Pd-Coated Copper Ball Bonding Wire [Technical Field] [0001] The present invention relates to a
Pd-coated copper wire useful for connecting electrodes on semiconductor devices to leads of circuit
wiring substrate by ball boding. [Background of the Invention] [0002] Nowadays, gold wires having a
wire diameter of 15 - 30 micrometers or so are commonly used as the bonding wires to connect
electrodes on the semiconductor devices to external terminals by ball bonding. However, on account
of the price hikes of the goldfullionstef dates fhe-gold winesxefrhigh gutitiesas good as four nines
(purities of 99.99 mass % or higher) are losing ground to copper wires of diameters 10 - 25
micrometers or so. [0003] The copper wires are considered to be used in applications where gold
wires have begRUsetd Yor ekafmple , in the field of packaging such as QFP (Quad Flat Packaging)
where the cli¥féhitlead frame is used, and in addition to this, BGA (Ball Grid Array) where substrate,
polyimide tape; etc: &te tused,cand oew yasiatisnsosachias &Sk {Chipiscalei Packaging), and
accordingly hetierdanding wiresJnyroved inloop farmationsanding:-strepgth, sustainability in
mas.s.-producltiopr,1 at éﬁ%éi{r}%g all bﬁ% qLingooCPierlration are called for. [0004] On the other end, the
materials which are to be couple ith the coppelgbonding wire can be similar to those used with gold
wires, such that in the case of the wiring and electrodes on silicon substrates, they may be embodied
by high puritypespserqauy saifadle forlaxtenthirPwires as well as conventional aluminum (Al) alloy pad.
Also, lead fremoes are coated with silver (Ag) plating or gold (Au) plating or nickel (Ni) plating with
palladium %ng%@ ) O&Bgl%ﬂdv@lo@@ (AR Wiking s i@%&a(l,ledd%ﬁ%%]?ut@ﬁat@g, tapesgetc., anpl
over them |si(g§:e(pmlgjte|§ a f(l)lrrn gf a EQogle rgr%}nag rﬂemlelntes Cahsasc%%ldéAH or its %I.llgye.sc r(r)espondlng
to each of these various items with which thee copﬁ’er (%uﬁywwe IS couple ,thégbon ing strength and
bonding reliaBifF6fthe &pperdire &8 Hoped e b imistBFed J0665HAYRe begiifitd 2se of a
copper (Cuywire havirg &puriglas highias threefiowbvrines {putitiesoig9.9imass % 10 99.9999
mass %) was gerceived: itowayes, Gappet wire was tooessyidndeqexidized. =01 this reasen a

proposal wagmadeda Improye.the-corision fesistance and streagth:ofdhe ydre;by coating.a core wire
of Cu or Cu}-lSn or the like with a.Iaéer of Pd’oFdEN" Pd-Co or the like hfavclj{ll a thlcknesEOof 0.002-0.5

micrometer égél P u%i‘?gatlocl)ﬂsf‘)r.1 u(r][tﬁcélrlrﬂore, Dording wirds 5?espr%pose i \Fwenrcsh a hoble metal

such as gold {AUY BrESHté® bePthisSpalladium (Pd) coating layer (IP Publications 2 through 4).
However, when a copper wire as proposed in these publications was used Jr] a semiconductor device
winch was ysgthimienvironments of temperatures 80 - 200 degrees C, It happened that an oxide of

aluminum %H@@éﬁ‘%ﬁ'@{' \2:honding Interface between g, padaf aluyminym (AD) efe, and the wire even
though the bali%on ng %)erat on on the %a ad been (10ne,well ang,c%ngg entI¥<a detachment
tg

[ d_h

occurred at¥fe (‘)”nldﬁﬁﬁ mterfa S.G[Bdtfeﬁ nﬁ[ﬁé: Stzﬁ%?lﬁaﬁd, Jltr}st&lrleowhet rowth of an okide of
aluminum (Ah €arrseQestricted # palRBiTmIPYY eb6ld Be ispersedin e bondirfintéddce between
the pad andiwires®bn-EhRublicatioh 1). §RriopattrpublicetansHR publicatidnst §000AHER Publication
1]  JapaneseRublished ity Mode! Application-$60-160554|P Publication 21 Japanese Published
Patent Applicalion 362:97360 417 Publication:2).Japangss Published Raleat Anplcalion 2005-167020
[IP Publication Aé](j}WOZOMOl 527 (Al) [IP Publication 5] Japanese Patent 3024584 [Non-IP
PMﬂmaﬁonaﬁB g wilires improved 1n loop formation, bonding strength,

sustainability in mass-production, at the time of ball bonding

operation are called for.

[0004]

On the other end, the materials which are to be coupled with
the copper bonding wire can be similar to those used with gold
wires, such that in the case of the wiring and electrodes on
silicon substrates, they may be embodied by high purity copper
(Cu) suitable for extra thin wires as well as conventional
aluminum (Al) alloy pad. Also, lead frames are coated with
silver (Ag) plating or gold (Au) plating or nickel (Ni) plating
with palladium plating on top of it, and copper (Cu) wiring
is installed on resin substrates, tapes, etc., and over them

1



[Non-IP Publication 1] 2006 July SEI Technical Review No. 169 P47-51; "Development of Hybrid
Bonding Wire" by Sfingo Kaimori and two others [Summary of the Invention] [Problems the invention
seeks to solve] [0009] A copper wire clad with palladium coat has itself been known conventionally; but
it is chiefly adopted for the purpose of preventing the susceptible copper core from oxidizing or to
effect wedge bonding against a palladium-clad lead frame, and it has been experienced that even if

palladium ceat isrprovided the palladium is taken intadhe cappersare duringtheformaiian pf molten

ball and thus,a dipetsion.of paladiumdn e ball surage dges pot agr syfisentl tp prpuide a

required concentration thereof. In gene palladium coating layers in these uses are made
relatively thii-dde"tB tHE High SREE 6 tHe Blemiht éﬁdctﬂg%}ﬁ&gvm %Lﬁll?é) BRp&I%ivEpNEliim to make
the coating #ayféroveftieccoppet {0d)Lédre i® bné hRetitR OF sialler 6fthe piGitht P cBpper
constitutingithe core; o that simultaneously as the cupper (Cu) ball is formed the palladium (Pd)
disperses into the cupper (Cu), and as such the palladium (Pd) does not form a uniformly dispersed
extra thin la g iover the molten ball. The palladium-coated copper wire described in IP Publication
4 is a wire for creation of a wedge bonding between itself and the palladium-coated lead frame, and for
this a 3 - 80 AMARKABYIayeteohtinhdJor &P BaTaditnis formed i tRE stirfddé bf the
palladium ceatingdayes. tHowever, paltadiuntevén after being nade it an allowis apPt disperse into
the core coppersang thussit bas tet been passidertoforace patiaditumedisperstervlayes araund the

molten ball él%rféfk%-cﬁ/keé@.s toE%PJ\_/@cHlespE@é%fBﬁ] [0 9];58%&’1%%@ Inventors,atiempteelto create a
structure Wr%%reebéf( (plaand[{J(r)n (l?f%)sls cgurs%% t% Hglfts)rn% ly anc flnzgy dhséjeﬁ% gr%undc (t)haecrlnolten ball of
high melting poin anqﬁﬁls they did b %esignlng to place %od f u)thaving a meFfing pomﬁ%wer than
the core coppef t€uy ber %%br%%gb’ﬁegrrt@f) td*thereb§ dfotithe ol tALT tBFunttion'as a prime to
stimulate thBtdre copperdCu)ite melt imthe firstiplice andotheh.the Aettilg oftthe patladiam (Pd)
takes place wiseh has apmeltingspoirt-rhighet thamr ceppesritay) ef-or this purpose.ia eeatingo©f gold (Au)
is formed oysr palladium,ang tothis,a mildhhegt treatment s gjuen i an extent that thereis caused no
alloying between tht%ggld éﬂagg tfrlne p%ll%;jlung) gF%d) in citgere wor Po%cu?j;)inm ‘o 5
Stranskm-Kfastanov growth, wﬁere%y th% p llagditin 3(38) IS s_fﬁaﬁally grownIn o(iﬁ.e gofldS (Au) coating
layer to creater®1Yer WherelPSIITAU) B8 pa SRR P df af€ mikeB PeIGRet ks kAGWA that the
tissue that isdbrhieth &3 tresresult of this StranskmikKrasthnovogroleth shapesiaenathingaetal layer
and this forms anslanestueture Yrowipkemdthe dmderlyinghmetaly and detprioratesihenfiatness of the

surface layen (IR Publication 5 haweyer, in the system of the, present invention, fietissyecreated by
the Stranskm-Krastanov bgego h would have a Eglﬂztructlon su%li'n thgtt the gold Ia¥er formed.over the
c a

