A COVERED CU WRE FOR BALL BONDI NG FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to a
covered Cu wire, connecting by ball bonding wth

el ectrodes on seni conductor devices and | ead parts of
electric circuit substrates. STATE OF THE ART [ 0002]
Qurrent |y, AeGVRRiD &Y wWikk FOT BALITBORRIMG AU Wi re
as a bonding wre is mainly use by ball bonding with
el ectrodes on seni conductor devices and outer | eads.

' INng wWire, therno-sonic-conpression
FI@QE?}?@%R&?{E&W used, and it is used a multi-
[000HF pose bondi ng equi pnent and a capillary jig

threading the wire through its inside. At the first
bondF hmpremamwgtlam cielnfea; tenicayerad tGypwise, vﬁrmecbmg W balg bonding

it} R s oh SRR A b A A ERH Gt Bl
electrode heated up the range of 150 - 300 degrees
sius on a seni conductor device. Follow ng this
SP@TEﬁn;EHEéiRTforn1ng a | oop shape of wire by a
[0 dfplllary jig, at the second bonding, the wire is
rectly bonded by thernp-sonic-conpression to an
outer |ead side, and then the wire is cut away.
0003] Recent. years, such, structures, jals and

ter
Cutbfifl Ay SHOSEA AT o] BEIEHTS SRS BES 28 3 9RcioRgr g dpeinly used
by BhlY %Eﬁdﬂﬁ% & eRLddes dn §erﬂ15b°ﬁd%%‘? defreedind outer lea s. lfor this Au

I npl ementation structure, new nodes suc
bondargkaye, rtgcm(yifbmnscmrgpmsmmremethodasl gémaaibsusednahcm lid used a multi-

P R P EeRL AL G T vee o DB urvIch IEP S 1 OlFde. At the

ﬁrsH@@ndlh% HegtifE dhd 'hﬁgteﬁﬁhg ? dﬂ'vh?e WA Y @datiR0 F?ormln a ball with
characteristics, bondability and nass produ0| %

surfage Gapionhpr dhis bell part n&mmpmiseqi pd Bongked o Al pkgtrmkr l@ated up the
rang §f ?&(?’ 0 ?ﬂbvd%%(?eg b%fjs uscc%n e? bt &cgorrdéylcgjﬁ%g)ﬁg% gHs step, after

rat es on € F o At er al
formdfpth lodp Bhapet dfomire bp @ capillatyi fighk ehelsecond bonding, the wire is directly

bonded by thermo-sonic-compression to an outer lead side, and then the wire is cut away.

[0003]

Recent years, such structures, materials and bonding technologies of semiconductors
packaging are diversified rapidly, for instance, as an implementation structure, new modes
such as Quad Flat Packaging: QFP using current lead flames, and Ball Grid Array: BGA
using substrates and polyimide tape and Chip Scale Packaging: CSP have been in practical
use, it is required bonding wire improved loop characteristics, bondability and mass

producibility.

[0004]
Objective partner materials of bonding wire are also diversified, on electric circuit of

Silicon substrates, and on electrode materials, Cu has been used in practical use as suitable



for finer circuits, adding current A alloys.

Mor eover, many cases are treated such Ag plated and
Pd plated on | ead-frames, and nmenbrane of precious
metal s such as An and/or its alloys on Cu circuit on

for rfﬁx%f ralrw&s taa&ihg RRGHOAL taﬂ@?s Mbreb$err Al T @est &rel tFRAIQAVRIch Ag
bondabi | wire and l1ability of bondi ng

platedaneé &g Gﬂﬂﬁ:(ﬁhgn teadiftrenss, @bji mhr@lfmfmrmeusrmctel& sai:ls apfu and/or

l.nst wre

ts EH0F oH o e e Rt A e Sl ity bapgabiiey
of Wire%nt, lidtilifyl & bondihg Icsrrss_latmdﬁlg redthese bjeétivevbarthe®materials of

the 3N - the 6N series he purity is nore than 99.9
bondingg. 9999 wt %) However, in the case of Cu wire,

there is a flawthat is easy to oxidize. On the

requi renents from bondi ng technologies, it is
[000sportant to forma ball with good sphereness at ball

form ng and tq ac uire sufficient bonding strength at

Instsach @f ﬁgmar@amet 12h purity, pt therAhE iserdesy Glore pumtyt is fraprithgp 99-99
wt %. Fﬂlfnﬁﬂf R%J Q@l’lél%&%% tél@@g LL%rgqg*)}g% ggl T ;c]lﬁalt ﬂg esgdrl?s. é’glae purity is
motehthai 89 .0 —b%t@mwh &y Havioer in $he asé af &u Wirguhdre iba dlaly that is

easi? %gn RP((: 22%:1 ég the ?eh g%??té%%ﬂ?fbﬁ?%fh %)Jgr#ég B{t gflmtplgrtarﬁl}lo form a

balldﬁz%d%o%at épﬁ&%he@tﬁ%ﬂhﬁfrﬁmg' dnd ® §<9,1uiré uERGent BoHRg Strength at
Wre bal | bondi ng of Sem conduct or devi ces.

boridp@OBEa with athiall aptl lae elactindg, but fomming anmelieidg balhat the Gid bonding,

. - 0.5 g ters.cover.layer of. P Pd- Ni Pd- .

sindg, oterad b SRR R bR be e in B Al e, B ook g Rard, there s

a fatATHTY & BYBall seRicHRRicR cRIpd. Tﬁéréi%?egth?h ffelty oRE{eETE NN series of
Pat ent [[152) And as the nethod to avoi d surface oxidation

Cu gfirecshoulsbuei inghaideexdizatiopalsatmosphsse dt Busoplimiedhép Wi €u wire for
' glw_s I s such as An, Ag, Pt, Pd,
bal |O¥l%@fjmg¥?lpéﬁgﬁ [ %n gntl -corrosion netals. (C
Ref erence Patent 2 - 4.) THE PRECEDI NG TECHNI CAL
LI TERATURE [ Reference Patents] [0007] [Reference
[00B&} ent 1] Published utility nodel application
Ongg%?t%goﬁlc % gnlt %&6%3 ﬁ\;e%%echgt% 66% — 8ls PuRkdrs BSLr BALEBE Pd, Pd-Ni, and
Pd-Co around core materlal of Cu and Cu-Sn alloy in order to improve anti-corrosion and

strength. (Cf. Reference Patent 1) And as the method to avoid surface oxidation of Cu
bonding wire, it was proposed Cu bonding wire covered by precious metals such as Au, Ag,

Pt, Pd, Ni, Co, Cr, and Ti and anti-corrosion metals. (Cf. Reference Patent 2 — 4.)

