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*159159* DESCRI PTI ON SEM CONDUCTOR DEVI CE BONDI NG
WRE AND WRE BONDI NG METHOD 5 TECHNICAL FIELD
[0001] The present invention relates to a

sem conduct or device bonding wre utilized

an el ectrode on a sem conduct or devr ce and WWIMMN\M‘ mm
10 of a circuit wiring board (lead frame, substyalg.

tape or the like), and also_ relates to a wre bonding
met hod. BACKGROUND ARPESOBIPTION currently, thin
wires (bonding wires) having a wire dianmeter of 20 to

connect i neERHCOSRTETOR KRR GE ARANRYe SWHERe rone
and an ext er nal AN® WIRE BONBING MBETHEDa!

conpressi ve bondi ng technique with the aid of
ultrasound is generally applied to bond bonding wres,
and a gener al -purpog‘éﬂ(éHMiGﬁL@éEM)s and a 20
fogeapi | lary jig which allows a bonding wire to pass

throygh the interior thereof for connection are used.
A | eald® rRyesent W%ptb%cre%ew toe 8 gemicopdictor devispt kending

wnl@yuﬁhzedr e@bomﬁwtdn cldctradbdn a Isémﬁwdmwwd&kibé aad B wiring
ensi o

t he .bal | si vel e
of 3, 580 BRE bid GEHT iBbcrOhitie fant R ethechRor amdalso
relatesshogewircoboridifgtmetd@d. C bef or ehand. Thereafter, 25

the bonding wire is directly bonded to an external

| ead by ul trasound ressive bondrng [ 0003]

Recentiy, techni queBA‘g‘D(Q't RQUNP T st ruct ur e,
[oomaferi al and connection for t he sem conduct or

k hnol ogi I 30 diversified,
o ‘?ﬂr redin 1wy 3315% frsgl) VRE R &flree@rmtsayf 20 to
50 jwm arldd brepopalarly need hy -buadl.hgﬁlﬁ‘e(s@dﬁdorﬁhattmg an electrode
f t
on aas%Eﬂ%H%@&U? gﬂ%}% ;%g&j A e%{fgr%asllncg%ggas]lu g{%}?et | O& thermal
comppregisivedeondipg technigae|wikh t ﬁ@l@ﬁu(t@hﬂpﬂ&eﬁ eenerally
applRék agbosd b3h8iry @ﬁtascah&ré geitdl-pafsbd th @egﬂc%eand a

Wﬂl ch. has J i) char act er| st c,
capy ab%rlgw Oar%a@ep 1§ yire,tlopass tthfoaalat ﬁénrerrrer
thdreobfms:onﬁqm@m hee uédzﬂ)ngA léahdm@ dnfméﬁ?alhdn@ﬁfgdwﬁ@ isibheated

on3PAPE| b 5T i AR B el o, ana
then the ball is compressively bonded on an electrode of a semlconductor
element heated within a range from 150 to 300 °C beforehand. Thereafter,
the bonding wire is directly bonded to an external lead by ultrasound
compressive bonding.

[0003]

Recently, techniques related to the structure, material and
connection for the semiconductor packaging technologies are rapidly
diversified, and for example, in a packaging structure technology, in
addition to currently-used QFP (Quad Flat Packaging) using a lead frame,
new configurations, such as BGA (Ball Grid Array) using a substrate, a
polyimide tape or the like and CSP (Chip Scale Packaging) are practically
used, and a bonding wire which has improved loop characteristic, bonding
property, mass productivity, usability and the like becomes requisite. Among
those improved bonding wire connecting techniques, the wedge-to-wedge
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*30002* bondi ng techni que suitable for fine pitch

connection, other than the <currently mainstream

bal | / wedge bondi ng techni ques, requires the fine wire

bondability to be inproved as the wire is directly

bonded at two | ocations. [0004] 5 Materials to be

bonded with the bonding wire have al so becone

diversified. In addltlon to the conventi gnal al | oy,
bopdingertechmiaals suitgble fori fiae witohh Fopaectigan other than the

cui;ifeiﬁ@lfy' ﬁﬁhﬁé/tréta@ﬁtcb zﬁlﬁ’w@d‘@b l"bo{ihﬂu@@ de(ﬂirgqtlés; dequbieerthalfirwire
i.licon substrates at i a
boRiahAGH 18 R guarovhes thparEs agrey PeReed rled Reptions
[oamgiper wirings are applied onto upper portions 10 of a
reS| t [+ .
| MRS 3b%e ohRE BitH Whe | Hdifine iBeBaG8 Ashibdtome
dmn‘rsﬁ"redadpﬂ pdditidde pe rtdie ngpnyensionat | tylleasr, comése%ulta le Yor a

ﬁn@? 'Wi'rﬂ'% B?% %gén 'ﬁﬁ@tﬁézﬂl us@d BRCWREn ¥l &1 cir8dd ik £6brial on

d | b
silignogubsirates AF Blafne) anhA HiAtiog e anplied onthy fpytpper
po?t1(919 098 1688 $P4me hakilb erpmwﬁnimgsl aee appliad oateupper pbrtions
of § BRI NAHE wBeC o PRE Shis, wRIAEACHHE) A rdp fetal
eldmehiessclerp@odd ve itsasllope énofiesiappdied] Dependimpon a variety of
th Cﬁ&gdlﬂgstta?%é%art@ﬁﬂsr RN Witd & M{)&&Pmb@ ¥mproved in

ni qu inmportant to forma
bog ébﬂ@rzﬂ?éﬂ raliapibity-the time of forning the ball and
[od@slobt ai n a sufficient bonding strength in a bonded

t b th d | o

Do tSpetan tNERtve: g Brvistod siFh ¢ aEh, fofie] Fo985 masso)
hatshbarem mgamﬂy aisedrak mgmaiterial of @ bondingndiirg @D}demgthnwever
eerﬁs LE08 d ﬁéngeI Egﬂ)gltdrﬁ\ll\?%ré I?x?a(]lé EP afbehdreakt S dﬁlﬁt@ﬁaﬁwhmh

wher e re 15 subjected to we
dixpgnsiyeshag haany Qﬁir%l Ci rcw t wiring board. [0007]

[obOe]t he resin encapsul ation process of injecting
hi gh-vi scgsi t

h i i gl ..
opoedeiiaEad she FPATReREcHT BhTAT T Do ng AR g eyl i
imporeaftoonfodmt ® balineithra gt spdtervditshat tiee fidjeacEforming the
bag\i arui? t %ﬂf’algesé&j{? %1en|n'feoo\94d1§%g€f‘egl]g@tnll %%dxﬁieﬁ%foﬁ%étqreen

estral ne

thehedand an aiﬂctmdﬂ: dBerthey éf’ cope V&l l@’(%ﬂg Oﬁ/ﬁéméldmg

teRigetBEsre, pl‘?&l?ﬁﬁg fof Qeﬁo’nd‘l‘hé ard %08 Uo‘i‘lrc‘lgx‘?é sBRAgth, a tensile
nner such ormation. can controll e

stwfqp%br?eldesaeeﬂke Bye AP GHSEPTH PP %PPBHH{%W“E%S
ubgsoted 36 wasdgaponldaig odapriehessn atditduit mitingdmard.

[OﬂhﬁLlcultles in putting it for practical application,
ss sone problens that |oop control becones
di f filoultheamdsin encapsulation process of injecting high-viscosity

thermosetting epoxy resin at high speeds, there occurs a problem that a
bonding wire is deformed to come in contact with the adjacent wires, and
besides the wire deformation is required to be restrained as much as
possible, in a resin encapsulation process under the situations where pitches
become finer, wires become longer and thinner. Although such deformation
can be controlled to some extent by an increase in wire strength, this resin
encapsulation process still involves difficulties in putting it for practical
application, unless some problems that loop control becomes difficult and
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2/ 60 the strength in bonding decreases, etc. are

sol ved. [0008] Besides, long-termreliability is also

important at the time of actual use of a

sem conductor el enent on which a bonding wire is

connected and 5 nmounted. Particularly for a

sem conductor elenent or the |ike nounted on an

aut onohi l e, high reliability unde uch severe
th‘éﬁWPthrBhbgn@’élgaé?ﬁr%sest et érasn V@?‘- hi gh huni dity,
[o0oB)t cycle or the like is required in order to ensure

strigt safety. Even i.n.such.unprecedente ere

v BB oherie ToNEY if Ao RoanhaT (P g of actual
uswiof kos¢miteneuictora¢ientprd, drondeidh pobbnding #Greviecenndnted and
moqh%gan?aWiEl?laqgﬁ¥&e§ %e?ﬁ@(ﬁiﬁﬁi&gr e[é}gggﬂ of Sh¥"){1& mounted on

characteristic or satistying the above requirenments,_ .
anj autognohilesihigh redimbilive nader shghasavere snvironaenfseas a high

te%gﬁgﬁge,grﬁiggggﬁﬁﬁi%d?ﬁ? gmg fbggﬁedga&lnetﬁpfws Q@&ﬁ{r@ﬂti&lnoﬁier to
. Y il o0 an el ectrode ,.
engip SErIS LGS, BIVER. T RO RS e YT epgonments, high

relighibityraimust be maieisiined nwithoul adéteniorptingeas bonded portion

sub ent;. to_the, bopdin ro s, and furthernore,
W}}%ﬁz-ﬁfg Z’Pﬁwdn?éwinéeolﬂ?sf’ Fgeril go an%‘%%%‘ect ed portion as wel |
[0@@9]st ability at a bonded portion under severe

envi nANERRL shaddRfhNtics? BrAsLRNIHM thé o8 AR qAlreaPRRE! it is

has been deve] oped 1 n order to chi eye | ow erial
degiged that exeradhehanagtqristic g‘%ﬁ‘ﬁk}%ﬂ r??,b"eﬁﬁ%%ﬁgg‘ﬁi w?uas easy
lodyoeutitael i@mld beRdaR Ibﬂi@?ésﬂ dproped bbﬁgabiaﬁy its athi dettesée and a

| atent |iterature . etc, Accaording to the co .
Ledgh Mo aatFEneH e ve WP cdefRERAbGRDth ahtelf GRAPRhtation
proodsdi saltsegqment tohéhev bandingf preessdandsiunhermgre, long-term
refigbF19id R\orioRteb pibiicn Sl WRAICad SEREITRE dia ARRRIEA! fortion
ungee SpERNCRGFONIMABE: probl ens are partially

[omgﬂfonsible for the lack of progress in practical

appli,catiqn of the copper bondi hre. (0011 th

oy Bondie et ks Ph coneh sy befy dslfted Jn' Sfter to

achilvei hgv amadrial reest,i pxcelleat beledinig conduetsitys enhanced ball
. [ r

oL i ;0SS G0 AL B oture

etgofcearding) t6\thleosonped risashng sviyen degiever.crhsireykqua Prahlems

that TRE RREAiIZat8RSoUaRd wike katfHcBFeducdbbn@ing B&rength and the
coppeéggased bonding wire. In patent. litera

WiFS AT P OB RFOTEN B TS BBRSU F the {106, 3 4B thige;t resin
encappelationadThemproblesn eppepartidldy 1@Spowsbld fanethet hek of
prgRe R g AT el TR, b BoRUHRORREL
[001tlerature 1 is reported that in forning a

In the copper-based bonding wire, when forming a ball by melting a
wire tip, the bonding process is performed with a gas sprayed onto the wire
tip in order to inhibit oxidation. Currently, a nitrogen gas containing 5vol%
hydrogen is generally employed as an atmospheric gas used in forming a
ball of the copper-based bonding wire. In patent literature 2, it is disclosed
that when a copper wire is bonded to a copper lead frame or a copper alloy
lead frame, the bonding process is performed in the atmosphere containing
5vol% Hz + N2. Also, in non-patent literature 1 is reported that in forming a
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3/60 ball of the copper bonding wire, the 5vol % H2 +

N2 gas can prevent a ball surface from bei ng oxidized
and therefore, the 5vol % H2 + N2 gas is nore

desirable than a N2 gas. Today, the 5vol % H2 + N2 gas

has been standardi zed as a gas used in enploying the
copper -based bonding wire. 5 [0012] As a technique of

uppr essi ng any oxi di zation of a surface of a copper

baBdﬁgﬁ hegearpes, banskieg wire; thebuplde Haitrshe @gescan pegintca ball

suMhte fidn WHiRH ox@@ﬁ@@raﬂcﬁ tE@z\é@de%d tnretgvoq%nﬂélﬁ NEERS i®more

rrosi ons. resi silver
degiralerfin b Neiea Toth B Evolte Jhat 05 e Bebedn plmdavized
asargthstllmedih(ﬁ émbbynh@tb@\tﬁxﬁperfbmdﬂhﬁl(hhgmdp@l nt of a
d¥§ formability and suppression of deterioration of
[0 rll .

ting solution, patent literature 4 discloses a
bondAﬁgl teghpuecofstuppeessing aay wodizatiensfeoserfaeamoba

coﬂ’f?ér'ﬂdﬁd‘iﬂé‘ﬁﬁ?@%a%nﬁ H%%&ur@3 dHigsdadid ﬁand\i%*g%rbq Gwhlch
formed on ore g@dper and nmade of a netal

CORRFAHS @8]5‘?)‘"@# W’é??df‘ go etal qr@@rr@@pw&&@ﬁa@m@etal Such as
goldll sﬂvm lpdatifeig palladeim] dicked, dobedet, @hréfie, titanium, and the

] AR5 650 SalBh o 2L Pa b S Kb ion o
demm:amgnwfraepb@mg $(ﬂuhgnap@®m$ liteeativee 4ndiscloye<apodaty

wifd s&gﬁa@furea%t% £ £Lo ré My%t;n@%@&g of Soprier, a

havi ng elt er _one
dlsgrrml ar msted bay exi formaed on thfer%ﬂf?tnh@n,élf anganpde of apgetal

ot}f&ﬁ:ﬂiﬁh co@@@r Véhid?él cb§t1ﬁgtl£1jréi* ffok'irﬂéﬂrtfﬁ/t}[&dﬁsﬁﬁﬂhh hfdtaEESer
g {11 ox1da (o) SkaR %%l[}gqtvulr & llagizﬁg e‘ial?: t
anf madaphad &ﬂ 250" %sﬂ BEA melting poin

tha81 66191964 5 Pas¢ mintitdriat wreal dm:ldkes Jalpankiae wire xanipriing a core

me%?’t%%ﬂ%na?ﬂ?fl dogl?lgds%ﬁ é)? lé?g%&ﬁtgég%lggg%erﬁsilxg q%}é%l%?%h contains
a ragisli karingreithes) dneqefi arbath . of aggmstirgent pad @ntexture different

frol t188 8d1er Beftibed2PRd @?{@péin exarynieH iPaltirh ARPhAFRL LN
--64033 30 Patent literature 5:

blic
thl\?gﬁ%l%‘g‘t'ed ﬁﬁé)@‘éﬁ}r(?éﬂmpat ent application publication No.
2007--12776 Non-patent literature: "Copper Bal

Paﬁeg[gd]llfev?{nlge ggjtlﬁ) aﬁlﬁ%éplr’?ae? | ona%zg1 aﬁ%gt\s/é m§c(53r§10n pl%hcatldn No.
S1MM6d8l ect roni cs (2005), P.320-324. 35 DI SCLOSURE OF
Paldii iPNYENIQY J zﬂfa@@se unexamined patent application publication No.
S63-24660

Patent literature 3: Japanese unexamined patent application publication No.
S62-97360

Patent literature 4: Japanese unexamined patent application publication No.
2004--64033

Patent literature 5: Japanese unexamined patent application publication No.
2007--12776

Non-patent literature: “Copper Ball Bonding for Fine Pitch, High I1/0
Devices”: P. Devlin, Lee Levine, 38th International Symposium on
Microelectronics (2005), P.320-324.

DISCLOSURE OF THE INVENTION
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Problemto be solved by the Invention [0013] The
conventi onal copper bonding wire with a nonol ayer
structure 5 (i.e., a non-coated copper bonding wire
whi ch, in sone cases, is formed with a thin and
naturally oxidized filmlayer on its wire surface.
Hereinafter called a nonol ayer copper wire), has
practical problens that the wire surface is easily
oxi di zed, decrease in bonding strength is prone to

Pr&ﬂ@ﬂfﬁol%%lvedB@%ﬁe R%eAtioRans for preventing the
[Oq%::%:ldatl on of the surface of the copper 10 bondi ng

the wire surface nay be coated with a noble
met aThe rconoe(mﬁaﬁabﬁoplfeeSb@icﬁﬁgewmét ﬁ/|1th [aIOQMﬂolaStelfdytrﬁb!ture

AR LOURRRNE FhE A 7 RS B
awhhaduoally Iﬁucpae& d?gltmn dayeclonoitegyiteasurfaveaHedeinafter
caﬂé?fata trH@n(ﬁQ?éﬁe %b?ﬁiﬁ Phé‘yﬁac‘ﬁfEQP eéroﬂ'lerrﬁg' matth thd Swire

urface coa erent rom cop
surface isj gpsily oxy eéoé@@aa%f}bbian%ngestr%nm Ferone to occur, etc..

Thasnad aymléaQQFf@f«‘!erérﬁmg\ﬁﬁhé Q)xi’dé%ﬁ?(ﬁp%f thé"'s’iﬁfaﬁ:@adf?ﬁle copper
er, W.r.e, an

bor\f{lge‘flgl Wé?et e?ﬁ/ c‘&rleeﬁuglaﬁ%n’%‘ﬁt Sn‘é\? thdi Pithyam ﬁp’é‘tetal or

oxidatieh;rehimbandecomstaf 20 herei nbel ow - menti oned

[ooRupcti cal problens that renmain unsolved. [0015] Wien a
ball is formed on a tip of the conventional nultilayer
coppaliudyypy etheg presentbaiventorsninl viewhof thecneetdsedor density

groﬁj\&ﬁf eﬁu@ﬁaﬁﬁ%"tidﬂ t)t‘,hnﬁﬁngn%?' tthd 10& tinOf tH eshhicBnductor

{ the generatjon o
R e Tt has FFutheiihit ihe RV Enriegs] aTulbkayer copper
w1msawithruﬂiedauofacel®ater(bd&5h ar ektgl differeht fhﬁﬁgiopger (herein, a
t cause
R e
wirggipasef Mk one dayer ISa(SEé]edoa)ppdrtllayfrlewnaa eag: Bais, hgeeinafter
calﬁ'&d the CRRRakioRaY pﬁﬁﬂtﬂa[}%'in 6%8?% er30 WHART hELweeHots  of

terf ere occur concerns
SIS A TR A SRR A el
[00wBt es may become electrically short-ci r](c:w t_ed in tbhleI
t.ch bondi 7 orm ng..a ba
PR LT T D
wires aoga%tbp}leformedlwrtbn@ elenradsad degited ef spheristtgpan afnmelted
parRdf! tHRORGRA r9191r tllll @e Qh@ Pté ('P th@ ‘ii gn of_bubbles
B 5%

strength are
becﬁg’r%%rg lemfiol a%}@h 16 pr \hﬁ} é 36? bandad w@mlpytrﬁdesnuyductxon

in bharlingetbnpeRdilig dMihi&ge or the like are caused.
[0016]

When performing a complicated loop control using the conventional
multilayer copper wire, a coated layer and the copper may peel from each
other between their interface, and therefore, there occur concerns that a
loop shape may become unstable, and adjacent wires may become
electrically short-circuited in the case of fine-pitch bonding.