palladium c Sﬁﬁrge%rf/e? moe% X Pénn%é]llﬁntqhi dThé pa‘ﬁé\1 um'fs §“7pla %II)e/\é (r)lwmﬁt%gtﬁis gold
layer of a thickhesd lof Severkl Harpretais\RRefa frhhepaRabmafhpiige A golegHaseark
intermixed with eagh ethery Gold¢Aaranc palladiom-{Rd) fandamerivaltyombpowith eachatker at any
ratio, and as the difference in crystal lattice is as small as about 4.9 % between them so that the
adhesion be[tg\@@g the gold (Au) layer and the palladium (Pd) layer is good and when the gold (Au)
layer is extremel ghin it is possible, to educe the palladium (Pd) underlging layer Into the gold (Au)
layer surface by Hieah8of SHEMkiKraStEAeY Brg%ﬁ{ 11T N6, TR HHAGE ta§e ARG the gold
(Au) and palladiunt #PdParetiftetmbeesid nbf skabld, athtlthe Higherane piiriies & #regslddAu) and
the palladiuim (Pd)arédhe greatenthert€adendysafitkein formingeard alloycbeconees (Nhus, the present
Inventors theyght to,stabilize this mixture layer by causing the palladium (Pd) to absorb hydrogen
atoms, which was effected by exposing the surface of the palladium (Pd) to hydrogen gas at a high
temperature, whereby the mixture layer was to be stabilized. After the thermal treatment, if the
aqueous soldtiohSh iHikh BUBderr2&aiiSis effected is mixed with an alcohol such as ethanol,
ltisbetterbeddiiseth® siiface fayer of the suddenly cooled palladium (Pd) takes in hydrogen atoms
which are rgleaséed as the alcohol is thermally decomposed. [0012] The present inventors decided to
conduct the thermabtrgatmenthased on the Stranski-Krastanov growth simultaneously as the final
annealing for controlling of the expansion/tensile.strength of the copper (Cu) bonding wi ctiprough a
proper controlling o ﬁ%gaﬁ]nea??hg}lr%gllt?glaﬁfg@%rula tletrthgéfoc(if))%%n‘%%laJgftjjcrgllv%/llncgno|rgJ)§r6atig§1,,tﬁ éer? then by
liquid-cooling e wire s $obntadit fs! passed through a brief and final thermal treatment, they tried to
secure a stabilized stpetnrsef gold {Aa)and paliaditmA(Pe) imeitmixed 3&yer 9[0048] Furthermore, the
present inventpre degided da €oaductthe thermal treatment based on the Stranski-Krastanov growth
simultaneously as the hightempergture H@é@%@%@%%ﬁ%@gQA%EQU@%WS(E%%Q*@SOW the
hydrogen atoms as well as the final annealing for controlling the expansion/tensile strength of the
copper (Cu) bonding wire through a proper controllthg of the final thermal treatment after the
continuous drawing operation, and they by liquid -cooling the wire as soon as it is passed through a
brief and final thermal treatment, they tried to secure a stabilized structure of gold (Au) and palladium
(Pd) intermixed layer. [0014] It is an object of the present invention to solve the above-described

problem and it is characteristic in having the following construction. (1) A coated copper wire for ball
hondinna of the nracaent invventinn ic a crirfare coated connear wire for ball bondina havviina a wire



(7) A coated copper wire for ball bonding as described in the sentence (1) above, wherein the gold
(Au) is put by magnetron sputtering at a room temperature. (8) A coated copper wire for ball bonding
as described in the sentence (1) above, wherein the intermediate cos:L.114g layer is palladium (Pd)
put by means of wet plating. (9) A coated copper wire for ball bonding as described in the sentence
(1) above, wherein the copper (Cu) constituting the core is a copper having a purity of 99.999 mass %
or nigher. (10)A coatad eeppeswirg for ball bonding as described in the sentence (1) above, wherein
the copper (Cu) co%i%' gottfg 59(1&51&} copper having a purlty of 99.9999 mass % or Ingher. (11) A
coated copper wire for ball bonding as described in the sentence (1) above, wherein the copper alloy
constituting the'Cor€ i mHR oF 971 2500 mass ppm of phosphor (P) and the balance copper (Cu).
(12) A coated copperRire ferebdlFsiting 88 He8éribed in the sentence (1) above, wherein the copper
alloy constituting the coreois imade ohat]least one of zirconium (Zr), tin (Sn), vanadium (V), boron (B)
and titanium ¢bh)dn a collective amount of 0.5 - 99 mass ppm and the balance copper (Cu) with a
purity of 99.9 r%gosrs]._% f]}ﬂhghj%a@f)gﬁ Elaated copper wire for ball bonding as described in the
sentence (1) above, wherein the copper alloy constituting the core is made of at least one of zirconium
(Zr), tin (Sn), vanadfhi V), Borén (BFdnd TR ¢RYin &6dIisttve BNrrount 8F 0.5°4dg tdss ppm and
phosphor in an amouve 6 DIPMSOd neds i ighBtheddalan®e ceppery(Ci) g akuring 61.99.9 mass
% or }nigher. [Effectanef the dnvertiion[0016] According to the present invention, at the time of creating
a molten ball for the first bonding, the core copper (Cu) is melted by letting it be stimulated with the
melting of m 1%T{eagil féjgibtl%%olf (\,]A\eul)l af,otp1 prime, and then the palladium (Pd) in contact with the
copper (Cu)is melte , and finally the suﬁace alladium (Pd) impregnated with hydrogen atoms is
melted, so thBF RhaSHecbhife poSEmIE 1@ UNnf6HAHY ahd f Gisperse palladium (Pd) into the surface
of the moltehO¥dlPWhich is brought in contact with the aluminum (Al) interface on the pad. Also, with
the presentanvesgiosy by prepery eontrelling dhe thicknesswf tha dayerrof gofd Awrhavirga purity of
99.9 mass %grhigher.and the fingl thermaldreatment. it has becamepossibledo farm a mixture layer
in winch gold @u gngrpallg.glurg Pd are.in eerm(lzxoed énrp@cgeofg ng#eroof.agwiglllor}/ ofogtrolthgAu) and
palladium (32 Grthat ore,%y mtsrogé)cmg ydro as during the inal therfal treatmerit to thereby
allow the p&iafiftit UFREHP BEYINEHITT GoldSurfade layef to feaet &ith thehydréfén mélecules and
thus causingthegraltadione Rd)rtodntake hydrogencatanispit hhs decome possiblertostalslize more
securely the mixgre layerovhereingeld (Auand pallasien (Rd)armintermixed. By-vistueof the wire

construction, f the, presept inventign, at the time-ofthe creation ot 3 moljten,pall fartheirstbonding,
gold (Au), which_has thg lowest meltlng point &Jfo 4 degrees C) among the elements in the putermost

surface Iayesruo]ﬁﬁg Str ﬁ;ﬁ-@ggtaﬁg structlire’ starts Meifing and flows a%cSmﬁSﬁi%ﬁrb?/dpalladium,
which exist§ ftitéfrikéd With'gdid i grefsame layer, from the palladium layer in the intermediate layer
to a wire end face where it covers up the exposed copper core. Copper (Cu) has a higher melting point

(1085 degraes &9:tBan gold kAU and palladivp{Pehbutreadily fuses 8t the vure gnd faggavhere it is
contacted bmglmg@p d@@ﬁ'}g@r@é %ﬁé‘"ﬁ#@%_%??%'%%“@H@tgﬁlé%%a by, the mplten gold

working as a prime. Palladium (Pd), which has the highest melting point (1555 degrees C) among the
elements inth8 Wife, ¥mbitts SSiRAR A Sifagedr R pibe SRelthing HE meRihy'cohpet ¥6ia while, but
starts meltirRy s ti@ eopp@rms @ mofes dalls irrwhichie(Pd)as fakeh aRa Hifise’f ofiltke other
hand, that patladiumadint theppixturedayeriwhichnrgachedtbeayire @ndh taces accamparying the gold (Au),
Whilttlh h_etlg @teltgﬁénéh%é%t ﬁd@@ﬁ;, ifaﬁqtiﬁiéeﬂé%fnt@ *ﬂtm;rqggn%aéaﬁrﬁdt galg %ﬁpé%@@et@! finally

melts without becomi Qy, WO eparate in vicin he r nd thus is
thought to ré?a%r? i%ﬁ%%%%ﬁgerntgi%n' a%%cgllé)éiu%ﬁl%%dﬁ%%]ﬁﬁé Egﬁd&%av%irggigogﬁﬁg to the
present inveftidh had thE YoRSHLER SEFed &ibetfabbve st et Wi 16 et oS for Efdng time at
a high tempezathre, there occurs little separation of aluminum oxide or the like at the bonding interface
between the wire and the pad, and thus it has an excellent and lasting high temperature stability.

[Examples %@“%QQX ke InventignldQ048Lncthe caated copperwire of the prgsgntigvention, an
upper imit for 2. heoretigaluhickness of the ultra thin purface layer is 10 am. and g preferale upper
limitis 8 nm, and a more.pref]érable upper limit is A or even thi ner. I!iere, the "t eoretical
thickness" i§%etﬁ?a&1]e%§3dﬁfbﬁﬁ8859<grbﬁaﬂi&¥ i8Ry te thickiesS bFtie Surfdle TS 6f the time
of dry platinglpriny td #heecortivnioas wireddawdey, aind thislis adedsince tihe direct measirement of
the wholly dlad-ghresthinrsuwtacedayeris very diffictdin A peoportionality factor used to obtain this
"theoretical thickness" is a quotient obtained by dividing the wire diameter after a continuous drawing
of the bonding wire by the wire diameter before the continuous drawing. The actual thickness can be
directly observed by means of a high magnification3canning electron microscope, but even so what is
obtained is a rough mean film thickness since the value is on a nanometer order whether determined
theoretically or by direct measurement. The smaller the thickness ms, the easier it is for
Stranskm-Krastanov growth to take place involving gold (Au) and palladium (Pd). On the other hand,

when the thickness becomes over large, the interaction between gold (Au) atoms themselves
hacromec ecneeadiar than that hetween anld (Al and nalladinim (PAY o that nalladinim (PA) cannot