THE PRECEDING TECHNICAL LITERATURE

[Reference Patents]

[0007]

[Reference Patent 1] Published utility model application S60-160554
[Reference Patent 2] Published patent application S62-97360
[Reference Patent 3] Published patent application 2005-167020
[Reference Patent 4] Japanese Patent 4203459



[ Ref erence Patent 3] Published patent application
2005-167020 [Reference Patent 4] Japanese Patent
4203459 2 DI SCLOSURE OF | NVENTI ON | SSUES TO BE SOLVED
BY THE PRESENT | NVENTI ON [0008] However, though in
the case of covered Cu wire, cutting the covered Cu
wire at the second bonding, core material of Cu

DISSHOSYREOBIN'YENGPNses at tip of cut surface, the

issEER AR Soly RO g B pREEEN T RS e ugh Core

[0008]r e coated by precious netals does not be oxidized,
oxi di zed nenbrane of exposed surface of Cu_remains as
Hovwever.gbeughtin threcase of envesd Gu il cutdng b carried Cyiviegat the second

o 5 o P PRS0 e cxos

surfaédiscoxidided. Thefdfibd, #P360h al domnida etgdl Atthd fist bbﬂidihg, though core
bondi n [ 0009] Cbn5|der|n% t he above nenti oned

Cu pyite dm:@r@cw% el desstngt g iz axidized ngmbrang ef gxposed
surfade/ ﬁf Bl (Hhaiths S of RhceBRithe DARGL 3G ol lﬂlll%gl%d 5&1 ﬁ&@é&j the ball part

such I nconveni ence of oxi dation of core core
whezel tabd b(ynchﬂ thaIsémhnondhcng chfg Brcomeb handg t}mndt lfacnmsha prpblem that

hal | g covered wre bondi ng. | SSUES
semiy g S IR T CPRESEE ﬁ?Iﬁﬁ? - [OOlO]g The

present invention in order to be solved the above
0 nti oned i ssues conprises follow ng keystones. (1) A
[0 ered Cu wire for ball bonding conprising: core

Coﬂ@?&eﬁhgﬁh e boveUndtiAedRlBum KRNI NBB [rr&Bsk %V&itmsan‘hfs to provide a
cover | ayers on the said core naterial, and wherein

coveted Cwwird f(o:rd:paﬁ hoatingiia brdes t(a}Jo;d s_uchsmg)mwmptmqn offoxjdation of core
Cu g ¥ S PP PoBRnBIT G g dac S et e pepe ggvered Cu
wiréfor ball béndigyered Cu wire for bal I bondi ng conpri si ng:
core material of Cu as a main
ISSUES TO BE SOLVED BY THE PRESENT INVENTION
[0010]
The present invention in order to be solved the above mentioned issues comprises
following keystones.
(1) A covered Cu wire for ball bonding comprising: core material of Cu as a main
component and 2 kinds of covered layers on the said core material, and wherein the
said core material is Cu — 1- 500 wt ppm of P alloy and the said covered layers

comprise an intermediate layer of Pd or Pt and a surface layer of Au.

(2) A covered Cu wire for ball bonding comprising: core material of Cu as a main
component and 2 kinds of covered layers on the said core material, and wherein the
said core material is Cu — 1- 80 wt ppm of P alloy and the said covered layers

comprise an intermediate layer of Pd or Pt and a surface layer of Au.

(3) A covered Cu wire for ball bonding comprising: core material of Cu as a main

3



conponent and 2 kinds of covered |layers on the said
core material, and wherein the said core material is
Cu- 1- 80 wt ppmof P alloy and the said covered

| ayers conprise an internediate |ayer of Pd or Pt and

%oﬁlgbﬁéiﬁ Gnll BYEhALEf E¥verdBhyéts QﬁVtﬁE %Qlderé"h{af‘erfaP ranﬁé\iflllerem the

Ing conp r|S|ng core naterla as a naln
saidpene matarad i Chi -n280-040Q¢ v gpedof By@lo‘y apd théy @aldanocrered layers

core .mat eri al wher erial is
SR Prizon eged BN F TH o5 FF 63 & TaeR e P Fov er ec
| ayers conprise an internediate |ayer of Pd or Pt and
a surface layer of Au. (4) A covered Cu wire for ball
(4) Honelenes Conyirs i hatl b@@dtpg gemprighg cenmeporaticaficore mriseipt except P

bR B 02l 045 Ol wliliin e D07 BB L P

baII bond| ng conprising: conponent of core nateri al
is nmore than 99.9999 wt % of Cu, and wherein
() tAq éo\é?é‘%‘.ﬂ/@u iere 105 kel bonding comprising) compangrt @frorgmajerigl except P

i faFoiln 29990915, FOGREL IR Gneky BB Rlkdg () - .
wherein the above mentioned (1) - (3). (7) A covered

re for ndi ng conpr.i sin t hi ckn
(6) PheYereharen }Qy@@ﬁ Pende Gomprigng qlf@?%ré 1R fdrmedie layer s

Wse' azg{}g‘ %ﬁo%(&ib %(einotﬂggbévje)ment{o%kdﬁl 8)3p covered

Wre ng conpr|5|ng ckness of the
surface | ayer is 0.005 - neters, and wherein

BB CL I 0 e e S EA, Se es

lRyer 011 mettrd) 388 wWhREh ﬁlela%mmﬁfneag B Lopermediate
| ayer, and wherein the above nentioned (1) -(3).

EFFECTS OF THE PRESENT | NVENTI ON [0011] According to

® té’%]?%\g rree u (%IIFee n,g?lll Egnc}lh%?ér&ﬁ&gé tgf ?nég% og sgrrf%]&elayer is 0.005
mod. 4 @ﬂhﬁ@rsbﬁid whéreintae hbsvetmdniodedi () -@Rause | owner

melting point of surface |ayer elenment of An nelts
earlier than internedi ate |ayer elenment, surface |ayer

)] eA %&%FS@; %‘%ge k& ﬁﬂpgérﬁﬂn%zl)&g?l?égﬂég ?{i&kél%gs 6Pkie surface layer is

materi a nor eover
thinner than thickness of the intermediate layer, and wherein the above mentioned (1)

=)
EFFECTS OF THE PRESENT INVENTION

[0011]

According to the present invention, it is possible to avoid the effect of core material of Cu
oxidation at forming a moltening ball of the first bonding, because lower melting point of
surface layer element of Au melts earlier than intermediate layer element, surface layer
element spread to exposed oxidized part of core material of Cu, moreover oxidized part of
core material is separated and dissolved by concentration of P at surface layer and by

deoxidation effect of P which includes in the core material of Cu alloy.