[0017]

When forming a ball using the conventional multilayer copper wire,
it is of a practical concern that a defective shape of a ball bonded portion
and a reduction in bonding strength are mole likely to take place than when
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To give specific failure exanples, formation of a flat
ball with a decreased degree of sphericity,
m sal i gnment of a ball formed obliquely relative to a
wire, part of the wire remaining inside the ball, and
the formation of 5 bubbles (blow hol es) sonetines
becone problens. |If such irregular balls are bonded
onto an electrode, there will occur a_m salignnent
usiggrd PANOLAYRT SIRBRE WikR O a1 qurrently saaindn agedigokd bording wire.

To Cg(i?ﬂé epedficthtiune ekaadisleslefopri®ibn 8Na ®hd bAIliwith a decreased
def orgqmat,i on .wher e he bal

defzg it StFicitin iz ligominy pld 1 driraed apoaely relaiiys to a

witeg gohntgof cuhprm]reusemmmfngt neside nthed badl; tamwd the foramataon of
buﬁlglggt(f)ﬁ)gﬁkﬁfér Q&ﬁetﬂfe%utgééo ohp bqgﬂl%l s cthr }rrg%lgar %l?ll% are

managenen
borrasks @nrcw an aﬂle%ﬂ@ﬁ‘ nghffl’@l Mu]rlegccum9 orsalignment deformation

whefOtRE IO Riisdl @i:;& Wﬁ kRé 'c@Btéﬂ M/th@%mﬂee%ﬁ' &&Hrmed, an

elha?gicaf @$$%§ Br EPﬁe 3?51%3 o%rgglisépiaggtc@ggmnd a

petaliilikdendeformasioa, &g, hﬂhgmdeagﬁ’fgdﬁwbwtmmﬁﬁldf thedonded portlon
SSQCi W s het he ondi conven ion
froﬁl e?éc%god facs\)1 rreé\("il Qo 1, §8n8% ﬁ%@ 5% é}%r(faéaage

|Iayer co
falhu"e hermroplnctlgu e:saaagmneehor ahq: bilkeg These mitrad dionding failures

|
ma¥edaduse tﬁ@‘éle%?adla&tl BPan escrl ghgﬁ 5&lesstibBd a@X@%

and a core naterl aV|ng a
[00d&hcent ration of 10rm| %or nore. Through 20 the study

by t P&ten Bt D uGe Of disbRsps EB&NhnicuitenkkiNlayer Map beeBPmed
t ha

to PR D gl L BBe R i e B BRE o PR RE Ta B osotthtea
wnﬂhthmbmlj londingibE the konvéretyena] meitilayebasppeewire. The outer

Slelelr ?Ei‘ e&rertdiflo ﬁHfJ]I dﬂi:f{ié)él S%HEeMSEOH%Taﬁ?&ﬁSISeg{dA As well,

| Ce en used new environne
an pfm.l@éﬂfaee tb?twegenm%m@@x skinrlaype ande rmmtreat%al is

deééﬁhb@ﬂ adha bhemepAlt Mf Borﬁc%%ttrat‘i&? 0?' ltl'(){im%'%i b @n(?‘ﬁé?l"hrough
er., e nore .frequen a fla
o Shlhs BY b trEentits R ARG SRR nveaiionna Basnbsn Alserved
thdtai;}mr abadeem eanioneprmobieans cbn_ceweldgg thelhhlhbortl)d%d portion are
t S cr.ibe
N
thaioauqlhanﬁa%@mntt ﬁ@e%\mat mewrummfﬁn@wls@vensed under new
enBRYhMERIEHEGh as %B%ﬁlic‘é@idnyho :5 Q@mﬁ@ﬂd‘ﬁ‘%&goxt &8 1iké mounted

bei n [1ability . test of
on a’irsaﬁr@sﬂfaﬁ%fgv éarﬁebté@ WWea ti»@n%w&ye% kipolgyer: the more
frequdéletly aa ﬂ&trﬂﬂ’lhtmtbelcmb@rst eBé81(l$§T it @g8ls) beén verified that

bR T e BERE oP b Sab R Sh . MEflee e B impuffigient.
caysieg admymﬁft%dwcibedn preblemaconearnisg o rghbernt melial ity
[o018] 2 gol d bonding wire, which is now becoming a

problem In a solder ref] ow process as well, there is

t he Eohdbensaksy of thsosvalupbionaunsessnewaseverpopmisigonments,

speRefidd1BN thé fallewRNEteddas AbiMk pRrfornfddMRt! i, in the reliability

test of a semiconductor connected with a monolayer copper wire, a

oi—‘

temperature cycle test (TCT test) is performed, showing a wire is fractured
in the vicinity of a wedge-bonded portion, and the occurrence frequency of
such wire fracture is higher than that in a gold bonding wire, which is now

becoming a problem. In a solder reflow process as well, there is the concern
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fractured. This is also a type of wire fracture caused

by thermal fatigue. A Pb free solder that has been
rapidly put into a practical use for the sake of the
envi ronmental counternmeasure is higher in a nelting

poi nt than the 5 conventional tin-lead sol der, and
therefore, thermal strain due to the use of Pb free

sol der i.s becoming a problem The wire ure i.s .

abent; thepfailues that a bengdad pertionueta 9oprar Llﬁé? NeEe 1§ gimilarly

fraEﬂﬁfeHarI‘éﬁ% E’@ﬁﬁlooﬁ gyﬁ@rw wie8 Sfi'éldt::i%‘fcauﬁﬁﬂB?fﬁllenaa fatigue. A
u as en Suj] at,l n resitn

Py, goldgt ThaT has bher pnil ALt rtowt prachclafbe 7 dhe sake of
the/\nehhlmnmmw&sadtemhmsnuﬁre asViigher an 4 0mehéng ipsentotham the

cor%%%rti%tna? i iea?i g(?ﬁ‘blc %%Jﬁ;eqreforgntfl&‘ﬁ% gairpdue to t(l'}e use of

e envi ronnen I NCrea
vafaee aohd@nss becoraing: Auebtenf hﬁewlsrarféactum lb@wmtable to a

faﬂ oL addd tle r(ﬁ%f&lé@'sr ?n f fragtdie ekﬁaﬁﬁgnT%d teohBtituent

e cas the,cop d bond
mem LS %rﬁen?lﬁ&}’é‘ﬁ‘t“&f’g Sy aggsng§%gg HY&“H[%SH@ Er 8?4‘3;&5%99 a

s1lm6nfoiil ld)&'ethed@m rImedSltd@rltﬂd@pet\hﬁhTﬁil' 1m<ﬁ‘ehs¢1bca)]mﬁic value at
ecre% nyent i onal gg

the B i BOE B s TSR AR PRy o By Perature of
themisage buvirpnmient and| inciqasedvariations @ouemnma@urfgomheesame

it F&onfe ﬁ#@rtahf tb '?@dﬁétt Wuc-)e gilcPutePHeEhal aeer 't@s%CEnaﬁfzé\cf)@ase of

I's as 2pmin the conventional
them;cpnpqr &@M@Fgwlf% the i nprovenent effect

[O(delfblted |3 the TCT test was insufficient. [0021] As
sur e OXi t d .
S RRE, e b RE SR ot DAY S SRR o e
ocdurtences ahde:t the t FE€TAL Mpl’tenemeszmlghelycodnmaaﬂiasnaﬂn the
co elrnqr 1 or Wﬁﬁe? csgﬂepgnfé 9k Qﬁdﬁrea%lﬁh Q1RoARAYBr copper

e ‘npnol ayer copper
wigg, rhut mw@é} in gn@r tag gald hﬂﬂ%}ng srireeley axalaasea if he outer

skihB fg:ﬂlél‘ét@ﬂﬁé& abolé i€ 3§%ﬁa@a§r(9@(bﬁﬁ?] DIvmh e thed@aventional
|1S.re ce an a Sna
mPLRRE COPRGT B dBe BT ere SIS M REEa oty T test

wasnnbhﬁiowmtkabl ity of the copper-based bonding 30

[Od%g [0022] According to the conventional nultilayer
per wwre, the effect of retarding the oxidizing )
pr océss snaﬁac@eomdt@tmpme@dsmm domenglaegecopper wire, 1t

begflﬁgﬁg% ?Iy ggﬁ{l.@gﬁgﬂ ru‘é’b rt%gé-ﬂgﬁngtcﬁ'faﬁﬁ‘ﬁfe 1@%1’Rﬂ'ﬁrm the ztjltmosphere
in on osition
Ther PoRYQROTMIERl] BRAGEE BHIe, FAgu bR rStPESfL foBABIU §78 gponth

beforeVdrCditihg we. aXSI\fdret}féumfo&@Blye'fhfbpﬁéf) reire,i however, storing it
onkﬂ?orﬁteglgtg?l @%Yp? pt hFhe {eméséhoeﬁ? QNrﬁlltzg 318612% Sgobqgﬂlvﬁﬁjl;' t%%advedge
boadabilitlyeist reduced and a ball shape becomes unstable, which become
factors causing deterioration in the workability of the copper-based bonding
wire.

[0022]

According to the conventional multilayer copper wire, the effect of
retarding the oxidizing process can be more expected than done by the
monolayer copper wire. This effect, however, significantly varies depending
on the composition, structure and thickness of an outer layer of a wire or a
vicinity of a wire surface. Therefore, it is important that the structure of the
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workability to a gold bonding wire, wedge bondability

and | oop shape, etc. need to be ensured to be

degradation-free, even after storage in the

at nrosphere for about two nonths. This neans that

several ten tinmes the life 5 duration nust be ensured

as conpared to the storage life of the nonolayer

copper wire, leading to considerably strict conditions
convemtionsd multilayemeenner winghs epiatiredohe ensurenthe equivalent

wosR@pidity th0923]d AoRAthd hﬁr@&@&ﬂ@ﬁoﬁ&é&@ﬂtﬁtaﬁﬂ Yﬁdphshape etc.
%40 di zati on, %ghl blbtlgn of Xi dation at thg th
sB%red o be' APetrdanioniiiop: fves dbfes. SusEg in the
atmomi&rrevﬁ)r abobtwo heorcvhsyEhid meahs thao Isa;eeal tappedes the life
duio%trl(gra éﬁ\ésscbﬂ(% %%F@];ercri] %@ cog@%r{a/@ éc @El s%éﬁ(’ﬁ })Tﬁzl_éiy ager\aason%layer
coppereipeoleading toveorsi eta’cdy sbsict candipoosirdiniyeddar eametenal

whk®nidin @nistigdedOls doppesake of providing the gas in a
tory, and the running cost of 15 this m xed gas is

[OQ.% o expensive. Wien conparing total costs including
t he Arreungf aihbur}irﬁﬂlemg;tassbbh@t@@SWn&ﬂVcﬁﬂﬂﬁ@ho&QWﬁﬂiltﬁﬁon of

ox QT I6 MF s, B o TRCa P e 13 B ifgPRianyy A%t o
conpEs wost Fos theecomventionahmardayar capper ceprpen- ibaﬂ%de + N2
gaf20opdIy Bmylloted As B Sidard BAI-Rmint A& Yihen the 5vol%

genen becones StrICt ue to as muc
2c’6eréSfiS a6 emplogednhoveyer thetwsh f@’bﬁé‘é‘ﬂﬂl%d@ﬂlc&ted piping

arlgéﬁﬂﬁt t}ﬁﬁseﬂfb oﬂ\@fdﬁaiﬂg the gﬁ@@@é] falcfor? 9n8 th@ rrufn%ﬁﬁfg st of
cOS

thifmiiad s B AeASRaBY ek AR Bt o (OB e eimelndig the
manffatturmg ampstie the | st 2ddvartage dsormedntdsubecdmbsnissmaller as

corﬂggpeq{ tgfthQP\b"i“l} g?ﬁis bBHdﬁﬁj&»‘f{e eyg]r? Qf Hﬁ%@eg: Hqﬁ%e tfor a wire

nvent il ona S _pro
matepial.ckhe gapgesd lm@negfééhﬁé@ctﬁm Qz'oﬁb@ qopper-paged beading wire

noyﬁ@pfzﬁzaapgmrgﬁeﬁ Bﬁtglt?n qﬁg@ﬁemaﬁ ll?]édljog:lis stqlicftfdlu%tﬂotast Ruch as
vl PR BROOEEPaylRditsh fhr anreer R Bty A padpegion in

wopkabhlityi vity is easier to ensure by 30 using the 5vol %
+ N2 gas, and using the pure N2 gas has led to sone
bl ens such as the occurrence of the above-nentioned

m salfi greas vl forming st hblleisbeomprsed of e¥conlyf at ¢pst geducing

eff@&ﬁs%n@fd@‘i‘ﬂﬁ@%ﬂ%o‘éﬁrﬁ’rﬁpmatacl@‘t‘&) thé YRty %&ﬂ@éement is
re(ﬂff&% B 6 I %F'all ?v%ghﬁggoﬁl@'fg Elﬁgtq H:e‘?%gf hea 5@@% the
coventidisd] anbeolapek _cdiprmiﬁﬁrﬁ'e?aﬁ hBes ppodaddici, however, a pure N»
eaf RE ol 5 AR iR WRGSET b BRABIEE R e
difficulll épatneel. 1B/ GGt[ 0885] Similarly, when using the conventional
multilayer copper wire, totally stable productivity is easier to ensure by
using the 5vol% Hs + N2 gas, and using the pure N2 gas has led to some
problems such as the occurrence of the above-mentioned misaligned ball,
unstable ball size, etc. If there can be produced the conventional
multilayer copper wire that is capable of providing high productivity and
high reliability even when using the pure N2 gas, the obstacle that hinders
the spread of copper-based bonding wire is made small, and thus its
practical application can be expected to be accelerated.
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Therefore, it is an object of the present invention to
provide a sem conductor device bonding wire mainly
conposed of copper, ainmed at inproving bal
bondabi lity, reducing the occurrence of failures in
thermal 5 cycle tests, and inproving wire storage
lifetime, in addition to the conventional fundanent al
(fe formance, by solving the problens associated wth
[0 conventional techniques described above, and it is

a furhéefored) ®Cts ahno oB{%‘k’i&etﬁe eft fiakeMtibR ﬂplﬁbﬁﬁie a
such bo%{(ri W re. q1 an for, oIV|nﬁ%(gfrole d
SemyeRETICE, %Yl&%ebﬂn A W6 Raiy & opRgTt Bimed at
impiwriag Uil d»bntlhmhty,omziaxcmga“hd deadragevof ﬁaﬂures riethermal

e cr a an
Cyc?(gsﬁ‘i%ltt %/’ |attnbﬁ Ig‘%k’ oun étple%d%w qfﬁéﬁme fec ﬁ\I/Oen £ the
convieatomap éundamtalspbtfﬂunﬁgcw e sokyinghe aerblemsf associated
wil BYId c&%ﬂtibrﬁl%%bﬂﬁlqhiég (R&'é&ﬁbedl apevehhd ifis 8RGEtHdroobject
an g of t ck ess, trol of. the
to B’Eﬂ—}‘g S AtTPS R P@éln%ﬁuq OR %&%lfret he outer
| ayer and the core material is even nore effective.
7] |nvent|on has been nade based on
Dﬂ%ﬁﬂ;%ﬁé%g ngq%ﬁ%%§§l 20 and the structure thereof is
02@dnari zed as bel ow [0028] A bonding wire according

Lo aphbr es@ﬁﬁ’gl%/eﬁfor%hﬁ P S5 deHYé%ﬁ% O ithe é’tudg of the

sem _congquct or. dev] ce | ng wre |nc I NQ: cor
conpgrdiasgdl hgnling wishpanentes tonzqlveidhe gppblenas dﬁsmb?fi above,

ané QRO AL, 1arha@ MHeehy fbaﬁa foulltBut e effectivedar 6he @di]ﬁ)er based
out er

pBeb e 16 Rave it St 5kt GALR ProdaR BE' e 1a7eY with a
spe:cmﬁpwaage sf ahitknespomnd ithat, camtotol of plpe complositeins, stiudtures
or %&5 ﬁg ¥ﬁ5 o'u?erolaggiL ah tﬂe ]c%péT}ﬂa[%eI'iQW g\ze;tg g)to[rg g?@ktéive.

ing wre ccor ing to a secon
sent 30 invention is the one set forth in the

f Lr STh?%ﬁ-@gér_lﬂ ﬁllmltﬁﬁl %HF b@B%%a% bl?déeatcid Uﬁdla '&%tcﬁg“fﬁldmgs
ncl udes at | east, one el enent sel ecte
anaﬁ} tra‘ﬁ% p,ﬂm ProggIsed %%geal OWai n conponent .
[0q2®330] The bond| ng wire according to a third aspect of
t he {irb%%%% g%éoqa%né' Po 'asfntsﬁ %sﬁ@% &etthef[%;e%grrl# grvention 1S

first or second core i
a periaidugtarodgeiceasonding wize mpshehinge ghtcaresmatetiahsyhose

corﬁﬁ@n@ﬁt%%@lude%cﬁ)%& ekserhein| coRIPoERBta oubbr llaSIer $rovided on
rare-earth el enent

 REARAISTign S PUET dRV T SR RIRA EaST M (B e edes from

saideketd Yeatedidl @ one or both of components and composition, and

copper, wherein said outer layer is 0.021 to 0.12zm in thickness.

