%@@érthe present
111‘/8@&’(1@15@@@1! @C%’H@hp]ﬂ@sent invention, An alloy wire for

bal | bonding conprising: 15 - 50 mass ppm My, 5 - 20
[000BEs ppm Eu, 5 - 20 mass ppmlLa, 5 - 20 mass ppmY,

Coﬂxﬁetel-y, 320:06&1‘513, pomh@apx caffd hesnghmal Aﬁnall(ﬁ}ndmf@%r @Hall bondmg,

n e val ue of ampunt. of

cofiiing /g £00 A" RO Yeve 120 PGPS S 2GmoE Deny-4r & - 20
massezen iYh A -t 30emessippe 68, dredidumdamis pvidedi ti ve Ca and

additive Eu, and mass of 20 - 40 nmass ppm M, isS
[00p8DVI ded.
Moreover, according to the present invention, Au alloy wire for ball bonding
comprising: 15 — 50 mass ppm Mg, 5 — 20 mass ppm Eu, 5 - 20 mass ppm La, 5 - 20
mass ppm Y, 10 - 30 mass ppm Ca, and residual Au, and mass of additive Ca is less
than the value of total amount of additive Eu and additive La, and mass of additive Y is
less than the value of total amount of additive Ca and additive Eu, and mass of 20 — 40
mass ppm Mg, is provided.



2 [0009] Moreover, according to the present invention,

An alloy wire for ball bonding conprising: 15 - 50

mass ppm M), 5 - 20 mass ppm Eu, 5 -- 20 mass ppm La,

5-- 20 mass ppmY, 10 - 30 nass ppmCa, with

residual An, and nmass of additive Cais less than the

val ue of total anmount of additive Eu and additive La,
[0 rmass of additive Y is I|ess than the val ue of
Mowtadr, awoendingofto atlidi picvent Cavamtbnaddint aNey Bure ifer ball bonding

cof?@ggi'nge 95 [5%3%935 pfé)lpﬁﬁfg%f eﬁé‘ %‘s ﬁg’%"%&d@mzo %%?%?m La, 520
m3s PB%Ye}%m AT | Wit hidd Mese %élriditwe & is Tess
thasdheivalge iof tafgleamput pf W%mvmﬁ\a énd pdiivoba.gmdiragss ofpdditive Y is
lespdigmahie valne pblotal prwtist ebidditewtiadindedtitivauald myvidied.e

for ball bonding is used purity of nore than 99.99
[Oss % An. EFFECTS OF THE PRESENT | NVENTI ON [0013] An

In pldf@ybleiehdolidicridatdce homdivaar 26 - ubenRE ppRMgli¥RRE! ON,
has superior effect of wire strength, stitch
fodgpdabi lity, formability of nolten ball and roundness

An(?if n d,é @ﬂb@&ﬂﬁe%n SA\?Q ﬁ/lMO?ig%ﬁ)%oﬁ@lﬂg flé ﬁ?eql purity of more

tha%a_, 1E[2$S race a

/A"\( Espem aI I y, it has characteristics of
tEal ning wire strength, stitch bondability, and
0(?]8 ndness of conpressed ball shape at sane tine.
In prosCRIETREIR copofmpeNOAT AHRFFERRICD beNEopH vENT us§dpariy of more
thap? % Mempssdéeht i nvention, variety of additive el ements
is less and range of conponent is narrow and
EFHECINSI OF TIE PRESBY TAANANEI@ conposition ratio of
[0@gddi tive el ements of the present invention, hence it
AuRYoyhavie Rrad ibd?lﬁlh HE theUPefenMifi®ensibh, eh‘agstﬁl cfibt E8Bet of wire
slr@ %Q{cjh'bto)’lda h abiity 8F mBRLA ﬁﬂl had Ilou Q:sg SHOARGSSsed ball
Shd ¢ ag 9{{{’%1 @I@tﬁdd coth OQlltji.O 1 0¥ tl?i dltwc of Ca— gbléu -La-

B Pﬁse %f¢ g A Wﬂe oo e ey S: and
‘0%]89%955@8%355@ eNfRe ‘?t§a1§9é’meabl e to display as
urity bondi ngS wire nore than 99.99 mass % if
gl b Uikt MEFS Tt PREEERBED EMBORIMERNAL s except An

[OCHﬁbI impurity elenments is |ess than 100 mass ppm
In fHeQk&dent (nStiticeh vboetg alfiallditiye atethants i@ ledsraad ghtpe Gtdohgionent is
narbondhd defihitihontodige valaged of @hgssitfonadid of addigh¢ dtepltaseof the
pref@ dinRenti FRASHAMES St Ghay HETOrMBLA ANILELOhFDS tWitC RBBNath, stitch
borRﬁHlit?nfo%@ﬁblm)g Q?rm(ﬁteheﬂgt Qmp omﬁﬁgssaz)f %{Iﬁlgfclgse‘aoﬁéll Wape, so

putity o RQVYQ é)?éﬂfﬁﬁ g nﬁ@ﬁs 11 Yb?e SMng ¢ s"il {1 of the

pref& ne: %.tl zs’lscglr%me ‘cla r\% § vl ‘?%afus e ie o 1splay as
hig mggﬁzoncﬁxég ¥ ﬁd}"?r& qffisa e/tf, Y’PﬁttP‘GFnamePléte‘H trace additive
cleggRis it o AfdmiMF R IBﬁ“tF &g OQBEPPITh s
phenonenon is sane as at stit ch bond| ng, in the case
[006f] bonding wire, hence it is considered that the
(Stitdmmmhblﬁlemgtdqwoé stgirggh)i s t he easi er deformation for
Stifchrimand@igs bt thohdicly wive tik atgssgiedtihar eolidpRaseegaidingg Easiness of
defo@idtRnafol DAmbatiVRAMIMiSe a6d MeR@ Rirameh SHiBonld at stitch portion is
kn&@ﬂé’sﬁhiehbﬁ]}éna which have significant impact upon solid-phase bonding.
Easiness of deformation to form stitched portion means that deformation by elastic
deformation, plastic deformation, creep deformation and diffusion is easy to occur. This
phenomenon is same as at stitch bonding, in the case of bonding wire, hence it is
considered that the lower strength of wire is the easier deformation for forming stitched
portion, so there is a negative correlation between wire strength and stitch bondability.



3 On the other hand, connected strength at stitched

portion is caused by various phenonena such as

chem cal bond strength, adhesion, surface roughness,

surface condition and so on. However, conventional An

alloy wire for ball bonding has originally stronger

bondi ng strength than other netallic bonding wre has.
Oimmhhs dtker haslausenedted otngogiht afostiwhedAportivi é¢h gausddt Pyi sarious
ph@iﬁ)mmmss%l- a9 TheBicrbsendg standth, tadtesden, mofacal moghndseg surface
conditioh zed s ohhél@bdver, TaRrvehtnRl Ad disycensi ered bbaling has
orighRlll ese@kerl bbndhd %@r&n@fl thad Gthdrv@ el RTBBiEn@RArd 1hds. This is
be@Xk& 81 @éﬁhﬁ(‘isﬁ(gn stAf a6 RicATpuBAN A FOMMS &, - 59189 aLLOBPRNR it does
nogi}lggﬁéﬁ 0 fdé?ga{l%é;@alpoﬂgﬁ?af?o%%g %85’51&@%(1 Eﬁlt {9[%;1% Ar %} If:%fect of

e S ¢ exist at surfac ire, the stronger. strergth of
cqd It il aﬁﬂ‘"’bé’ isbof

ve e
stied PORdIDE PY d@gﬁfé BT eaS|ness to defor
WS TGl Spopes S N 9549 sy % withou
any gdqjivg plpmept e@ﬂayolravsaa. lyqrdagey eSS an deipratisg gdorm stitch
pogipnthssawsgrhawireds sqfitrtaeregs np il iesfeeiofsidddiveblarpents prd its oxide
onrfhy sbefacchef vaet sbohds mgnsidered ghat it mper bothebest dionding wire at
sufpoied abichibtopdathibtye Vewevet, i & requjuddr gdrap farrcaibngd tenbaériddms wire at
thet enbondicnfprwixigpRy if Wie ssangh id ne, stfoag thaasghe levef of strength,
pro#ildrgs 8é0ue RPpfacticl D&Y si&hePgot WAL BANR Plavielmdding and poor loop
forflab @Rt GonsefiBRY ENBr@GaH fenhdhcR WAL ‘hFeﬁLthuﬁeis ﬁé’&a@sa@? to use trace
ad 995 eliefiis! hAWRE aBUiRSE 'efén{@ﬂ tsdifMe ?1% 11 %Wen i89PPelate to effect of
)Iﬂt1¥1 %@ﬁ&ﬁ}%&%% a}{d tljler} 8 5 o a © to 1 e sthlg gondablhty

comp%m Eh p}ﬂel ‘tl 81 cog(gg}.l %Breéf (‘t0§1p8151 IPH éat %f télar?{: additive
elef‘l’f%} rﬂ i %p‘reé?r&t‘%" %EL‘"O s Cf@%‘h@u‘ﬁ gange g pthength. Where, it
s eensiackethgbckislRcand oxisyoapddiet clggicnisoon ﬁleeewlé%% of wire is
causgq ¢ ﬁn jaalst erageratvenplhrhou 39 oh U e ohmelting povepfter final
draygngdt pragderthbeght datplogiuld ba pessitile tofledrease @xalsl by iangealing in
ineefl gvmhhospbéretand yradsmindal cleweng o6 wikkasrfatsatannstdiagt but there
is 4 problehafos the agpest sRmghutactigy Sost)l the nicghalonhe gregeht invention
wlﬁ&@qw@xkglence of oxide of additive el ements on the
surface of wire is caused to annealing at tenperature
(a fyabout 30 % - 60 %of nelting point after fina
(Fq Eé

of%ﬁh&?ﬂ e thought that |t could be possible
T S B s ot o
disghargins Jindg 1“h 6 ROTE e ame j of éﬂﬂ andifiye Agpets, oxide of

addjdyfegiemgnts r’lh?hﬁﬁﬁ’@f' @ Mhglecysiace @ﬁw@”neldr%éowdaﬂhef wire (so called
neqly. ooVt vie AeNe ﬁdscs,sshﬁmk@:ep(pemﬂq:sga@ﬁ gelje@@ed pt bottom of ball, On
per (cﬁomnatbof bandigf wire) foemabifity §f wblterebalbal inpoganis andétis required
thabakide fand sRdnkuge ol itiesn ghduilp befledsandi ugsibler d1digenspair formhbility,
whibhs e gb et itdusirial requiRehalBr B YRICHIE e {shebtaiABR by using

preddfictlich i pBLiE IR RitR, ofAMice 8dAfive Ql@ﬂiehis\b? 8! FERAE Hiveition.
observed at whol e surface of ball and at boundary of

e (so call ed neck). Moreover, in sone cases,

[0
cavi S,are generated at bottom of baII. On
(RO%JI]d%lCSS oggomin segeb c}? fnabi |t