core material is separated and di ssol ved by
concentration of P at surface |ayer and by
deoxi dation effect of P which includes in the core
material of Cu alloy. 4 [0012] One of the covered Cu
[Oomﬂres of the present invention conprises Cu - 1 - 500
ppmof P alloy as a core material. The reason of
Onemfdhm govered G Ovives of e rresemt lrivsnmcrrecqzmeﬁ &urekoP0@ wt ppm of P

and renove, oxj di.zed menbrane qf rned d
o35 el el dHETEPRAr B e S vERTH P iR o resolve
and 380%V€la%idRBd niRntbtahd6f SU ot aﬁkxﬁ@éeﬂ%ﬂi@m oatdre matenal by the
sublimates by oxidation. At this nonent, since P_h

effegt ¢ﬁ|¢ﬂ9@<l®ﬁ0@fP partks syfage 06 m@@mﬂ@a subymateﬁ &aroxaqiatlan At this
moﬁcigrg %ﬁ? 8 grfﬁnctﬂ%t St fo% Cén&x&?aﬁéd 91 gr &r 'aPQ p}fﬁce of core

O gener at e 0OxXl orne a sur

matéxfial, &G¢ posﬁﬁilﬁefd iahibitahdi delayStorgEﬁSﬂatﬂ @<1ﬂmedrﬁ)urfbﬂn¢d athesurface of
thlckness of . oxi dj zed nenbranﬁ at. the | owest |evel

corgymaterigh apd flpis; Pespible b0 maintaiadhe dhigkness ofpxifieRd Bf@grane at the
low?ﬁrl&}epw?tktaﬁ%ffegtqg]tﬁé surfRi€ la?rte Bpﬁb%‘ﬁﬁ%ﬁéjl lggelmaﬁés of

resent 1 nvention co I ses ppm of

P aIon as a core naterlal Though P is a kind of

{ ace, P has an effect to rise re- crystallization
[00 nperature and strengthen the strength of wire itself

Onel OEhBICHRGEd Y Wirds & the Bresbft ihhtioR 2881prigéS €6t 10f 80 wt ppm of P
Impurity against P, so'it iIs avallable to the | esser

allogdai ki ecge ghatexial. [I0OLgh Riie aokindhef drseer Bohasuamiefisst ¢ rise re-

resent vent C rise 200 0)
ery Yo Eerg g o AgergiRB e e pf 695 sftc Pad gl Bt of
Cu is9Re WkseP eﬁb@fofhrﬁgmﬁﬂytagaﬁlsﬁnaa titSis e¥4iRble tB.the Btk add UGS P.
of P has an inhibitory and del aying effect of

generation of oxidized Cu fornmed at core materi al
[0 ﬁﬁ{)f ace. [0015] However, it is preferable that
urity elenents except P do not include in the Cu-P
Onadf thy covdred Cuevirstof thapresdde m&'&on tdrepdses Cuur 2Q0/- 400 wt ppm of

el ements form oxj de reactlng in the
P allpyes moots Iasei gt B20F VBB eaves B Shismprtd entents excepr P,
such URHRg of PRYELS q}lﬂl%)lt&tﬂfe%ﬂ(ﬁ §§l§fflnlg' (ﬁ}ﬁf N3 ?eﬁ‘érﬁﬁ‘@ﬂ" b8 oxidized Cu

I ncreasi ng anount o severa W ppm a
formed steoraugpateakl surface.

[0015]

However, it is preferable that impurity elements except P do not include in the Cu-P alloy
of core material. Because, these impurity elements form oxide reacting with oxygen in the
Air, then a moltening ball becomes hard at the first bonding. Conversely, the lesser
impurity elements, if increasing amount of P to several hundreds wt ppm, a moltening ball
tends to become not hard. Concretely, it is preferable that component except P of core
material is more than purity of 99.999 wt % of Cu, and it is more preferable more than
purity of 99.9999 wt % of Cu. By the way, “purity of 99.999 wt %’ means that impurity
elements except P and Cu are less than 0.001 wt % without gaseous elements such as O, N

and C existing in Cu.



tends to beconme not hard. Concretely, it is preferable

t hat conponent except P of core material is nore than

purity of 99.999 wt % of Cu, and it is nore preferable

nore than purity of 99.9999 wt % of Cu. By the way,
[ooi@urity of 99.999 wt 9% neans that inpurity elenents

except P and Cu are less than 0.001 w % wi t hout
Thegintrmadiatel leyasrangong it kinds of con¢reditayes conipsisenBt omPEand/er Pd-Pt

a9 T L5 FL5E) LGl STRBEE el ) e

eveM hil H& Ao Rlelted }E’(‘}in( éfS@é (8RUhE 808 abEksSTeldins). Atherefore, at the
(177 grees CB sius) which ever is higher than

lmtwis rstlagmgf ing amoltenipg ball agl bald spa dipne eereaatetialHf Cu, Pd and/or
th t 0]

Pt q%@&rglind?fr’]tgalbo I l? o%e%a{}%xéﬂlﬁxlggé tﬁ?xg ﬁ[] }%(eiegﬁ Q}@ %el% fo%?m%l?’mdatlon
froffd sadecifanolteRingaadl, or Pd- Pt al | oy becones a rrerrbr ane,

then it prevent and delay form ng oxidation froma

side of noltening ball. [0017] It is preferable that
[Ookglckness of the internediate layer is 0.005 - 0.2

ers, and it is nore preferable that it is 0.01 -

It iOpikferalit ehat . thickndsh@f ¢laes intarfnelmses laybais OOA0S 0. th metsrs, and it is

t he

ol gl 1Kt 001 bt aiaoros B 0 o L s anfpd  Flrs, there

is &0 eﬁde&?t&rlﬁsufﬁaeﬁ@eff&t f IRkt BCEW hRRARar In the case of
breaki hg chips by alloying 6f Cu-ball decreasing

mopetthan §.2qf mEters, [tidd 8 a teideneyenf ocetirranee af heeaking ebipsfoyRdloying of
r.. Bt mbrane of Pd-Pt alloy is absorbed into a
Cu'??ﬂlllf%ﬁ??%ngo%ﬁ% fﬁf‘s nmenbrane does not cover whol e
exposed part of core material, or an oxidized |ayer

of tip of a Cu-ball forned by electric arc discharge.
[00&8k eover, the nelting point of the outer surface rise