[0029]

The bonding wire according to a second aspect of the present
invention is the one set forth in the first aspect in which the metal M
constituting said outer layer includes at least one element selected from
among Au, Pd, Pt and Rh as a main component.

[0030]

The bonding wire according to a third aspect of the present invention

is the one set forth in first or second aspect in which said core material

including copper as a main component contains at least one element
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whole wire is in a range of fromO0.0001 to 0.03nmol % in

total. [0031] 5 The bonding wire according to a

fourth aspect of the present invention is the one set

forth in any one of the first to third aspects, in

whi ch said outer |ayer contains at |east one el enent

sel ected fromanong Bi, P, Se and Ti, and an

el egent al concentration of said at | east_ one el enent
selgptedfram  ameredt, BdrdZeBieTl ApeAs Sni and rargigartyfelements,

and Fdiﬂbl%n@énﬂg@ c5ﬁ’é€n%ratfio%1 Qfddaid 11@3&9&38%% Elrﬁ&gﬂ?élﬁﬁve to the
e.accardin i
wholg Wigq 0 4 &} A BoBERE 0 0mateh Ta ket ne
[0031st to fourth aspects in which a di gf usi gn Iayer
t I saj

mt o1 RS DESBE, YRRE SRR b B KRR AR R U prosent
inveingiom s ple tonef Schﬁ)I‘phelsleanymnﬁenf ithe fitst tohthivdeaspects, in
whfu,cl{ E;E&d' d'ht@i"‘ll'a)Qari"?coﬁftal{xﬂeatflb5§tt ofPelehlddt RIRREY Froh Am %a ong Bi,

car.bon concentration I.n a er nost sur
P, 3¢ ag .ﬁl Sadern plgpaental cppcentratiga o ﬁald? AbRapt ong e lement on

a s@fak %f saittlowterdgya@nisvihes falgeeoltroRoN.0d xDFAGI% i S6tall.S
[ods’%] range of from5 to 80 nol %is 0.0004 to 0.01pm
thickness in a depth 20 direction froma surface of
sai dTbebending wire atvondioentvea édth aspentn the present invention

is ﬂ?ée‘ GRBL &t fo‘fﬂé Olﬁl é‘ﬁ%(vo%et 8f %%t t‘af fo'trﬁ‘hg O‘J&?ﬁj:ts in which a

ments, ygen an
fsien fayeariip @ra@é‘@ﬁdteﬁye% sgidy ev’éam nyasp saigt cqmenaterlal

[0(133¢sent 25 invention is the one set forth in any one

t to.sixth aspects,. i
o onchfie bapiling FiretchrdaRriga sieth eabecint (Bamyeitomvention
is theyeme et fontlain maygmeodf ﬂreoﬁrs‘t todfi2hrazp¥etsaml whitkgi carbon

coﬁ(’)@gheatid;gtm%ﬁﬁt&%ﬂ%g%{@aéeoggg%d bﬂte@ l; gﬁ%ggl L r%'iqge of

frophd5 tBPmad % fanshiadregionrwhexeeth ewnebmwnpaeretatatlnn is in a

rafg BB fffm 630 ab1oHRs (ﬁ@oo@ltato v b lﬁtttl%]atesefmoanepth
nitrogen

netal lj c el enent ar bon en an
dirgefion fremng Wﬁ?eceaegoﬁaa‘? rPg}‘t }ﬁe"eﬂ@ﬂ?‘h gapRazedomn dpgns of
corpeasation irelgivei onai tothhef anetadkt el@nbhtd, tadbyn 00y @ and
mt%%eﬂ" rst to seventh aspects, in which a region where
ncentration of said netal Mrelative to a total of
[0084]t he netallic el ements is 10mol % or nmore is 0.03 to

0. 2pphé ”b(hnhﬁﬁn%fe a[cg&:%ﬂl 1&! @10 SEO@nt@P%‘% B&; ‘U'frt%e resent

invgtiomeisdhe ogerset GPith l?lfﬁlgﬁs»n% AELIES ffi oy gy amseds. dnohich
an a&pgeh Tonténtration in an outermost surface of said outer layer is in a
range of from 1 to 25mol%, and a region where the oxygen concentration is
in a range of from 0.2 to 25 mol% is 0.0005 to 0.007zm in thickness in the
surface of said outer layer, when compared in terms of concentration
relative to a total of metallic elements, carbon, oxygen and nitrogen.

[0035]

The bonding wire according to an eighth aspect of the present
invention 1s the one set forth in any one of the first to seventh aspects, in
which a region where a concentration of said metal M relative to a total of
the metallic elements is 10mol% or more is 0.03 to 0.2zm in thickness.
[0036]
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whi ch a region inside said outer |ayer where a total
concentration of said netal Mrelative to a total of

the metallic elements is 90nol % or nore is 5 0.004 to
0.07pmin thickness. [0037] The bonding wire according

to a tenth aspect of the present invention is the one
set forth in any one of the first to ninth aspects, in
which a region inside said outer |ayer where a total
concEhe r bendingovizei accoodingt 4o ® mahth i 9spech of ttheapresent

1nv‘éfntf0|i‘1els”ﬁ§@|ohbcse@|f§mﬂh§ dny SRERIFUNer fiffR' ® bizhtR £PRcts, in
06pm i.n thi ckaess 38] .The bondi

[,O
Whé‘gbérf:ﬁ P ipsids sa1d\AHER lag‘i}é&h%”? 3 ﬁ%t%rcegeeﬂtratwn of said
meital dhirebtivestd betodak of ¢he froetdilic Rla@AyntN e 00nddd% 61 hsdre is

spe in 15 which a copper concentration
0.0?)%ltg??@lf naﬁ{l%% Sof the metallic elements in the

[0087] er rost | ayer of the outer layer is 45m1% or |ess.

[ 0038} e THEn DiRgdivfide VhERraGFRPOTHI BT tERLIA ééﬁfe'cf t ﬁf acﬁee%)fresent

. of the present 1nyention I's the one set fort
InvgRELogr 15 ke onessett forth dpemay, ongpelcthe firgt tomipgh casp&cts in

whii@fiaOfedion tiiSidsusdidcsutet 167610 waidirera tata@conb&it@ation of said

t t ot
mef 2P RF e EEBRCRL Aot of §h n'pé 8 gfomBnfiis) boipbliney spore is
0.002 t0.(06Amt in thi€lasyss i n t hi ckness. [0040] The bonding
[0 d?é'—'e according to a thirteenth aspect of the present

invention is the one set forth in any one of the
fi r sThe dpangdngtWirgspesording o aghiedeventhbomsnast raft then psesent

1nvfé§1|gﬁi)nﬁﬁ t@ﬂrl]e MneV\@HtCﬂ)rtl@ 1ﬁ°@ﬁﬁ'dﬁ%dof Ph&Fir8 tth rt%n‘t\h 'f5pects, in
IS O er at

0 t ot
8 opDeE cants Sapeh IRARYS khgelonal of B Sigaliielonments in
theSmDﬂefi/mo[sﬁ)MZk-:]r of3he Auter ryleons dBmod¥tdrddsaccording to a
ﬂ:rteenth aspect of the present invention is one for
co necting the bonding wire set forth in any one of
t he The shondinghmireacordingete s1 tiwelfthdiaspedthef stheppresent

1nv‘?3fntf091r {9 b Snd3bt fHYh 198N Bhi NG (AR £¥<E tg'eflé;‘!?@}{tﬁeaspects in
il e spraying nitrogen gas o 1% nor e

w igyr %J%‘OB Wit gh?l %“’3%0‘? t%{isﬁ?ﬂﬁfloBHEﬂrn §Ye’énﬂgﬁﬁ°ena copper

correntiatipi helativel td hutotaBof fthe ndtallit/ d0mishteds SnoA raldge of

froB} i%gn On?%/«{e}?]s()é%ﬁOé%C%r(%Sggg 6flbcin%ggdl ng wire of the

[0040]

The bonding wire according to a thirteenth aspect of the present
invention is the one set forth in any one of the first to twelfth aspects, in
which a concentration of said metal M, which is contained in an entire wire
and 1s other than copper, relative to a total of the metallic elements is in a
range of from 0.05 to 3mol%.

[0041]

A wire bonding method according to a fourteenth aspect of the
present invention is one for connecting the bonding wire set forth in any one
of the first to thirteenth aspects, including the steps of: forming a ball by
generating an arc discharge while spraying a nitrogen gas of a 99.95vol% or
more purity to a wire tip or its surroundings; and then bonding the ball thus
formed.
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to reduce the failures in a TCT test, to inprove the
bal | bondability and the 5 wire storage lifetinme. As
a result, there can be provided a copper-based bondi ng
wi re havi ng advant ages such as inexpensive materi al
cost, excellent ball bondability and reliability in
thermal cycle test or reflow test, |onger storage
life, good conpatibility with wire thinning for fine
Effsctswft doMengoe, and the |ike. 10 BEST MODE FOR
[0042RRYI NG OUT THE | NVENTI ON [0043] The study of a
Lhg a.cor naterlal whose

bondi n r e c mai n
con‘p‘é?fgﬁ gt %%Eww wWireofi the present fpypaniion, ﬁblSaPOSSIble
to pa@tie tHe ﬂgﬂslééﬁw?ealt’EGT tkbt, tﬂ@ampm:rb Shetbagdl bf@daﬂ)&ﬁﬂf ahd the
e bendabi l,i can expect e ni n
wiff SRS, BRERRR Wl & B0y SpBHE Ak Be Jrof M o hbiher Basea
bonghisiga b ire ﬂmvvnnm| advaritagaeb | suelmdas henexpemsrvencmatdrial cost,
ex&ce'il%gt Olbra?lsb xfha?ml’iﬁd gﬁﬁb&ﬂqg bgorriéltﬂ{%'}mdlr}:yabefegﬁ 81‘ Qgﬁl)% test,

OW est ave new | ssues
omg@rtﬁ@ragqq dife, ﬂﬁ@%\/&mtlbﬂ%cwm wike thipringe foy fine pitch

tech@ighd)arid et fik€i ent. Accordingly, as a 20 result of
haV|ng studi ed a copper-based bonding wire, which can

nmeet the new needs from packagi ng techni ques such as
a snal BESA MODEJFOR EARRYING OPIt THE INYRENTION
[0 q@tp ability of the wedge-bonded portion in thernmal
g;olonged storage life and the |ike, and
whi ¢ e&ﬁu 96 arhand mgemme@ammmmgfmeqmematmlovbn@%mam

coth oﬁ&%slspédiisiiégtailrﬂ”?%hﬁ@pld}ﬂsei%é)ﬁ%nhli‘@ al %ﬁg@mtg l‘fe%aled
th%a@@? n‘g%ewoaf@my oe€§§ (iﬁ?slb ndabyidy” R b¢ dwgeted by

con“uahnmigathé tmétal Vf ac thy eviéinityaod anghurfgcaviof ethteme@a}nmstable

fordat} urtl &F baﬁg Shd'¥h teh dar ee%claf : huckness | ﬁ %_bf?oe%l f L o¥tion
Pt gL Ra e Agd theleepignce of ACkuCs N Jirdge Rroel

in almnmalom:lle tdstantretloantaseé Immedmemebgrew desuesphndfgribes the

1m59(5%9§éﬁﬂ SHect If rtHEts‘t'(EleageqH% reﬁ{aﬁlg ‘?nglh‘ﬁﬁieﬂta)&%ﬁortﬁﬁgly, as a

mat er i al @é; n. ot her words
resydt of zb@wéng ﬁavdlsdb%ﬁapa@r erff’ berdingewize, sphich can meet the

new&ﬁwdsaﬂrowmﬂ:ag@ﬂ@@ékﬁmlqmm gheldlas goman k] Bofiding at a fine
iR areR) e R plo e Ly e EbaRARY G USSR ntheron) fatisue,
pralhagediistdrags lifecand ahel 1dor, eamhmﬁd:}alcanralemeneﬁt thet heeds for
AL RSB M B
bopdineogtatylitsh v hasn disiieg ity anexnensiv gas ofoprsdagme pack Mging
pr(?feﬁﬁfb?tg d’lﬂ r}fa\g lﬁght g)'uglgﬂo&thﬂiatsﬂﬁg Leﬁ'fia;é&getft}? aV\deIQdmg w1re to
hayR i prer PEBE VLK o SeR i RTEss i & ReeqiBa Eikactt Hanee.
Funthiedi i) has been found out that additional effects can be obtained by
controlling the composition, structure, etc. of the outer layer, the core
material, etc.

[0044]

In other words, it is desirable that a bonding wire includes a core
material whose components include copper as a main component and an
outer layer provided on said core material, said outer layer containing a
metal M that differs from said core material in one or both of components
and composition, and copper, wherein said outer layer is 0.021 to 0.12zm in
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“mai n conponent” is used herein in the sense that the
rati o of a copper 5 concentration to a total
concentration of copper and the netal Mis 50% or
nore. [00451 In the TCT test, rise and fall in
tenperature is repeated, so that thermal strainis
generated that is attributable to heat expansion 10

dj ff erences among encapsul ating_resin, a lead frane
thigkpess. 3y pwplosanE Fhe thonding Wige| b&qeﬁ@lsf,raapmfpgng@gfect can be

ob?ﬁg?& thg shippredses Rhb éﬁﬁ’fé nﬁékt&rl%‘ﬁcmea W’&é@%orﬁ@ﬂtp(ﬁ‘ﬁlon in a
th%é%@glecy%enbeesg @gﬁt f%?ﬁmfomg@@ow@sgoﬂur%mamélmg thegpyding

“meed @:bnnﬁ)nent’s 1wuseds]heneungt1h tleneensd yhabehonesid ofvar copper
coﬁ&%@rﬁié’ﬂ %I 2, ;ﬂ%g EOnc% rat? d{ ?g#&%%e ?ﬁ% %ﬁg e atltMclg 50% or

Cross-'sec area
maogef ects at the tine of proceSS| ng. Additionally, it
[od¥s3 turned out that peel ing and fracture are prone to

occu vicinity o e wedge-bonded portio
Consit éﬂ? f@%‘ test Bshprnd é@ﬁemr thraReratyare 1g FERPRLH '%« so that
theappdli edraineriet cgenbmdsagatgm;danglb&itabﬁg_tﬂb Head expansion
.£c0pper wire at a e- bonde t ce is . .
iff3RB8G, Pk oo B R RhiHoBeand g sghicon chip,
thewebg.inHoringhfeetirmcand slanpagaiin ¢dhe eviahifyaof the wddgesbonded
poR ttﬁﬁ% 19‘?%9%?1%11? WEQ];;euﬂEh%'hgﬂgr ﬁgrt'ﬂe' Q’eﬁﬁe bonded . portion

ge- on ortion o e co ased W' e
Wheﬁ%rﬁhen bopdingowige gs| ighdy; onfgrmpde 1S4 smrerta%b generally
be@ﬂﬁ@d ldv@é’xefhdrﬁ aowﬁt%hté(%lf 'Odde2 té‘ FedActidh 6K %e@?)ss-'sbcth@nal area

at ,a rovenen 0
anf 3PPiiRy FRabHE dBrkBEhE e Smb R B R Aadtpaany, it
hag $urrllmi el tedti peelogg and fmctui'teamepmnel\/tocmwt'llhtthe ngcinity of
. i agr n n t
the, [Ee8U Bondody fbuiddh.| IP'EUSIENALOCINET BRBRELIYG Beft are
reppagedlyr apliedibhareta, rh@causeea hoagang B@@@ﬁéh of a copper wire at a
weﬁ%@%ﬂbﬂ@'ﬂté’rfa@é @@'cbhgﬁgréﬁlyalob«%dﬁfhﬂ Rh&f t)ﬁ%e 1((’1 bonding
N nc %n th and hencef F 30. rel iﬁﬂ can
W”Ef’e &EH’ arsTEercrESnce | ¢ aﬁ IeRi Wk Ae ﬁ%ﬁ’teb?cqn%es a
mdresmajdfnaltbnc@mﬂﬁijauwedgé bbaded pertieni the abpyer-bgsydbonding

wugu{h%{? %jgﬂfﬁ%gl@bonedmggv&léty ina TCT test can not

isTcon efed to be attributable to
fact that the outer |ayer, together with the

W' r eIf i %HO%J&'?%%@P 611% g) dt)ﬁ 98 Ot ﬂz‘?‘;}ﬁﬁ gt ﬂ&fr?al(lg%sg} F‘t§1§ tdfsidered
thﬁlfe@ﬁ%?@rsf% anﬁ%‘%em%pfoﬂgﬁreeﬁlbeﬁ) ifipg of e med gyéqongiﬁﬁwortwn
in meTa@Meest Hi rttllateff@elvebmdﬁ?by rmler{nﬁefl Npt:%%ut@mmgweﬁe outer

regl on no _outer XIS SO a
Laofe o B $1E A BYER FRRtRh e TiPtiher 2o hgnded to- If the
thicksessthrernof isH@ 08 gy exd morey time phtarhayernbecorhay enbstantially
sta@ﬂlﬁé(f Hngvﬁ&lrl(}, e lintdifa &o?gei(?ld‘ slgr Bagﬁ'en dﬁlle\fﬁerﬁce high

outer layer ten wor
relighility caphedhiginad Jé)n@t'l}{) test. If the th1ckness thereof 1s less than