[0021] The intermediate layer is constituted by palladium (Pd). The melting point of palladium (Pd),
which is 1554 degrees c, is higher than that of copper (Cu), which is about 1085 degrees C, and that
of a copper alloy including trace element(s). For this reason, palladium (Pd) forms a thin skin to protect
the molten ball from oxidation that proceeds from side face, at the first stage when the core of copper
(Cu) or a copper alloy forms a spherical molten ball. The purity of the palladium intermediate layer

does not myehyaffest thesphericityof thenmoitenball ang the dragnitusie af its thigkaess gees not
cause ecoepiily iphedaal un oyderds allow sgninuus Wi, diawipg s negessafp use

palladium (Pd) of a purity of 99 mass % or ethl ness of the intermediate layer
1sarbltrarllyde st c?dtﬂo{;\%]ff@ratﬁéltéﬁ&ie]nw %ﬁf&gﬁ}iﬁépﬁle}ﬁﬁ’%?ﬁ}%%ﬂﬁrﬁl@&)eiﬂtermedlate
layer beconkes. thesslswerthe deterioration proceeds in the copper (Cu) or copper alloy core material.
[0022] Method for forming the palladium (Pd) intermediate coating layer maybe dry plating or wet
plating. The @l{@é{r@atjﬁg canbe aﬁwttﬁgggmg{gq)d Jon plating method, vacuum vapor deposition
method ort (? From the viewpoint of avoiding entrance of impurities, dry plating is preferable, but
when it is deS|re t] obtain a cross section with uniform circular mg forma-L.1(2)n, wet plating is to be
selected. [0828] T 6k to mMAREHR five PURGIEISHiet @HdWich %tﬁﬂé?)‘é}le?c?av]&qﬁ&wével the
galvanizingtattd afthuegarddo paladiams®d) ispreferdislyahvanmonlacalcdguedussolution or
cyanide aqueausrsblutienribattdoe® a0t comtain fialegart Jony os sulphate dorh Adsahglossa agents such
as high po'%ﬁ}%@%@@ﬁ% and metallic salt shquld nq{&?ﬁ%‘té”}ﬁ’@'ﬂ'@ﬂ%@y@{rllecs'[lt%lé%homd
111-affect th S her ICIthO the molten all. The fllm t at is electro Iated g core rrglade %f copper
(Cu), etc. ist ereafter orcﬂ%ly cgrﬁpres ed by contlnuous drawmgggo tha |ts film qua?ﬁl prgpertles are
not as Impditah? 4s thE fifR tB8mpdhentL IFtAB Fitmh Tdnigorferts ItGude sdiphti )tk chR%nter Into
the copper (Cuedarpg tre formationsfithelmditen balt ahdothere is adedr ¢hat it vorklivdardens the
molten ball.o&s the=palladium {Pd) gakvanizing=kath] i dd sipassible 46 adoptpallagium F-salt

(PA(NH32(NCE). ammerniumtite and potassium, Fltigle. o palladiupLesalfRINEAE (NO2)2),
alkalescent onla al aqueous solution of, ammom l—f: ate and q# ous atmmonla n%utral
ammonlaca aqueous sc]ﬁ %on ofePrdEKfljl )az éB 2 iﬁéﬁﬁdﬁla(]l §f%11fes Batent
S4715935) T Glcae 6?a%tﬁ%ﬁ§ﬁﬁgtu§%tofiﬁ§|¥£dluﬁ1|§§éft?@fﬁen@re%]térotlﬁér]:ﬂ—l%was the
larger the patticle Sizedof theudepesitibethme.dn hleaseun wititH)palladiunvistptatedipraiwet manner,
the purity obthe=oppet (Gu isrprefsrably:98:999 mass Ywer)ighee &aatla@r H}w 99.99-masm % in order
that an abnqrgg | deposition. %flﬂ EHL%'%B@&!GEPFQ fgj%rpdfor F? q%rg}ggy itJs possible
t

to lay a strlke platlng ulrathin of paII |um atln ), nickel or'the like before the
laying of the pgﬁacﬁu éf) p])fla‘f%ﬁ r]i]hé]’% g %r%[rgl? ?hdlflmlng gﬁv&%ﬁﬁw fhe Séjld (Au)
ultrathin suEf&ééIé?@ﬁélsso%slﬁt&W@oﬁﬁ@rt(Cih%&éSa‘%lﬂﬁ‘e ‘Elﬁ?etoﬁﬁ]effbﬁﬁ%ﬂoﬁ%fttﬁé molten
ball. [0025] ¥Withutespett ththe fBrmatick of & neciteaniall by meainssifare dischargey thé iespective

melting poins ©f the Mmetalswithinnthe coating layersateverydmporians @i@ﬁgﬁ parbRf arponding wire
IS CO”S“t“teLﬂq@é%‘i% qLhigh purity conper (Gu).sQ Q”%@ef'i‘ae%tﬁ‘@s%og‘% qfihecapper (Cu) (about

1085 degrees C he ke paint. Itis known that the core of a |g urity copper (Cu turns perfectly
spherical whér fit By gnp 1(:1“15&%&88 in o rEQUISHS tmbSpheTe’ NE’; SISt krioWn &t 558dre of a high
purity coppéf(Cii) ebated With pafadiarn (Pa MR sihericaneRei Attty at &R dISchARYE R a
non-oxidizingathabspherea Althougthithe meltisgqioinheftpatadipo (Pd) weinchisabdud 655 degrees
C, is higherithan Ml@i&%ﬁee%@lw@%w@%@é@ﬁé 96@&@@&%&&8 thought that pefladium is
forced to ac a@}/ % %og gCl,i) f;[#% V%ter t%nghhpg r&@é q %norkog(lghmlg(g%%sphere.

nt 0

However, aip oug e cas g wire of a h |ty g u) “when it is hi y arc
discharge itthet évﬁﬁa%w&%ﬁﬁgﬁéaﬁ%ﬁ&f&&ﬁﬁ ﬂ\]/éHBfHH@ %‘?rr?d%‘ﬁ)l‘?éjr% FB6rding wire in
which the céfeeofia hRjpurity coppér (€glis dirdetly-clad with a high purity gold (Au) would melt to
form a spear-like body and a spherical ball is not obtainable. The melting point of gold (Au), which is
about 1064 glegrees G, '§A@“@£Iﬁ%@% of £9PPERAGHhMVHEh !Lsyaﬁ%ét #9085 degrees .50 that the
surface IayertconS|st|n§tof the I ower mecthn Bo@i.gold % ) melts earlleitt}’ l;che coppera(Cu) does as
the 13 copper (& forms the § pherlcal molten ball, and thus the molten éllmmedlately tries to wrap
the wire en&%bﬁﬁs‘f"&%\%@nfe&frbrﬁ%BW%W@HQR@?%EI@%%@TW%&?%W@%? As a
result, it is thbeght diffuston of thedlowameltintepoiat geldi(an) (Md)théxpppet ECapoccwsd
predominanilye andkus;thieigalais absoehed kte the meken capper {€u), ancbiheteafterdbe palladium
(Pd) melts. The teace additive glementsdn fhe capper Gy barely.affect the melting gheagmenon.
Thus, in the case of a general palladium-clad copper wire, the thickness of the outermost gold (Au)
layer affects the sphericity of the molten ball, but inthe present invention, as described above, the gold
(Au) which has melted earlier promotes the melting of the copper (Cu) at the wire end face, but the
thickness of the gold/palladium mixture layer is on an order of several nanometers so that the amount
of gold (Au) is so small that its effect is limited, and as such the gold does not ill-affect the sphericity of

the molten ball. [0026] The wet plating operation of the palladium (Pd) intermediate layer has a
tandencys of caricina canaratinn of Irraatilar narticlae heacarice lavvelina acent and Aalocee aneant are nnt



Copper wires having diameters of 500 micrometers were drawn respectively from such copper (Cu)
ingots as detailed in Table 1 and they were used as the cores; in a usually practiced procedure a
2.0-micrometer-thick palladium (Pd) intermediate layer was deposited on the wire surface by
electroplating. The palladium (Pd) plating bath used for the electroplating was prepared by adding 10
gW/1 of phosphate to a neutral drnrtrodramine palladium bath and the purity of the thus obtained

palladium (Rd) was 99:%aNext at thesroom teraperatiy e gald(Au) aba pyt@f99.99 mass % was
sputtered by means of magnetron and a 0.08-micrometer-thick separation was obtained. The

thickness of the plating was measured by means of Auger electron spectroscopy (AES). Thereatfter,
this coated é88|&é‘r]wire was drawn through a die to a final diameter of 17 micrometers. The theoretical
film thickne596f thé gald (AU Wwaka0/0027hAikcedmetde NexXdtHé deforrdation begiived Gifting the wire
drawing operatiohrwas remevied and atpredeterminecd finahthemahtseatrhentdesigniesstoodontrol the

extension ratigstoaboyt 1% wasperfiormed. The conditians ofthis finahthegpaltreatment were such
that each chrg was as(s)%d ttt#reolu]gi%% %helrrrlnal treatment gjerréace vsvith aﬂl%ffecté\ﬂee treatmen length of
50 cm and an atmosghere of nitrogen p uss i?Z?hydro en at 988 degrees &', ata sBeeg Q? m/sec,
and then th& Wifd'w8s ToblktHiAH 16 % Hthsrol atfticous Sdtion &t 2braégreBY SR YTabfR 1]
Compositioh ot CeppardGore Cupbsitidrsefriorey (bpre)esamplesc R iZrsHasB T e bakthce 0000
00 2 balanes 18:®04ing the surface of the palladium (Pd) to hydrogen gas

at a high temperature, whereby the mixture layer was to be
stabilized. After the thermal treatment, if the aqueous
solution in which sudden cooling is effected is mixed with an
alcohol such as ethanol, it is better because the surface layer
of the suddenly cooled palladium (Pd) takes in hydrogen atoms
which are released as the alcohol is thermally decomposed.

[0012]

The present inventors decided to conduct the thermal treatment
based on the Stranski-Krastanov growth simultaneously as the
final annealing for controlling of the expansion/tensile
strength of the copper (Cu) bonding wire through a proper
controlling of the final thermal treatment after the continuous
drawing operation, and then by liquid-cooling the wire as soon
as it is passed through a brief and final thermal treatment,
they tried to secure a stabilized structure of gold (Au) and
palladium (Pd) intermixed layer.