HO\%)\’/e 1Hcgena fe ﬁqb?én%c 1y r(#}gr ﬁte 8#‘5 %e?nﬁr%eggfr PciE pf 51%}81 gtagg&%)ed into a

ace ' of wre 1S

moItétﬁn@ ba]g&hﬁfmérﬁbﬁhél doés 1l doeer wholb &kbosﬁﬂ@ﬁl’t&iﬂcﬁre matenal or an
ans to prevent  oxi dat gon of expose

omél&?@ laaf:r e%% OFrﬁtCéWadl fogmed by glfctrisgare diigapIge oVIereoVRr, lvfemeltmg
poiff &3k But’epé{ﬁﬂ&é Bl ufg%lrg:@%réo dlkgﬁané:&ﬁﬁrémﬁl%’éf éﬂergy, then oxidation

nor eover we us
of tip surface of wire is promoted So, at the stage of forming a moltening ball from core

material of Cu, means to prevent oxidation of exposed part of core material are required.
Therefore, in the present invention, we add P into core-material; moreover we use Au as a
surface layer among 2 kinds of covered layers. Since, melting point of Au (around 1064
degrees Celsius) is lower than melting point of Cu (around 1085 degrees Celsius), at the
forming stage of ball shape moltening ball of Cu, lower melting point of Au at surface
layer melts earlier than Cu and wraps rapidly tip surface of wire, then it promotes to melt
Cu. Next moment, after melting Cu, a membrane of Pd and/or Pt of intermediate layer
becomes soften, then a moltening ball is formed. Thus, it is considered that during the
process of forming a moltening Cu ball, the surface layer of lower melting point of Au
promotes to melt Cu, is absorbing membrane of Pd or Pt into a moltening ball earlier, is

covering a tip of moltening Cu-ball, then it is enable to prevent oxidation of Cu.



surface | ayer anong 2 kinds of covered | ayers. Since,
melting point of An (around 1064 degrees Celsius) is
| ower than nelting point of Cu (around 1085 degrees
Celsius), at the formng stage of ball shape
[OO[g'}Iteni ng ball of Cu, lower nelting point of An at
surface layer nelts earlier than Cu and waps rapidly
Thitkness of fuaface Uyen\bmeng 2 kkinlsiof cpveredlaysr sgrefetable tGlbe thinner than

ment ter ng Cu nbr an f Pd and/ or
5o HERRif dfter ByeHichsecbifi Byr BRaS ielorgdt tmé o mels
proﬂi@hhg RERE HRhklting CQMTBMeclddNS a oltesing Bali KRbREs hAAL itself by
during the process of formngha nol teni ng Cu ball,

alloying andr funigee sw@atlcn off awadtening| halln jregk |0iﬁtsemfcoxndnct0r chip is apt to

occﬁ%? 1staeen'ss’?8tg}? gﬁﬁ’? t@éﬁesg 8? ?ﬁlrg?c% Ia rn?gg%rr%:}g a sgff%qenq rqmpf(ness of

absOMitee RieRibrasé bﬁkﬁch Phedt Pt it aeﬁfbﬂlbﬁmg hafllr Bv@ediately; preventing
oxidation of Cu. 6 [0019] Thickness of surface |ayer

oxidgationgoD Cki famedexposedr et PAyeeltaningy pall epmmaterigl peoncretely, as
thic éggrl)?rAuF cei PWS 92 sll Pﬁ%?ﬁﬁlger IeaXﬁfOS @P% ,u meters is

I'cker ‘sur ace ayer nee e 1o
moﬁrpiraﬁétabm;aﬁdﬂediestaﬁ 0ebt-i @l Cunmenérk! decrease, a
nol teni ng ball beconmes hard itself by alloying and
surface segregation of noltening ball, break of
@Jmconductor chip is apt to occur. It is enough that
as t hi ckness of surface layer, if there is a
Pd eu Pt oﬁmmmwﬂatecllaym"samdoiu oﬁblsnﬁambilmsg:r mentiemaets ofhigudd nPdoxidize

{ t tely: ti . .
i g in o B0\ PSP g oAPOSBEE B SreHS PG Agpcb i S in the
A1rqg<reeA§9th€sre' éiémer@@ ﬁ@ et ffot vdng elfe&ikb e Ratefial SLCHANRreover,

| ayer, 0.0 : neters is preferable, 0.005 - 0.02
elemmtecrfsPd or Phd@ elobaﬁﬂé rabhe effgetdotthinchuled in shecgeanaterial of Cu.

0020
Ancg é&l (R’u nef]tac P/?I[ }2335 CP%‘)% et %qublnyeﬁ)e co trg b &eﬁﬂbﬁ%& n‘g@}/sgﬁuenﬂy, the
deottidatibi @ffectussi PGghiastn® Cudsullol the Folidigioatigh paktss o‘KnadCu-ball from
since these elenents do not react wwth S in_the

moltenipg /pte 1Ficthe BstrROREMEIE Rovivalerieia spinogdedtere eknpt gegardless
ex1§:c91§c% c{f‘%%ré(ﬂa ofs. %ﬂ%iect elﬂ’éég{medla llgﬁg Bhd Qfs chqué:’tas 9%inds of

fect w I nc In t e cor
covﬂmdelayeds aé f@med By prediowsf mstatsf dlesee limype reffeas thmo I’mphding strength

e et G O BBl i cTPRRF Y Rl ecause of
preS@todli ok RialiSN o PERS§SSv&Ed Byt~ bal I from

[0021]

Plating method is good to form Pd or Pt of intermediate layer and Au surface layer on the
surface of core material of Cu. Electrolytic plating, electroless plating and fused salt
plating are possible among plating methods. As electrolytic plating to obtain a thin plating
thickness so called strike plating or flash plating has fast plating speed, and has good
adhesion to substrate, it is preferable in the case of electrolytic plating. Solutions for
electroless plating is classified into substitution type and reduction type, in the case of thin

membrane like Au surface layer, it is enough only substitution type, but in the case of



noltening state at the first bonding is equivalent to
sem conduct or chip regardl ess existence of covered
| ayers. And, as an internediate |ayer and a surface
| ayer as 2 kinds of covered |ayers are fornmed by
forrRing GbRwhimhRkS méfiBiage | l1ﬁe Pﬂ' ofbf ﬁ%n%@i@fe 1Rk fkgefﬁcwnt to plate
strength becones higher than Cu of core naterial
subﬁnn@ml tytier e o ¢atalyst! @ad ﬁearsgbstbetwug@eoplatmg Eqmpments for

ele et\é? ﬁ)tﬁ!uo : o IXaLr‘g gitgg)gen chi ft a5 Fﬁs& ié%epggto’f Qe mc;rg %me] to plate

tharl %&Eﬁ?@é ? ﬁnk aMiQhe §Hﬁn€%aﬁlu iff id e fbraRI to Aficlideephosphoric acid or
surface of core materia Electrolﬁytlc ating