0.021zm, it has been empirically figured out that sufficient reliability in a
TCT test can not be obtained. This is considered to be attributable to the
fact that the outer layer, together with the wire, is subjected to large
deformation at the time of wedge bonding, and thus, there occur localized
regions such that in one region the outer layer only remains thin at the
bonded interface but in another region no outer layer exists, so that
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the thermal history of the TCT test, however, the
strains in tensile and 5 conpressive directions get
conpl exly involved in the wedge bondi ng, thereby
making it inpossible to ensure sufficient resistance
properties. On the other hand, if the outer |ayer
exceeds 0.12.pmin thickness, then the snoothness of

bal |. surface, deteyriorat s ,of ba
suflicUi -G SR b rioor Rtar b ST L 0t Rofpypmsured.
Evefidfithe olnter ldyeadaxmgsumevresﬂﬁlat Ithe ibemdetl iatdfadelthe uneven

ou egflﬁg%{ Pﬂgrsllv%oer slefffeghve dﬁ%ﬁﬁ arll gﬁﬁraﬁ l?)%hﬁn?é stt}@hhth In

the ¢hermal dnatlotry dfethe g‘é}iﬁutaefr @mmvere thefgtramist in ttensile and
coxg?p#ses‘f@eba&&&?oﬁsa%tt ORp1SAY Bevaleld sid ethe [v@ d bonding,

he” out er Iayer Ig ln a ran rom

t @ebzam@lslrcg douppessilzle; to enguaRfadhicient egist Qegpwelrﬂss On

thel GTh%ﬁsltanun derhé hﬁlt@%‘ Nhgér teh@efqdm| 029409 rm titiekakéds, ahen the
ecr ea efrm I n re a

s ytad prL <UReep detngracin, 4 HEREl i Bpjaced trom

a d@ndér i1 a0neaGem liked go]rfezllulal@nclult, ythus, lemthgZTO me@tblhtles of a

baﬂngﬁz{pet g%dsglgbcflggpg WE%D%BPC}XSSC o(%jcht bp%ﬁllcﬁﬂnﬁ{aolhty and

ofleld dely, pareh dws| sprativenlly dsen %Oraﬁlgwed to be difficult

to ﬁ@ﬁfé%%&‘%ﬁe%&ﬁé fAnfBahiRl safsfied ead frane. VWen a
[0 4?&] frame i s nade of a copper alloy, thermal strain

| arge and thus it is subject to the damage of the
wedgPréfenalely, ffortei outerdayteisiren rangeofriaca 0025 1420.095zm

n %1 Ci%ﬁag% . Qﬁa d%%k% dn ggm[%;’i‘g?c E&tt %déﬁ@(ﬂn&xg?&%ﬂﬁnhlstory
comMroer@samg da@@a@ed,u Rexpithizias bigh g@babﬁage@ be abtaingde More

préfarmﬁj (Ut Usena dank8 %fqp@ﬂs 'tGEU 085y thb@eHABRRY-1RAGRATCT

wre to in-vehjcle m.conduct ors t hat
testéaaderreth@eatrlgb Pheryal BisfrigeandeRacen be tpge improved.
[O®f§hablllty of the copper based bondlng mnre under
t he %ﬁ! test ufy :
still gaglggﬁa?% (fg%ce?ﬂdqe%aggg%%gqg ette gtyis also
astasaed Sith @M@qeraladfwaieaﬂefrpmfg %henmle)adbﬁg;amﬁelmde of a
co% St aﬁg%f'st?x%rﬁl%'ﬁ%tf%ﬁﬁqgrlﬁﬁge §H8h;h%§ i€ YeREhRRIRO the damage of

epar 1 on sanp es ong eval UatldR ti e

tho avqiasdpeiad BeTrum. REBile CEhasHecmAge gH A #e AEYaithoh small
co®ffficTEThsT thes@l edpadsioneadbétaanialBngo Ql@fe&:}% dgtair MPnsidering

R e o PexRen e opadiP S CRETL g T} Poure and
thee dgeplbcxttted dr tthen, co;@;lsmﬂmaederboadmg ewieel tto asn-gehicle

seﬁﬁ?(%?dc}rb?% ﬂg%bo?&iuﬁéa%'@l ﬁﬁlt Hi%lrhetélﬁﬁéfd%q 6Pehab1hty

or en ng eva | Cl e , ver
of thacopper-basas benging \mrﬁdmcteg tIhIQaT Trteshd mghtrégf)rt@gr?ases

abB&t LA 80 nol Rb §né§¥| S EBRSEH @Y BREomBB] Hi%llig'hté\@ lisghedn
[0 § éilltlnggy peel test that pulls up a wedge-bonded

Evaluative judgment only by the TCT test causes some concerns
such as cumbersome preparation of samples, long evaluation time and
varying evaluation results depending on the selection of members such as a
lead frame and encapsulating resin, other than a bonding wire. Therefore,
the present inventors have devised a tensile test for a wedge-bonded portion,
(hereunder is referred to as a wedge bonding peel test) as a simple testing
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directly upward has been inproved to make tensioning
direction and 5 velocity, etc., appropriate. It was
verified that bonding wires and bonding sanples that
were tested as having high fracture ductility in this
test had a tendency that the nunber of cycles taken
to cause defects in the TCT test was | arge. The wedge
bondi ng peel test is an effective nmeans enabl i

meghadt feratenhangng uavalnation teffcienehanestying o t.tbg same

cor?bldtivh &@@H&t mrﬂﬁgwrcweaoaséﬁ 8B dbtﬁélinear THIOLs Abhah6@&ment

est 0050] The M as. a
meégﬁgég &l 1cgfa iBarep ?]agfﬁl that gu Bnﬁétuéﬂ a gredge: banﬁgzﬁ portion
direoctlpeupwalrd c hak shelas i ingtoyedf teciniake E@iswﬂiing\dﬂ@tiolme and

oS! b Ry 190 SO RRS BRIDS ang, oncing

sawhpleshatbyexer tesbéd es halveng hizh freetine dugtiliyeih th&mtragt had a
teﬂ raﬁ{atlt?lﬁsﬁ mPE¥ o?rb?fc@: t’%l}kﬁapt% cAlsed gfem ans the TCT test

her et ore een

Wa§u 88sf geliﬁ‘%élgha tegf 1¢ 42§ P%‘FV‘? FBFR0e flibling
u@ﬁtlwhgﬁls le?ﬁlueﬁli(ﬁp of tthe [mleghamal @r@pmteEUbfaﬁh@ wddp@tbonded
111 0 n ro | Ke avi ng an
po‘?\‘ %\tgfér tt‘% h‘EFéf&l gﬁ?’l‘agyéfge%tasy As for Pd
, 20 they rrake it conparatively easy to
stab I
| nprEbé%%'{mﬁl ?&%%HP of thE BRAMAREP L £ SpefaPother
thap conéebbwhmheus dsswe Lypgffeetave fon impzovipar the bengabdity of
bo A& wide &mbremﬁm@tm oxRMERIN SMdoppdREeSFONeRARPES, LA, Pd,

perfbat § o GRS e By eiBe oo cupty Sniing hgmoast

ang empofeht, Bd, Phand Rleds ﬂésﬂrabkeras thePtheaaldM. eu has heretofore
beé%'s‘ﬁlégees%ﬁlg s 8 191ulaeﬁuﬂn?)g§ 5afsg% 6&%59@'1%8{}% of rl\%hesmn

rovemnen t
propgriypelative ﬁsm@t;raptsh thoT resint bon@@bjﬂnés tp @rmﬂeatb"bée and the

likkeRdviHE hA zf‘d&edhtggé %hsmeééhﬁ y %ﬂt@opﬁn 1Ad yorapé and Pt,

operation pertornanc veri
th%arpa’s tscamra&areﬁfmea?@@oa% %télblh’i?rgiﬂ rflélpwewala ling a

préfatind dffécﬂﬁ&Snﬂpﬂﬁz@merﬁhrbﬂlbddmﬁg Ii?éh&\bﬂhleﬁ und?@ the0saT tgst to
The_nmain«co nt.of the core material s cqpper, .an

be FBEa Ry SR RIARAIS o b pBb UL MBirmiaRaREL i an

exedlemsnadhéromtpropdefye neliatyeoto coppgortdnts fndher enhancing a

pofé?ﬁpﬁsdst 4:2Butdt hber. Hicaaly %envéh Glhih B nGRY; r{%n]t og the outer

terial _having copper as a nmain conponent |nc
1

lasar 1p dskand the dhipkpese obthaenterdsyerisdd-084 to b ;emroﬂge above
effBet Bor limpventdint &F , thAU boAdindNredia®hilif’ anRrt BheéerTalTs test

d th trat f th It t.(.
befiifeg Fotbekalie” dtding B a7 et Fxi ltev e pFRgabitis and
opexmtim qfer@r(ﬁﬁmﬂcet oafd Othuwlifo has tleteal verdrde thatt Pé is also
adQQ#x?dC%é%qs ItH 9151?)23&?1%%{ 5’%2{1 §?§U qg ntlQ?st %1%(51%%{ ‘ﬁ%th fine wires.

Ive I'n ecrea fracture
]dngatl on in the wedge bonding peel test is

The main component of the core material is copper, and a property

thereof is improved by adding an alloy element thereto, depending on
component and composition in the copper alloy. When the core material
having copper as a main component includes at least one additive element
selected from among P, B, Ir, Zr, Bi, Ti, Au, Ag, Sn and rare-earth metals
and further a concentration of the additive element(s) relative to an entire

15/60



10

15

20

25

30

35

i ncreased. Specifically, the inprovenent is noticeable

in the wedge bonding 5 peel test. As for an action of

these alloy el enents, they are considered to

effectively act upon the increase in fracture

el ongation of a bonding wire in the vicinity of the

wedge- bonded portion, through control of the

processing of a core material and the formation of a
bondingywirg 14 ratd sangexf}-800h toh@ 03nmelfaist tet@lothere can be

obtdih&d §hekehBed \veren @@é}plmat hhgdreeht dEferch%rm tHe WO test is
d casgﬁfilowy é‘f@t he nme M consti Eutl n outer | ayer

egrea CHHE nﬁar‘ilé’n dBovae N8 g%n en | gk test 1s

incebgsad] ItSpgﬁﬂ'idi@lyI bige Emi)@m?@il@lﬁﬂhﬁi nbﬂi&éﬂlﬂ@ﬁﬁd t‘lYetvhedéd‘IBondmg

a e to er ro in

peditell, NsTH0F i agfion, 4 fcBR: all AP REENCNGO thely Mo Mdnsidered to

effectivadly act thhMCréasehasfrhemefedungati(mmtof tahbendwmglwire in
f ]

thJ 9 Bﬁ% of E’h%%fgre b?) He&%%?ﬁ?ur tﬁﬁ Hboh l%lfgg@ﬁ*ocessmg of

tion, aCI tat

a %cergenw’férlé tared dheniimatiomcica TesryHel lz;aipcpbrtesm@. iy the
mdhdfﬁcﬁlﬂétoflaswﬁ@rﬁﬁﬂtﬁ‘é mdgeq)om& theder, PartHRRPR &b case

el ik RAGAAT GoRBROE e OBl w'@esrw}asfé R Pt b, the

abdvor-meth tigineld adhdntmet elententeinsidé thbecoreonmetdrialt irteradt with

theI I'}ﬁe qu I% &b ell;rﬁmtfusf‘orl eﬁfer%??%&v@%%% gﬂl g?feéth%? further

ove |nprovenen
1mprfswe~metsof the shhevigity svhenta ballgs debfermadldltt haé been found

ou@tmst}p %Q@t@tl@@eﬁ@&t"/&sé%id%& %ﬁtfi’%ﬁé%‘}@m@ﬁﬁ a@l&ion, the
urrt,.ace eadl n

eff?ﬁslts ﬂm‘%ﬁ %9111§at8§| n %%1;9@3‘? Wb%%ret Eh%ef% %tsegdded to the

coﬂ&frtb(m,dlﬁg lwiretthat i doreédiwikh chetdite pUaydr, lagy@impsred with

th(f Q%asétwn%§ bc%%nelem Ifltlt AL ag(}&elgia‘i:o {1 agrq\\// ent"ilollwl yc%Igper based
% he Can’ be 25 Ehhan

bondiag wire thﬁjrlﬁvlmfef@t‘mﬁf ‘erdﬂl the ohterplager.t dsftthemnbentratlon
of Stt}éblé’ddlﬁggu%f&in atf & pqg§§ Vt?la%f @OQ@Ft 3{070 t éIFet}ﬁf above

Wwre g ides the er|C|§y
lmBéO‘iel%‘FIbtv ct[lees yeqd 11 ﬁ%tnsupé?ancg§e¥ fé’@rﬁ%cﬂ%tréfmn "of the

addeast el@ﬁﬁarﬂe&ﬁ@é&s (SBBQtﬁde xf/h@fmwd‘fﬁéﬂrelsgﬁ)n@tare Ffomﬁ@d on the
concentr,a ments on
sufife & i pa BAdRP TS MaBhuRD Stia baff Fablhiriindpstances.
Parocalaniyt %hentﬁtealmethllaMb ofntheheuser flager ief Pd, Mrhas been
corfihnO8 Y RhSNEovd SAUNGD0oM18ia i SO Sdee! YL Yfan be
capl %ere en ?e t he 0 atlng
enhﬁ@ceé’apﬁ"q Fgﬁlty th@ mnowmlwéoe ferti 1 ithe reshdegercas be stably

sedirkd ﬁ%@@cﬁlvbooﬂ Aearhasdrst dafinknot RBiAUKEFed AR besides the
cont % g)aﬁd; el enents descri bed above, film
W f

SPReHF ﬁ‘a‘pFﬂ%e urface of the outer |ayer

[00sdones hardened. If the concentration of the el enments

on t @u&%tﬁ? Qa%érﬁéo%Qa%{s Hlfea%k‘toﬁ% fe|1&¥18{lt isglelcgesﬁsfréﬁﬁgmong

0. 01np Fovenen
BisBnee cﬁaliibg‘l ad [the |CDanntefaUeedsf theo¢emegits dinng surface of the

ouf@NaFEARCH RELWBE RS FRM VG &95%61‘% oAl Cﬂé’\% @l the surface
I nnef wall increases to destabilize a ?
of a wire can be diminmished, resulting 1n a reduced clogglng of a capillary to

thereby enable the operating life of the capillary to be improved. This is
considered attributable to the fact that in the outer layer containing the
elements described above, film quality is dense and the surface of the outer
layer becomes hardened. If the concentration of the elements on the surface
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shape according to the circunstances. 5 [0053] The
cross-sectional structure of a bonding wre according
to the present invention can be fundanentally
separated into either an outer |[|ayer/core material or
an outer layer/diffusion |ayer/core material. The
boundary of the outer layer referred to here is

efi ned a region where a 10 detected concentratiop

e R TAaT W ﬁsth@pu%%gﬂq]l t%boweayéprq‘@m@vnﬁf ogt is

redu’t:eHQhaéomJ bal§es W}ﬁleoifhe éx&e’éﬂ@%rﬁ@l@ﬁltslidingf}@siétmnlﬁetween

i nv ntlon i's ggfn out si de

It
a Ronfig Ve rad o saguia galercwﬁemcraﬁegn?oofie%%@d%ﬁ % loop
shape:acrsxrdingta@etdlecmnstancbayer is 50mol % i.e.,
ion where the detected concentration of the rret al M
constituting the 15 outer layer is 50nol % or nore in
t ot al'he Terogssectinpmddsigrcture pf mdibegdingtwirgeacooedingnto the

pré@!@ﬁt eldv@ﬁt@hown NBOtfu@agthIRAAG! %ﬁﬁf&? rihf@télﬂﬂer' §n outer
1 }m re acts dom nant Igﬁﬁug g E Th
aYBRADS SRAIaEL 0 BY GETT FOGTOHE SN dEsrpTa: Ciafgtial The
botmndaigdof theevtitarelayar eeferrahis diepeintafiacé by a&eg‘ﬁmt where a
detS lég&li %%n@ent tt sStgsatg% reft@gv\gf icép%é%?n%ng ﬁll l{gr fayer 1s

ove concen
50mﬂr9éalmatqt@b|’l/‘hm dhheagutgr layenr meanéripade pasenhtingention is a

regi6h ofitSieN@ $he NGitkhaohaHoRhe! PRk Y0wWhe B he detected
concentratlo fromg\& inner _portion of a wre and

congsmtraiion RE thearetad M sangBFMEng dhe gter Jaaragesqmel’, ie., a
re@ﬁﬁe@héreﬂfthé hietpetedecdndenveitidronf ke Rlessl MEnagetitwting the

ouBhTLE B BORoD bhre B PRSI TH8 % hefelt g Bulfle b e
reglphf wheeon ﬂhayeboveeﬁmntmetdo dataoted, coalcentraltion is 50mol% or
mdr@ r&‘c%@%ﬁﬁhgﬁuw dh fle Wi ?Fc%p%lrt}Mth g@&sa H&’S% diffusion

oye e concent I on va tal ne
ph ?%méﬁ%ﬁtr@l 3%9 damterfags up ?héllél%é%‘@ie%t%ﬁ envitonments
sudlpaset ’BC’IEte%:TﬁIﬁHSreﬂWv B@eﬁsta@?ﬂpﬁl&@}@h&%‘érhlﬂﬁe%on@enﬂamon
e Vi cini he ,surface
is nsfitedh thibs Do bR el Ra BUPLRELGER CaRtPigton, vet
distorgmisleigetha ke gisnt ¢fe5®lmbi%smomdraycem,centna¢imm from an inner
poft?(% Ut J%Hgdalpty gEHf‘ro’l Tﬁ%{sﬂcﬁf 18H h(ﬁ{)is &pgﬁl?(ggc}tugge the

ore materi al ut er
eff%tﬁqustl&]pr«rwérlna@@@pmbfgt ﬁbscn mn@ges@rd Oira&/@rzwche peerall

préifécrhﬁgd)faitsw?rerwl@gd Rilioﬁﬁéftg(/ﬁlcbﬁﬁ‘atﬂﬂseigﬁ lﬁﬁsg@%gﬁyé@hhmn the
net a 1.S noL Y% or re an e

SR JaTer Reebed by RURHL oL cPBITIRE OB AP R, thgmetal M
antln copper egi emmbyédi S.Jsm@nt:lﬁmt di(ﬁideﬁﬂrdtﬁﬁgevalhbe obtained by
RGBT S b O A 06 DB, e s
componentsessusht as C| Qy &F, Glrand She t&:@r\ecmmbfe@ﬁ thle. surfades