[0013]

Furthermore, the present inventors decided to conduct the
thermal treatment based on the Stranski-Krastanov growth
simultaneously as the high temperature treatment for causing
the palladium (Pd) to absorb the hydrogen atoms as well as the
final annealing for controlling the expansion/tensile
strength of the copper (Cu) bonding wire through a proper
controlling of the final thermal treatment after the continuous
drawing operation, and they by liquid —cooling the wire as soon
as it is passed through a brief and final thermal treatment,
they tried to secure a stabilized structure of gold (Au) and
palladium (Pd) intermixed layer.

5
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[0014]

It is an object of the present invention to solve the
above-described problem and it is characteristic in having the
following construction. (1) A coated copper wire for ball
bonding of the present invention is a surface coated copper
wire for ball bonding having a wire diameter of 10 - 25
micrometers which includes a core made of copper (Cu) or a
copper alloy and an intermediate coating layer made of
palladium (Pd), wherein the intermediate coating layer is made
of a palladium of a purity of 99 mass % or higher, and an
uppermost layer of gold is formed over the intermediate layer,
and on that interface of the intermediate coating layer which
is not the interface facing the core is formed a mixture layer
having a mean thickness of 5 nm or smaller as measured from
the cross section observed by scanning electron microscopy in
which the palladium (Pd) and gold (Au) of a purity of 99.9 mass
% or higher are intermixed by thermal growth and the palladium
surface of this mixture layer 1is treated with hydrogen
diffusion.

[0015]

A concrete embodiment of the coated copper wire for ball bonding
of the present invention is as follows. (2) A coated copper
wire for ball bonding as described in the sentence (1) above,
wherein the mean (average) thickness of the cross section of

the mixture layer is 3 nm or smaller.

(3) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the mean thickness of the cross

section of the mixture layer is 1 nm or smaller.

(4) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the wire is coated with palladium
(Pd) by means of wet plating.

(5) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the palladium (Pd) is spatially
grown 1into the gold (Au) coating layer, by means of
Stranski-Krastanov growth, after the copper wire coated with
gold (Au) and palladium (Pd) is strongly drawn, whereby the

6
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mixture layer in which gold (Au) and palladium (Pd) are

intermixed 1s created.

(6) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the copper wire coated with gold
(Au) and palladium (Pd) having the mixture layer after being
strongly drawn was caused to absorb hydrogen in a
hydrogen-containing inert atmosphere at 450 - 700 degrees C.

(7) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the gold (Au) is put by magnetron

sputtering at a room temperature.

(8) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the intermediate coating layer is
palladium (Pd) put by means of wet plating.

(9) A coated copper wire for ball bonding as described in the
sentence (1) above, wherein the copper (Cu) constituting the

Q

core is a copper having a purity of 99.999 mass % or higher.

(10) A coated copper wire for ball bonding as described in
the sentence (1) above, wherein the copper (Cu) constituting

o

the core is a copper having a purity of 99.9999 mass % or higher.

(11) A coated copper wire for ball bonding as described in
the sentence (1) above, wherein the copper alloy constituting
the core is made of 0.1 - 500 mass ppm of phosphor (P) and the
balance copper (Cu).

(12) A coated copper wire for ball bonding as described in
the sentence (1) above, wherein the copper alloy constituting
the core is made of at least one of zirconium (Zr), tin (Sn),
vanadium (V), boron (B) and titanium (Ti) in a collective amount
of 0.5 - 99 mass ppm and the balance copper (Cu) with a purity

o)

of 99.9 mass % or higher.

(13) A coated copper wire for ball bonding as described in
the sentence (1) above, wherein the copper alloy constituting
the core is made of at least one of zirconium (Zr), tin (Sn),

7



60 0 45 155 0 11 balance 100 5 10 0 20 15 12 balance 200 20 15 15 30 5 [Example 2] [0030] A
coated copper wire as obtained under the same conditions of Example 1 was passed through the
thermal treatment furnace with an atmosphere of nitrogen plus 5 % hydrogen at 600 degrees C, at a
speed of 5 m/sec, and then the wire was cooled in pure water (at 40 degrees C). [Comparative
Example 1] [0031] What were done in Example 1 were done herein except that a gold (Au) of a purity
of 99 maZS_ Wa%@@%;@k@:@%&f&p@%? %%ﬂ%}t{% i%ﬁoﬁ%migfpﬁl%@l thiek Ehtﬁfrﬁi@@lﬂw |W§13
separated i re go [ ies - ct lectroplating
Engineers o%f%a?p))uéﬁ Ltd%?aér}% %ﬁ%&éﬁ%ﬁ%ﬁg 55%2%% tﬁ(;gé? the t e?tmglfrzoe{t)rinent uér)ﬁace with an

atmospherd GFitdfaR A 556 Uéteas € &4 Sded of b Middt. JBMparative Exampié 2f

[

% or higher.

[Effects of the Invention]

[0016]

According to the present invention, at the time of creating
a molten ball for the first bonding, the core copper (Cu) is
melted by letting it be stimulated with the melting of more
readily fusible gold (Au) as the prime, and then the palladium
(Pd) in contact with the copper (Cu) 1is melted, and finally
the surface palladium (Pd) impregnated with hydrogen atoms is
melted, so that it has become possible to uniformly and finely
disperse palladium (Pd) into the surface of the molten ball
which is brought in contact with the aluminum (Al) interface
on the pad.

Also, with the present invention, by properly controlling the
thickness of the layer of gold (Au) having a purity of 99.9
mass % or higher and the final thermal treatment, it has become
possible to form a mixture layer in which gold (Au) and
palladium (Pd) are intermixed, in place of a layer of an alloy

of gold (Au) and palladium (Pd).

Furthermore, by introducing hydrogen gas during the final
thermal treatment to thereby allow the palladium surfacing
beyond the gold surface layer to react with the hydrogen
molecules and thus causing the palladium (Pd) to intake
hydrogen atoms, it has become possible to stabilize more
securely the mixture layer wherein gold (Au) and palladium (Pd)

are intermixed.

By virtue of the wire construction of the present invention,
at the time of the creation of a molten ball for the first
bonding, gold (Au), which has the lowest melting point (1064
degrees C) among the elements in the outermost surface layer
of the Stranski-Krastanov structure, starts melting and flows
accompanied by palladium, which exists intermixed with gold
in the same layer, from the palladium layer in the intermediate

8



[0032] What were done in Example 2 were done herein except that the conditions of the final thermal
treatment were modified such that each wire was passed through a thermal treatment furnace with an
atmosphere of nitrogen plus 5 % hydrogen at 800 degrees C, at a speed of 8 m/sec. [0033] With
regard to the respective wires of the above-described examples and comparative examples,
manufacturing details are shown in Table 2. [Table 2] Manufacturing conditions for examples and

comparative gyamples Sfurnaee dempesattrgdegrees c)speed(p/see) atmespheresoslant Pd
coating metgggébtu coating method Example 1 700 8 N, + 5%H2 10% ethanol water (20 degrees C)

Copper (Cu) has a higher melting point (1085 degrees C) than
gold (Au) and palladium (Pd), but readily fuses at the wire
end face where it is contacted by molten gold (Au) and forms
a ball - the copper is stimulated to fuse by the molten gold

working as a prime.

Palladium (Pd), which has the highest melting point (1555
degrees C) among the elements in the wire, remains solid in
a shape of thin pipe sheathing the melting copper for a while,
but starts melting as the copper forms a molten ball, in which
it (Pd) is taken and diffuses; on the other hand, that palladium
in the mixture layer which reached the wire end face
accompanying the gold (Au), which hadmelted in the first place,
is stabilized by the hydrogen atoms it had absorbed and finally
melts without becoming an alloy, but would separate in the
vicinity of the ball surface and thus is thought to retain its
high concentration as palladium (Pd).

[0017]

The bonding wire according to the present invention has the
construction as described above so that when it is let to sit
for a long time at a high temperature, there occurs little
separation of aluminum oxide or the like at the bonding
interface between the wire and the pad, and thus it has an
excellent and lasting high temperature stability.

[Examples to embody the Invention]

[0018]

In the coated copper wire of the present invention, an upper
limit for a theoretical thickness of the ultra thin surface
layer is 10 nm, and a preferable upper limit is 8 nm, and a
more preferable upper limit is 7 nm or even thinner. Here,
the “theoretical thickness” 1is a thickness obtained by
proportion from the thickness of the surface layer as of the
time of dry plating prior to the continuous wire drawing, and
this is used since the direct measurement of the wholly clad
ultra thin surface layer is very difficult.

9



Pd plating Au sputtering Example 2 600 5 N2 5%1-12 pure water (40 degrees C) Pd plating Au
sputtering Comparative Example 1 550 5 N2 10% ethanol water (20 degrees C) Pd plating Au plating
Comparative Example 2 800 8

A proportionality factor used to obtain this “theoretical
thickness” is a quotient obtained by dividing the wire diameter
after a continuous drawing of the bonding wire by the wire
diameter before the continuous drawing. The actual thickness
can be directly observed by means of a high magnification
scanning electron microscope, but even so what is obtained is
a rough mean film thickness since the value is on a nanometer
order whether determined theoretically or by direct
measurement. The smaller the thickness is, the easier it is
for Stranski-Krastanov growth to take place involving gold (Au)
and palladium (Pd). On the other hand, when the thickness
becomes over large, the interaction between gold (Au) atoms
themselves becomes speedier than that between gold (Au) and
palladium (Pd) so that palladium (Pd) cannot surface beyond
the gold (Au) surface, and thus palladium fails to absorb
hydrogen atoms.