phogphericragidessdy. Bﬁcmlsengn thecbroceseal Braripitatsinaef Avgy Perand Pt lnvolvmg P,
SO tg(?rg Q Ibgiit(%n?%?ta gf; 0 p%ugi? %F?dﬁ thepﬁltr% fr’] féé:slsgfs %ﬁlger}]{l% gu when

coré hfatel{ﬁl of @ul meltoat thee ke lﬁﬂrﬂingn @dﬂ&&teﬁﬁsﬁecmsal ibege is an effect of
eed, and has good _adhesion to substrate, it is

dlsssf vang prchreanqving pradized megtbraesfi ¢ formed egsp%ﬁefirvaﬂ of core material,
t I sified into
moigBydh B WREed P AL ER AL b ol RER | 2ce of
thin nenbrane I|ke Au surface layer, it is enough
ggly substitution type, but in the case of 7 formng
[002dnewhat t hi cker menbrane like Pd or Pt internediate
On 4R Sther hénd' SmBhf s dr (bhgéléﬁleva St B&dostishl ch‘:aﬁ YR&ised physical
own cat al ySt type after su stltu ion type ating.
adthqoun pndntas spottering, gon midtings apd aihiysigalmeagien dfe@pstlgm raptl echemical
but it
adnfiin st s PIENae & 0y A, S5 o P e ey Cleied B, orming
meﬂn'bra!né iPh&fegaRldeandahéi Gt ue enRReshifa6e 86itsmBiation of cleaning, if
hosphoric acid salt. Because, in the process of
neggctag pestati on of An, Pd and Pt involving P, so there
is a better effect of deoxidation of P at the surface
of ball of noltening Cu, when core material of Cu
[00p¥l ts at the first bonding. Concretely, because, there
is an effect of dissolvi g% and renovi ng oxi di ze

Afterepgirng elagd mgmbengen VaRpskeesisdrperabrapopr e rdraéﬁleter of core
mat@ﬂ%le Ak rdra\I/J‘ﬁg rtf 6%§%1fﬁgd %l@@eﬁ*anﬁfe 46 ﬁfaﬁ‘ GinfXid @itﬂc%t Qﬂc the stage

fening e ot her ‘hand, anong mnet hods
of piiitmg‘uyzsvapaf damsnrondBpmlsd: |omy§tal|atruciam br%plm@opmwr degposition is

uch a utte atin and . physi cal .
congiiged Gupasta Mok SRA tern s PRluRRE earasoRe B alfforming
ele@(&mﬂﬂenﬁo@ﬁﬁ%f@ﬁt@nﬂéd{atg AL BE Surfice @@ MAnRE®S a large diameter

formn
wire in the e?ectrolytlc plating bath after strike plating. It is possible to obtain the final wire

diameter to draw this covered Cu wire. Strike plating by Pd or Pt is preferable if necessary.

[0024]

In the case to form plural layers comprising with more than 2 kinds of metals on the
surface layer, it is inevitable to form plural different metallic membranes by such as
plating method, vapor deposition method and/or fused method sequentially. In processing,
the method of heat treatment after forming all different metals, the method of heat

treatment after each forming one metal layer and stacking it step by step are efficient.



menbrane is not required and there is no anxiety of
surface contam nation of cleaning, if neglecting
cost. [0023] After naking plated nenbrane or vapor
deposi ted nenbrane on a | arge dianmeter of core
rrateri al, dice drawing to the ainmed wire dianeter for
| ural tlrre3|s efficient at the sta of plating or
BlPrTI@éb@EﬂiH%MO%EEBE@ERF&QEWOE?MENEr e of
Kmfgatlng or vapor deposition is conditioned to plastic
m&rk state by drawi ng. Preferable covering nmethod is
Herainhfér, fiRmdsd gref@raldnibodiméntds datibahe of inter nredi ate
| ayer .and surface |layer imersing a |arge dianete
Corgjrpaterig) affeu ayitecwph Higwne toph Gl untgets%& Hametep frogt ﬂukl@got included
presghg%r% g.gIrou%nt o% ?a\?v?ﬁi Isgrlf%cgf/(gr gg%%ﬁ&wa?gtrglgtn@kka%% eoa/ conventlonal
methyd Rftep striRe plating. dfrepaainige3 Ikﬁndse«)femrqovereﬁGQIZPli dnd/drhlét as an

inte%?l%ggtteg@}t%g]g R)sléalé &i&lt@%%)ytiés 3;: ggn@r | gi n);ge E\llg: e{ shqr ce ‘leayep %’riatmg bath
soldbﬁ)ﬁv\kfﬁfg Otihte ‘Uoﬁlrﬂérh‘x%ﬁknggkétff@f @%cﬁﬁ&@téﬂ &em&@féﬁs in the

y suc ati ng net vapor deposition
proportido rofflﬁsgd anﬁeplm@h&eqm enidi wh$ yaddéd ingo owetsl digitro t-figmine-Pd
r..form n(g all differen

soffopaoePdy EO Bl it TR pRoqmhaius Sid yAsdied 4 th PIapRoS OF 100 1 of

phobSHObRIagd wgeacﬂiedl gL hewdidl FhRRKiA0 bhth fol €Pu. PVhéit @Bawing the
are efficient. 8 DESCRI PTI ON'OF THE MOST PREFERRED

coveBeprasinthe G0 dbimetesrofi2ias meters, tﬁmellhﬁw W@h@qt trgated removing
Worg?sgr\%hdnl {lrng(f] %@Igﬁio%g %ltdutﬁg qg ng?eg?nggP 584 ﬁfal\/\fn'c&ds\é@%f plating
is sR6WBGA ITaBR BBy e Why, Rhickhéss f Tp‘la&ﬁ% @ﬁs Meﬁﬁrd&iby Auger Electron

electrolytic plating by conventional nethod after
SpestrpscRBY'?hE®i ng. Preparing 3 kinds of wire covered by

Pd and/or Pt as an intermediate |ayer, Au was pl ated

to these 3 kinds of wire as a surface |ayer. Plating

bath solution was used in the commercial market for

sem conduct or use. Concretely, in the proportion of

10 g/ 1 of phosphorous acid was added into neutral

dinitro -diamne-Pd solution for Pd. For Pt, acid

Pt - phosphorous acid was used. In the proportion of 100

g/ 1 of



phosphorous acid was added into neutral
bath for An. Then,
di anet er

fi nal

of 25 .t

draw ng the

et er s,

The fi nal

is shown in Table 1. By the way,
[002¢ds nmeasured by Auger El ectron

1a} 8576

ahead Core nmateri al

[ Tabl e 1] Table |
Surface Internediate Layer
An surface Pd

cyanate An

covered wires to the
finally they were heat
treated renoving work strain and conditioned around
10 % el ongation val ue.