Odﬁlﬁge desirable that a bonding wire include such

ion | aye
n 1ntern¥ecf1ate region between the outer layer and the core

material is the diffusion layer, which is a region formed by the interdiffusion
of copper of the core material and metal M of the outer layer. The diffusion
layer according to the present invention is defined as a region where the
detected concentration of the metal M is 10mol% or more and less than
50mol% in total in terms of performance or the like. In the region of this
concentration range, the concentration of the metal M is low and thus the
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[0055] 5 It is desirable that the bonding wire

include the diffusion |ayer between the outer |ayer

and the core material; and the outer |ayer be

provi ded on the core material, and contain the netal M

that differs fromthe core material in one or both of

conponents and conposition, and copper, wherein said

outer layer .is 0.021 to Q.12pmin thickness, and a
regipgifynciips &n posemewhas hiffarensnmgnnesifromethe ower Jayer and
thel @oRd YasWerT! €t S o3 dbsir@bRPMAAtNa bohdikBeFsre hclE86 buch

ond| wre is enployed, initial wedge bondability is
diffygiom, ‘?rrproved and reliability of a wedge-bonded
[OQE@I]tIOﬂ in areflow process using a Pb-free solder is

S/ S Wy, R, Sy Diusin e

concen |on 0
betyraned @rrusterolaarer 1wnd dhoi eae majevialoandhthe wuger layer be

prdv@bl@ci oﬁ%ﬁb%r@@at‘épﬁl didd UshQn tRY %etraTM Qﬂat B@ASlfrdih the
in s cases to | rove the
cmﬁoﬂ’d‘éﬁ‘flﬁfﬂ? AUHa OF ?Pé?t r%SFWB?%f%r Y £ ntHf@lté‘gﬁeanincé’Pper
wm#amkémd oo giy@ 18 bﬂ)Zluﬁcﬁ(?]._llzgnﬁm ti&}tkﬁﬁs@ andpeeedion where
t hi ckpess, apd_t hus t hi,ckn of the.r e .
2 S RERDn Pogetd el 1 1o CPETio R 0B 1haPhS o % in
thickhess. idrsish boedingt siireofis temeplopegetitiag wedge lboadabiity is
furkhEr qiﬂ E@yﬂd %ﬁg@?l&é}“%f an V{'(Qi/g%r b&kﬁﬁ)ﬁ/ p?ﬁﬁgﬁem a reflow

|npor son I's presuna
ProgRpy weg o%t%b firegy 8pldpy (is p e ERIeqINPLRYeSh Hpg ethe region

wheb& €hé @aﬁc@itrah@n @ RHE Gnétal A fiedOn%AS thotte ROPEESPENdS to a

comihisfed eelirbF B tuer Jaf dheston Bum s RS BBy ke .
[0056]the wedge bonding. If the region of that
concantrAkdQf T{@E&ﬁ ca eso];(? Ve mmeage BB%{EM?&% and the

non-stic ure econes

refjgsy @éowﬁﬁé’é thersanes tmie oty bﬁ preyidsng ébe @@ﬁ%n hagyewh@mg a
spécific BRickhebd, hatd tedsiaed, t}ﬁakmm dﬂth@aﬁa\glérp whérk 86 metal M

ove a oduct i on yi
congPPLA g GRB oo OF o oidies T oriisy R Caish OLiihe desmsgtive
thlﬂEné@W@{éﬁheSOlﬂ:e@3@%1031n(lhdl1ﬁu$10nﬂby€]kpﬁﬁ$ a efaekmporthnt role.

Thg AGLA ?sspfe% %{hq?lyvfﬁgg ﬂof 8H&ﬁ{ee9ut%9rl£g&nbﬁég{sg%he diffusion

ecreased eve I NCr eases
layesffuovtivnsmeérthe hromdefninterfaeebeeanser a bepdingwire is SubJected

to %Eﬁi;ﬁé’i‘%lﬁéﬁ’é Rf&ERAMion | EHHI&%@;@&& c%h@fder&b!éeafdcﬁﬁlt of
% fall. t emper turea ﬁ’gere ore reliabili

matian §b 88i Rt kegipn of Fhactrf‘é’nF@Ttrtaé%oﬂl range

is Osobamﬁtmg egbrdSir @hl(ﬂ(lﬁésyﬁﬂgﬁ‘sgﬂkdﬁi_igﬁ@rwlhﬁlﬂl lofftet bécomes a
ecte t I | eat,l n I apl n

prgf@ht L Srd B d R P E e EARIRERA Ndifind Wie ofin be

futher eekéuceﬂslnﬁﬁki&lgzp easy to tfunﬂheesimprbV@munnalss produdtion yield.

Al% kéh%@h&g eWebf g@%?aﬂ%'dgbﬁfen F’_Ee tﬂagﬁ)fn E lﬁ%‘ge(‘f dndefifration

a e vari es nore w d usi on
ram%@/exs 003 85 Gedqrs BB & w&s@eéﬁ WFRGkS ﬁﬂ.d fractures in the

wed2Be8RhEaedopor@font Ben Rt ddcrbhdedl W4 rmal strain increases

at high reflow temperature. In the reflow process, a semiconductor element

is subjected to short-time rise and fall in temperature and therefore,
reliability that is somewhat different from that in the TCT test is required
for the wedge-bonded portion that is subjected to rapid heating and rapid

cooling. This is because if the region of that concentration range exceeds
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nore and is |less than 50nol % then the thickness of
the diffusion layer 5 alone is desirably 0.009 to
0.18pm Preferably, if the region where the
concentration of the netal Mis 10nol % or nore is
0.04pmor nore in thickness, then reflow resistance
can be effectively enhanced even in a sanple that is

Wi re-bonded at .the |ow tenp s less tha equal
0.3z5n inghiginpsgeferuratypgidity ‘Py{e%%’é?ggl%wéﬁeeéﬁtﬁ'tn}élgi‘er nd thus
in Sbih%rt@tsbs i180p @hBpe W&me@hfgf)r%whdeljm Herehif aha daffusion layer is

a n ondi n [ t o
asynBi A8 Lo e e FobEeP g Bed k8 il M T 1Bfio1% or
movedged bienléss ghane50siolic ¢hpn ofher thickness 06 rthar &iffusgom layer

d tio or
s 5 AR OB (P9, Do P by eGP o, where the
copgendrataen rafbthe thetial t Me ihdanelde wirr moredsu@d4ime or more in
thfékﬁlteglssl ﬂ{bd @gﬂbw b@stlmft bn q%et %ffebﬁyélg gﬁaamﬁi @9EA in a
an r.Jda er e Vi on, the core
safRplE thaF is Jde COREat i S HOY JPEeFRRN <51 PPorRuR el to
180h159gr6@ﬂ€ €. ritiierib eblecanseo aa aﬂedmlm sm‘errgﬂrpe rrenietimpsl difficult

Fic s NRCIPRR s CSRLPASEE T s o o
tem@puatoueenotl amne tiran 180 d@gm%c@nd@merm& he gredgg ponding

re%‘iﬁfazxtce N} o e AP L ¥oc8fnpa¥BY Yo IaSwireOBth difg bpe FRETbh performed at

If the foregoi onding wire is enployed,
the per F%’@QGF?‘?‘@%’#*‘%HE \%ﬂggéﬁg&?e{s n the at nbsphere
[ogsm] be substantially inproved in addition to the

| pr Ven%%%ct usﬁrgﬂﬂa{ﬂa{tltg% Hoqldltlgg ngnélﬁaé ‘tPg %Jf?g%ﬁ]layer

Taki ore
bebween tdmnbute:ediaydratandhétee coce:una‘eailalo amh-t gi ewter layer be

prb#ide Hr(ﬁ§t cdr3emaRaYS; FRARRS% tﬂ%oﬂl@'télgM\’\ﬂHa% (ﬁffe?s from the

W Te ling process éven It the bonding wre was
comma&emartyl 889 L1oPothH P camn%lﬁﬁﬁ% at“grrﬁ ROSHOD ﬁ%eopper
wl@éﬂéﬁ& BARY @ute"fhaﬁeﬂ & @020 t6 0B jantihahigkiesengad aargidn inside

het h .
SRS LR hER Bkt B bR A R 9ot o
mowi I1$J re004 tter 0.05%gimgin ¢hickiness.albbthe ffovegangsbandipg wire is

e%ﬁgﬁ& mEﬁQ h@fo%aaé flllf% o pﬁf‘er wiaset ét bandhe gaﬁ’ﬂl{)@pﬁgre can be

has expired i s used
Surbéﬁﬁrsf@@]é‘k impzpyask in %9“6&&9 then ITBRFQVeBIRE %b%rdqhahty in the
Teedas. bondi ng, and in association 35 therewith, stop
[Ogéﬁg bondi ng devi ce caused by mal function may
times becone a problem In view of the advantage
t hat Tdkénpoani actuallye staredbeankdé 68s | & t exampleg it has been

comgngle@hﬁ{atec t]f e %CLS%S&n&?IE)hOSQIC@J faﬁld@a o'éttﬁe abOVﬁ mentioned

I'S expecte rove
boraling Wlh@tatal vgmlam@egtperpmsscﬁvemé thedonding irewas left for

th edgggscmrlﬁoi‘egralte&%ﬁﬁ‘ﬁn%inﬁ@fhth?@ ihetHe2@ef®Bbhere. This is a
[
substant1a1 prolongat?on of the storage life in comparison with the

conventional monolayer copper wire which causes the non-stick failure after
being left for about five days or so in the atmosphere. If a copper-based
bonding wire of which the storage life has expired is used, the non-stick
failure may occur in ball bonding or in wedge bonding, and in association
therewith, stop of a bonding device caused by malfunction may sometimes

become a problem. In view of the advantage that the bonding wire can be
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practical use, is inproved by increasing the nunber of
turns of a wire 5 product. [00591 The concentrati on
of copper is less than 10nol % in the region where the
concentration of the nmetal Mis 90nol % or nore in
total, and hence the netal M beconmes highly
concentrated in the region inside the outer layer. 10
Thi - concentration regi on has a barrier function

s. hi gh
left u} the abmpsRhanedor ajorgempenied of thne.ois grorkabyity iasagpected
to béemeprbvetb Hap tofthe FAPRY tH&V@gdaﬁaﬂééftQPﬁ foi“i:ﬁe'dudl?civ of the
been found out tﬂat (fLﬁ%g{]c ntratllggn for enabling the. .
bondfifgndaturs Binetheaed and it replosHwens ofrerBrReY |df Wige in
practgabrsef ishisprovedchytinatéasing ahge nusnbbr06# jtusmo©rof a wire
pr in thickness, then the barrier 15 function

effectively operates to inhibit oxidation and
[0059] f uri zation, and thus, the storage |ife can be

| MIrpNEdoRQ@APalifn BE chsir RIESS EhME 1081018y tie Sn Where
$§| t és . O/pm_n

nmore at normm) tenper re, | d excee
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n or t.i on, det er{ or at es.. Sir

Th, HeB et AR D HaibR OReF o b Hingtiony B2 Blockpg the
interigpanstoatiepof oy gén eldee, diffiséors pbcageed tdveartaa sbheface
an@*HENHLY Bert Ofust | bt | G1ECTa P& BHtraRe fé)?SIGIilgBhﬁll’g the

1 f the high- concentration region 1s in a range o )
enhangeneent) 0? has dupstipn 15t R0EAN%s or migzeslbthgeragion ofsthis
cox;ﬁb:hltﬂatfdﬂ _trbﬁtg(ﬁ i i%'p[)dﬂ)(ﬁlQme ecﬁlaghd)lfég ih hﬁlij:l?mé@ibtthgﬁ t’d barrier
in, the - bande ri.ion ondi.ng Wi
furgiop e, S0 ERY o RTubH o atipg Gethe R RRtipRemd thus
ther stouhge hde tanrbewimproveddat aoto be kdpateffectiveXor ahiroy dags or
I ' i > i
B S0 B55 by DA AL10,009 05K Mg, o,
UnevaRnesA dtca SHriase jod @tgw ancrepses o Hyoball igdgrdesedcanddhus
thelt hﬁ[eﬁ}feor@fi %?Ba{’l’i h%nﬁ@{ld%rﬁhhotégﬁelfisﬁat@ﬁf @Eéi?ﬂbl‘glf LIift the
.loop is, lLeft at hi enper a . '
high&i ek Bne it asiion i o p anRr of st 00 0l W o tRitkhess,
thebstiodagk Wife emn beext@idedatip to ghst‘nlé pegat pargod. lor@desirably, if
t ) : ONE (. nst es, :

thel MiPh SRELRaribEFedlon 580 BNY ohef OPF 0, 81530 SPREm in
thigkiress; tbe shetagedifecis $ahdurider amprofied pewaflissitbe iohibiting
of BPurBs i dhe Q?éid%@IHo‘ﬁ'aelispoﬁitﬁﬁ]g)\f%n&ﬁﬂﬁﬁg%vi'rg atft%'i‘rfﬁ]g ?%%-term

?uallty. Surface oxidation o awreresulting
Stof@84-ing the wire stand at high tenperature |eads to
[00B0} 60 failures such as deterioration in reliability

2 40 St Gy 48 O g Bt BB, b
accplaypted yatb bigle eteneprraperd ani agpadsigingnpracess.r én a bonding
proe¥éd, a8 &tGaNA8ANt Wi & semiconductor is heated at 300 to 500
degrees C and therefore, the wire bonded through the formation of loop is
left at high temperature. In a high pin count LSI whose number of terminals
exceeds 500 pins, bonded wires are left at high temperature for more than
several tens of seconds in some instances. Some of the bonded portions are
left for several days in the atmosphere after bonding, and the progression of
initial oxidation is disadvantageous in terms of quality. Surface oxidation of
a wire resulting from letting the wire stand at high temperature leads to
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result, water can easily infiltrate the interface

t herebetween and thus there 5 occurs the concern

about degradation of long-termreliability. [00611 If

a sem conductor device bonding wire includes the outer
| ayer of 0.021 to 0.21mthickness and the region

i nside the outer |ayer where the concentration of the
metal Mis 96nol%or nore in total is 0.002 to 0.06pm

failugrep puchi ak detegiorakion in reliakilite amidydiffienlty ini wialitygeontrol

or tthe ﬁk@gr&saih@n oR1da@0nd | ;imwn‘é'h lshﬁfat:@eﬁhpré%ﬁﬂalw a@hesion
con eﬁ gd ina wr Fondl n acess IS % nount edd
PRy ReGY oo, e e tnB a8, BB & BaFRSwtlace AhRRges, and as a
redulgwhterpanadasily infiltcas ithe 1h&rﬁcfefﬂhléuébetmeﬁeﬂt& €hus there
@ qut er | ayer i ckness,
occhg% ¥?€é0%%ﬁrﬁ103| I'on o%d%ﬁ%ﬁ S}O&é fé}%ir h%lf)l&}’fl cally

[0061& regi on 15 where the concentration of the netal M
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th1@Khé’ésZ s tVehé Q:o&ﬂpdssm&eldfgtﬁbe@h@@r %}y@ spagRallthd @egion
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inhibitt gk axdativen 1§ @l hijh- cmbegletzstmnsbg:bhewhere%harmelﬁeﬂ M is
96?}%&7‘%6 rnmﬁpé)% cggc%r %@E?t?oﬁ) gfe%%ﬂ% &?]éﬁdgycpﬁ %rt‘e [a[ytél yenhfinced

- concen
e %ﬁolcamorbmpéentﬂd o'ohl@bntslmulbanaoslsby OprevemtQ. co:sf;gﬁnu rfrom

1nf%&f}thﬁ%?ﬁwa§d Y Wlfé‘%(ﬁﬁ:ﬁﬁﬁér %Eh Qﬁfgg%r%r Isrggtée %ﬁ?%%g%}' the

wigdhgver) PRASRREES SRAPRETakuge Yostie. of thesregipR W hgiecthe metal M

ha@iagdibncieaﬂipﬂi(ﬁi of GGﬁ?I%aM ﬁferQsl(SOOﬁﬁinrat fede 1hhilEckness, a
' r oes. not ave, t.o

with 8o UL phevesf o RO BRI orPUARY 3l fe 4° e drratpd,om o

stagei §In ithei etder Heamhtlértheamontdmsedsalol Qg gint bleickbess the

splRiGey of E%a@Ft}?a?%eﬂa{(Fgeelf 'h%ﬁﬁé@ghﬂ thEf %OHPHT% Hdstyhstable to

regi on may be located In vicLnit e surrace
arqyfse; heonsgriar abopdr  degreaseor ef §6@@wtmw| yPraforapdy, if the

hiélﬁg@i@ﬁtf?&irerrdg@%ﬂ lh];ﬁhgbus fage rﬁéteﬂhM?i&t ETGﬂnﬂY/@roﬂ habre in
a OSI .1 O a e | ess O er
coftgpLptigh s ORt T NP otpar RIBFESS opr BERORB elfect can be

exauipptbsseven wﬂnenmghg a riple marel used forda patmem sys@hi @0 or the
likb %Ql%zﬂla\;ﬁ]l éférqg'%#ng %trqh&eé’ $t h%ﬁ’ &aa%b?egb?ﬁation

structure Interco ing tec gll1 even
1s pespesHaragT msf blg—bappﬁgy gggien does not always have to be positioned

on the uppermost surface of a wire but may exist inside the outer layer, thus
allowing the above effects to be exerted. Preferably, the high-purity region
may be located in the vicinity of the surface of the outer layer, and more
specifically may be located nearer to the surface of the outer layer than a
position at half the thickness of the outer layer, thus achieving a remarkable
effect for suppressing the high-temperature oxidization.
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conparatively thick outer layer as 0.021 to 0.2l pm
thick, further 5 performance gains are sonetines
required in respect of sliding performance, surface
scrapi ng reduci ng performance and unreeling
performance. The deterioration of the sliding
performance between a capillary through-hole and a
ire surface deteriorates causes a | oop shape to vary
[OQﬁ2aely Wth respect to the surface scraping, flaws

and BfréadeRdfo Hdptens' dhversified!t DSI1Paskddiase sifuctures and
wWre in the roc ss. of loop contro cause the