[0019]

The ultra thin gold (Au) surface layer is preferably put by
means sputtering method from the viewpoints of throwing power
and its conjugation with the intermediate coating layer. The
gold (Au) and other metals that are put by sputtering method
show good throwing power even if their purities are 99.9 mass
% or higher for the reason that they turn harder as the result
of the bombardment of the gaseous molecules. A surface layer
such as of gold (Au) fills in infinitesimal conjugation
interface recesses of the palladium (Pd) separation, which
turns harder in comparison during the continuous drawing at
cold temperatures, whereby the layer is strongly conjugated
during the cold drawing.

Incidentally, the ultra thin surface layer of a metal such as
gold (Au) which is laid by sputtering method does not assume
a geometrically balanced circular ring of a uniform thickness
when seen 1in cross section of the wire cut across a
circumference, but it is readily absorbed into the copper (Cu)
core by means of surface tension when a molten ball is created,
and the unevenness of the surface layer is cancelled and a
molten ball of a true sphericity is obtained.

10



N2 5%21-12 pure water (40 degrees C) Pd plating Au sputtering [0034]
Eachoneofthewirespreparedintheseexamplesandcomparative examples was bonded and stitched by
welding on an aluminum electrode, and estimation was made with regard to high temperature
reliability, bonding strength, and axial eccentricity. The stitching conditions, test conditions and result
of the estimation in each case are as follows. [0035] The ball bonding/stitching of the bonding wire was
conducted ysjng @commercially available automatic wire bonder (a ultrasonic thermo-compression
wire bonder, MAX, o, [ commerpial namsl manuigeiyed.oy K& G- bid A aalten ball was
made at a front end of each wire by an arc discharge using 18 Maxp[m plus Copger Kit.in a gas
atmosphere_\/\%%rléaasﬁ]i%‘?b YaPLlsnErting df4 v%ﬁﬂnté% méﬁﬁ?aﬂagﬁg balafide Kit'dgen was
passed at a&flew Fatevofcd. 590 mhd)° Thestsalkpointed Eraof théliife wWaststitehePteed ®n 827 m-thick
electrode filim madetef aluminumalplus 5% Chpkahlan a @ljconcsubstraiehandithe other end of
the wile was stitehed 40 ajlead framed(maste of- "allay 42" and-150gsalB thigkness) heated t, 200
degrees C ar}c%clag .Witrla platin&of 4-p£ra—thicck siIveHlA Ti}ga ca‘}pillary.ucsed was one made by SPT
. £ %C ively lnCF ase e s reng thhe " Wire’1tse . ereb,
Corporation, and the wile’bonder was set to operate at values, with respect to the molten ball, such

that Ball Size"WbllidbR"0t ERC Eile Motieahd FAB Size waliturfiSueh thafthd A&t Wameter of the
molten ball WarRitk bécsifie twicklabiiaggeas srdaile thameted. Thertehirigidormditiomtor ttke bonding
was regulated ssichhthatithe detasmed:hadl iatretes avartd bee2 &ntimes the avile diasetern [0036]
Estimation 9&@96@%@%@{@%%@9@%E@@bw@&%@eg&gpgf th@@bg\f@-(}gﬁ@r&bﬁ%g@@tlons was
used as re ective samgé? é)é ¥V|n(%lhetgeafg{(s)'%1 st tcfcl)ljgg %{‘dSW%% bor.l1ded on tQ? elee(gtrorgetfﬂm of
aluminum ( &us%_.g‘% S) and the second sti thng%na Was 6on5eo?on1fhe fea ﬁame Clad with a
plating of sifVef ¢ag).’Phds #61he MSPEiHERME of the Sarhple Were6fa SHab&8f 01t Square, and
they were pitehet ae 100ptind nterealst Alsonsohrnofneighisolad pais of theffirstsstitchettends were
so designed ¢cireuitisel ia glectricalhheopuedtiwith each-otherp Afterthe bonding sthe giscihtry was
sealed up with,a gomercially, availahle malding resin containing ahalggen, andthen syperfluous

parts of tie bars, tetc. were cut away, and.the samBI were cured for two hours aft 6em£erature of
175 degreeg‘a and ﬁﬁglfy eeoyx\% ré et {0°5it foF Certain ;S)?éndeetérrlmalﬁlear%ﬁﬁlen pe?io Sin & %lsgh
temperatur@RBafi- 1 fatidcer af & tempetatiie oF 220°deGiees 1. (Mehstiréifeh? of B Eféetric
resistance wags tohducted usinglS8ourgeietem(tye 2004) (B roduct Naime). mabwfactuiedeby
KEITHLEY SNSTRUMENTS/NG, ainicombination with aspegially-preppredle soekets angea specially

constructed;automatic 19, measuyrement system JThe, procedure,adeptedfor,this measyrement was
so-called D%four, termfllnal method. A ce£ta| consta%t eIecTc curren waﬁ let to_run frg@r\% 1o{obes for
e

measureme %)oe%v{/leé:n %el‘é%:felqnﬁetiﬁhﬁorintg ﬁai?él 0 gft%.rnaﬁ Y&dds(the pgirggélte%{le vere those for
which the paBS®AIRE FCEHpS Weed n SAdrEEiFcity) lahePhe voltage betivetrrtherobes was
measured. Stchhmeasupremetiof eleetricbgsistarce wiasicontpeted withtiespeet t0d@00eairs (that is,

200 pins) oteernad teagdsthefererand attarthe sitting incthefurnase, and ones whose electric
resistance rose by 20 % or more were considered as defective. Also, we measured the time, with

respect to each2sample, that was required for the defective percentage of the wires of each sample to
amount to Sbo‘% bhd the longer the time was the better the sample was rated. In particular, if such

time was 200"RoliFsC6rT8Rger itdvas Jirdyed tkathé Sariptel iisudehaveHo maj&eprobléms in use so
that we gavedia highest tating af (g3;1it sddhutimePaias neHessthan 150 hodesybetdess thars 200 hours,
we gave it a,3geend highgstratingaf C) fisieh time wagsne lessthap ko0 hows butdess-than 150
hours, we gave it raing of A, f suchtime was shorter than 190 hiaurs, We, gye, i lowest rating of x
The results of these ratings are as gﬁown In Ta‘\éle 3. , , )

this reason, palladium (Pd) forms a thin skin to protect the

molten ball from oxidation that proceeds from side face, at

the first stage when the core of copper (Cu) or a copper alloy

forms a spherical molten ball.

The purity of the palladium intermediate layer does not much
affect the sphericity of the molten ball, and the magnitude
of its thickness does not cause eccentricity in the ball; but

in order to allow continuous wire drawing it is necessary to
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[Table 3] High Temperature Stability Rating Result Example 1 Example 2 Comparative Example 1
Comparative Example 2 Sample No. . rating mixture layer (nm) rating mixture layer (nm) . rating
mixture layer (nm) . rating mixture layer (nm) 1 (:) 4

[e)

use palladium (Pd) of a purity of 99 mass % or higher. The
thickness of the intermediate layer is arbitrarily determined;
however, the tendency is such that the thicker the palladium
(Pd) intermediate layer becomes the slower the deterioration

proceeds in the copper (Cu) or copper alloy core material.

[0022]

Method for forming the palladium (Pd) intermediate coating
layer may be dry plating or wet plating. The dray plating can
be a sputtering method, ion plating method, wvacuum vapor
deposition method or the 1like. From the viewpoint of avoiding
entrance of impurities, dry plating is preferable, but when
it is desired to obtain a cross section with uniform circular

ring formation, wet plating is to be selected.

[0023]

In order to maintain the purity of copper (Cu), which is
prepared at a high level, the galvanizing bath with regard to
palladium (Pd) is preferably an ammoniacal aqueous solution
or cyanide aqueous solution that does not contain halogen ion
or sulphate ion. Also, gloss agents such as high polymer
compound and metallic salt should not be contained in the layer
lest they should ill-affect the sphericity of the molten ball.
The film that is electroplated on a core made of copper (Cu),
etc. is thereafter forcibly compressed by continuous drawing
so that its film quality properties are not as important as
the film components. If the film components include sulphur
(S), it can enter into the copper (Cu) during the formation
of the molten ball and there is a fear that it work-hardens
the molten ball.

As the palladium (Pd) galvanizing bath, it is possible to adopt
palladium P-salt (Pd(NH3)2 (NO;),), ammonium nitrite and
potassium nitrate, or palladium p-salt(Pd(NHs3), (NOy)2),
alkalescent ammoniacal aqueous solution of ammonium nitrate
and aqueous ammonia, neutral ammoniacal aqueous solution of
Pd (NH3) , (COO), and (NH4),HPO; (United States Patent S4715935).
In a case of a bath making use of palladium p-salt, the greater
the pH value was, the larger the particle size of the deposit
became. In a case inwhichpalladium is plated in a wet manner,

12
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o)

the purity of the copper (Cu) is preferably 99.999 mass % or
higher rather than 99.99 mass % in order that an abnormal
deposition of sputter film is prevented from forming.

[0024]

Incidentally, it is possible to lay a strike plating(ultrathin
plating) of palladium (Pd), platinum (Pt), nickel (Ni) or the
like before the laying of the palladium (Pd) plating, for the
purpose of controlling the timing at which the gold (Au)
ultrathin surface layer dissolves into the copper (Cu) core
at the time of the formation of the molten ball.

[0025]

With respect to the formation of a molten ball by means of arc
discharge, the respective melting points of the metals within
the coating layers are very important. A large part of a
bonding wire is constituted by the core of high purity copper
(Cu) so that the melting point of the copper (Cu) (about 1085
degrees C) 1is the key point. It is known that the core of a
high purity copper (Cu) turns perfectly spherical when hit by
an arc discharge in a reducing atmosphere.