Seggrn St e Pt e g ouL ey i
densiy j ippAgRerdatinn P §e‘§W8i}1j‘bcui’)‘e PUsEerVhe feuding| @ narrower and
smper t &h cleairpdd @RnEBES iang, arcqphit dh esesaryt and freayitable to improve
roupghighgs ©F campresspdi radinerarder to ppabedntadt wiheedch odiraifmeighboring
conyyresssil hgll. Qoepatitideadtio offpddiive clemeatsihas gfeat efiae to roundness of
congsidistd \bell eloesmptthe dalahdreoPe@spusitidniaen} d@rmit@A1dt] molten ball
becbMeutdess cots sosmnessed bbadihy, SRGEessdaRsBapOEarMhot be kept
its b@RMEQRINIoRBVEC 1BihdhBadDEGHIBSRAT b OMRhS BRI Jrefegative
cmﬂ‘}'atmn%%{ Wn@esﬂ%h %tgl o TRLE ABBEiRh 'b%ﬁdﬁllé@egbng‘ﬁﬁf#&ﬁ%’& roundness

devi ces. ng on narrower an
eIectrode on space and areag it is necessary and
i nevitable to inprove



roundness of conpressed ball in order to avoid contact
Wi th each other of neighboring conpressed ball.
Conposition ratio of additive el enments has great

effect to roundness of conpressed ball, |oosing the
bal ance of conposition ratio, deformation of nolten
bal | becone het erogeneous at conpressed bondi ng,

of camprressse dbadlaviths hdpe stremgthofor bpaktept uset sinr benatfagsdle using
prédoribalempastiondais st wicecddpive sbmtbnirad{l thé pestre moentyn. of
negative correlation wwth wre strength as sane as
[o@tg]t ch bondability. Corrpatl bility of roundness 4 of
npressed ball with wire strength for practical use

E}H thg a‘r]‘ﬁ) @H & l‘fﬁé E)'E seht g?/%ﬁt'ﬁtglegﬁ (EH%"H]%% Eff&glvreaclht‘ﬁcnt for

10 gé nts e present inventio
syste

M 0 iy e eSSl 8 Sk ﬁ?mﬁﬁﬁftﬁa fgsgough
efl &6t 1@ oY steengh. g|t1|10 a VA cph%t e 1% qeg LY ENHO fhis necessary to
bem\f@s éhttl Fnipest P, Becasse, A%lttlt“t/@“%ltb?téﬁﬁ nReiegbto roundness of
compesses bat flacther dloyi systest peieg Brespiri nMentwn) &y osgestierhe stable
rowfdnegseofproageessed holbvigom praverabls tndeassa( mass ppa. éinethe other
hatdan thé akms syspgmmof lecaese) ihveston,hanhd bass,oftdiecdd meren@an 50
m:Bf pest M) stabilngrésaliahape i Ssemehial| (dedoibbd as dabmeibility of
mdien tiRM RfeihdtRer Ph@&SRkhicNVgNké Aoy byt B thel ReftBt ShaRlidh, less

thdnUNERRSHnPM L PRIESER Y BRld: 1o Mﬁ g%o@ rf&tr%ﬁttt %t H%it@ﬁ ball.
over 20 mass ppm On the other in the alloy

[Osly,jtem of the present invention, in the case of exceed
%E[ han 50 mass ppm My, stability of ball shape

[Erﬁq} Eﬁfﬁ descri hed as fo
i B OﬁéyéP fﬂé?? AL T B S g ﬂ@ L:P X é%ff% Flegents to
wike étr(ﬁtrgélg t bOngen Mt thtp)éibgve tRagiiord s 4 ereinafter.
Myseeyasy indhe allpy systan of thapiepeng oention, ﬁ’a@tglt y apd Lagrq effective
clepainis, to fo@0d9dss pEgpmapnasfd bl bimpehheslHagy noysftaemiist Mpeln the
allpy esnt of miveptes@n intdndoghbEkcandhd skanedeesaef tebé bve than 5 mass
ppel, Bents [dse than this, Slereeiv @bt BQoahdigsid f @mprbeyd BaVend wire
str@ptefdbedic d)th&eha@ﬂ RFeme LlibedyNeh IfmRd hREent iMRINBOY.8h thé Base of
cx@elag nfdlrk ﬁiﬁn%ﬁ@é@p%fn 'ilkbg/ HALERE&T; df r&\ﬁ%ﬁt‘xcﬁﬁhtyto'? ORn B

and La are effective  ements to roundnesS of
[mgﬁzpressed bal | shape, they have no effect like My. In
all oy system of the present invention, Eu and La
ecessargghp be over than eca se,

ln thecalogryRtepnd S epHeseat ngetﬁ%onefqaelétt?t amrs@afﬁ%fﬁléfgse cgpent for wire
Str%% réasanr.dad hanmischief e qrerynanesonf cagpessssy ballaktence, in
thej abloy isgstain| ddphsprssennipfentipne ghfceldemgonymsdmniramge ofrCa tsalefinitive
to gabeveny nareog eacentbroe] @ K30 BOsmrss GEmwithieyhdumuge, Ca has such
etfedtdn hhedllonssammabilia prgsapt immehtien Bahtse, [OMRMUHoy[sGatkm of the
preként tibentibh Oéssthah a0 isstipeh Chesenb FRMEBh8H strépth, Sn the case

of 0 S0 BhdsgHinl ¥8, € h%&%hlfepén YWih8ness of 8R8pssed ball.
However, Ca has mischief effect on roundness of

002 gpr essed ball. Hence, in the alloy systemof the

sent invention, effective conposition r ange of Ca
ef|n|t|v to such ver L.row range
In Wﬁsﬁ@ PRl P APHERT yeatipry éS acgfTge étfi‘&‘h b S0dRyeglement for
W“‘eﬁtrﬁﬁg 1Py "“é y S BHAPY t)ﬁéﬁn denresepvigNenton, YBsamsas Ca is
an jclenaid ‘ﬁtlr«lwiaéywéfﬁ%ﬁntlﬁén wﬁte@é@mpmﬁm balh, Y| issan optional
additreghele@entaiosthp pheCaydhers of sheprfeeatt inventipn.at st masngpaty, toi e over
that Bemesagem §fn onder td have t36 cffas of ppovdGapentidned aBecruse bf kefs than
thigQt it cundne s @be cONPadisedobdl On thOORE] hand, in the alloy system of
the present invention, in the case of exceed more than 20 mass ppm Y, it has mischief
on roundness of compressed ball.

[



[Y] In the alloy systemof the present invention, Y is

an effective trace additive elenent for wre

strength. However, in the alloy system of the present

invention, Y as sane as Ca is an elenent which has

m schi ef on roundness of conpressed ball. Y is an

optional additive elenent in the alloy system of the
[0Op¥2dsent invention, it is necessary to be over than 5
[Emalst(ydm Yin order to have the effect of above
In nRatallonegsteiiespuse pbedt eigseidtidan it tshe@sideted has BWea@b La have
infeRREASRL A2, NanAd | A1l WERRTLaYind @ {shefeetinesddmdndslehbnt, there is

syhdigy &l él@:)ﬁnéy@frggﬁaﬁ_,th BJ;‘ CoRUERBALT llﬁg@ﬁ‘&de%dldv@ dddients,
case of exceed nore than 20 mass ppmY, it ha

[0 ch| ef on roundness of conpressed ball. 5 [0022]

stem of the present

ChEssinBoAhapt et i o %LL@ﬁ that Eu and La
In;the c&fcf)fsh?ﬁn ®f the prgsenid W(ﬂny‘(m’a 1pu§ CEL}S aLétdide ¢lement, which
ha%efh@eew vfesain ané%eﬁfe ReMpreRsHeball s lag;@n dr ypesgible to release
coptidieraly ik aniseliehgf Bddipeor deldiu bpreoofdditiss ef Euagnd La. It is
conddigred that by @mddmon[@mnd [aCapcheejambnt hay hand/ vich Ifiemsion like
shodkanbdspBu} whatalijl, land trhisclabf oy reysiiess of colmprqaseiséall by Ca is
releqied RbmPMing Wahgheladdiicapfaddi tive el ement, which

has harnful effect to roundness of conpressed ball

ape, it is possible to release considerably such

[0
[y lfgt%fangfm addiing by co-addition of Eu and
Y géi% S mL GHect e%Pgl* 1(t 01 151%1{]\2% ﬁQS Qrg ?lmtncg ch":lliéﬁ %a?nful effect

to (Biélg 5 é)lf éels %{%a la mﬁ%e g}ﬁn(? %%p?cd dhlé gcéiﬁeo volume of
addigih gfe’éé’é‘a 0 Hsyaléa ?go afglignyenG i ¥ Appears strong
migg npq,so(ﬁf Celvastely @ssecﬂ l]lape WW@W awgeq go-afditen of Ca and
Eu, g 1 @lﬁl@ﬁnt( me@aqlelE@pgorbergngmgaiseﬁﬁqt,aqhm@fqsga@t efgfet to be released
misehdéftdfonuhdrices Gacorhressed biall shapeebe iYe htencahiotmb af additive Y is
nedwmsary w befehethhn thoovalauadfiiesd adilitioasaipmessed! Gabhhd Fu.
di aneter than Ca. Especially, in the case of vol une of