1ntgr%)@@eﬁ8ngf tgc RQgEISSar 9V‘frhr ghah pggg}gj wire havmg such
comparatimlyc twhidkngowtee ﬂ@yéﬂ‘lea§00m2ilngﬁ el ithick, further

pof B L G550 b B0 B B mance
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ace 0 ere
staénl@@m%pmﬁcwt@@ 222 @@nenwgeas erresmét pf leatiafyang the latest

pa&@iﬁﬁ@tﬂe@li@@e(é ks tie stl%f‘&q{ak%? coitrbB stichfdsGilat rle@ded in fine

des bed above only by regulating
pltfﬁé’oeﬁﬁgb i¥hs of metal el enents that

[oo6Bie up the core materl aI and the outer layer. It has

beeny,c hr.med he 30.effects of these n
el ent It ggé be'énﬁ fo‘ﬁ ltétcgh%tr in é)é'(g% c?oa AHpTove S hugﬁ Per ormances
attrifiudkrblesty dfe $¢1§a@1pmpemye of alwiretes theseslidayeperfermance,

suafl sk 191glg@dﬁd1ﬁ? ﬁ%f&ﬁﬂ&ﬁ@e ddgﬁﬁéélk?ﬁg }ﬁé}g&%aﬁ&e it is

control _of "nonneta rrent3| (g: oxXygén
effagtive g0 fonpp derqseniipeihy Yydren ekthapn tghere honmetal

ele@i@éxﬁ@ §Qch I%Chaﬂb(ﬁ{n bﬁygﬁelri |dr the l1eay ,arbht@nde%trated This is
resma gﬁl (g anls t hat 351ft% v b
iRk aedy ALtEuly if nEcle TGOS BOMGHE| ddertire ABpre only by
regrdatmgl el compprents and cbhtpdsnﬂmnsobf hetat elementsethatl make

uphafe Bor®h e biaf o %bF}‘Fe ton‘féf;%erb% Hals @%% ﬁ&%ﬁﬁg g%%& the

| ayer 1s Consi der
effepts rafr Eheseneonmptal e rrmgﬁ Hnathe ﬁ’erfar:e taggt agsecigted peith the

thiekheds ldyee foued Ilgyeldom m@tdmeﬁnﬁywtﬁ% 0ig21 30 0. 12}Im in
h]{:kges:%%ﬁeqeaﬁpnlbngr&\)/o%et tflepgornth(glng %grslme%alc%{]tnrlgnts 1nclud1ng
carbon, oxygen or the like effectively operates. Although the detailed
mechanism is still unclear, this is presumably due to such mechanism that
if the thickness is as thin as 0.021zm or less, then the mechanical property

or the like of the core material has a major influence thereon, but if the
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el enents in the surface of the outer layer. 5 [0064]

As far as the concentration cal cul ation of carbon and

oxygen is concerned, it is calculated based on the

total of the netal elenents such as copper, the netal

M and the |like and the nonnetal elenents such as

carbon, oxygen, nitrogen and the |ike. On the other

hand, when cal cul ating the 10 concentration of the
outeat lab'eman@lns;dpmlywﬂmdm irepkas thickhas Out2gm loatyrepreartéien the
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.l ayer._and the c over

sudh o Beiget iy "fistsnin oo SHERFY' B thRCSHIRH Bfed) from the
uppechasl mgfactaetmﬁteadepﬂh dimelcttappfnp tbt0.0hsmbaeless, and carbon
ana%?(ggéﬁ“ 8ot iBh %g%g?ﬂ& 8‘%}1?’8@@1“143?&% 3 ihass cogé hffibrial.

ereon a sem con uctor bondi n
Properéiesnaffpeted bﬁeC&r@p@r apdyefygsm @reimited maiplytei pliding

petfBI@kNes Ssurfi@® §REPRIE FARE patfoPRagate, Lﬁaﬁe@h%%rwl%r%hnce
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bonahablﬂney,dt}m balli beectabakityf borthe Hikeydbaadbdd én eakociation with

end AL b7 B, @R LRGSR JERLORL e o
mamr@mgor@mami dhetanter dyar and she sore stdprial.arns gqmged by

thd k@iﬂ%o@ﬂﬂms ﬁhél%ﬁgj&fefnts of thé @n@m d;'.lé}ﬁeﬂ’csf ctadinRethe metal
3/60 rea limting the carbon

trai ned SO
M SRR TORADRoPRASEH SR RTL S FATes 3RO OHIEeR duige o loss
dideaty effed¢tsthichédn.t he carbon concentrati on of 15 nol % or
e can contribute to inproving the sliding
pleornance while in certain instances,
If a semiconductor bonding wire includes the outer layer of 0.021 to

0.12zm in thickness, the carbon concentration of 15 to 80mol% on the
outermost surface of the outer layer, and the region where the carbon
concentration 1s 5 to 80mol% in the depth direction from the surface thereof
(hereinafter called a carbon concentrated region), the sliding performance on
the surface of the bonding wire is enhanced to stabilize a loop shape, and
thus flaws and scraping-off, of the bonding wire can be restrained. The
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It becones an issue that if the carbon concentration
exceeds 80 nol % then 5 the bonding performance of the
wire deteriorates, resulting in the degradation in

conti nuous bondi ng perfornmance. At |east part of a

hi gh- concentration- region of carbon in the range of

5 to 80 nol % exists as an organic filmand thus is
expected to fulfill a buffer function sufficient to
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orld@hiV #kleV @%e f hpplibdEsEtc BB 6alfcor of MBe wire. By optimizing
embrocation conditions (solvent, solvating media, concentration,
temperature, immersion time and immersion velocity), cleaning conditions
(temperature, immersion time), drying conditions (gas, temperature, air
volume) or the like, the above high-concentration-region of carbon in the
surface of the outer layer can be controlled. With respect to the
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like is also avail able. Besides, there are many kinds

of lubricating agents 5 added into a liquid tank in

the wire drawi ng process. For the conposition

t hereof, however, mxing oil, soap, a surface acting

agent or the like is basically necessary, and it

becones inportant to optim ze the selection of these

mai n conponents and a conpoundi ng ratio_thereof. By
corgpaieniopheEent, there arasmany abeidescrccardingoe theeempanents
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in Jepp hnearlty and occurrence of wire actures On the other hand, if the

priority is given only to unreeling performance and a winding tension is

excessively weakened, there will occur a loosening of the winding, leading to

another problem that the whole of the wire wound around the spool becomes

unusable.

[0068]

A wire wound around the spool in a manner biting thereinto,
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loogepingok the w

oxygen concentration in the surface of the wire can be
effectively controlled. 5 By controlling the oxidation
of the surface of the outer layer, wire sliding, wre
friction or the like are subjected to fine adjustnent
while restraining netal joining that is restrained
bet ween outer layers in the vicinity of interfacial
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exeoadiagt 25mhol¥ idnoxtypen concentration, bondlng performance of a thin
wire deteriorates. The oxygen concentrated region whose oxygen is 0.2 to
25mol% in concentration, effectively operates for suppressing a
breaking-into action in a contact portion between outer layers and the
bonding failure. If oxygen concentrated region is less than 0.0005im in

thickness, an effect for improving the unreeling performance is less and if
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surface of the outer |layer, an oxidization degree of
the outer layer in the 5 wire manufacturing process
is effectively adjusted. Adjustnents of, e.g., the
regul ati ons of cleaning, drying or the like in the
Wi re drawi ng process and the adjustnents of thernal
history, a flow volune of an atnospheric gas,

anneal | time, an atnosphere in ¢copljng or the |ike
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[00F@lt her, the annealing process and the wire 10 draw ng
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In certain instances,
[Ooi t]becomes a practical issue that a ball on 27/60 a

COPPTa hﬂﬁﬁ%@%&b Nghclhded bl fbg1§n hﬁﬁé’reaadccnﬁ%hﬁ%dep of the
?Aeﬁ{}ﬁ? def or tlonlf lhdamdthere ore, an h

mebgh BIBRkPSH® FR° SRR 14T AT b OHARInGhaM WPPRSE dn the
whblkdo€ ea shiee tisc0I06utd i3ngoleetinessial,t by &l @abpeee €t anball is
prevented from hardening in addition to the improvement in long-term
reliability in the TCT test, advantages are given for an increase in bonding
strength, a reduction in sweep-out behavior (failure in aluminum splashing)
of an aluminum electrode material toward a periphery of the ball and in
chip damage. In certain instances, it becomes a practical issue that a ball on
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adj acent el ectrode and a chip located directly below a

bonded portion is 5 damaged. By hol di ng down the

concentration of the netal Min the whole of a wre,

even if the netal Mis solid-dispersed in a ball, a

degree of hardening can be restrained. Here, if the
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qgientratl on, an effect for reducing the fai I ure of
ntricity is 28/ 60 exerted. Desirably, th
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misalignment of a ball takes place in forming the ball in some instances. Arc
discharge has a profound effect on the outermost surface, besides copper and
the metal M are different in electron emission, leading in a certain case to a
change in ball shape depending on the copper concentration on the
outermost surface of the wire. If the outermost surface is 0.5mol% or more

in copper concentration, an effect for reducing the failure of eccentricity is
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di anmeter less than twice the wre dianeter. Mire

desirably, if the outernost 5 surface is 0.5 to 20nol %

i n copper concentration, the sphericity in a snal

ball is nore inproved, mlitating for a fine pitch
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anH%ﬁ'dlthgﬁgf QUAME]s :S’dlva{-ﬂh@HQElea shy¥tt e, I?ﬂ%‘reg‘l@ﬁﬂvlﬁm the
escri ged second%)%al ﬁ% been forned, | ea b
Suﬁgp% of Ehe ohiers Yespper toceiae rlﬁtcé’Hp?’éﬁ?%‘f?n&ﬁ%Fl%%y above
effeciacerd gap%a?tede@}@n réaionof@r tl@l@pgdth{ﬂﬁ ift blsas abyioac hilere the
of oun ects o ssi e _shrinka e CaV
coffe fRGeEAFiL JuronfTRATTR GlphSRy 1k SO fa LSS, an
effectpconi bg adheevast aehichgsupraresersmaheimlkaget hasw@@ﬁeand n@inute
1rrgg§ga9§h3&e 'Sd; Cif' %?(@éé(ﬁhgcb 0@9}1&”111" @ﬁlcﬁh\é@é'seccgﬁ‘ﬁn&%f BBcurs to

out er nbst _surtace and |s al sq effeéective
lea&/@qtherp@sn@ﬁﬂ&mg king pdalt harsautlighthnyestabigsi rapl y,
[oa8d copper concentrated region is |ocated in the
vi ci

th f f.th d
Y pocble it o GrobinaSianis. 8 RirGHhEE o B8 coBPEr gongeprated
regibntdoatainsem hdHge of thmmegabM end tchppdnessumfate t Ferther, even
whSH Ble Legxearte sEBEE& c@@g%s Bedif ff&rng@&' & B’h E?Rtar{so&f the

suppressi ng the erature oxidl zatlon
copRTheMNCeBiRadad rragmn a@éuqmgancpomﬁ%n@@ region are overlapped

to thereby achieve profound effects of suppressing the shrinkage cavities

and minute irregularities in forming a ball and of improving the unreeling
performance at the same time. The copper concentrated region not always
has to be located on the outermost surface and is also effective even if
existing inside the outer layer. Desirably, the copper concentrated region is
located in the vicinity of the surface of the outer layer and specifically is
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concentrated region, e.g., are forned on the outernost
surface of the outer 5 |ayer and on its | ower |ayer,
respectively and as a result, striking effects can be
achi eved which satisfies both of form ng a good ball
suppressing the scraping and a flaw on the surface of
the wire. [00761 As approaches for analyzing the
concentrations of the outer layer, 10 diffusion |ayer
locgtefl eBra merectyritce sdpdtthpeowles layer than saemtdrothickness of

thdeuté THyes todflRir¥by aichlevél §FeRthritanle BHOM RrSdtfiessiak the
; _E({)ndl ng w reﬁgnto its depth di rectlegﬂ usi ng ada
hlgﬁb IPRPTAIYTeroKIBEatioR. APazppr sanrenBRted srgon fndathe gepper
comengrateflategivm, &.g); ase-fopabd Qﬂﬁtl}zé outaceonf sirﬁ&&@mdh? guter
LI fii L e tive in the,case
Layligid 0 S loWRk 1PH, RSk GebEhnd e Fosl, chRKFRY Egots can
be 1®hievadivdiich i satisfiessbeth ek ferasinglaygdwhdall, reippressing the

scrap@se hAd N Ba kU BN SRihQof tHiewjgecond approach is
[0 dﬁectlve when the outer layer 1s thick and has

antage that it is conparatively easy to check the

concAstamiroachel fdrr hhalyizomy @he adncemfrati®ns of the outer layer,
sur f.ace,an roduci bilit n, seve

.l QSSySect | onal re al .
AiRiSHRY 15l tppg mafaialy dedtie Bt e appidashy fof g torming
analystu bgndigging dowac frodetaesurfaed ef d boRlintghevisedntedits depth

. ) ' i bl.e hn -which
SAFRLOTaT NG St e ndor
speli 91 @sFros1sagtapnglosuripess of the) bopding Brirenthe firshapproagh is
eff@é”t@s#'e/ﬁi the V\ivs]ésec(ﬂrmlﬁlﬁit%.t d)lYti%h‘)IaﬁéM!l@, Mw@%ecﬂ Qﬁh‘égst?l‘étd&@ﬁﬂayer
. urd ace. en ana |1.C recision 1I's esire 0 .
is gl o dakr aByeessiye i done dime do raeasiys s oRerRigagion. The
secand| apmirogcls paeffegivenwhba thenmtankdyeziinghiekcmhhhy advantage
the?tSitsﬁoéonl? alldtf(i]etlﬂf Q%.%S? t{oe&{e%? ﬂleesk(gr?c%nq:?atﬁ)&? %i%?ib@fion of an

confining to the vicinity of an interface. an
engpRlcyossntpcsiguiap rasfacesend freprediecibildynive sevenal qroints. When

thef\nﬁg{;éoisl%%er iShid, 28V, b BlEGUEOReRE ARBuracy deteriorates in

al ysis, (EP , an energy djspers X-tay. .
th,RET SR AOFEISRN. Anpchir IPPETAR oo GnyRible 5 ©hickee wire is
slaantly grodrndines endstgentlatlenéssoof ai diffustnptaywrafoysmeasuihl the
cor?c%n%xtabft%'(}r% E iar}eTgﬁaﬁhégr% gsc' icgm%f%frgt g:é]{yzgﬁrgﬂ)laelt lee %nglolél,g-lsggtional
surfaer; eWheat analytical prdaisipn ia delinedrtegingprova, hhwever, it is also

t : f r.aQe
ef SRS tPRATOW éﬁ%algillglg sg)gglsl{ggﬁleﬁ{ecﬁng an 'Pydﬁ%{g a"i'rrxg] analyze a

oot it evob e Voo oo b ity of on
intehfacei Af anl zthe%lﬁ?tziﬁfgl"l@qlliitplndeﬁit@_d&ﬁﬁtthéiw&rﬁ?ﬁbﬂ'e&icﬂldanalyses,
CONROSI 1L oN ;0 e e or on eterm ne .
uiifigR o5’ AR B rbR Cp e P ARl (BEATATR SHoteR clisperse
X-rzoi chrsdysisi 6BDX007i 1 A3®eB0 spectirescopl e ctnialgsis hGAESh and a
o AERRU ARSI THAD SR Ty A8 o
highy nerastalatesel ugtondiiantparsicatan antbdhence: He efifeetive for the

colc@eFatid adaPRisliiNta Whitf region on the outermost surface. For the
research of an average composition, it is also possible to proceed to melt, by
acid or the like, a layer from its surface thereinto in incremental steps and
thus enable a composition of the melted portion to be determined from a

concentration of matter contained in the acid solution.
[0077]
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whi ch is conposed of the core material primarily

contai ning copper, and the 5 outer |ayer nmade of the
netal M and contains a portion with the concentration
gradi ent of copper and one or nore layers of the
internetal lic conpounds primarily containing copper

and the netal M the internetallic conpounds inproves

t he chanical. characteristics such as strength and
coefﬁeclf5 efiffegiive| baat can yinfermesallisn sontparnde plase mainly

coxﬁaﬁﬁﬁg Wﬁérefihdcﬂhé/%faﬁﬂ P 1hﬁ'ﬁﬂ@itidig tbhehd @RBsence of the

congh B erfdient BB Rt a A i e Rilet dnvfly Tone hsiting gire
whiglr & eumpmhdan thm d:dre mammitpmm\rﬂytaonvammp COT@RS and the
outed” LA :Aad N6 WbCnl @Y ey Ofnd DERUEEECE BhAdIE FRHC the
r mal esses
cormntlracnqn ggadlnnt @ﬁﬁ@rperamhyee Ortrh@redla‘wen% pfmh¢ aytermetallic

coxﬁﬁ@uﬁ@@ p?ﬁfl@rlﬁatz%ﬂa‘i‘ﬁldgscd}ﬁﬁ&“ A thd R QU H?be 1r&tg}'1é1etalhc

contr t he out e conp03|t| on of
comh o un o Ry ¢k Aeeehanic el SRR s GdcsiFgREth and
coeffﬁcwnng)ft tlastioitgr of ah@rbonamgg»eirento (bﬁacdhh@ mfobe aiffiesive for
0 irst needed n,.
imBRHE g FARTEh AR, AR sibpReesits & ek Jbite 180 e By dftine.
(00 hods for forni ng an outer |ayer on the surface of

the wayip Iﬁ@ﬁ@f&bﬁhﬂﬁ%dﬁleofboﬁgw rwirgcbé&?d%g’ltét ﬂHég present

. nmethod, an evapor at
invieRI0 (g Progess Her ﬁfpralemgthﬁbpﬁéetrs aygKyorb hlke grriase of the core
magbgal, rvednkihg a@idaﬁhemgaamtmmwc@gge@qb@a§ntﬂbﬂing1a1e outer

25 t
aBF o 88 BB P2 S P! Pl yder o
conteolhtie autbralaﬁfbagihepctmnpmgtmntdfctdh,e toreimatyradli amgd thickness,
in Vcﬁleogbé\}ee%ré’é'eg Q"Pr %ﬂmﬁ% Qte[}r 'i*t Yndhddbrfent of the
ood. Sof ution

groun or t e’I ectroless
thigknessnndihe sempeaitiqmard ﬁr%tdneerdted te mabsage mbwinoimatial stage

of foyREngRHe dut&dlgkive type. Wien a filmis thin, only

[0 Hﬁ? substitutional type is sufficient, while when 30
ek filmis formed, after the substitutional type
pl at Meghddss foeeformpps | 24, outehelayeduci i the tsypfacpl of ithg core

ma{.t?riﬁf | élfeé Pﬂélﬁg(ﬁ ﬁgpc}ﬁt&ggﬁ@‘c}?o% f ?fé\lag{braﬁ'&ﬁ n%etthod a

ectro ess S a Si

meﬂ&lngamhadl @hg@xe tlikee Ashihe d@leﬁlrtgneneﬂ@@br oy iene of an
eleBt ALyt ﬂIﬁhB@d me[tﬂgﬁohnd?’éleé&o‘l&% %Yﬁﬁ’ﬂé %‘e%mg9d§nable

m%ﬁ?‘?ﬁﬁf?@ﬁﬁaﬁ tsﬂgsor : 'ﬁﬁln 5838 sl qutieike gyating
metkpd %rid anflaeh rpidtmg inreehéd Jkehangplatiap @eelbclald_s adret hizth and
BB R4y TS w5, e
pladpeg maeithod are e]rasalﬁa mth assulssrtutionaktypesand mdad‘ade type.
WHIH'S film is thin, only the substitutional type is sufficient, while when
thick film is formed, after the substitutional type plating has been applied,
the reductive type plating is effectively applied in a stepwise fashion. The
electroless plating method needs a simple device, but it takes a longer time
than does the electrolytic plating method.
[0080]