Also is it known that a core of a high purity copper (Cu) coated
with palladium (Pd) turns spherical when hit by an arc discharge
in a non-oxidizing atmosphere. Although the melting point of
palladium (Pd), which is about 1555 degrees C, is higher than
that of copper (Cu), which is about 1085 degrees C, it is thought
that palladium is forced to accompany the copper (Cu) as the
latter turns spherical in the non-oxidizing atmosphere.

However, although in the case of a bonding wire of a high purity
gold (Au), when it is hit by arc discharge it melts and forms
a spherical molten ball irrespective of the atmosphere, a
bonding wire in which the core of a high purity copper (Cu)
is directly clad with a high purity gold (Au) would melt to
form a spear-like body and a spherical ball is not obtainable.
The melting point of gold (Au), which is about 1064 degrees
C, is lower than that of copper (Cu), which is about 1085 degrees
C, so that the surface layer consisting of the lower melting
point gold (Au) melts earlier than the copper (Cu) does as the

13
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copper (Cu) forms the spherical moltenball, and thus themolten
gold immediately tries to wrap the wire end face but 1is
prevented from doing so by the higher-melting point palladium
(Pd). As aresult, it is thought, diffusion of the low-melting
point gold (Au) into the copper (Cu) occurs predominantly, and
thus the gold is absorbed into the molten copper (Cu), and
thereafter the palladium (Pd) melts. The trace additive
elements 1in the copper (Cu) barely affect the melting

phenomenon.

Thus, in the case of a general palladium-clad copper wire, the
thickness of the outermost gold (Au) layer affects the
sphericity of the molten ball, but in the present invention,
as described above, the gold (Au) which has melted earlier
promotes the melting of the copper (Cu) at the wire end face,
but the thickness of the gold/palladium mixture layer is on
an order of several nanometers so that the amount of gold (Au)
is so small that its effect is limited, and as such the gold
does not ill-affect the sphericity of the molten ball.

[0026]

The wet plating operation of the palladium (Pd) intermediate
layer has a tendency of causing separation of irregular
particles because leveling agent and gloss agent are not
included. Also, the dry plating operation of the same has a
tendency of causing separation in the form of a layer aligned
with the crystal plane of the high-purity copper (Cu) core.
In either case, the wire cross section would not exhibit a
perfect circular ring, but so long as the thickness of the

surface layer is 1 nm or greater it suffices.

[0027]

It is possible to form, over the intermediate coating layer,
a surface layer consisting of a high purity gold (Au) or the
like having a more uniform thickness by conducting an operation
such as turning the wire about its axis during sputtering,
reciprocating the wire axially during sputtering, sputtering
upon the wire from both sides of the wire, instead of merely
relying on the throwing power of sputtering. The surface layer
consisting of a high purity gold (Au) or the like has a good
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ductility so that it is possible to conduct upon it a continuous
drawing down to the final wire diameter copying the die hole
shape of the diamond die. During the continuous wire drawing,
the clearance forming the interface between the surface later
consisting of gold (Au) or the like and the intermediate coating
layer is filled up, so that even if an abnormal separation or
the like occurs during the wet plating of the palladium (Pd)
intermediate layer, it does not mechanically penetrate the
surface layer to form a separation, with a result that the
surface of the bonding wire is coated entirely with gold (Au)
or the like.

[0028]

As for the continuous wire drawing operation, a wet type wire
drawing, which is conducted in cooling water, is better. This
is because the outermost surface layer is constituted by the
extremely thin coating layer, and thus it is feared that, if
a dry type wire drawing is adopted, the heat created by the
strengthened compression would cause the gold (Au) of the ultra
thin surface layer to diffuse into the copper (Cu) core and
thus be lost. In order to lower the frictional resistance
between the diamond die and the gold (Au), it is advised to
use a commercially available metal lubricant liquid solution
to which a surfactant is added and which is thinned with a
diluent such as water or alcohol, and also to conduct the
continuous wire drawing in a solution such as an aqueous
solution containing ethyl alcohol, methyl alcohol or isopropyl
alcohol.

[Example 1]
[0029]

Hereinafter we will explain examples.

Copper wires having diameters of 500 micrometers were drawn
respectively from such copper (Cu) ingots as detailed in Table
1 and they were used as the cores; in a usually practiced
procedure a 2.0-micrometer-thick palladium (Pd) intermediate
layer was deposited on the wire surface by electroplating. The
palladium (Pd) plating bath used for the electroplating was
prepared by adding 10 gW/1 of phosphate to a neutral
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05x4x13120501x3x16 [0037] Estimation of bonding strength For the estimation of bonding
strength, the above-mentioned electrode film of aluminum (Al plus 0.5% Cu) was not used, but a ball
bonding/stitching of the bonding wire was conducted upon a lead frame (made of "alloy 42" and 150lI=
thickness) heated to 200 degrees C and clad with a plating of 4-gm-thick silver (Ag) at both ends of the
wire. Three thousand nine hundred twenty wires were bonded in each case, and when the number of
bonding failyre, was neimare thap oneave gave-a fatingof abawhen 2ite 3 & whepd 91200, and

when 21 or (g%c%rgll?( Eheggﬁliglé gqu indTabL? 4. [B@bleo4] Borlgér%q Strength Rating Result

Example 1 Example 2 C aratlve Example 1 Comparative Exam

emperature gol (Au) of a purity of 99. 991nass° was sputtered
by means of magnetron and a 0.08-micrometer-thick separation
was obtained. The thickness of the plating was measured by

means of Auger electron spectroscopy (AES).

Thereafter, this coated copper wire was drawn through a die
The theoretical film
Next, the

deformation acquired during the wire drawing operation was

to a final diameter of 17 micrometers.

thickness of the gold (Au) was 0.0027 micrometer.

removed and a predetermined final thermal treatment designed
to control the extension ratio to about 10 % was performed.
The conditions of this final thermal treatment were such that
each wire was passed through a thermal treatment furnace with
an effective treatment length of 50 cm and an atmosphere of

(o)

nitrogen plus 5 % hydrogen at 700 degrees C, at a speed of 8

[e)

m/sec, and then the wire was cooled in a 10 % ethanol aqueous
solution (at 20 degrees C).

[Table 1]

Composition of Copper Core

composition of core (ppm)
samples Cu P Zr Sn V Ti
1 balance 0 0 0 0 0 0
2 balance 10 0 0 0 0 0
3 balance 50 0 0 0 0 0
4 balance 0 5 0 0 0 0
5 balance 0 0 8 0 0 0
6 balance 0 0 0 4 0 0
7 balance 0 0 0 0 10 0
8 balance 0 0 0 0 0 6
9 balance 51 15 0 20 0 10
10 balance 60 0 45 15 5 0
11 balance 100 10 0 20 15
12 balance 200 | 20 15 15 30 5
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Sample No. rating mixture layer (nm) rating mixture layer (nm) rating mixture layer (nm) rating mixture
layer (nm)10405X3X122'CD303

[Example 2]

[0030]

A coated copper wire as obtained under the same conditions of
Example 1 was passed through the thermal treatment furnace with
an atmosphere of nitrogen plus 5 % hydrogen at 600 degrees C,
at a speed of 5 m/sec, and then the wire was cooled in pure
water (at 40 degrees C).

[Comparative Example 1]

[0031]

What were done in Example 1 were done herein except that a gold
(Au) of a purity of 99 mass % with a thickness of 0.0027
micrometer (0.0027 micrometer thick theoretically) was
separated in a pure gold plating bath (AUTRONEX series GVC-S
manufactured by Electroplating Engineers of Japan Ltd.), and
that each wire was passed through the thermal treatment furnace
with an atmosphere of nitrogen at 550 degrees C, at a speed
of 5 m/sec.

[Comparative Example 2]

[0032]

What were done in Example 2 were done herein except that the
conditions of the final thermal treatment were modified such
that each wire was passed through a thermal treatment furnace
with an atmosphere of nitrogen plus 5 $ hydrogen at 800 degrees
C, at a speed of 8 m/sec.

[0033]

With regard to the respective wires of the above-described
examples and comparative examples, manufacturing details are
shown in Table 2.
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X2X93'CD302X4X1040504A3X115'CD205X2X

[Table 2]

Manufacturing conditions for examples and comparative examples

furnace Pd Au
speed ) )
temperature atmosphere coolant coating coating
(m/sec)
(degrees C) method method
10%
ethanol
Pd Au
Example 1 700 8 N, + 5%H, water . i
plating | sputtering
(20
degrees C)
pure water
Pd Au
Example 2 600 5 N, + 5%H, (40 . )
plating | sputtering
degrees C)
10%
) ethanol
Comparative Pd )
550 5 N, water . Au plating
Example 1 plating
(20
degrees C)
. pure water
Comparative Pd Au
800 8 N, + 5%H, (40 . )
Example 2 plating | sputtering
degrees C)
[0034]

Each one of the wires prepared in these examples and comparative

examples was bonded and stitched by welding on an aluminum

electrode, and estimation was made with regard to high
temperature reliability, Dbonding strength, and axial
eccentricity.

The stitching conditions,

estimation in each case are as follows.

[0035]

test conditions and result of the

The ball bonding/stitching of the bonding wire was conducted

using a commercially available automatic wire Dbonder (a

“MAX 1 m Ultra” [a

A molten ball

was made at a front end of each wire by an arc discharge using
18

ultrasonic thermo-compression wire bonder
commercial name] manufactured by K&S Co., Ltd.



136'CD1'CD1X5X10700502X4X98 303X2X149

Maxpum plus Copper Kit in a gas atmosphere where a mixture gas
consisting of 4 volume % hydrogen and the balance nitrogen was
passed at a flow rate of 0.5 (1/mm).