[o@dgi tive Y is nore than the value of co-addition

(1)V i®eRithCa and Eu, it appears strong mschief of

O 9 ﬁgthozfd s re‘?&ﬁ;%ﬂ palels §h al n&‘é’?‘(}% pxeﬁé}{‘t‘r}nvenuon had

bec%lg'scgfrg g{red U 1n " 1%’1'0&%1%1111@ %ne’tl (ﬁﬁe A ? meanas F?%vep ?}Iba gne Where,
Mgy §’étd“’a ‘§’c?hﬁ efv f"e‘PBf?Fﬁ el 19 “&‘Brﬁﬁlué%gcél& hape at 10 mm /
mig iR B as pelpdlated oy Wit 161lowiw qquprdoryfipm clphgadion gs fracture.
Juela?n@ét vas dopm il celealatin unenoraloehd vt whishagondisuad at 4 %
clopgat@a ahds Fumefcpd dBimetgriyirgvatier finplelhept tre@meaity e high value of
sarsplee ngsHvvadpu geedh Capicoatg it it 0m slodwidl a%in ABedl faymofe thae 12.5 g
(12 eadtofivivesttdngth, Rath “Beaemn” érahelsdngd ofi$2 5 (lRASURNIG 11.5 ¢
(11761 hoD FSvis@iEength, GO nY e0bbONRY tRNRNgVBEIES ¢ (1127 mN) - 11.0 g
(10BN ITBMe g@&g@p n8dak if egaart IREERL MM18ss tﬁ!m 1@@ gM07.8 mN)

of UGG 1ll;mgth and ‘at 10 mnm/ mn speed, and
cal cui3 Eted by using follow ng equation from eI ongat| on

@ fracture. Judgenent was done by cal cul ati ng nean
f 5 wres, which conditioned at 4 % el ongation
[E‘Bi‘at‘%l meters _diameter wire after final heat
treat ment, thEegledvgrgibapfracye el i s shown as
gBleeai@mcr etety,—t—is showras TnBest00{%) nore
than 12.5 g (122.5 M (mf)wire strength, as in
"Better" for the range of 12.5 g (122.5 nN) - 11.5 g
[0027]
(2) Formability of molten ball
Formability of molten ball is possible to confirm casily by conventional scanning
microclectoronscopy and optical microscopy.
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(112.7 nN) of wire strength, as in "Good" for the

range of 11.5 g (112.7 nmN) - 11.0 g (107.8 nmN) of

wire strength, and as in "Bad" for range of |ess than

11.0 g (107.8 nN) of wire strength. [0026] [Equation

1] Elongated length as fracture (nm Elongation = - X

100 (%9 100 (nmm) [0027] (2) Formability of nolten
Ingh¢ presertrapéntionyjudiemettters dedlel for shpomeiled, evitidh canfirined more
th&as plegedbyith ovhodnsurefdad cetaniatign ofibxideehdot drorkagpyavities by
scanting®pidrodbctrone Q8¢ sipywn & Int‘Bdde apd €setht simplentwigdoh confirmed
belMEGETR Btpivas, Mone dsaf “oed'samR! festheWamplts CORch cBBBremed Iess

thalPZ Biecth@bvéh B IRCERstM ehﬂoﬁlg‘m @i UfiRpREE contam nation
of oxi de and/or shrinckage caV|t|es by scanning

[OGQ roel ectronscopy, shown as in "Bad" and for the
1011 |ch confirmed between 3 - 5 pieces, shown

gondfl}galﬁuﬁls q@g éssc? r'[‘glil:lilgﬁh %}}fsnwe{l% Isay dqo%{‘ﬁ?ﬂﬁ%“bﬁ?ﬂ ggq%‘lcr through
 gid mr@ o (A, &pi pediobdudRIGG fipmst ¢k sRPHalsdiGny stitch
bordanktywidat alley abthsr picenttinecnijonecapybajspinti & driglodevchng same as
copyentigndnie atlpy oMgisuraagitihethgd omtie preselit nigvenbonds anfpllowing;
usagaiatroRds plugtl@dd FRafrecsor substoatriaskowiOm the g 13, as setting center
of bomgsadesddi Hayl, as Artsakdoys seftidgheitgdrirsditg dsn0e b, neasadng Pesition is
at k@Pt nddr dﬁb@ﬁh"t@ﬂ&ﬂngag;alﬁﬁlﬁ? wafe m@%\/@nﬁ]wﬁwr bbhdiak| WYehip side
anlYBR§H8BRAke MREOGE 19N §RE (RS SRENE WiRY §R% I RMedl Lpd3rd, then peel
strgﬁ%h%@%easlﬂéd Ngd&H: rvs%l eRfic B9 pRlaflafic 0'?"36 shinpldd, and higher
1{ ghe evéigat @ 0(')({] ¢ %14: 1 git as o DwhCist s ih %eg %1 fhore than

6§ g “%FL%‘ Bhdte o @g b %‘P&“ qdgn s n
stf(? Bsofdihie ee e hotir B3] dRitles e 5-0 & pecl

StB‘i‘)% ing, I1C chlp si de and resin substrate were fit by
ajig, the sanple wire was pulled upward, then peel

(0% engt h were neasured. Judghment was done by nean

(4 vRbuelness Gosmngkabhaland hi gher val ue of it was

EvalatioabLauadngooficortposdce bhl wastdonass Hiiowings i n

BallBesiding @hs 8BicLatt dbaRitiod. &F @niB8Ised bAR A bterSR®AN, dFetdd to Al

61605635 hlckfl@srs ot B1: Gbout67,0 09 RESh fﬁtd}lﬁpgﬁéﬁ R WIndSg Whs done

bet 9 Au ?cd")’F 4% esin%uB St%% d & WH %Qanﬂ‘tﬁ @% hod. 200

‘?e i t% g c&tﬂcﬁpm Em pa ﬂ%undl mplesscd

‘gl 35 &}% PSIE nglgl éeas etfqlls\’é?%dagbﬁénp & ]11|1 % cgvued wires.
ComFSSEb AR TISTESHE deeioh GFFeBrm.coRpRe SRk brgetion of
ultaﬁsa%t@#nnlgsse% balepaspldclidiresfion of datrapdehqriznnek digelios of that,
lovegr: vadisooit standagd devipjorohromi totghiSP, wiretewirss ivag hudesd dis ng “Good”.
Conastlotrievadeioneens An “Bestt ddr KR4 thas D18 g ubstbrsattandaahdeviation,
shovers awiinr EBetoy” bad 00.8hondtiterg —me? hothet2Oandadpleeativgrsown as in
“Gobdrethrat2 hheetendi 51 pmebdrs tlaadad Idevidtiom @dahown as in “Bad” for

mdroHdnNes s nefters AIRIAAIRiatibR! | Was eval uated using 50
corrpr essed balls rundam sanpled within these wred

d%d Conpressed di aneters were neasured for each
(5)

af?ufdctuuhg: m%ﬁmd ot AP ﬁﬁdye\girgi rection of

Preferable manufacturing method of Au alloy wire of the present invention is explained.
It is casted into ingot after melting in the vacuum furnace adding prescribed amount of
elements into high purity Au. It is applied cold metal forming using ditch roll and
drawing mill to the said ingot, and intermediate annealing, after getting thin wire which
diameter is 25 p meters by final drawing, it is conditioned at 4 % elongation by final
annealing.



ul trasoni c conpressed ball, parallel direction of that

and horizontal direction of that, | ower val ue of
standard deviation fromtotal 50 wired wires was
judged as in "Good". Concretly, it was shown as in

"Best" for less than 0.8 p neters standard devi ati on,
shown as in "Better" for 0.8 neters - 1.2 neters
[0O8%dAndard devi ation, shown as in "Good" for 1.2
[Effettsfs - 1.5 nmeters standard devi ati on, and shown as
A witeBadiichf jsrity iomerd tham 99.989 nimk b shastiawdaif@strength and its wire
sti@@pthad H&ined 9GGhe pashedBNtihactibhdeN @ urloR e rOforMdnding wire is
stidh&tR¥nall then Roafoer ﬁgéseo/mﬁﬁ{yaﬁhuw régleEtﬂ?@sQ:uQEd RABtighd OMditive
elé’\h&ﬁs lmtogtealpf)@r?tﬁxqg 'il@‘fﬁ'?llie% 1991]('@?&1%’%91 &4 B&He rarl balki® metals such
"EHeQeé ﬁ’\'g h&h etéf@ tof‘st e'ﬁ%th‘é &‘é% éﬂf Qg&f

Olh 16? cr. féan ItC ‘leﬁ}r’erte 1Iur @ é éJS %?HSX when
“’%HHM aP%% err‘-i epe etcﬂ’(!,ﬂe%, "d“}“’h%?l ‘gﬁa"‘ '“Pi‘t"@r PE‘P&POY*‘OH
forgpiion fvgrivcsk barpinGelors rigid w Ardgr f@ singthen diirenticetty, donding
stromath et eqrsaqsyporTioraIbeenag Fyveri by iicrewsing eddise chmoptgsln the
presicoin gvehoen, byrehpihaning dmn ed: unggsomie koG8 1¢f addfifee cleglents, some
adArti vevctea enivh indiichphavietlgssirsisoo peagalven b8 8© Strergeds aidhonkled portion
antl @ ot reaks btieh GohdAnlctyiv@ssyiaredsinedn twnsifsurdebhi 0€dEy, La and
Y Wid theti@st RRSIHAGE a@ditilé BRomdne) GforedVer ait v LA tHa@ladding these
ex&wﬁ ADnbe iBe e sEEARRNBEABRARG; san 99. 999 mass %

'éd)finﬁnwﬁ’ RGNS PLRSER RGH thbﬁl ks Lohdp¥&sed ball is also

%ﬁet%t éon l%:f’l%ﬁ 3 %1];] O\Q?E nﬁoWe(Jﬁr gra éa that it is
d1 %c

i %@0@ b@ﬁ&ﬁ?%ss e Pt T 3, gﬁﬁ'ﬁg HERGT wire
srgzegr t ea ¥ierg ¢ é]ile RLegnt IRYGDHOR. ¥R} Augss 10; mprcssed ball is
epfelavopé@%by B%H@Mi:’g whilthehasdess rbectigMee Sirraath. t he nore

HayrgvghghauaheA s pHengyticnesehesen G Fbrle mul ¥ derstibedrbericimefore,
wha¢h boret mperigrolunitom atfveirersiréngath aed stitch bdndwbilgy ni efas megertained
thaimdundnesy derompesed dbalychenovbe enmorvehyt the chondf mglected use of
intstacemgdNothér dantmstwipcl immovbedenasnsthyeid Wyume of adding.