t hi ckness of plating
t hi ckness of plating
Spectroscopy: AES. 9

Layer

Structure of each covered Cu
s forned on
i ntermedi ate Pt

internediate An internediate Purity of Cu Content of P

Tiblpelr Strygiyre phgasch coyerpd Cayire (gm) 1 ayer (gm) (%) (wt
ppm) 1 0.007 0.02 Nothing Nothing 99.9999 10 2 0.08

Not NI Ng} Uglde NOT NI NQ 99 il dstdatothyero U. U4 0J0US Nothin
Not hi ng| 99,2999 20 4 0BGty 0. 01 Not hFHgmater
99.9999(40 5 ¥. U6 Nothfng 0. IZ thing Y9y. 9999@4&0 ¢}
0. 02 0. P8uidichil Prgntpdoedirien Bt i9QnGgQ PAViGHmedjate(PufiQ 6f ohtent of P
0. 06 Nof WHgmd9. 90 lger@mplb GyergmNot hi g Not(hipg
99-9PGO #6900 Not i N0 B 5 TNOL T 99589991 751
10 OfGOp 0, 407 TNOL I U TNOt L 109998, .o 00 65" pies oY,
0. 12 Nor gy 0722 Ngt g ﬁé’%hi"QQB 2 20 do2odd 24 >,
Not hig| NGlofH Ty 99,399 450—1%3_‘0‘.01__ TRt 399 10
Not h{T5T] 9% 34999 ORothink? P~ O Lehi2NOU T TG 04 [ NGB 70
99. 98P0 .02 0.08 Nothing Nothing 99,9999 100
7 0.006 Nothing 0.06 Nothing 99.9999 200
8 0.015 0.15 Nothing Nothing 99.9999 400
9 0.09 Nothing 0.05 Nothing 99.9999 75
i0 0.009 0.007 Nothing Nothing 99.9999 350
E 11 0.12 Nothing 0.22 Nothing 99.9999 25
xamples - -
12 0.13 0.24 Nothing Nothing 99.9999 450
13 0.15 0.15) 0.15 Nothing 99.9999 65
14 0.011 Nothing 0.04 Nothing 99.999 90
15 0.07 0.14 Nothing Nothing 99.999 280
16 0.008 Nothing 0.013 Nothing 99.999 120
17 0.03 Nothing 0.06 Nothing 99.999 250
18 0.095 0.16 Nothing Nothing 99.999 210
19 0.006 0.02 (0.01) Nothing 99.999 160
20 0.05 (0.10) 0.07 Nothing 99.999 180
21 0.055 0.23 Nothing Nothing 99.999 2
22 0.14 Nothing 0.13 Nothing 99.999 480
23 Nothing 0.05 Nothing Nothing 99.999 Nothing
24 | Nothing 0.3 Nothing Nothing 99.999 Nothing
25 Nothing Nothing 0.01 Nothing 99.9999 Nothing
Controls 26 | Nothing Nothing 0.1 Nothing 99.9999 Nothing
27 0.8 Nothing Nothing 99.999 Nothing
28 | Nothing 0.8 Nothing (0.01) 99.999 Nothing
29 Nothing Nothing 0.1 0.005 99.999 Nothing
30 | Nothing Nothing Nothing Nothing 99.9999 Nothing
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15 0.07 0.14 Nothing Nothing 99.999 280 16 0.008
Not hi ng 0. 013 Not hi ng 99.999 120 17 0.03 Nothing 0.06
Not hi ng 99.999 250 18 0.095 0.16 Not hi ng Not hi ng
99.999 210 19 0.006 0.02 (0.01) Nothing 99.999 160
[002 0.05 (0.10) 0.07 Nothing 99.999 180 21 0.055 0. 23
Not hi ng Not hing 99.999 2 22 0.14 Not hing 0.13 Not hi ng
BaligitdobomBue was dape Bing tie B5e Nondem(@y/ ot ﬂﬁgmgfpggBm name) from

Shjgfgat ?% Iht 4 I\b%]OhnﬁlS golloc#% ﬂz&rﬁgFg\gglgﬂ%g% ﬁgatt %B%JI\IE%E I?iiis%ﬁarge in
the Ctbgal &mophNed, it R@s Nohiide ©8 Jp Metdnd Aguﬁ&uﬁﬂ&gctrode membrane
th| % 27 0.8 Not hi ng Not hing 99. 999 Not hi ng

(AINGSHoRg) 018 Nison TSTESCR WIESESichAORNg of 45 ptipgjnal was

3 R RSB B9 T o 02 .,

freqaahdy 200 cyrldsondi ng was done using the wire bonder
(UTC- 1000 type: Brand name) from Shinkawa Co. Ltd.,
for connecting boding wire. Formng a ball at tip by
[OO%%]C di scharge in the N trogen atnosphere, it was
nded to 0.8 neters Al um num el ectrode nenbrane
By {helway) conditi@his)of dire firsSbdridimgmwenelss tfolkives. and

wedge/ stitch nd he ot her errri nal was done
to gleeﬁnﬂ‘?r eql%goﬂéf g1§i0 EIE LGRS | ead-franme at 200
degrigfml b2l §laktchent 260 atmetekW  frequency 1/200

cles. [0028] By the way, conditions of the first

Rewﬁﬁdfwgw&eslmvasw bloodvs. Tenperature of bondi ng: 200
degree centi grade.

[0029]

In observation of the initial ball shape, observing 20 balls before bonding, they were
judged whether shpereness in shape is good or not, whether dimension accuracy is good or
not. If there are more than 2 abnormal shape balls, it is shown as “Bad”, if there are less
than 2 abnormal shape balls moreover there are more than 5 outstanding positioning off-set
(misalignment) balls to the wire, it is shown as “Fair”, if there are 2 — 4 positioning off-set
balls, it is shown as “Good” from the aspect of practical use. In the case of that there is less
than one positioning off-set and dimensional accuracy is good, since ball forming is good,

so it shown as “OK”.