As the evaporation methods may be used physical adsorption
methods such as a spatter method, an ion plating method, a vacuum
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elimnate a |likelihood of surface contam nation in
cleaning. 5 [0081] In a stage of applying plating or
deposition, effective are both the approach of
formng a filmof the metal Mwith a target wire

di anmeter ainmed thereby and an approach of drawi ng a
wre nore than once till a target wire dianeter is

obt.ai ned ter havi for d a.filmon a 10
emﬁlesendlinaﬁ%qipr dhedif emicgl @Esm%,o% metheds;such as a
plidﬁ@a fOViBlmethoel o theelike. Aﬁyrmdthd’dstm éfl d13t typepawditherefore

manuf act urin the ual,i ty, cont r.the, lik
a S8 GT SRR Piter OO FIFR A REER fofimetl if ofghiaed. thus
ehmmeteda dilkdehidnobd of Isarfase contchmapm@teacin cleAnmgppr oach i s
gant ageous to inprove adhesion property of the fi I m
core materjal. As specific exarrpl es fgr each
t he I apinagsachapplypeg gl@tl@gaqre deposibproatpctaye mae rhq’ea the

ap réadhnbprf%ﬁng?feg?raeﬁm b€ th® matall M REtho4 Itrfaﬂgé/u Whréd diameter
Wi Wi re conti nuo

AP g Y A AR SRRy T, RESTIRE AoMEd) erehamionge till a

tang_eprmcm diametani iy ebtammed aﬁenshamm foomedd awi filmaon a

thfckn(ﬁ mdetgpg(]t)r%r m%ftefé(rﬂt tigvfoplgl gg?ﬁﬁﬁ?%@httﬂe% CV?QQ %riameter

hfor
anpledtmm@e ﬁ@stf @pmoachzmm manufawm;lgl phey qmllmy rcgntrol or the

hk@rae%eﬁﬁlp@é Lea 1HaaVécﬁﬂbﬁﬁrt{B%doftﬂ?Hn i (? AYE emé eféwmg in the

for different

i ng, rawi ng are sel ecte
m%c?ﬁgoa% thisn anmzont ol PEvaBLREPONr @stnPyqve adhesion
progdregtof the fidnphadesstngataiglo st speific ermspded furi @aeh26f the

BRSO, P 50000 R S B
asdiogbd i@m%émh@tamt iamegenyath tthercopper yeire wogtinuously

dré@}‘le\ﬁnth‘?ﬁ %@Ql%fﬁlo%& f)ﬁag r%?ol%rtﬁnaéﬁ& Gl 6 abASF drawmg a

control 0083 treat process,

Wirepe eﬁateé)eo@m@énwmhea &ﬂaéﬂlae@tqra@ pr Bﬁ&ll}%’émé’&i‘%eda a thick

coppérewi@ in 4 patitg balkh doF st @ilythe berstt eIeReplading, thdorm a
netal Mis pronmoted. Depending on purposes, the

ﬁl’tnner mal treatnent is effectively practiced once or
[00RZle. I n order to obtain the desired film thicknesses

5y ofF SR 5l A0 IOARE BAKER, ARCOH HEb oling
swagng.olie wireoirasvingaateoselpeteds | ss%gf fepantapuroosesand then are

usbﬂ'f@ﬂ‘ BESs p'qu(EH@ Of defectd frha YRYEI B %?bﬁ'ﬁ}onﬂﬂﬁansportatlon
hermal., trea re classified i,n

rocesse
ang AL ARt DHEEECP AT GPALEIGY bY21 BEOERTEE YReio: 3 pressure
apblyingtiativ of aadibifaoe raducngeailtioig prmpesisionnof the outer layer

an'aI gdl%e%%r\?ﬂﬁyﬁier%&&@ 8ﬁ§§tedwt}%1édﬁ%‘?lﬂlarg d?grnnee?lelr ngan q
[ngﬁﬂn, is inportant to select these processes to be
usGdIn a thermal treatment process, on an interface between the outer
layer and the core material, the mutual diffusion between copper and the
metal M is promoted. Depending on purposes, the thermal treatment is
effectively practiced once or more. In order to obtain the desired film
thicknesses in the compositions of the outer layer and diffusion layer, a
manufacturing technology is required which controls a concentration in %
order and film thickness in nm order with severe precision. The thermal
treatment processes are classified into an annealing process immediately
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[0084] 5 Only by heating a wre, the distribution of
copper on a surface and inside of the outer |ayer

cannot be controlled. Even if processed strain that
elimnates annealing is directly applied at a final
diameter of a wire used in a typical wre

manuf acturi ng, adhesi on property between the outer

| ayer 10 and the core naterial deteriorates thereby,

aftepbie Egmation pbadites amapaealing preress 1 snidi qoriree bt atnyocess

ané anﬁﬁﬁimﬁé* %Iﬁféﬁﬁﬁgrﬁ‘obé’ssoﬁlﬁlﬁﬁ ik Forhad &ithm fnal diameter
re also the distribution

d| nal dir
ang #heh it 3 EBportapt Lo sIpct hite BIRSTR b wed
[008ddss- sectional surface of a wire. Then, it is
important to control thermal treatnent tim ng,
tenmperature, velocity, time or the |ike. 15 [0085] By
conbPnbnbytheating e ey zien gheddstrmtidre pfradppereen mesarface and

inst@Obf Ghe @ut&egfy%? cQBan be rc%%%rdlfedt h e fffﬂ’l%bé’é'éed' dtrain that

becones pos ntro I CKNess
elipanafes |%I}Dc§3r’13 lg%qt C%Eﬂlée‘s\lﬁf? @h‘fm Iaalegla@fsqtpéef ahige used in
a t@pﬂm&%irﬁgmahmﬁ'iﬁm‘u{gefﬁ}ﬁesﬁdtﬁ ﬂrbﬁéﬁw béthehMEhd outer layer

oS R AR S o e
anthaid 1eard1&i<ftdtttoonoutrbi udieohobedgrwietty iofi thee ouber fayer in a
lon%'iiﬁﬁﬁﬁﬁ d128PEEH PG anréiﬁ}so\’\égi C&ﬁ@ﬁ?ﬁﬁ%ﬁ' SH%het @&%rtlgger and

treatnent Is appl/ie I ha COTT‘pOSI
dif qﬁl@k igra crpssgepnphyertagmal aiviresThen, hysimpariant to

codtboln®rm@ @ Feteddrti teghihH Henfirabin, %mniyetlméﬂo@the like.
[0q'$§j}d' ng wire produced in the 25 process where after

ing had applied internedi ate annealing in
n d-Bpepsbining the pr(meesing dibthe tleerwns] theatmeando control a

de%’lgg' ﬁpb%l%g%]g)?lnﬂe smﬁlp@t! 'b% orwleg r})({sl {iﬁl} t%i ?&Iﬁ‘r&f a film

OSI I ons
lpess, Aneprapesitiongnd aya‘éru%tml@e twl@cboar@edﬂsamd drhe processing

hls%fyd befireC flad 48 rmh® 0864 tmaRt /iﬁe%(ljz{tt@g %&h zh% h&fxﬂﬁ&sﬂuon in the

wire is subjeg
intp{ B3 RERYoSR (e CTIRE R Lecﬁ?r? RGEIY) T hRersfere, has
an beffictlemn tdjﬁusioan’pehatrmram ﬂl$¢ Ctheﬁmﬁlllrp’meé‘s]sl Dé&gsnding on at
un

A nperat e
geneﬁglaci ?%n? ht an dtﬁw ééltt éﬁpé‘PB 1‘&‘5‘ the final
corgpegitions, ﬂleknﬁ%EaDé(ﬂh@ resitee layey ﬁndrrhéfelsmcng, layerevanyt It has

bed & RAN @HanbP oMl @x&ﬁﬁ)lé’uiﬁr | ‘?irlﬂéswﬁ%dgh?ﬁm%ﬁr En the

mat eri al et e eatures (0] pres . .
PIQCR$E nIISKe @é"ﬁr vang; hadgapphad, gitesmedisde | pngealing in

mlé')caﬁ'r&eeéf tH&bttdﬁs@ et woe ®9§ dragal hxd fﬁﬁél@i@lg anneahng was
a neth

t di e
g R AL b oTicHE Py SOl CBRSH g of Hhe outer
laysumi y fiongi aghi ]zaarl.er amdmhetdmacm#rdtmg griadéeritschanged.
[oogg$trained, the wire is also effectively heated while

alTow ng inert gases
As for the thermal treatment, the wire is subjected to the thermal

treatment with the wire being continuously drawn and besides the
temperature inside a furnace is not maintained at a constant temperature,
unlike the general thermal treatment, and then a temperature gradient is
created inside the furnace. As a result, the bonding wire with the outer layer
and the core material, which are the features of the present invention, can
be easily mass-produced. Specific examples include a method for locally

33/60



10

15

20

25

30

35

such as N2, Ar or the like to flow inside the furnace.
5 [0087] In the nethod of adopting the tenperature
gradient, it is effective to make the tenperature
gradients in a plurality of regions such as a positive
tenperature gradient near the inlet port of the
furnace (the tenperature rises toward a wire draw ng

direction), a stable tenperature reg and_a 10
intxedueingeat tAARPEALHFR FLiTnta Hagth Q(iué%u‘tar&ngad@fnwrrature

indifle o tirnee, etd “-Whteﬁ”ﬂﬁr ghrfage fo%id&aﬁ@ﬂﬂffdt}iehﬁoﬂﬂlh% wire is

g .direction)
res)BNERD S L Sblect SOBRFOY Lhip e Al She, juert. gases
sugle ek Ny Azrortthe likd toeflowtinerle thledfuonaer. | ayer and t he
[We material near the inlet port of the furnace and
g copper and the netal M are encouraged to diffuse
in t bethe methodwf sidoptialg) thet temmarat urecgtasliemts ik by effentive to

makIaN FGHpELNGLN iR ieShaAtity 8P ijeélﬁflg @%Ehba)é a positive

restraini n% excessi ve oxl di.zatl o

surfa
terpBRIRuIe EpdieRd BeAY the galat Rirty e&feu? g |t§mperat“re

risp@itewblré d mrmﬂmwmg Hnredabn) id ptabild tbmramﬁerﬂiglon and a
he obt

nofRPEL it fliahE BRLAIRC BRI TR0 IR ook BT e Ghe
temem:m:ae ufadlsg t@wja@tth@f wn@eo drewdegr dasciipmn As a heesult, the

adheélgh Imgew 365119\% %o ﬁﬁ)@%% \bﬁh@u’f’%@ﬁé’ﬂatﬁﬂé \é@m{gr& the

enperat ur e, IS e e that an jnsi
llkﬁﬁ@tf"@?ﬁé@é qvéea iabfeae%pd o corepmatenial pea theegrlehgo#n@f the

fuﬁlatc@rmﬁi amem a:op@bistaﬁlldbt,nd ﬁﬂetaBl\/D be@bﬁd%gmg@aaﬁoodﬂmg in the
1 N eacC of

ont trols np re
reqigh Sheotabfio toiiefabisndd” Grotehk T ot cdeaig CorgeRtration
grakihenttealnd rﬁumthetrhbﬁereetrammng pReassivesoxidizagivir oh 4 hesirface of

cop PRV 8 B SORETLY Yna bl (0 pBlaL o improve

bopdabilish andeloepfcongrol mrppertstafithe ariainasybenrdingvirg. Imerder

to %@Hi%tvbmh%t@%%ﬂ@&s &f fs?&és@@bl@g’éeplté)’m}@ﬁ tegﬁieli‘tﬁﬁn‘éf gradient of
in e ur,e i en n order to

102{1?;55 t%gng‘g']egégg%&i iB%tS-on of the bonding

[oo88le, a Iovv-tenperature at which an oxidation rate of

COPPEY eab ﬁi:ecfggg f%l' wagﬁ%ﬁs %m??ra{tﬁ?% oH:t Jrs %%@c%we %att QS inside

furnac
Sngfétfmoﬁtr@@cmss di\ade@ antdo@ nlnmletasc&creglqm a temperature

dlsﬁi"ibtlﬁﬁfn 1sac1rgijt§d pEihAdihS dfErdd? MtRd1s aﬂyteﬁﬁ?erﬁiures in

eatfh Qfohe B0 §£Taav@.w§egt E%q‘i ChABE buTpAgRI 8kt Jrded into
theseCal nené pbytiees toesm el Weﬁﬁt&hpé\tdt@r@é Irﬁl’ed@@dbfiﬂy and both
oo OB DR P 05 o B
terapdratudesthprebyrealizing ﬁmnqmne nnmrofremlaat effeetr a$ dpoe by the
métﬁoﬁog‘ﬁ g@ﬁﬂ; %ﬁl Sg%ngeaHMenﬁnlﬁvﬁﬁgf all Qfppress the
surface ox1dlzat10n of the bondmg wire, a low-temperature at which an
oxidation rate of copper becomes slow is set in the outlet port of the furnace
and thus, bonding strength of the wedge-bonded portion can be increased.
[0089]

Further, a melting method is one in which any one of the outer layer
and the core material is melted to be cast and has advantages in which

productivity is excellent by performing wire drawing after having connected
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i nprovenents in strength, bondability or the |like are
easy to realize. 5 Specific processes of the nelting

net hod are classified into a process for casting

nolten copper or the nmetal Mnolten to forman outer

| ayer around the core material made in advance and a
process for formng a core material by casting a

nol ten copper or a nolten copper allqQy_.in the cente{

thefougen ayamand othentotes mteribia 2 WhMHIdiAmeea aFeeo! on the

ord&SHf @Qll))‘SOrﬁﬁleaﬁdQ@déﬁghoﬂor GARy (Rﬁn}aorieﬁlt@ QﬂFtﬁb ®tee layer is
I a I NSI ow col u

t
cadE S HAP B (SR e SERBIAPODRALIoR Aaprther property
impesvanéntat innstgeagilsnbondaliihty out ehel Hker are Hasg, to frealize.

Sp?g?’fc Pftqo 39§ tgf %e Chggﬂﬁ{rg t%lolioé{\f‘ed ﬁfa%sﬁfedc Ao nﬁ%cé& for

casiong exmlten p@ppqratvr the ma] M msﬂterrbtq @anb nn quier daygraground
tthEofJ'ﬁla%‘ltlﬁf mA8h adBRcdehd 4 'ﬂ)rbéb%s 'f@f tdrasing®s B8 material

al t hough the 15 heat treatnment for fus
y.qaﬁengr?ema!&e@rcquéror@aw%f@no%ppﬁéa ébﬁﬁ?.nﬁ%p ¢ hallow
coh@dh o‘f tRemieal M %zﬂﬁ} ﬁsbdtf@?cec Malﬂy,%blﬂmbes&rfor casting a
ur t

i nsi de the y
cofgpein ey ntagn b opidB Pl oo e (R PUHEY deeribed can
easidy tagyd a@tbdy fbrmea tdopper aon¢earetsatlamgmdeerdf 1y hlae ozoer layer.