HenB&r€as A A dyisieen oF enepieSent lifvdnfi®n Wise ounded considering
VOMW(,EHF h@cﬂn » Shil SRQEREHH Vet Mth@@'%dﬁﬁvé QB k) 118{ have effect of

en 11th Whre® t?(i}]%m tte di \é&n L&A trz?’t 0 ﬁ?\éﬁd La,
fs%a e:m Sﬁ by Qc%) gﬁ?:g? 1 w E CE&(:F {m 10v1% 10undness of
co 8]; s%c 1 c{/g wzfs O E‘?li go % 1Y all.glﬂbvl ‘nger“é’ ﬁt trhe same
tinyen Songest D/n%rh 1AF A10% sutGietl; e ibYaLIEIteY ISESrs BipRive 10
enfapgg “ﬂ’dfoﬁ“ﬁ@&ﬁhﬁéc@@] BB &iEmihan &tu a5 de; Theasip Basar elig bp wire
streyeatlo gk Sopdigh avire, iherdsr tageli ditpchf élassvb@ldgtatﬁdan@ri 81 prdghto set
citbtrdathi dridt byg prparibndssmeds @drpisekbdiedd baldss ilenahegm of Eu and
Larequired to conventional bonding wire. However, in
M@emas aly’, ini the iao K ROWBMt d¥athe ipredeft infehi@G Ulds do%ﬁ@@&:pconmdea ing
addigg %‘Hﬁﬁ@ aRd iKeRRISS S8t Qﬂﬁu alees cldhentORAith BRvOTunction of

enln@R@ witd Et?cn i ISR Dend ‘i{‘lﬁ acalitlefi’tY()lrc'ﬁ()séc@tm&ft oh8tio of Ca and
Eupqteagptsueaays%ﬁu 1%Psn s ﬁgﬁﬁwg o8BI 6535 BallpliSeq ot once,
kec%pn gweff{‘zcst q(f IlTlr[]’)I(%\ﬁ)m V\%l ré)Pn eﬁbﬁ)é RRTESPS \? otng Ia/§é: in the
oI 84, OTe iy iVGRRLe i gt gﬁﬁ%ﬁﬂﬁb g Snding
wikgRyaddifier s 870 EUALPREK: HOWRY ¢l @@F‘%Yﬁl%ﬁ&@tq Bﬁd volume, it
carpaptddicpt fapndness whsompicareddiaied is é@fatedrtwﬁ@%wgs @fY should be
lesg iaprtsswelob@h knd BR. not be inproved in the case of
negl ected use of interaction of other el enents, which

[0G3aprove wire strength, and vol une of adding. Hence,
[Exadudtidntine al |l oy system of the present invention was

CoR ETRRHAASApRRAS B diREnt YOIMEs Ad @ﬁix%aﬂ‘ﬁv@ék‘%mplgshare explained

shdvwi BrBghid pn Wi th ot her additive el ements, which have
effect of
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enhancing wire strength, paying attention to

conposition ratio of Ca, Eu and La, consequently it

was successful that it was kept effect of inproving

roundness of conpressed ball and it was inproved

stitch bondability and wire strength at the sane

time. Concretly, Ca in the alloy systemof the present
(Conveniohgrexpeplest e ef fective to enhance wire strength
Agptortyonidbmd ewimpge tZhmrshBwndivdimpde 3T he R chge@a it dn(JP 3657087)
andfdseohvemionhlr exangtle @ngishowh Hxamgiandd w Referenvedratkert 2t OP H10-
4194y, effect of Ca subordinated, and in order to set

effect of Eu and La primarily, the mass of Ca is

o@efji ned as less than the sum of Eu and La. Mbreover,

E%b‘oﬁuﬁéﬁ@cﬂ&ﬁ)ﬁ sl L DG ent i nvention, was
AR, SPTLAR g g § R ’EE'I%B% A A—

aﬁ hﬁﬁéﬁ]}tg}ggpg %V@C%\flp?%}aﬁb a? I% ep j:cg ragseaggﬁ%nt ofn elements into

PR ca}% ? m%a ”@é‘ga‘ﬁ ditp thgsaid ingot
“S@@c Ebsiol)) andhdawang félh Huhmsgme ta apfpaling e fir esiggnthin wire
whigh dﬁp}ewé@s 20 ometers by @@Bh cﬁgwgfg gdyaqd;onr]ﬁ@pgd, alnk e elongation
byfforal pnealimess of conpressed ball. Concretly, Y in the
In ¢hd oybaimteEmxemptcne-- pil eadmte iofiudditivonf addtivioelements were varied
wigtfifi gad davge HOstamlar®asdesenpddinaflabendind aswisr-esoyagdginn¥ig, 10
— Lamafdo £y ﬁzo MASGHM HOWEV oD mdsh EﬁﬁhdY REd ¥ I @adshih La.
oflgfel d?)%i}a b Bmphdive %ﬁﬂnﬁl@tl heg %Qiun{eoé'fnéja‘%ﬁsa%ldﬁfve element was

ﬁ(mé’l %q]t | ’ {ijned fhat the mass of
va !’Sﬁ% Pg!slgqai d§aegsllc}m of Ca and Eu. [0032]

% aI uation 1] Conventional exanples, enbodi nment
Ev

ng)é i\ %conpartlve exanpl es are expl ai ned shown
uat et Conventi onal exanpl es) As conventi onal

Alp Rligw Warepws; %1 Exhfisrieodsgon AC mdR cenpeesPag dpg ball and was
stl(Cthogé@t@sﬁx‘)t plaggsdF léél ievnvehitiaghesing fwrhslldopding eghgwrent (UTC
1068 diypt érott ShimkRed €loepery Pad. }aﬁﬁheZCO@di?loHIﬁ [C4dip yide bonding was
as [fOI083: the oab odisrietr | @NAMPI(EG gBnthedompapt tinte wex dBnhes) and the
ultAoftic| Qpit (@ler as GOUPAW .t OOMhd Bthth Baﬂcﬁﬂbn@mglﬂmdm‘bn of FR-4
resIR@BiR At WaR RBSRILehdNag amt U 1.0’ beN4mLs, |tﬂ@bdnﬂhﬁgf‘ﬁme was

12VARSHUMLUR QR ARG RbpRE %Wek hed 1H@RGEWaBIHinPlem i;ltme as

&Y i E iSO RoRHEd T Riperitu TR ﬂ’gA%
gia hc c%u ap 0’ N O % I é &e : %erp (lé pa?lsynlgld vfaésries;g
Th 1pl i it ot ) as d
kb %3?1“ @Rﬁ k ,‘"";,n T i g

Wl@ Rﬂ@gaaz ﬁtém,ﬂbyeatr ishBR- ‘hrrﬁfﬁl@asmbﬁgate IMecashemanb EgRiipdre shown in the
righiemping in Tabled; vol unme of addition of additive
el ements were varied wthin the range of standard as
described in Claim1, such as 15 - 50 mass ppm My, 10
- 30 mass Ca, 5 - 20 mass ppmEu, 5 - 20 mass ppmY
and 5 - 20 nmass ppmLa. On the contrary, in conpartive
exanple | - 10, volune of each additive el enent was
varied slightly out of the range of standard. [0034]
(Eval uati on nethod) An alloy wire was bonded to Al
el ectrode on I C chip conpressing the ball and was



stitch bonded to Au plated FR-4 resin substrate using

t he ball

bondi ng equi pnent (UTC 1000
The condition

Shi nkawa Conpany Ltd.).

as foll ows:

the | oad was

of

Type from

I C chip side

bondi ng was 3. Oxl . Ox10- 3N( 30
go, the bonding tinme was 12 nsec, and the ultrasonic
out put power was 300 mMiW On the other hand, bondi ng
condition of FR-4 resin substrate was as foll ows:

[06333d was 4. 3x1. Ox10-3N(43 gf), the bonding tinme was

t he

[Tdde 1pec, and the ultrasonic output power was 400 mw
- Bondi ng tenperature, as comon bondi ng conditi on,
consi deri|ng | pwwit.enperatsus e bondi ng, was [140 degree in
Cel si us, |the capi I(I‘?}/ of SBRS® 33D AZRA |/ 16- XL TG
SPT Conpany Lire- WAL e e i |!<u5' ng—sanptes lighilt —
. L Wi L Stitc] Rowdness of
after bording) rpundness of reoppfgssed. bal Lren W@ ety e
rrea§ur9d fa oipvel] bect | on cofcepinard. of. Al _jel ectfode | ™™
andS st'i tdhehofdapiol|i-t yuwas| nmeasukee| f rrem| widie| peed i ngpeaw Bad
st en t hrearfrat{ FR-4-restn—substrate—Miasurement
resul tis| gdrigits REWN i e ° ri'ght &%l Ui Tabl ¢ Foeo 9 B Bad
[O \?’5]: 3|' IRa"E)!aJ( 29I JG 6!3 n*q)s OorL 4Tadd(}|ut£f|myce eOIKanenl'}:adS AN m:! n Better Bad
rati o Molldie® ofapdilti ve | (nass ppm Resul t
of | neaslaerlengat| s [ 7aSsS| PP | G Y<oW [ € oDt it Ghe: FOIr Bl |Y Better Good
Ronr LI g¢ss—ol {Top-al—Eu+k-a—Eu+Ca—strength-tbondabi-t—-af
[di Il conmsesged| bald] A My Bu a Y G gnount | Nt gn Beer Better
all € i O oyx | _Resydual 25710 O TT 28 71 Ot~ o o
ofIr aljgd *QR=EDod” Bat ter "Bét)t &F Bel* 1 A*A|v "8 p|2
Relsi (glual4 }QM 2Ps |31 10,71 K Qut  of ange ;God Bt tiery, Botter
Bett er (B4 elil 1ti al3l Residual 0.8 0 +0-10 47 Cut
of Ir angq sQk.sBud :Bet:t| er| Betd jerss Badex | | Resi quake: | § &3« 13 e Bettar
13 20 77Hok—ef—Betirer-Better—Better-Good2Residuat
30, 13 13 |x8x2( >8P (K OK| Bett ter | BRt t er °Bedt ér= Bet t&t | B Boter
m 3 Resigual 127113 T3 1320 106 OKI'OK Better Betterf . = Bt
Good *Beld | “B*0| “d| 4 |Felsi’ddal 30| 8°%13] 1320 84" ok &K
Bet ter ae tREs&x{l 3@1: IBElrIZ! B@t @J BH n SOIReSI d)klal %Qterls gc;i:r 13 Better Best
20; 94 OK--Bettbr 1Bet-t er Better Bat-er—FE6—Resi-dual
30] 13 § +13-20 || 84| GK (K:zBetit ex Bett ef Bat gr sBet { e X 7o Geod
Resi duagt—+36—13— 3 RO0T94OK Better—BetterBetter
Bet ter |'Y ®si ||8° Régidudll 30 13| 13¢ 8{ 20584 CR*OK BBt tler®™™ Better
Better Bgttis|Bep, R, b.9 . Residual, 30 13 13 .18 20_.94 [OK
111 Residu 30 1 3 1 2 o4 K Belel Good ood Good
OK_Bet tler @'e'? er| Gad| Grad . ’ ’
i Residual *1I0F 13 13 13§ 20 69 OK 0K Better Better Better Bad
C 2 | Residual §[ *58 1 13 13 131 20 117 OK OK Better Bette Bad Better
]
l: 3 Residual 01 Y2 13 i3 ¢ 20 78 Out of range OK Good Better Belter Bad
a
; 4 | Residual 30 p 2R 13 13§ 20 104 0K OK Better Better Bad Better
L
i 5 | Residua 30 b 13| *2 ] 13 20 8 Out of range OK Good Better Better Bad
¢ 6 | Residual 30 1 13 | *28) 13§ 20 104 QK Q0K Better Better Bad Better
: T | Residual 30013 ) 13| *2¢ 20 78 OK 0K Bad Better Belter Betler
P 8 | Residual 301 13 13 | *28 1 20 104 oK OK Best Bad Bad Bad
!
: 9 Residual 30 13 13 i3 *5 74 CK QK Bad Best Better Better
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10 Residual 30 13 13 13 13 82 K OK Good But Better
Better 11 Residual 30 13 13 13 25 94 OK K Better
Good Good Good | Residual "10 13 13 13 20 69 OK X
Better Better Better Bad C 2 Residual 58 13 13 13 20
117 OK OK Better Bette Bad Better O p 3 Residual 30
"2 13 13 20 78 Qut of range OK Good Better Better Bad
a 4 Residual 30 "28 13 13 20 104 OK OK Better Bette
0(Bagl Better t 5 Residual 30 13 2 13 20 78 Qut of range
Fioh Gt ecbuBed! BiblBethefolBashy Bafas btudbogstel3 "28 13 20