[0030]

In judging bonding shape of compressed bonded ball, through observing 500 bonded balls,
roundness of the shape and dimensional accuracy was evaluated. Diameters of compressed
bonded ball were selected from the condition of the range of 2 — 3 times of wire diameter.
If there are more than 5 defective balls such as large anisotropical off-set from a true circle
or ellipse shape, it is shown as “Bad”. If there are 2 — 4 defective balls and there are more
than 8 profiles of petal shape at compressed ball, since it is required improvement, it is

shown as “Fair”. If there is less than one defective ball, and 3 — 7 defective deformations,

11



Initial ball dianeter: 40 - 60 p neters. Results of

test are shown in Table 2. [0029] In observation of

the initial ball shape, observing 20 balls before

bondi ng, they were |judged whether shpereness in shape
jud%iﬁ% eR2dio Elem"‘f‘ﬁ%@&fcaﬁﬁs@eﬂ $4 HHVACHURY. 'I?t&?@gre%ss than 2

of. If the e are re than 2 abnornal shape ball
deformatioonof Besal 'sBae, judgingtdoedait syrshovess “OKivan 2 abnor rral

shape balls noreover there are nore than 5 outstanding

posi tioning off-set (nisalignnent) balls to the wre,
[008f] i s shown as "Fair", if there are 2 - 4 positioning

off-set balls, it |s shown as "Good" fromthe aspect
On ¢fe gridationgdmaltsaingbalk ttewas aoufiohed that chipbreak idgey @@@ccur at ball

boqtdgn%gg@sﬁﬁ cgnﬁ) 3 z %gf: ?a%f: f rt%aﬁg)rea%n ged‘n%%ﬁ ) ?ﬂl‘:% lﬂfpag)}/posed on
Alunffim éia ?Qikahhél efchil@i 08 O a8 quslpg dogusczﬁmmnmss ed
bonde t hrough observi ng 500 bonded ball s,

roundness of the shape and di nensi onal accuracy was
woegﬁluated. Di aneters of conpressed bonded ball were
ected fromthe condition of the range of 2 - 3
Ontevatastiaf ofétiteh Bomding,con borlding hepesuperesamiy eonrassed bonded to Ag

defectjve balls such as |larg r opi cal off set
plated deadsfrapedhe pregk éoadowa%mem@a B awimg VErtjeally peipR agrull hook at
) d t t
20 2780 tiob rop SRR 7 Teplnf FIGE VAR PEDY FochS PR of m s
shobmll, since it is required inprovenent, it is shown
"Fair". If there is | ess.than one defective bal
In ’%2)&6 ge‘-’al‘?at’d’é‘fr@%’?tﬁ\?@ t@rgﬁp&t}vgﬁgon ¥ Sﬁ VY ng there is
no problemin practical use, it is shown as "Good". If
there are less than 2 deformations of petal shape,
judgi ng good, it is shown as "OK". [0031] On the
oxi dation of noltening ball, it was confirmed that
chip break does not occur at ball bonding for 50
chips. In the case of that breaks generated on a
Silicon chip exposed on Al um num pad by al kal i ne

etching, it is shown as nunerical digits of them
[ 0032]

12



On eval uation of stitch bonding, on bonding | oop super
soni ¢ conpressed bonded to Ag plated | ead-frane, the
break | oad was neasured by pulling vertically using a
pul | hook at 20 % position fromstitch side in
WOk ngt h. Mean value of 50 loops in the unit of niNis
own. In Table 2 evaluation results on the present
Dhbh@ﬂntlon are shown. 12 [0033] [Table 2] Table 2
Eval uation results of covered wres Sphereness
Roundness Damage of chip Pull of stitch Total
TEBRJ z@bmahonlregﬁs@@e&ve% WK 2 OK K Good 93 X 3
Good OK Good K K K 101 &K 5 Good Good
_EaLL_SB_Gbgd_—6—£¥;£¥;ébod 94 OKd—OK—OK—00899—OK

8 Good K dphdrdnesS 1| Cagfddnesd FrdhniagaFarih |GAIf Qfch OKTotal Bvaluation
Cood-Ck—{ceed—4+—O—Exanptes—H——Ttatr—Fatr_Coedr6—Tair
12 FditlraisOnd ba faord 1" FOK. ooy p80 ol Fai O 44
K Glod—lco0d286- ok 1B5Cood ot Fail— 94> cood—16- 25
K Gded—bo SR 271 Cood ok—K—9T0K 20 Ok
] K OK OK 101 OK
5 Good Good Fair 88 Good
6 OK OK Good 94 OK
7 OK OK Good 99 OK
8 Good OK Fair 81 Good
9 Fair Good Good 95 OK
10 Good OK Good 91 OK
11 Fair Fair Good 76 Fair
Examples ~ -~ ~
12 Fair Fair Bad 63 Fair
13 Fair Good Bad 72 Fair
14 OK Good Good 86 OK
15 Good Good Fair 94 Good
16 OK OK Good 90 OK
17 Good OK OK 91 OK
18 Fair Good Fair 89 Good
19 OK Good Good 93 OK
20 Good Good Fair 92 Good
21 Good Good Fair 72 Good
22 Fair Good Fair 77 Good
23 Fair Bad Bad 87 Bad
24 Bad Good Bad 88 Bad
25 Fair Bad Fair 90 Bad
Controls 26 Good Bad Fair 93 Bad
27 Bad Bad Good 74 Bad
28 Fair Fair Bad 85 Bad
29 Fair Fair Bad 93 Bad
30 Good Bad Fair 54 Bad
[0034]

Example 1, 3, 6, 8, 10, 12, 15, 18 and 21 are the first group of (Au/Pd/CuP) covered
bonding wire. Examples 2, 4, 5, 7, 9, 11, 14, 16, 17 and 22 are the second group of
(Au/Pt/CuP) covered bonding wire. Examples 11 — 19 and 20 are the third group of
(Au/(Pt-Pd)/CuP) covered bonding wire. Example 13 among the third group was heat
treated at the condition of 900 degrees Celsius for 20 seconds. Control 23 - 30 in Table 1

are out of claims of the present invention. The evaluation results are shown.
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18 Fair Good Fair 89 Good 19 OK Good Good 93 OK 20
Good Good Fair 92 Good 21 Good Good Fair 72 Good 22
Fair Good Fair 77 Good 23 Fair Bad Bad 87 Bad 24 Bad
Good Bad 88 Bad 25 Fair Bad Fair 90 Bad 26 Good Bad
Fair 93 Bad Controls 27 Bad Bad Good 74 Had 28 Fair
Fair Bad 85 Bad 29 Fair Fair Bad 93 Bad 30 Good Bad
[00Fdir 54 Bad [0034] Exanmple 1, 3, 6, 8, 10, 12, 15, 18