The ball-pointed end of the wire was stitched toa 0.8-um-thick
electrode film made of aluminum (Al plus 0.5% Cu) laid on a
silicon substrate, and the other end of the wire was stitched
to a lead frame (made of “alloy 42” and 150umin thickness)
heated to 200 degrees C and clad with a plating of 4-um-thick
silver (Aqg). The capillary used was one made by SPT
Corporation, and the wire bonder was set to operate at values,
with respect to the molten ball, such that Ball Size would be
of EFO Fire Mode and FAB Size would turn such that the actual
diameter of the molten ball would become twice as large as the
wire diameter. The stitching condition for the bonding was
regulated such that the deformed ball diameter would be 2.5

times the wire diameter.

[0036]
Estimation of high temperature stability

FEach wire bonded under the above-described conditions was used
as respective sample, of which the first stitching end was
bonded on the electrode film of aluminum (Al plus 0.5% Cu) and
the second stitching end was bonded on the lead frame clad with
a plating of silver (Ag). Pads for the first stitching of the
sample were of a shape of 90um square, and they were pitched
at 100um intervals. Also, some of neighboring pairs of the
first stitched ends were so designed circuit-wise to
electrically connect with each other. After the bonding, the
circuitry was sealed up with a commercially available molding
resin containing a halogen, and then superfluous parts of tie
bars, etc. were cut away, and the samples were cured for two
hours at a temperature of 175 degrees C, and finally they were
let to sit for certain predetermined time periods in a high
temperature heating furnace at a temperature of 220 degrees
C. Measurement of the electric resistance was conducted using
“Sourcemeter (type 2004)” (Product Name) manufactured by
KEITHLEY INSTRUMENTS INC., in combination with a specially
prepared IC sockets and a specially constructed automatic
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'CD202A1X1510'CD404X2X1111'CD405X4X1312050

measurement system. The procedure adopted for this
measurement was so-called DC four terminal method. A certain
constant electric current was let to run from probes for
measurement between selected neighboring pairs of external
leads (the pairs selected were those for which the pads on the
IC chips were in short circuitry), and the voltage between the
probes was measured. Such measurement of electric resistance
was conducted with respect to 100 pairs (that is, 200 pins)
of external leads before and after the sitting in the furnace,
and ones whose electric resistance rose by 20 % or more were
considered as defective. Also, we measured the time, with
respect to each sample, that was required for the defective
percentage of the wires of each sample to amount to 50 %, and
the longer the time was the better the sample was rated. 1In
particular, if such time was 200 hours or longer, it was judged
that the sample would have no major problems in use so that
we gave it a highest rating of ©; if such time was no less than
150 hours but less than 200 hours, we gave it a second highest
rating of O; if such time was no less than 100 hours but less
than 150 hours, we gave it a rating of A; if such time was
shorter than 100 hours, we gave it a lowest rating of X.

The results of these ratings are as shown in Table 3.
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1 X 3 X 16 [0038] Estimation of Axial Eccentricity In order to estimate the axial eccentricity, a
ultrasonic thermo-compression wire bonder "MAXptm Ultra" [a commercial name] manufactured by
K&S Co., Ltd. was used to continuously make FAB with the Loop Parameter set to assume a FAB
Mode whereby estimation was effected. Bonding was continuously conducted upon a lead frame
heated to 200 degrees C and clad with a plating of 4-btm-thick silver (Ag), and the electrode film of
aluminum (Alrglys .50 Cu) was not used. Incidentally, the other parameters regarding the wire
bonding operation were the same as those adopted in the damage estimation of the above-mentioned
electrode filrHighalTemperdAine Stabilit ¢ Ralihg désultion was conducted by first observing the

shapes of 200 maolten balls before the stitching, in particular the quality of axial eccentricity and
dimension accuracy.|The number of cases wherein the ana ecc%iiggg%g%twee N thec\,w;1 Q,%Qall was
more than 5 nm was counEgdmahd w_hen the (ﬁxamblwas no more than one1 the baII for atloré was
considered|good and the highest rating of C) was given, and when tHé°count was fiePsittation
was considerggproblem-frep ip,pkagtical use so thatihe relatively gapd rating.ef 0 Was gﬁyﬁn,,etquer
when the cpunfwas bratinghe gygreE raglr_wg’@ff}& vgs glv(en,)awdann 10 pr more th@tkﬂg) st rafing of X
was given. [Fhe-result-of-s5-uich esiimationis-Showh i able-5. [Tabb%iﬁe&&%%m
Estimation Exa}‘nple 18a nple 24Com. arQtiv Exanqlole 1 uo@ipa ative %xamp e 2's ing
mixture layer (ntn) ratin@mixture Byer (nm) 3 X 2 X 9

3 O 3 O 2 X 4 X 10

4 © 5 O 4 X 3 X 11

5 © 2 © 5 X 2 X 13

6 © 1 © 1 A 5 X 10

7 © 5 O 2 X 4 X 9

8 © 3 © 3 X 2 X 14

9 © 2 O 2 X 1 X 15

10 O 4 O 4 X 2 X 11

11 O 4 O 5 X 4 X 13

12 O 5 O 1 X 3 X 16

[0037]

Estimation of bonding strength

For the estimation of bonding strength,

the above-mentioned

electrode film of aluminum (Al plus 0.5% Cu) was not used, but

a ball bonding/stitching of the bonding wire was conducted upon

a lead frame (made of “alloy 42” and 150umin thickness) heated

to 200 degrees C and clad with a plating of 4-um-thick silver

(Ag)

at both ends of the wire.

Three thousand nine hundred

twenty wires were bonded in each case, and when the number of

bonding failure was no more than one we gave a rating of ©,

when 2 to 3 O, when 4 to 20 O,

The result is shown in Table 4.
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[Table 4]
Bonding Strength Rating Result

rating mixture layer (nm) rating mixture layer (hm) 1 (1) 4 @ 5x3x122 @3 @3A2x93 @30

Comparative Comparative
Example 1 Example 2
Example 1 Example 2
i ) mixture mixture
Sample ) mixture ) mixture ) .
rating rating rating layer rating layer
No. layer (nm) layer (hm)
(nm) (nm)
1 O 4 O 5 X 3 X 12
2 © 3 O 3 X 2 X 9
3 © 3 O 2 X 4 X 10
4 O 5 O 4 A 3 X 11
5 © 2 O 5 X 2 X 13
6 © 1 © 1 X 5 X 10
7 O 5 O 2 X 4 X 9
8 O 3 O 3 X 2 X 14
9 © 2 O 2 AN 1 X 15
10 © 4 O 4 X 2 X 11
11 © 4 O 5 X 4 X 13
12 O 5 O 1 X 3 X 16
[0038]

Estimation of Axial Eccentricity

In order to estimate the axial eccentricity, a ultrasonic
thermo-compression wire bonder “MAX um Ultra” [a commercial name]
manufactured by K&S Co., Ltd. was used to continuously make
FAB with the Loop Parameter set to assume a FAB Mode whereby
estimation was effected. Bonding was continuously conducted
upon a lead frame heated to 200 degrees C and clad with a plating
of 4-um-thick silver (Ag), and the electrode film of aluminum
(Al plus 0.5% Cu) was not used. Incidentally, the other
parameters regarding the wire bonding operation were the same
as those adopted 1in the damage estimation of the
above-mentioned electrode film of aluminum (Al plus 0.5% Cu).
The estimation was conducted by first observing the shapes of
200 molten balls before the stitching, in particular the
quality of axial eccentricity and dimension accuracy. The
number of cases wherein the axial eccentricity between the wire

and ball was more than 5 nm was counted, and when the count
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2X4x104@5@4x3x115@2@5x2x136@ 1@ 1x5

was no more than one, the ball formation was considered good
and the highest rating of © was given, and when the count was
2 — 4, the situation was considered problem-free in practical
use so that the relatively good rating of O was given, but when
the count was 5 — 9 the lower rating of A was given, and when
10 or more the worst rating of X was given.

The result of s5.uch estimation is shown in Table 5.

[Table 5]

Result of Axial Eccentricity Estimation

Example 1 Example 2

Comparative Comparative

Example 1 Example 2

Sample . mixture ) mixture ) .
rating rating rating layer rating
No. layer (nm) layer (nm) ()
nm

mixture mixture
layer

(nm)

12

9

10

11

13

10

9

14

15
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[0039]

As is shown in Table 2, Example 1 and Example 2 differ from
each other in the heat treatment conditions and the cooling
conditions, but from the results of the estimations shown in
the tables, one can see that there is no major difference
between the two in terms of the thickness of the mixture layer,
while their estimation results lowered somewhat. In contrast

to these, Comparative Example 1 does not show much difference
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in the mixture layer thickness but the result of its estimation
is not good on account of the fact that hydrogen was not added
to the atmosphere for the heat treatment. Also, since Au
plating was adopted as the method for applying the Au coating,
the adhesiveness and the densification of the coated layer
would become lower compared to the one obtained by wet-type
plating, so that there would exist local unevenness in the film
thickness and also due to no small amounts of impurities from
the additives and pH control agents, good estimation result

was not obtained.

Also, on account of the fact that the heat-treatment
temperature was too high in the case of Comparative Example
2, the thickness of the mixture layer got way larger than what
is claimed in the present application, and accordingly the
effect of the invention was not enjoyed.

It is recognized from this that the thickness of the mixture
layer 1s a determinant factor and that the effect of the
hydrogen addition is not small.