(1304 &veXtidRatl bemfRal I '3 \Bad vBeid Alroundn@esd e préQed Ball shape,
andthey deloyﬁlequ agl‘ﬁgil %@é tTer{c Bet tsf?éng%?tof €bnvellind cxamBIc 3is
logegﬁ(plhlg esgl est Bad Bad Ba

e en eX

[ QC f el}&] Eu (by
Catc *\A)ég\E%FﬁE}F% & %fstg O&ﬂ mb F buJ
C@W&b‘é"nal anempkel daes mtconEer Legy r‘éc( ye 1&‘!"‘3%}@% * I?HéeTabic) and
dogh met BreeleiegiCie] i udthak ard/onkfals [Len] 3t jiss codidpned Hiadl these are
capsesgdeesulintio peemetido pragtitdleat. use. Wiere, conventi onal

exanple 1 does not contain La (by indicated * in

[00%BTabl e) and does not neet to [Ca]<[Eu]+[La].
2NV enbodRrht @R@rﬂﬂésel 2 ﬂloﬁ§vcﬁ odCRk &tBndH bk, and have aimed

ncg( 0 i% 9t E % te 1 iﬁmfdblc) and
§ ?%at P '30
4o 5iah

ch'aqu{eﬁ@ﬁ&d Mor L(F\reﬁ Nedall %’?chn&)tndgfﬁﬁ{y, bPery samplc meets to
p1Lagca 5 e/ I’ﬁ{ve[ﬁgt'ﬂe 1 Q\éﬁ éeo@& Jalpmauon by
0? a %rl k sca(fga 3| %c iy 19 E 1F 15 é)/btamcd that
E;‘FE%GL\L {EF ﬂﬁ‘t Of il <§ ‘1“8 FelE}et 'é e 8‘38 g Cvery
50 Sﬁét 3%@&0? a\e‘%lvegﬁ “"L‘F§é$ to me@*ﬂa ence, al

B “E?’}ﬁdd?’ﬁ‘ﬁ lex dipnesd tq practigaliigg @ngdlogy lengtcrl@n hgre, all

em‘:md entgngmpley é —al Imnget te g mopeet zsdduta:@ clyperdawerich dmsy!bcd in
Clamg 1a| dndstrebl €0 d€akt EopHiLbonadbi [ CelrfEel€lia), simop[e]<[Cal+[Eu]

antee (¥ |+ CalgEat i sabsidaed tIAl thesaniel cagsed @\f/‘eatmﬁtct(b?eésults mee‘{ to

prafizeried whol e surface contam nation by oxide and
shrinkage cavity scarcely by scanning m croel ectron

[0894PY it is obtained that formability of nolten ball

(3an &)!?]}Paﬁ?\?m.lfx%% 'f'@f“‘t 1bo ;flbézc‘rﬁld n%? ee p?z?c\{%ﬁl’usg\()ﬁr&{()m than
ong ev%‘luat?on Items flmg L{, s ref Semgl}sl ?11 B Cf(e)%%l%{hty BF molten ball
angﬁg nESs gf CO \)‘;E:gg,t ?v&:&f pargt V%Frample 1 =10 did not
mesy 4t g qf ﬁg%%we a1 dsppribed i A Heh Yelse%ﬁ'wés’f ip theTable),
furthermost, by denendinggen oﬁmaaftrafﬁvw(é«xem@l@emts 0gghingh meet also to
[Cals4EnT kel And/oCGR M Byl dhel, mbsst |Y be({aH] Ef Eapéfot dY 1={Cal+ Bul.
Heael/ibrs doSdprefl Hudt Hhdsahre @biss dEY¢sa[t€dd npGupet tapdicaral use.
[Y]=[Ca] +[Eu]. It is cosidered that these are causes

[o@F9]satisfactory results neet to practical use. [0038]
Whek, EehefanPakE oY oyl e e;tampll:ol d@éé n@tal?f%tel% e JoW@ limit of
ad&%@& rhif P AL @hﬂ St)% AR ARty E‘F &\'ﬁ Al 3% 10 not meet to
pr c 1“3 I’l,q)f\/@ fffP (/g o 5 lcatdoeg Ei%@ ihé ﬁﬁ/pm limit of additive
rangjc %nscquc; tly, on Sitha ﬁlty of molten ball it did not meet o practical use.
Eu of comparative example 3 does not meet to the lower limit of additive range, and
does not meet to also [Ca}<[Eu}+{la] and/or [Cal]=[Eu]+[La]. Consequently, on the
roundness of compressed ball it did not meet to practical use.

Fu of comparative example 4 does not meet to the upper limit of additive range.
Consequetly, on the formability of molten ball it does not meet to practical use. La of
comparative example 5 does not meet to the lower limit of additive range, and also does
not meet to {Caj<[Eu]+{La] and/or {Ca]=[Eu]+{La]. Consequently, on the roundness of
compressed ball shape it did not meet to practical use. La of comparative example 6
does not meet to the upper limit of additive range. Consequetly, on the formability of
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and roundness of conpressed ball. Were, every

conparative exanple 1 -10 did not neet to the range

of additive elenments described in Caim1l (by

indicated * in theTable), furthernore, by dependi ng

on conparative exanpl e, it does not neet also to

e&hu] +[ La] and/or [Ca]=[Eu]+[La], also

m{)ltqn&f I dp&uiot areg! wrpr pOl]CaI:p{ea]Y-K[Iagp}npalz&t-bn ceample 7 dpes not meet
toglos losker dichit hatdditreseinge.eCoaapesiyphn theswirt stragtindtdoeeadt meet
totragicaC use al’ eSeompHIZE] exdthslees doanasehleyt tdMthootipper limit of
addniveahddel Uon@gasm), onlth€aesh BOAIIBERY ah® tHBrth BTy dfimiditen ball
it @bes RGBS JiAR8H ulO THEHUENM N ati RNl 1E @%Q%? HQafet to the
lo®eRERS LY hald rérF dC@nE&% fiB&ln hf% wib %ﬁtaﬁ;gtg it U5& ndBmeet to

pl? tic @%%95% Xc?n@ﬁ? r’q;) &a?np ?@d&% 1no eetet &3 eW?lB%{ of additive
1a1% € an oes l: + La] Consequetly,
z\? E%C&la‘rmég iy, ?1 m@ fﬂ%ﬂﬁ%@ il erogn Y& ohgpmpressed
ifocs got W@‘JtltB\Hé*}mFi‘ M of addl tive range, and does
not meet to also [Ca] <[Eu]+[La] and/or [Ca]=[Eu]+[La].
[0¢HHsequently, on the roundness of conpressed ball it
[Edaldatiot2Jmeet to practical use. Eu of conparative
Embaiipbst ckad@is andtompaiatit @ et dnepleggdeivnl ih Mabledf aradepitinee.
Evafiagen 2 vensed uetdnye meningheeth@d ffbinkial Wotlls 430h ERAIUBAGA 1, and
wistusd@es zilR)t \Vﬁ@J fota DalREHINGA aridd @ombasidh ratﬁ)o('ﬁpa'%fdﬁwevﬁements
Wﬁé@"&l @va alﬁa%oh*i‘%q 'sﬁ%‘if%&%im dticfy additive
In lrt] uﬂ%of @El%‘il ntg kzgi]le fl om among
faf:mcnts 0 o éad al | %‘g ){}P Hatﬁ]&p {;%m Jlngla?r}s olume
of g o LHGReRt i ypied ficd BT pogich fg lower
lirgih pathiny stagdar fneaaah b!wap?ralﬁaé Wit segtrsd japd oghof e upper limit
of'fs 1ﬁ@1 i Qo {hegpntrary, yplumenothziothar tel eeey i% yarigroat oyt of the upper
lingig @ditStEttléardusleal ¥ &f uppaplinat Wbiesiangdré, Feadokshabawer limit of
stamdaxtl, andogthe tholerer|linmi bf sthndeldli Mioxe veraitge defined as embodiment
ex@npeoubich yneeo v ttadani mad st cemghmtivé cxdgsied) Gthicead not Meet to
stpdadt i cal use. Y of conparative exanple 8 does not

neet to the upper limt of additive range.
Ofﬂ sequetly, on the stitch bondab| ity and the

Rl '15%11%0%: @xéjrf%%% LT v Zd?ig(’? & tpa{%%t $Qmpl
¥

fjatipty o{ I% SIS Wéia Fltef:f\e@ nfléeh ng2e o?adﬁ 8ve elements
%H&lc’fﬁ é{“t“ ard Sfflﬂvéde aigy | @ ?n ﬁotmaeégnh e peetl s ppm
u|or acti cal use Ca of conparative exanple 10 does not