It is&@%ﬁ%ﬁ {}\‘ﬁ%} égnedgigla{a%tp é’g gzajrgalf%fli( 4/_\}'I , F%gll 6:,“1%?, lg,gl\/farf%ldl 91&fe superior
at sgﬂé}el%%s ah@ réBRNSRCTBAIIP LY Bn@hre FAd ﬂts’tighpﬁorﬁﬁbiﬁf}e%ld shape of

onding wire. Exanples 11 - 19 and 20 are the thir )
conprensgd sifite, MALGoVEX arPdio/ daume o6 vkipe dn Hsneist g1 (ortsol 23 — 30, which

Ex le 13 .among, the third grou t .
are SHE OB SRR ER Brinbotr-tigr Ll B Pe Y 15t ot SRR el metali
meraBithE ekcepB Cu odGsukfacd akdse charadtefistitd tardlinsatigfhé®ryo Tholigh Example

resent invention. The evaluation results are shown

5 -G bppdias|wires agng Sxampited. { hal S-b¥KdPAg- W rase dpferior than above
me AR S, Splig ks e Hcofs g rounness o
ballapuit Brstp@isrchndtars ldstet fat bhipdiakiaged yndamd gobdpe stitkh bondability and

conpressed state, noreover are no damage of chip. In
commessgd Bending $hsRer ol 23 - 30, which are out of

Tt i PR &PEQ%@}EQ 1P €5 %Bdihl%%%si B ey 2k SEmS KR iferior than
Cu wre forne tallic nenbrane except Cu on
abosenfeatiened teslengoiae aastsamie sis iExampleel wrds dtely stasuperigr at sphereness

andTrI'(])(l)ulil(glrllqeséz)c(ﬁ3l ggﬁ %art, are lesser at chip damages, are not defaults like Controls, are

good at wedge bondability and compressed bonding shape. By the way, Example 13 was

same results as Example 11 and 12.
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5 -10 bonding wires anong Exanple 5, 15, 18, and 20 -
22 are inferior than above nentioned Exanple 1 - 5
bonding wires, it is confirned that sphereness and
roundness of ball part is superior and are | esser at
chi p danages and are good at stitch bondability and
conpressed bondi ng shape. It is confirnmed on Exanpl e
11 - 13 bonding wires that they are sonewhat inferior
VVhH1§Q Hn(ﬁye menti oned bonding wire, as sanme as Exanpl e
i %’ ¥ éy are superior at sphereness and roundness
. of cORrdd I Wvireafor BatiSbeidiag comippisigmegRs mati@al POtCu as a main
defaults Iike Controls, are good at, medge bondabi l ity

eoraP@RSIh Aed 2 ddndsopidravgredniapes opythe said\geye n@i@&ﬁbw@dl@hﬂeln the

g‘@g crcr)geg %térﬁi 4 Xﬁlc g\s;le F%(Sﬁ% }ril of"{]ﬂ 2 ﬂ%y ﬂjrdd' Bﬁ 3%1%' cdvered layers

conprisesdnnigterrediate@mtee of BY of)Pt zﬁidl esurfacerbaiyer ofCAmrponent
and 2 kinds of covered |ayers on the said core
material, and wherein the said core material is Cu -

2. K C('§\(;)e:Qed’\'tC1fJ Weoforpb%f onﬂdlﬁ% hﬁ)?ifsﬁlgl ‘éofeo}iﬁfe?ﬁl |o§y@1ﬁ $s a main
conprise an inter I ate yer o
somporeat laacyérhnds #hcovredNagers enettie @andwwtr@ nfadﬁrlahaaﬂd wherein the
bandi n ore materi al of a_ nmai .
SO OaRECaRd® Suk Tl b otk aliey ke sBR BrEufhvges comprise
SR ifRerdRidRhd %brer S WTRLGH A stifffce 1a@dréfa@r e material is
Cu - 1- 80 ppm of P alloy and the said covered
| ayers conprise an internediate layer of Pd or Pt and

surfa

ba| |
ﬁa}leﬁa gCoL}TB\ﬁ{eS foﬁgbaﬁg gpndlﬂ%tc%%}/p?rsﬁ%f Qéb n{a?erfa?r f é‘b as a main

coOmpenan an@RdkiddKbNesvetdd ROWEId@Rdthk ayrr Sore Imdteh&l Sz&iddwhereln the
core material, and wherein the said core naterlal is

@ld copp@atermb ivEupprP ST 4B it irpin ahd alloy apdi e saiferqygred layers
r Pt d
ngrﬁ?eac F&’&é&ﬁte‘h’lgyé&%tfga%g@t Qﬁdsa L\%’Ya 5 l%er gﬂ%gr Dal lan
bonding conpr|3|ng conponent of core material except
re tha mﬁ % of
. AERRETRGL PUR R DA GORAE sOTBHEHE T aRmnoR: of tofg ppfegial except P
s mOrCRUEHS @9%‘% bf Ctloincf)\@hérei*ﬁ%%ﬁﬂﬁlgct@ﬁ]ﬁ’é hdvB Shentioned Claim

Corrponent of core materi al except
1 — Claim 3.

ad

.lk

5. A covered Cu wire for ball bonding comprising: component of core material except P
is more than 99.9999 wt % of Cu, and wherein according to the above mentioned
Claim 1 — Claim 3.

6. A covered Cu wire for ball bonding comprising: thickness of the intermediate layer is
0.005 — 0.2 u meters, and wherein according to the above mentioned Claim 1 — Claim
3.

7. A covered Cu wire for ball bonding comprising: thickness of the intermediate layer is

0.01 — 0.1 p meters, and wherein according to the above mentioned Claim 1 — Claim 3.
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Is nmore than 99.9999 wt % of Cu, and wherein according

to the above nentioned Caiml- CGaim3. 6. A covered

Cu wire for ball bonding conprising: thickness of the

internedi ate layer is O. 005 - O 2 neters, and

. Wl‘eﬁ @FFRE S Al Bdnk ﬂﬁél&@@sdof(ﬁq@bﬁfébe'layer is 0.005
Caim 3. 7. A covered VVI re or ball bondi ng

€ Orlpp imwitarsy:and hekaie secotding toethe pbeverpentioned Claper 1 + £laim 3.

0.01 - 0.1 neters, and wherein according to the above

mentioned Claiml - CQaim3. 15 8. A covered Cu wire

. hotokadd CROWEE MBr %@Hﬂfdnﬁiﬂggcom}m I?Mkﬁésstdfeths wutface layer is
| ayer is 0.005 - 1 neters, wher ei n accor di ng

thannen dhagpdieknpssref fbﬁ datemediate Jayercang: yheyeingacoarding, By thg above
gOnJ ﬂe%élgfm?alélaf?r?ﬁg' ng conprising: thickness of the

ace ayer i nner than thickness of the
internedi ate | ayer, and wherein according to the above

mentioned CCaiml - Caim3. 16
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