[Industrial applicability]

[0040]

The coated copper wire for ball bonding of the present invention
exhibits a high bonding reliability when stitched to an
aluminum electrode in a high temperature atmosphere, and this
without trading off its characteristics of low electric
resistance inherent to a high purity copper, of which the wire
core is made, and its low price, so that it recommends itself
to various types of applications.
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@4@4x2x1111@405x4x1312@ 5@ 1x3x16 [0039] As is shown in Table 2, Example 1
and Example 2 differ from each other in the heat treatment conditions and the cooling conditions, but
from the results of the estimations shown in the tables, one can see that there is no major difference
between the two in terms of the thickness of the mixture layer, while then- estimation results lowered
somewhat. In contrast to these, Comparative Example 1 does not show much difference

[Document name]

Scope of what is claimed

[Claim 1]

A surface coated copper wire for ball bonding having a wire
diameter of 10 - 25 micrometers comprising a core made of copper
(Cu) or a copper alloy, an intermediate coating layer made of
palladium (Pd) of a purity of 99 mass % or higher, and an
uppermost mixture layer consisting of gold (Au) and palladium
(Pd) and having a cross-sectional average thickness of 5 nm
or smaller when measured by scanning electron microscopy; said
surface coated copper wire being characterized by that said
gold (Au) of said uppermost mixture layer has a purity of 99.9
mass % or higher and had originally formed a single surface
layer but was penetrated and broken into pieces by palladium
(Pd) which has thermally grown from said intermediate layer
to penetrate through the gold layer to thereby be locally
exposed adjacent to the broken gold pieces as a result of a
heat treatment conducted in a hydrogen containing atmosphere,
said palladium (Pd) being diffused with hydrogen as a result
of said heat treatment.

[Claim 2]
The surface coated copper wire for ball bonding as claimed in
Claim 1, characterized by that the mean thickness of the cross

section of the mixture layer is 3 nm or smaller.

[Claim 3]
The surface coated copper wire for ball bonding as claimed in
Claim 1, characterized by that the mean thickness of the cross

section of the mixture layer is 1 nm or smaller.

[Claim 4]

The surface coated copper wire for ball bonding as claimed in
Claim 1, characterized by that thewire is coatedwith palladium
(Pd) by means of wet plating.

[Claim 5]
The surface coated copper wire for ball bonding as claimed in
Claim 1, characterized by that saidpalladium (Pd) is spatially
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in the mixture layer thickness but the result of Its estimation is not good on account of the fact that
hydrogen was not added to the atmosphere for the heat treatment. Also, since Au plating was adopted
as the method for applying the Au coating, the adhesiveness and the denszfzcatzon of the coated
layer would become lower compared to the one obtained by wet-type plating, so that there would exist
local unevenness in the film thickness and also due to no small amounts of impurities from the

additives angl-picontrof ggentss gogd 1Q§tim(a$'!9p reg»gg Wasghotiehtaiped. ;e.i,so,r@;@aafg:owf of the fact
that the heaé%fﬁ%@ﬁ@—%@%%e{ ae ;&ra{fs\?vf&@'g #9 the ca eé’&é&é@%&%@@@%@e& ghe thickness

of the mixture layer got way larger than what is claimed In the present application, and accordingly the
effect of thegiﬂ%ét&‘)ngagrh%t Rijoyed TS fecdynizeddrmtHis¥hat ha thickRESS B thE Wixture layer
is a determinalitfaetor hpdeat the effectbf the hydréfen additiorPis ot diiall. [Intilistriak&pplicability]
[0040] The toatedncopper wirederbalebonding of the present invention exhibits a high bonding
reliability when stitched to an aluminum electrode in a high temperature atmosphere, and this without
trading off it&clhalr%ct%ﬁistics of low electric resistance inherent to a high purity copper, of which the
wire core is mage, and its low price, so that it recommends itself to various types of applications.
[Document hafme] ScopeofWhatS G CIamT 1 Arstifade RBA&H Coperitite féibailbonding
having a wifeldiaimelter 6180 225 ewicrordeters Ebmprisingch cormade bf eoppet@l)vortdicopper
alloy, an intesmediate:¢oating layen aadenof padladiusy (Pd) ofreepority i 99 mase % efhigher, and an
uppermost.g@gt%e layer sonsisting-gf gold; (Au) and naljadiym £_1%@o%‘ﬂ>d W&%e&ﬁosweaﬂonal
average th|%kn >SS of S.nm or g{naillgr wheen rgeagrlrjlresd k%y scanning glectron microscopy; ?ald surface
coated coppé’r wire %eing characterized %y]ihafEt said g% a fAu) gf sal uppermos??hlxture ayer has a
purity of 99.9 mass % or higher and had originally formed a single surface layer but was penetrated
and broken iftoapierces] by palladium (Pd) which has thermally grown from said intermediate layer to
penetrate thradgbdhe gold tayet taitherpby bedoeally exppsad adiacenhtp the brekenegoldpieces as a
result of a hept trgatment fonducted in a hygrogen centaining aigosphare) said paliadiurp Pd) being
diffused Wltrq h rollrotygren as a r%stult of said Jc'urea treatnrpetnt. Claim 2] The surface coated copper wire for
ball bonding as claimed i 'Claim 1, charactefizéd %y that the niean thickness of the cross section of
the mixture layer is 3 nm or smaller. [Claim 3] The surface coated copper wire for ball bonding as
claimed in Claim 1m characterized by that the mean thickness of the cross section of the mixture layer

is 1 nm or smallesuGlaive 44 Jhesurtasecoatad copper wikel fordal bongling asiclaimed inClaim 1,

characterized by it the.yire s Soates ity paladiun (PA)bX means alovet plaing. [Claum 5] The
surface coated ¢ er wire for ball b ndln‘gsa%clalmed in C!ﬁalm 1, chfrac,tenzed by that said palladium
c

(Pd) is spatilzﬁly %iaowfft ?Htgrfhe 5 H (155\ gtirrlmge %@gr,%y M8anS of StrAfskz-Krastanov growth,

after the copper wire coated with gold (Au) and palladium (Pd) is strongly drawn, whereby the mixture
layer in whic¢le geldn(Au) and palladium (Pd) are intermixed is created. [Claim 6] The surface coated

copper wirerfige ball bonding-as elaimesp Laim e charagignized bydhalsaid copperyvre goated with
gold (Au) apd pajladium (bd) having;the mixture layerter heing.strqngly drawn was Gaysed to absorb

hydrogen in a hydrogen-containing inert atmosphere at 450 - 700 degrees C, [Claim 7] The surface
coated copper e Tor balFbOHEIG 8 EIATEc I Bl Sharaciny8d by that sSIGeTd cau) is aid

by magnetron sputtering at a room temperature. [Claim 8] The surface coated copper wire for ball

bonding as ¢taimeéd in Claim 1, characterized by that said intermediate coating layer is of palladium

(Pd) put by fgans,efrwetplatingelClabp 9t r wire for ball bonding as claimed in
Claim 1, characterized by that the copper (Cu) constituting

(o)

the core is a copper having a purity of 99.9999 mass % or higher.

[Claim 11]

The surface coated copper wire for ball bonding as claimed in
Claim 1, characterized by that the copper alloy constituting
the core is made of 0.1 - 500 mass ppm of phosphor (P) and the
balance copper (Cu).
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The surface coated copper wire for ball bonding as claimed in Claim 1, characterized by that the
copper (Cu) constituting the core is a copper having a purity of 99.999 mass % or higher. [Claim 10]
The surface coated copper wire for ball bonding as claimed in Claim 1, characterized by that the
copper (Cu) constituting the core is a copper havzng a purzty of 99.9999 mass % or hzgher. [Claim 11]
The surface coated copper wire for ball bonding as claimed in Claim 1, characterized by that the
copper alloy egnstifuting the core is made of 0.1 - 500 mass ppm of phosphor (P) and the balance
Copper CurniClaim 21 The sulaceconted copbe wiie for baanging.as cmedin Can 1
characterized e copper allgy constituting the core Is ma e of at'least one of zirconium (Zr), tin

(Sn), vanadﬁrﬁ W), borﬁE)}P]a(ﬁﬁi ahd J{&gfﬁi GnPeri ﬂha& CollECHPRNDURL PY. 55089 Mass PP and the
balance copper (G Swills apiiity of 9919 heasswaehigher JCIaIML 18] THE surfaéd coated copper wire
for ball bondiagaasiclainied incClaim I Reharattetized bynthér theicoppes alley canstitutingrihe core is

made of at least one_olzirgRnIUM ) Sty (SRk ianadivm (M, haren (B) angdititanium (T} in a
collective amoupt,0f,0.5 - 99 mass nd phosphor in an amount of 0.1 - 500 mass ppm and the
balance copper ( u? Wlt% a purlty o?@bg;mass % or higher. [Claim 14] The surface coated copper wire
for ball bonding as claimed in Claim 1, characterized by that the copper alloy constituting the core is
made of at I[Easedre bBzirconium (Zr), tin (Sn), vanadium (V), boron (B) and titanium (T1) in a
collective amoding of 6 5-e99 daassippoiard-phosghdoin amamasiof Ag 83 massippra and the

balance coppef (W) ,WighéPé'gEyleigz%g FB?S%?{&QI’ P@effopper alloy constituting
the core is made of at least one of zirconium (Zr), tin (Sn),
vanadium (V), boron (B) and titanium (Ti) in a collective amount
of 0.5 - 99 mass ppm and phosphor in an amount of 0.1 - 500
mass ppm and the balance copper (Cu) with a purity of 99.9 mass

o)

% or higher.

[Claim 14]

The surface coated copper wire for ball bonding as claimed in
Claim 1, characterized by that the copper alloy constituting
the core is made of at least one of zirconium (Zr), tin (Sn),
vanadium (V), boron (B) and titanium (Ti) in a collective amount
of 0.5 - 99 mass ppm and phosphor in an amount of 1 - 80 mass

ppm and the balance copper (Cu) with a purity of 99.9 mass %
or higher.
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