Conexstly: Mg wes wpped i1 prder obfl Oauieiistiipne 1§ masfeppind4ainges ppm, 58
mage epmn b wisetaried ifi Gedex PEAY Bidsa ppewm dB onash Gpins-B Eudss [ppad, 2 mass
ppfioris dépadidtipn 2,0 eldreensd oo vinded abtihln ttnddrleand out of standard,
bohdubiiel iwdstey alohtedak bahe BaFlalasttbnrioundness of conpressed

Ashaide nhdnndR 89 eMBbditRAL eXané 8C14 &R corgRirath@Q4hple 3 - 5, Mg and
LalEdl sURHeAN; Pdm B R B0 é@rmlseiad%% PHRRIA hfe 5 - 6, Mg

an@’?%e%élcﬁhﬁvﬂ énl?bo !31% e%al%iaﬁe ’f;‘x@ W1 g laﬁ\ﬁge gr.}, 28 Mg
an ?I %lgg’l in edﬂ;%dnneig cXgmple % T 1 ﬁn col galrﬁg}fe plc 9-10,

Eﬁﬁ e g b ;?\dbfﬂ%&x ol ) o Solspuighs bxample 11
& angp eWﬁ‘Ieu%ﬁ HBprmery gFamRlF ol 2 14 a8d rompgrative
exgpRlE ubY ok 1EU 1apd 1 G vy saleicdn i cobpdisteat skamplsuhl —of 6 and
compaayaexamme df t-i Me Lalagfehwsrosgtdcted, for onbahimant exgmple 17 — 18
an@tenpamtvodxabple Ca;- 1Bul.a ¥ndQd e seeadedvaleokbdighdnTotahple 19
— 20anciorvint paadtivensgmphol U0, of arin€a ofer@ setb@ed® Whereseach additive
elewdhisede aéfitdtas@fantig deovitied|ih WIdinoOf ast ANdaNEhss PEAMEL 10 — 30
makdBpth @REE - 0 Mhds p)gm Riins sbandas ?pmme%dést Q@ﬁldyﬁpﬂﬁﬁ La.

limt wthin standard and out of the upper limt
standard. On the contrary, volunme of another el emsnt
is varied at out of the uppgep Iimt of standard, near
at the upper Iimt wthin standard, near at the | ower
limt of



st andard,

Mor eover, |

neet to standard and as conparative exanpl es,

not neet to

enbodi nent exanple 1 -

2,

NQ,S-

a
[08&2ect ed. The range of additive el enents
{TaBlegflandard described in Caiml

t

st andar d.

and out of the
i s defined as enbodi nent

| ower

[ 0041]

F

limt of standard.

exanpl es, which
whi ch do
or instance, in

2 and conparative exanple |

conbi nation of 2 elenents of My and Eu was
i s defined
50 mass ppm

20 mass ppm Eu.

Coner et | y,

as 15

My was varied in

or der f .l.\.l |||.J|.\.)\.)1 18 aSS n 4L rass ppm 58
mass ppm E Klwhgs(dv l]il;gsdndllsﬁhn rder(’iﬁjlf;:;g ts mass ppm l\'ﬂ:egumcnlmsuils
Mass ppR—SHAaSS—PPmHA FasS—pR va-Hat-HeR—2 12
el ements welfe Varipd W trin shanqqu and, optw,Of s | roomsin Ko
standard, |pondabi|ity was evalgat ed aéﬁéhTewa bondabitiy [ % P compessed
Evabuati-ort"2As s p e -AaAREH—i-f—erbadi-rent—exanpl-el-3 o
I Restanat [T 18 717 4 PO ISR P s | K 6!< peler | Hoter” | © Good Good
- |4 n Rlcérdh%! (O Gt VE S LA & Pos [ Yok 'Y C‘éku E&a o Good Beller
sel CUB Ry [T EFTTOQAI IETL EXGNPLE O i 9 d&u u&%&?lﬂ&a € Good Good
eXanpPi Breawar || O |MZ | ang ¥ |WBTE «S €1 8kl g0, od N| SR OHAENT Goon Beller
exdnpd Breliar |[8is gNA Copak Al isVie seXarnpl € /o= Bger Be@NQl Beter Betier
Ca.wer ersel jéck ddys 1 m enbadisnent | exangl eoO | odl | amg | Gow Betier
cpfipar ptdiavel | exdnpl g9 -3 102 | Bu|and La wer ps@el eeteedl, soter | soter
i hnetbodidnent 2 axanplse| 111 {- 1312 sand “«conparat | ¢ed e xanrpl e Soo Betler
| 1 9 llc?lml :“m nH YS 3rlb qlé;l 9(87t :d’()K| p(ﬂﬁboﬂpq%ﬁhntBeﬂer Good Better
eka 18! reqid) |1 M A Andconhdrative | &%a pl. 2. 133 ] geetepyy  Socd Betier
and |Gl sBileBr ol it | oo padt xalplpSos | Beipgl God | Beter
and |-epfiPirative exanphe b 16, Fajand ¥ G g ooter | ot | cono
L aleld Revidual 30 18 015 T a3 b3 | o0 [ 0K 100k | Good [ Betler Good Betler
S"m “r lk’é\lduaf f ar ”'S)IU 'I'S':'_’”'U :\ﬁ ' :88C J"(JK' ‘J'U()K “ 'Q'atterI Good |, Better Beller
COpPar At IV EERGMRIE WY ¢ (10| &A | A Y& WeTE P SRkl taer | seter
Inte HEM g §XAMPTRE T LY w7 [2W MOy CTUMPEr af ENE T EXANTPT Boer Good
1P ;-2 [Tl [C3 Wer € 56l eclt @d] WAET|E, oxeaf Boo (i Heted Y€ Good metler
e| emadf s.«ari@ G167 sned as: standar § desdri Bed| bdier U diem| Laster Good
as 150 rhi sy ppmisMy, s 10s-- 30 oSS @pPN) Gag | eter POseater | Good
npsq :ppmded; B |- PO ass ppnelY,| ard {5 ¢k 2D cms SBeppin Beter Good
La. |12 f-0042]° ([ Fable| 2] |Kids *of addhifvessa | omenl ssteahd Gow Bad
its {rattaecalByl dted resyl ¥sl ComSs vt u)* 0ha%s | PRAQ] B« Good
NbasﬁgﬁﬁﬁTLmﬁWPa”' Ant dbil il & 11 e8mtldnes | Baeny Seter Good Bad
CaCt ¥ RLWII i ‘ixc:als\' F\?\ :tli:i 3 li - (m !Ju.mrﬂ:p f(]K n ﬁc}qq Betler Bad Good
st E\ I}gmdkl némi ! ES’ IJ‘SG r28x Clﬁ‘! p'&r:‘ &) ¢ Befigr | Betler~ Good Bad
PR Y MEC ORI HLEBY SN NI I8 S (LS S T At NI
v '.',~ Rcsﬁlmlo "qi:(_).\ lSAI ]5I Ali ;3’84 '_"hd :1&l»|°fr5"‘g$~r~k6rk| "Béstr‘ E‘l% bood Bad
QoO0~G0QH.. (4 RgSHAuA 42765 15,4310 96K 0,00t Thad Good
Bet t/ar| RO | BETEIT 3 RESTRUEL 1S5S 185K q Bat Sood |
Bet t[gr] BaLt[eT: oad Gopd: L 4 [ReSTdGal [420x15[ 8ood B 618 P6com Bad
K- Goad: [Beb tjer: Coof+«Bet&ar o h bed [Re&l duala | BateS| T & Beter
18, 18: [84il| OK [Bet t er | Bet ter| Bel terebetdef| cddd § soter | cood Bad
Resitdual=ia42 | |36 |8 81518 198 *OK K| Goed [Bedxt ey 560 p hetier Good Befter
Bef tler] *«g«7| Regi dujahs [183% 153815 9] 82§33 @K OKktBet toer Bad I5ad
Bet t|er] Baritler™ Bertiel’ B*Res®dusl [42%1 G 1S 1B "3 | FRle( Coot | soter
K GaodR=Beti P qu*zRaf‘z\G hr!d 93 | Outof range 0K Good | Betler Good Bad
Lj 17 Residual 30 15 *28 13 *¥5 91 QK DK Bad Betler Good Belter
s 18 | Residual 30 15 *2 13 *38 98 Oul of range QK Better Good Bad Bad
19 | Residual 30 15 15 *2 38 100 | Qutof range OK Good Better Bad Bad
20 Residual 30 15 15 I8 *5 93 DK Oul of range Bad Best Good Bad
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9 Residual 30 18 8 13 18 87 OK K Better Better Good
Better 10 Residual 30 8 18 13 18 87 OK OK Better
Better Good Better 11 Residual 30 18 IS 8 IS 89 OK &K
Good Better Good getter 12 Residual 30 8 15 1S 18 89
OK K Better Better Good Good 13 Residual 30 IS 1S 13
13 89 OK OK Good Better Good Better u 14 Residual 30 8
[0943]13 22 88 OK OK Better Good Better Better 1) IS
FrRedthd vahlt8h Thld B8 {bBo8bhgOKreGkcdd:dBet t er Bett er
(1 Bé&hitexlimdf Rasiptbyal -3 S 8] [ISthHkBg@Q AgOist Béfet @fength and are
obRahéEAimBe chahctaats. WMord3es), duake F6blk & ékﬁclﬁ@onli@bﬁ%; GHtisfactory
refiMis GROSHtBAEL &Y m&Qqd %%h&eﬁruse 18] Eﬁﬁh E@lllav%Qlo{ @h@ejc%m%%nnatmn

Ofs(%i @g % %Hﬁl& XC %%{’ 35 fﬁﬁlﬂ tC%ECIGQ@(Q] éﬂ?sc C‘Elr nscopy,

a 1 SLE B leL{se ﬂ #2h ball for
evEL ‘ig llll aﬁ qf% 1'e d% g % (%&8]’“1 ] 5% 8? (%essed ball,
actoréf Fs‘ég HES Og@gleﬁztol glcifst(igl enee H%WS that for
e aRDies él&Mtl@fast%Wﬁlﬁ%ﬂf@)@@twwzsn 1q gyagtical use at
al’@){fﬂ@@l@@e deips. Bthers, atbsaoppent gramplRe § i-difaneet sgthpmdditive range
des@ibed 106CKIUN é| andealoK Gsod BeteyedtioBadoGdéw]<[kubt[La] and/or
[CRE4EdIralaf 280 15 [4% a1 HFu] 8nd6r OK|=(KaP¢Et e HeBet, tiers Geiddred that
thBadre daus& FResdultvdb ni®Btdlattizat 8sel 8 108 OK OK Bad Best

Bad Good 7 Residual no 15 15 13 *38 91 Om ofrange XK
[oegt [lad Good Had a 8 Residual *59 15 1S 13 5 106 K

(3%051{ patl%séxa qjesGPOd otdd ngﬁ%c‘é{"% chﬁllcg ug 011?1113% $dn one

tl sﬁ?c B’o 1%1 lels? C?f %I]()l ball and

u

loux OJIpres V0 1 v ex 10 i€ ¢ range of
%%g qm% g%;crlx %E? & e n 1 5%?0%%? de?étob%wm) and
RGNS RN RSN R
angjor { ¥ -[EabdEBEHeare, it is gogdered thas these apgraggs @hresgits do not meet

to pragtjeal ORe.Bet t er Good Bad Bad m 1S | 30 IS *28 * 2 18

93 OK OK Bad Better Good Better 16 | 30 15 *2 *28 18

[0@&F]0ut onnnge OK Good Better Good Bad 17 | 30 15 *28
Cohdreflyd of otpatdivBastaBpld @ veleeft Behddfive My dodOndtSmedt to the
lowkd: I1df a8 vERLRRTLA6: 1K Reddes hoed tgﬂ% lnlﬂ% boﬁ& L&ly, on
thclt':_bungn&s Qﬁc ngﬁtﬁaﬁr &ﬂgd q‘lot o t031 8 Fc %‘1 arative
ex1 (ﬁuﬁ Y '1.%9% \)e gﬁfdc’eg 1 qﬁjec gth % (,r if tand \9 ume of

ad iiye h oW 11 1] r&over % 0t meet to
c %ﬂq Iﬁﬁn b o Nggfh L ng?%qé? geﬂﬁé%ﬁwﬁa 8P moten bl
resy 5% pIrMegt fte prac &in compargi e SRRpie3.aolyps pioadditive Mg
doporeiabedtite jhe lomer Smicanst yolumesiladitine d aotseainpbtheetato the upper
limmbe€onseqpethc tdnc die pamdngds| obxamplrescchbukk motlt oot ot meet to
pravtinglanen@hicompacfivoxkalesleat dobhné ok agibticaMyd des ot areet to the
uppasienitaind o linye 9C ARG [ S6RelRGhéDNS ¢RPYwer limit. Moreover it
do8atiosf Agbony [@Juitg+arRe oRba&l Med]d[EuPEeh]. t CoRdcdtétlycabn the
fortBilA0 rORTREA [dally &urimBbdseRo0 @kt ft(? practical use. On comparative
example 5, volume of additive Mg does not meet to the lower limit and volume of
additive Y does not meet to the upper limit. Consequetly, on the roundness of
compressed ball result does not meet to practical use. On comparative example 6,
volume of additive Mg does not meet to the upper limit and volume of additive Y does
not meet o the lower limit. Consequetly, on wire strength and formability of molten ball
result does not meet to practical use. On comparative example 7, volume of additive Mg
does not meet to the lower limit and volume of additive Ca does not meet to the upper
limit. Moreover it does mnot meet to [Ca]<[Eu]+[La] and/or [Cal]={Eu]+{La].
Consequetly, on the stitch bondability and roundness of compressed ball, result does not
meet to practical use. On comparative example 8, volume of additive Mg does not meet
to the upper limit and volume of additive Ca does not meet to the lower limit.
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every exanple. Mreover, all exanples are good at

roundness of conpressed ball, satisfactory results
are obtained to neet to practical use. Hence, it shows
that for enbodi ment exanples |I - 20 satisfactory

results are obtained to neet to practical use at all

evaluation itens. Were, all enbodi nent exanples 1 -
Caoequetty, owthcheraddéengtly and angdnesd @ coinpadsddrbadll aidnfotmability of
malheh tallls oesoi dbed it @gpeatd mstiaf ufCainfoinyjatdtivalexangledt, volume of
addGajeHuRddes nbagneetab sige ¢pfleclifia] arldBw]umadf additive La does not meet to
thé Wvrdr Cardit:[EbsequidaNc® thietroinfine®se f@ngRedsB@ball, irBRHEIRE Aot meet
to GRAMEREl K. DASWNPardR ¢ BEInplc01 RA%hE Bt al®ifive EAQEL not meet to
thé BwdreTR 51%\/0\{1?111@%595@%{1 fa doaticd 916@% NBabpdr Fimit. Consequetly,
mPRl?eC'i&@% wéés %B sﬁ a‘b an g&%lt 8&% H&‘tt hﬁe@j % BN %se. On

compara p ¢ v limit and

mﬂ {é kéélvll H fs)ll{]ﬁ glglgg t'l}?egilﬁg} §§1§ 81(fj Ol 5{5’8?"}/ the wire
sirga@ It 16\9%“ P%ﬁ‘r’é‘ﬁt‘gee&é‘é PracHed “]Sﬁ @&PP&PPW&F c ?X@P Bfdrt ¥olume of
addiiyve iadacametimect ta the e liayit aivolameof gddisiva ot degsert meet to
the @pp@al}la{f EMorgavat itatngs gt ET@] te] Eed]<[Hd}|[Ladlagd/or [Ca]=[Eu]+[La]
anfl Vij so[ ICdp e 1ied jmeeh id O Cafi-EfQadnd [y =] c/du].i Conissquetly, on the
rogedicsie v B dothp@bsctiesdle rant dayses nofet tepuldisalddenOhn a@iarative
exb@pRy 8% dahe WFRdAINO4R] doéORGTr @Eétyio BB PPBPBMKL dnevolume of
dd@?ﬂﬁ’mﬁd&ss R bt tPfhead it g Wansl §t1§‘Q§n Meelird Qrdnf, result
doe QWS mbdtTd hraRpchr et "5??0(9{1 gﬁjvet éx\éﬁéﬁé‘ $uflOb ARBkvel By does

?ers%'ﬂ

no‘f %GPR)’D{ﬁEHr\/{/éplmll%@§ % fyaddﬁﬂze EOR tﬁ ug%er limit.
\i]é Vg % getly, on

Cove 2 mect 50
i ﬁ%; R
hﬁa y pbmp @1 Iioumiﬁ!esaﬁ CQ)BP e of | el fopdoeet to
prefdisal wist Oﬁé@fnﬁa@t’t"ﬁ@xmﬁ r13 ivalume el Le dogronnd mpgst to the
uphgieiimitgnd [vggilmhg[ﬂddﬁq_\@]&’élﬁgs; et m@]t&Flajpw[eLg]mt Consequetly, on
thConesireaetby resoli ddse npdmmmbid pragtiofl use! Oercopaiarative example 106,
vohwesa bf adibeee hotloeesit meet po dot loeal linseandOloorpdrdditive Y does
noexmaalte tBe wpktumeniof Magdived wedddy netogsenal [OFjelEd)o|Itd)eand/or
[CapyBh -+ La. tCoxsehueal UsR tBE radlflinkdsver kempresedN®ll, meaflt Hees not
mddd € PRPEal ubd, @il LO]‘I%P&%L&EM]C PN Whignd &%Hﬁ%ﬁ,ao(focs not meet
to Ctﬂm %f‘qgmp%lnh vSiankt o9 cﬁu{)é’tcd“agés tng RLRGHT Gl lowex limit.
C4REweh) SORRHAL G B Rl 6o G, O SAd0LK1 Vs, Mparative
t’ I Pi eand Vo

ex 188 vongma S Sadﬂl&vc Eocis n({t Eeeft el ?Wlt llml%z}nél V%l}lme of
jive dggsd‘i’ﬁﬁt nﬂieéqx(: T goyer 1t does not meet to
53&?@1%@ Ay C@bﬁEe bt Oﬂﬁﬁﬁlu?ﬂ?é O G iiRability abgmolten ball
anghpunginessaificompesssgck badlo eesuli gpesmastmees tpragti¢ad ake. Goecongrative
exgmpleal Bt voleme exf aadgltive5Y dosk i nofet daddh¢ ileowerMymdorsl ndtme of
addiet Co tdw howeicel i i thaangpeolimme Oorecaddi iti desYnooaseet to
[CAR{EARELalt ddtR§CUPPRO]H[ LA, ConSpsgguat fhy fo@mbilg of molten ball
andl PURINEE DI RhmpRALRT RS RAuRAbbs AT §t1<§h@hsd'n€ﬁ1tcdnﬂ3alatlvc
exﬁ‘hﬁféti@ @Lolxﬂﬁ@ of QUIRREPRT Rck B GXRR) Ghd ppMOliMiBaRf volume of
ad &% Et@{e &e%&?t onﬂ?et 16\9(:1I hﬁqupﬂfcfre(%\}emtt &M ot meet to
ng[ldé dm9 onscg N 1 tlo%a'n]p glhel\{vetﬁ ang roundness

OfS‘?mﬁkﬂsﬁe ﬁaﬁﬁf PE% 01“”(?8 té’pﬁ?ﬁ 1Cﬁ€‘é9te to practical use.

On _conparative exanple 7, volune of additive My does
[0¢4 neet to the lower limit and vol ume of additive Ca
[PQEeBIhOTY dedt INGUSARIApIESE] | imit. Moreover it does
Amotdimedd Aw 410y wirBufor [ bl bandihgrof] Ce] pfcRet+nlvaition, Au alloy
cofdprisiag yeédeyibed nartgeeo Stradechldivond @hiN pBo-Bad” haungress cffect at
wifdf s@egHi,esaed oalldbilitye suhidnd9e s nempréled bhd Pdatdrhedllity of
mdIR8- b GRATIAr affédRcekAMRhErofingV %d%ﬁl?ac@jraﬁﬁgl tdfv erMonductor
eqﬁgﬁl%np%‘spgﬁgfly, L@iking \Hﬁgeé'treln{;tﬁ‘e stiﬂﬂﬂdb(\flﬂaﬂﬁﬁy %d roundness of

Ive Ca does not neet to | ower
Consequetly, on the wire stngngth and roundness of
conpressed ball and formability of



nolten ball, result does not neet to practical use. On

conparative exanple 9, volune of additive Eu does not

neet to the upper limt and volunme of additive La does

not neet to the lower limt. Consequetly, on the

roundness of conpressed ball, result does not neet to

practical use. On conparat|ve exanpl e 10, vol une of
computpsed eb@ll doemcnotit mseteffeativa Her | pwenovingnimanafepturability of
seynéandectof dadidet swah b Bde dowotenpeettutcopidiegaippal clectroless Au
plhting, tvhicBoinkequatha ball bondihg iy didiwdiesish afir@o picle sisehigh density
andakitch boaditptis dleediffiatlt.meet to practical use. On

conparative exanple 11, volunme of additive Eu does not

quintgcmﬁrmefp THE‘ﬁR@WiNG’S"' ume of ‘additive Y does
meet to the I ower |n1t Cbnsequetly, on the wire

r %letanatBFyss%hémg P oyl tb° dal) gt | I%a' use. n
}api: ié) Flzgﬂg&mﬁm 01%911 Ea gialtl %9%(%% method
a‘ 6@?h 1 W@é?dl the upper limt. Mreover it does
[Frp P ] Feplangtery] chprep plimepiuapearahefro boaging stipagth af bongiee wire
also it does not neet to [Y]<[Ca]+[Eu] and/or
[Op4§]=[ Ca] +[ Eu] . Consequetly, on the roundness of
[Esplapatessatyindbls] result does not neet to practica
1 use. (@pilkenpparative exanple 13, volume of additive Eu
72 does wgt neet to the upper limt and vol unme of
3 addi tijv&g&a tgegs not neet to the lower limt.
4 Consgguetly, on the wire strength, result does not
4;neet(&nn1%%§%bq?l use. On conparative exanple 14,
5 g ive Eu does not neet to the |ower
I|n1#% fume of additive Ca does not neet to the
o upper H?t Moreover it does not neet to
[Ca] BP¢ILa] and/ or [Ca]=[ Eu] +[ La]. Consequetly, on
8 the tereMitinigt y of nolten ball and roundness of
D conprépsdamnteadrl , result does not neet to practical
Lluse. (anmeﬂ$abaMﬂumnﬂxanple 15, volune of additive La
Lxoes mgipro®ed widht he upper limt and vol ume of
additive Y does not neet to the lower limt.
Consequetly, on the wire strength, result does not
nmeet to practical use. On conparative exanple 16,
vol une of additive La does not neet to the lower Iimt
and volunme of additive Y does not neet to the upper
limt. Mreover it does not neet to [Ca]<[Eu]+ La]
and/or [Ca]=[Eu]+[La]. Consequetly, on the roundness
of conpressed ball, result does not neet to practica
use. On conparative exanple 17, volune of additive La
does not neet to the upper limt and vol une of
additive Ca does not neet to the lower limt.
Consequetly, on the wire strength, result does not
neet to practical use. On conparative exanple 18,
vol ume of additive La does not neet to the lower limt
and volunme of additive Ca does not neet to the upper
limt. Mreover it does not neet to [Ca]<[Eu]+[La]
and/or [Ca]=[Eu] +[La]. Consequetly, on the formability
of nolten ball and roundness of conpressed ball
result does not neet to practical use. On conparative
exanpl e 19, volune of additive Y does not neet to the
lower limt and volunme of additive Ca does not neet
to the upper limt. Mreover it does not neet to
[ Ca] <[ Eu] +[ La] and/or [Ca]=[Eu] +[La]. Consequetly, on
the formability of nolten ball and roundness of
conpressed ball, result does not neet to practica
use. On conparative exanple 20, volunme of additive Y
does not neet to the upper limt and vol une of
additive Ca does not neet to the lower limt. Moreover
it does not neet to [Y]<[Ca]+[Eu] and/or
[Y]=[Ca] +[ Eu] . Consequetly, on the wire strength and
roundness of conpressed ball, result does not neet to



According to An alloy wire for ball bonding of the
present invention, An alloy conprising prescribed
range of trace additive Ca- My- Eu-La-Y has superior
effect at wre strength, stitch bondability,
roundness of conpressed ball and formability of
nmolten ball, and is effective for inproving
ChexiNMExturability of sem conductor equi pnent.
Especially, attaining wire strength, stitch
bondabi | ity and roundness of 15 conpressed ball at
once, it is effective for inproving manufacturability
1.ofAu dlayyi wvaduchadl besling epmpugihg:ak’ BGA mosy prenpdg.atlis-S0 mass

pg\ﬁllﬁa&ﬁ SUSEHmAkBGink PuESS 2BNna |p§hi 1195 —\W0i fidbs ipprKDOURY residual

18%}4)16 {RendbRg 1h§ssd%f1;drﬁ§"| Whith 1B u@&f LOMEyPY &Br@ﬂﬁn 99.998
E% %gglty and stitch bonding is also difficult
B

CRI PTION OF THE DRAWNGS [0047] [Fig. | ]
Expl anatory schema of bondi ng nmethod by ball bondi ng
2. Aiugpllog] w'(rg)[‘malpﬂji bandieg eowposing:sHape Oamdsssppre Mg, 10 — 30 mass
bapei g sPOXG Ak i Bal § - Q@r}ﬂas,@g,ﬁmetfhs)d 20&35%?%; Cdand residual

b%ldl's rlﬁ@&!%ﬁk@%b 1921.533’,]6 Rl aRBLANY v3& BIRO8F more than 99.998
nmet hof bondi ng”'strength of bonding wre
f % planatlon of synbols] I Caplllary 2 Wre 3

Ele rode t h
3. o BarS garely %a&#ogﬁw AT oG gek e &%y i tﬁ@ CoppQpeRg of the
dPiet épnwvm@gnﬁ}aé Hw (i iaetselian e yelhpoédafaljamount of
%ﬁlthéu andiageitive Lapandmasy ohpdditive Y isaess thamdimyalue of total
c apwitsif pdditiys Ca agg addisige Epmlwgnasm)f 2030t hmess npnivViza,
5 - 20 mass ppmEu, 5 - 20 mass ppmY, 5 - 20 nass ppm
4. Lavaitidy vesd fhudhll bAnding av@rnréinpharla®8. 19 Wheess he pomnpbyent of the
Whie s icBmipsietho Ptiakd ¥i 0ddid0E €at RaBssID9 A& vaTas o1 YotANamount of
2addMivakl Qsz madi@vé 04 aRa@hlasbonsh D@O%%‘E’ng%' mg: 15 - 30
mass ppm My - 30 mass ppm Ca 0 mass ppm Eu,

5. Sgu a%lgg% csfop gll gn&n& a&% H'i%?,st? R, I‘la \A%l%ije irnelﬁé E&% )omté'? of the
ire 1s co 11 ng: 1 éil(i u(@mo ?m unt of
b?ﬂ‘]{m%eo HF‘H; 8‘6‘6’?}@% 1 8”8? af adds t“v’%é(e}sele? b, ghe Vfﬁu"’ of total

cORPYHRAIGHVE frg an tivgEdonpri si ng: mass of additive

Ca is less than the value of total anount of
6. Au alloy wire for ball bonding according to claim 1, where in the component of the

wire is comprising: mass of additive Ca is less than the value of total amount of
additive Eu and additive La.

7. Au alloy wire for ball bonding according to claim 2, where in the component of the
wire is comprising: mass of additive Ca is less than the value of total amount of
additive Eu and additive La, and mass of additive Y is less than the value of total
amount of additive Ca and additive Eu, and mass of 20 — 40 mass ppm Mg.

8. Au alloy wire for ball bonding according to claim 2, where in the component of the
wire is comprising: mass of additive Ca is less than the value of total amount of
additive Eu and additive La, and mass of 20 — 40 mass ppm Mg.

9. Au alloy wire for ball bonding according to claim 2, where in the component of the
wire is comprising: mass of additive Ca is less than the value of total amount of
additive Eu and additive La, and mass of additive Y is less than the value of total
amount of additive Ca and additive Eu.
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additive Eu and additive La, and nmass of additive Yis
| ess than the value of total anount of additive Ca
and additive Eu, and mass of 20 - 40 mass ppm My. 4.
An alloy wre for ball bonding according to claiml1,
where in the conponent of the wre is conprising:
mass of additive Ca is |less than the value of total

I Carmumloyofire fddiatlibpadiBg aasddaddd clane 2, ayheanich thesempdned of the
- WA iveemppipmgMasSd of Addiive @3a miles then tlixalidlubefidetalgamount of
agdditidt g abdaddiaiend, where in the conmponent of the
wire is conprising: mass of additive Ca is less than

Hg 8:ilue of . totlgg unt of . additive Eu and dd{tl\g
L ér Yigs dotopalh e &/8""%’ 1Ung: e by~ NFHAPHP Al el b U mass
t ppalCa, Smolhmass prani it § v@0Taasapgradds +i20endss pp. Lavmd residual
alAuoy mercethfio 89 B8l hadsdridpungy,aelich ds mged puiclyadfmare than 99.995
whak£%d Aut he conponent of the wre is conprising:
mass of additive Ca is |less than the val ue of total

u and additj a. 7. An allo
ARt foar i ot BOh BT EOBPRTNG 1% PR el 30 mass
t pmn@mﬁonzﬂqmassfp}mh €u, Ni-r2@ mass epmpY | Si-R2f:mavappmoltfa and residual
addi &imercGhan §9198snassHanpuritg whichies aked ptdly @nmur thafi 99.995
afdid oveuEu and additive La, and mass of additive Y is
| ess than the value of total anobunt of additive Ca
and additive Eu, and mass of 20 - 40 mass ppm My. 8.
An alloy wre for ball bonding according to claim 2,
where in the conponent of the wre is conprising:
mass of additive Ca is |less than the value of total
anmount of additive Eu and additive La, and mass of 20
- 40 mass ppm M. 9. Au alloy wire for ball bonding
according to claim2, where in the conponent of the
wWre is conprising: nmass of additive Ca is less than
the value of total amount of additive Eu and additive
La, and nmass of additive Y is less than the val ue of
total anpunt of additive Ca and additive Eu. 1.7 10.
An alloy wire for ball bonding according to claim 2,
where in the conponent of the wre is conprising:
mass of additive Ca is |less than the value of total
amount of additive Eu and additive La. 11. Au all oy
wire for ball bonding conprising: 15 - 50 mass ppm My,
10 - 30 mass ppmCa, 5 - 20 mass ppm Eu, 5 - 20 nmss
ppmY, 5 - 20 mass ppm La and residual Au is nore
than 99.99 mass % purity, which is used purity of nore
than 99.995 mass % An. 12. An alloy wire for bal
bondi ng conprising: 15 - 50 mass ppm My, 10 - 30 nass
ppm Ca, 5 - 20 mass ppmEu, 5 - 20 mass ppmY, 5 - 20
mass ppm La and residual An is nore than 99.98 mass %
purity, which is used purity of nore than 99.995 nass
% An. 18
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