He(i‘gr ?% EBsIn%ll gi% t&%(ﬁ)g)te? ! ﬁYﬁe§ 80 bRl Shthfed in the outer

acture n In casting The, cont ] nuous
laxeg'sm,aﬁg 1Beqqﬁatr§:eat}m ERRRPET qogc%trgpwﬁ Gam be easily controlled on

thé @UBRICE %fttﬁetdiﬁelam@d Basidesgirrehd atklang pethod, alehough the
| anet er

t
heg GERRRTL P T PR AP IS 1 LS8y £ fag gogppitted by
applyingi thit theat tasatandunto mgimm blel coppet lstrdnitéon iinsidie the

ou?%&l felyeBYP Funf AP Gho Wyl d)CH %@g{ﬁh&ﬁyé eLob@ygr and

mat er’ accor e presen I nventi on,
Q@ if a pure N2 gas was enployed as a shield gas in

f Oor MERGtRerd Byl usm%oéj hdltén Bnedalikd thiscaylldafteany one of the

obt ai ned S pr ndi n od
ol gty b ong s Gah B e A b uous
caﬁahngEHe\MohhunmmweCaasngtppnmmmm g opyenentto bhesouopkfied as

comﬁ)ﬁl | ngﬁplh aﬁove? ?é’*ﬁghdmgfh(%d;gnﬁgé&tlﬁ% A }nf'ﬂe to be small in

dl@mwp@s allowingth¢ produdtivatetn be ﬂmﬂr@‘l‘ﬂﬁse of the core
[opgilerial, and copper and has the outer layer of 0.021

to 0.12pm.in thicknes and he ener at.e

di scﬁai@é hegry ye 133 Hillars él'&mgg [thi @@a@smr%esrmal
minilayen 035p§1d rwiéys Bl adieg tl@e oukker dayef igndrthet ®ore material

sur s _and .then forms
a iR 0 B pa R e SR LB Ry 265 oul NP ek b Bfoved as
shivelidrgnsain f@Bﬁﬁﬁgsatlaaddiag@dgadl bandalmditpensld/ee pbtaenug Namely,
thdas id ?ré{ﬁﬁgd %nl%ﬁcﬂﬂgas eﬁud'&Jf}‘gétlese%oébonﬂﬁlg’ %@H@C?ﬁcludmg the

r ono a. copper ng wire to be put
coS@ deatertd \Mgb (Po%[p@gg@pts main cm%ponent the out%r layer which is

provided on the core material including the metal M whose component

and/or composition arefis different from those of the core material, and
copper and has the outer layer of 0.021 to 0.12zm in thickness, and then
generates arc discharge to form a ball with a N2 gas of 99.95v0l% or more in
purity sprayed to a wire’s tip or its surroundings and then forms a ball to
bond. In the bonding method, as substitute for a 5vol% Hz + N2 gas, being a
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5 As a shield gas used to forma ball of the

mul til ayer copper bonding wre according to the

present invention, even if the standard 5vol % H2 + N2

gas i s enployed, good bondability can be obtained. A

pure N2 gas, however, can provide the same good

property. If the outer layer is as thin as 0.021pn or

| ess, it becones a.problemthat the use of the pure N2
Staélgérﬁe%@ér 2P dBeXPLIHVR PUER LY Fai8 Rsed ?n‘éibé%ahﬁ gunning cost
is fdlizedinpioindthn € krepper-Barsstkbendih@ne e Ber pist NSraceied] use.
[Oqtg'giy hol es are generated on the surface of the ball

n the pure N2 gas is used, making it difficult to

obtain a snooth surface of the ball. One advantage of
e, A0SR i WIS MOEKIED 7 Skl 6y dhSiing

wirgoaeropding foothe mf;sset mvmtwma eves ifthe séandansk 5valfeH: + N2

gaé $s @Iéﬂ,ggsna{ah %@ggggo%&amdy SAN B8 HbeN BT AMAL Ehfb N3&ab Ql‘bevever,
|

catl ARAE8 §hE HRENY EO0b YRR EGh Qibes a3 06 28:3Yen 5 §L021m

or bamseit b_e&&ﬂlmh_qﬂobtumtthat nhe mé&Zofg‘dﬁe paré Mt gad Péserates an

ecc@ﬂui{: ¥)g;lls Ig%ﬁ%'ﬁﬁu%gbl tfﬁ:cq;%%sg W m% e ngéd pﬁﬂtrusmns

a "y i nex en
angd ¢oosholes lmelgyeneratedwraﬁmmﬁacmaf thﬁ haldu gvlmetlfﬂ/puwz gas

is %86&d ﬁ?ﬂénkoltaﬂlfﬁf:ﬁl%cio oB%ﬁ'ht ﬁdsﬂﬂoﬁl{‘%w}fﬁ@' bf tHe Hall. One
arc |sc{13rean _|n| itro

adygntaes 05 Haveme éelﬁ‘ﬁF@(der‘i Wathickppss e%tthagttflemwalayer with

0.02a N @Lngymt ¢n ithidkeleb€dohtribiitesfoagdod! ball lfcﬁrrhhfg petfefmance.
[, 0 a._non r wire or a enti onal

1f iR Bhrh M BRed- P F Soflen i, SBIEER 29Rp Fidbin he above

ramgesof]ahgtnbe@oﬂmssphmcmbloé aballt e more dirdetriced. dthe reason

whORCPuREE LF 10BN Bl xp{xfb‘f@qg%e]ﬁ%%{ﬁ k101 Patd Nzh%?sofs that

€ uns I cknes
thléuPléFl YaV’eWVlF}ém\Mat maﬁfran% scapg erfathor e ngps avielable at an

indsesially ineygendieaprRyen in the pure N2 gas, the netal
[Odgg&ﬂ]ear a surface stabilizes arc discharge, further the

er layer 30 preferentially nelts to play a
pr ot Ustiallg it o$ essinded tthat nhisirgxtldi Zedlbdib, gds keadsablan sffect

ex&P8F! (%?rﬁl% ts?algﬁg;p (g-v aid con@la%ljg% Qﬁ?hgﬁeﬂleo rlgylﬁﬁtltblﬂa%f the

accor e bond

oxigizatingt ﬁ? afmgltga| balbolme@pqrnstt trehey @ebNZdl(}}ﬂsWHl@e’@amlted to
forbd gh&salt,ham thé‘ dulter S b%&ﬁa"‘n%o@l@y‘ael‘ Qvﬁ@r(ha'an conventmnal

lﬁ tances %5‘;% g] ur}gher formati 31 Eb
mylkrayee ﬁ’ﬂﬁee s Vi o Ry d%ﬁ%nﬁ?‘h 130858 nogromes
unstabde ahdtthe oxediahtivh od msppémplraf@retd’nmll}upﬁrceédm e:ausmg a ball

oye I utin

sh4RPkeLF Spdfaific MedBEhile LR AR EERI B PUEP bR jo within
the i@ng@ﬁmgdmg tedhe mreaent Rtvemlqm §Vﬁal im dtmpun@er gag, the

mdiaP Megdh P Eloéftﬁ‘fa&eh atabilizbdere U&l@Cl’l\grg%asfurﬂHerV\ﬁ% 8uter layer

ar g ely ea nmpraove th herici t
préfglgqg}t il Y gscﬂtq) Si%{ffl}é@ pi'otectlve role ang thus theyox1dlzat10n of a

ball is considered to be preventable. It has been proved that according to a
bonding condition, the bonding strength of a ball bonded in the pure N2 gas
became higher than in the 5vol% Hgz + N2 gas in certain instances.
[0094]

Further, the formation of a ball in the pure N2 gas tends to vary
depending also on a type of the metal M constituting the outer layer. Above
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5 EXAMPLES [0095] Next is a description of exanples
of the present invention. [0096] 10 As a raw nateri al
of a bonding wire, copper used for a core nateri al
was 99.99mass% or nore in purity, being a high-pure
raw material. As raw materials of Au, Pd, Pt and Rh
in the outer |ayer, those of 99.99mass% or nore in
purity were Pre ared. [0097]. 15 A copper-based

ally gehath §heiime Romeidf uhansh thadtenilaser ingJugdes @tr legish one
eleteitRécdbctedsfrembhRvad As, PAe PEqf]l RN 86 it maRfl component, it
h order to f%r,r]nha .Iat)é_ger of metal .M different f.roin ¢
a3 558 PEYehARah iR athe Biire 2 \Fase 1t JKas SOmRATaHYRIY; easy to
imptate the sperindty and stadnlivehdsd]l sizenon- el ectrol ytic
plating method, an evaporation nethod, nelting nethod
or the |like were practiced. In order 20 to forma

EXAMEEHET ati on gradi ent, heat treatnent was applied. A
[ogwfhod of forming the outer layer at a final wre

di a::rrgt er . ang1 a met hod  of thllnné%%%a wire to its final

di ant€3t %% AGpPIRGIR of expmplef ofvl PIsPeReIYentone
[o09®li ng formed the outer layer at a certain dianeter

wer e,enployed.. As.a lectrolytic platin iquid and, .

. oS dasesful o o Boridikgvitt, fohedl i o} Boifte Wierial
wag Q-9 Ailags bl cat inoge [in guirityubeiohf @highipiuze rduc matemab As raw
mRERLRY 66 AA P ASPE di RNaRR! b%rr&%&eﬂ%og%%wg $mass% or

nmet hod was enpl oye nding wres Wwth out 30 to
moye 3n MYV e eapxsPareder e prepared in advance and a
[oopmface of the wire was coated using deposition and

A A0 SR RS M Yk B P o 2
centam @thmeterveds angplbped ab rthatcmgmtnamiadwpid i osdert ttaform a
0t B FRENE ARERIR Bl it o 4 Sl Mgy e, on
elegtroyine platsnmmethod, apsiastedless 9r nonielegirdytisphetingimethod,
andvapbiaidnl idthadl! meaaptm¥aodeSdeikk tiRke dvdel Sradtidl NTh order
o o SR B o LR N0 B OSSR of
forafingrtherhtab layal 4ff adiroavirb e met@as nént medlodppthieching a
o 1 B BARE 88y Bl Dl B havin
formachddef ontemdayeny at anseriennndiaheterowedet kmpdeyed. As an
eleBloBytidlp1 ABAE UdhidMAN a8 ABErB1dEE IR NnENiquidast i mercially
avgﬁzlﬂtél%ﬂgll%%g%e liiq?lgd %sggl %o? nsecr:r(l)l"%ggcriu(?tlolr ov%/raé r(lmtl&%ygg nefned’ as the
evaporation method, a spatter method was employed. Bonding wires with
about 30 to 2,500um in diameter were prepared in advance and a surface of
the wire was coated using deposition and plating and then the wire was
drawn to its final diameter of 15 to 50um and finally a processing strain was
removed and heat treatment was applied so that a stretch rate became 5 to
20%. A wire drawing velocity was applied within 5 to 100m/min. As needed,
a small amount of a commercially available copper wire drawing lubricant
agent was added to a wire drawing liquid. If needed, a die-wire-drawing
process was applied to obtain a wire diameter of 30 to 100zm and afterward
a diffusional heat treatment was applied and then a wire drawing process
was further applied.
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5 colum made in advance were adopted. Thereafter,

processes including forging, rolling,

di e-wi re-drawi ng and heat treatnment were applied, thus

manuf acturing the bonding wire. [00991 In heat

treatment of the wire according to the present

invention, the 10 wire was heated with the w re being

ti nuously drawn. A nethod for introducing a |oca

[o erature gradient and a method for varying

t enpm&hu tBe | Moty amfavﬁdwc\ﬁaWtﬂlwd | 4 Z@dthddPrfoR e@ltstmg a

mofe R AR, prtid e e FasbOPiad Rdaq fa ddvaRraciid fgsthod for

castttngmmleerpe:bppem’ es amioltérercoppabladloyont thé cehtéhef hShollow
colhﬁ{EP%aggo%f (%gcé %BFJ %d%@?éd | ‘T"ﬁ Peeaf{e!}e J%E@&%S Wel&ding

forgmgcralling, degwirgifl mwmg \mdhhﬁatmreatmemowm applipge thus

matrﬁffgaﬁﬁiﬂgﬁlé/\@&dﬁl%rwﬁge exanpl e, set to attain such
[00?? ributions as to be high, nediumand | ow
o

eratures or nedium high and | ow tenperatures
f r onlrahe&t a'elanﬂneht pbithe tvmaamardm:gjtd the prosendimvagtidn, the

20 _heatin ngth nformg t
wigh o EoRpARA W SR BT CoHRR gl Py bt il o
lntvedm_mngu @s logale t@mmlemtz-gd gradientic apdr posmethiod for varying
terRPORItESS 11AGide e AiFndld AR dtnlzielae Iaél‘m%ﬁf‘ec‘i@aﬂrﬁ%ﬁth?urnace

heat treatnent i nert gases such
were Qpoyed, &+ f@avemtesagomsowpv@n e@% tRERPeTabinest pide the

furtiac8i Nnfb OPReke OtdmPEHTArdd NahQ heut | énaldd f@htrol of the
25 insi e. furnace.

| h
terp GRS Tt B8t Eren SRl ey HARR Sfhre Sieas 00w 700
dem@pt el modprepdre @anphgsvd@qmemwm'a adpistere within 10 to
50?]‘5(519%1?1 PrRY | 't@ (Pe'ray e VAR, 1O Gtk %fx‘éﬁ{plge%t ttbeéftgﬁmsuch

een applie a Coppér wire posterior to a wre

disgrihutiogs msolocke; highy madivie randbions dempsrainges AT wpediym, high

anltiqaiivt ﬁelh@p’ém{ii‘es}/\tﬁﬁnptﬁ[]\f/ﬁ'éﬂﬁ%ﬂ }\Mﬁetoaé txfife Baflet port and each
r.ea after e Wyl oces

heg (R8T, S etn v P arreed oy centoeanbe e B8 temmgrature

dlsmnbuhmns luhé aoee dfrawuﬂi@ velsceied wyseaf pphaatzedLgFmotimb puopsse of

suééx%@?ﬁf&afﬁq 8xﬂ ?%tﬁ 'tBQ dtﬂrc'ds ﬁegF tufl lﬂfl@ %’t t?eé(’énﬁ@nt inert

cool
gagesgauclz g va %I%nﬂl%ﬁd(es meée dnilzerdr Aoga@ wéume was

adpgttémaﬁn 0.0002 €6 0.001£ DR h Qb .be GtiHzed fiCtedifEFaPRRY @ntrol
e and.near ,the.inlet and outle

nside the fur ort
ingifle 58 thinacsn A B [ prrie B DEAG STontBiensobyh hethods
wene raeloptal ta @depdde sahnpids. r@nemd"thodmvaé opeSint wthlmh arplating

lafelilf\!v%\”fgﬁng{i q?élj RBat %r&%ﬁmentgk%c%/ %leg llé(P%‘O cc‘ﬁjper wire

ressure I nsi ace an
postem@e rtat aivarel |<h‘awmamrocessemd ameghmamdhocthv;aSgase fihowhich

heXOLATBMORE vAl PSS ¥ ERide PrtOOHEat BeQtRARAFBLT dFter the wire
drawing process.
[0100]

When controlling an oxygen concentrated region on the surface of
the outer layer, heating conditions (temperature distribution inside a
furnace, a wire drawing velocity) and cooling conditions (a gas type, a gas
flow volume and shielding performance) were optimized. In order to control,
e.g., the atmosphere inside the furnace and near the inlet and outlet ports of
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5 Further, since in sone instances, a wre is heated

in the remai ni ng heat region near the outlet port of

the furnace to be oxidized, it was also needed to

control the atnosphere in a cooling zone posterior to

t he heating zone. [01011 Wen controlling a carbon
concentrated region on the surface of the 10 outer

| ayer, coating by imersing the wire in_a_salutjon

the, t NHCAj ﬁ@oeprgwﬁﬁ? gaguaet Pots Werearrraded.eByrafinstingpach
inlst pbsit®naGini ngloagagt diredtee)i agaaitbwlvpivige o2fthieNiekdy ¢:8gen

paftFLC pRRORLAAEHSAY e TRLEA. 2T bhe ARRNC S Mhusign were
regatla . e gasoﬂuwewblbmmwns ragljesbed rithin YO 20fo 0.004m3/min.
Fu?ﬂ‘le’i‘t LORe ﬁpgéﬁl@eﬂlspé(n@se%dwr}% t@ﬁ P\:%{ ih ecth%r p&ﬂ&nﬁpg heat

sur ace actlng agen wat er so as
regieR sear £ ?cpuztﬁrd?%piﬁ the farnaceotec beyoxidigerh it fwashalso needed

to €britoll fheth thddspherdas acidBliA¥edne Postericiafd the N@Sing zone.
[0ﬂ§ Ictlced basically by the distilled water and the

tilled water to which alcohol was partially added
was Wihieni cedradingee dachon/b@iceanrabl aetioaf on thewvirfige of the

ouEeQQag&atc'oﬁﬁgggcgncogi% ﬁféaf/l?el ¥s71i?'edﬂ$ % 12@8{1%%?}%51%1}18 a small

enh gent "'was lhea
quaniities of arast rataydagt fan@nstaxﬁama@@ngi egerbgleaningrand drying

of ﬂ{eVW'i‘JQa wefd @&ﬁhﬁo@ﬂy%%rﬂ?&i WSy RhOWhoUO Hel€ t¥dtfaent. As
neededtﬁsgh& haV| dra the wr

a CHBHRBAERY Aaaiese, & R P ile HARRodgl hyHa bing several
typesadf rsghmcmse@btmed bBppbleading BB Aus r&tagtdant nthd surface

R ML AU 0 G, LS e
conmenéradiorgumerhheu dﬂ@tllmdamter, “ase eaxiplbkled efffhectcieaning was
prac@ita @b D41l By Ao éé’ftm G)%@ér Eﬁaf}{%[ﬁstﬂﬁa(f F{%tt%f to Iwhich

éf ective for con I ng
alcg

Phovs BBty at Way Hétl]d%ﬁrﬁ [asdneeded-oWVhgn ran (pdfect of
rexﬁolhﬁlgrﬁ)fét co@@fdgoﬁlgéiﬁr&@:@*sél%lyomﬂf@ﬁﬁ w&s hevded €4 €3handd the

o P IR AL e BB S e
C. éndh‘amsg;rdlae@ aanalt*;&ul\b gad was| blown 6 ahg svise abcoeeaiedy after
ha%]?iggg?v@ﬁ the&@b 519 {JPHE 0 ‘{’}?ﬁnﬁle&atn? 2P St%r&v ?eﬂntreatment and

anal ysi s such as e concen rate
theyponting ﬁr@eﬁ%wre |applied, dhpr iR witel §ravsingqeeesnyas @pplied

and\lfﬁrt}?r'ﬂh@%eﬁn@@ﬁtlﬁt@ﬁt ﬁﬁﬂft%'ér@ﬁg:itﬂég ﬁf&e%@g&?t@f%ﬁm applied
ction while pract] a s
with G PE SngvBRG CRbl ateiire COTe BbghA SRCtacaprag dy this

twiryirbdO2hemnvizpaimeant Tie thanceéntisatdffaotiob 39/ &htidlding the
dlsrﬂﬁbﬁhow bf] tfdg' ecaqugébglc}%{r%t S i S “ngg]bydlge%ﬁfoﬁcwnh the

I's an NBSS ana yS|s
Ouf@ém@@war@mcmﬁatmlqn kent as losrmercial |y avail abl e

[o1@2] omat i c

The depth analysis according to AES was employed for measuring
film thickness of the surface of the wire and a surface analysis and a line
analysis according to AES and EPMA were implemented to observe an
element analysis such as the concentrated state in a grain interface. In the
depth analysis according to AES, a measurement was performed in the
depth direction while practicing a spattering operation using Ar ions and
then a unit of depth was displayed by Si102 conversion. The concentration of
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bonder was enpl oyed to practice ball/wedge bonding. A
ball was created on a wre tip by arc discharge and
the created ball was connected to an electrode film
on a silicon substrate and the other end of the wire
I s wedge-bonded on a lead termnal. As a shielding
gas used to suppress oxidation in formng a 10 ball,
the s dar vol % H2 + N2 gas an u N2 gas.
thweéaﬁﬁ@% g Bonddpe prige mﬁspsgeésamftgytaﬁhifg\@raﬂwasr@ld an
IP@ hatd apslgpss. the standard 5vol % H2 + N2 gas was
[Olf danental | y enpl oyed. The gas fl ow vol une was
d(;’]r]]ust ed within 0.0003 to 0.005nm8/mn. [0104] 15 As
the other side of bonding, a fpmthick Al alloy film

(an ﬁ!ér fc%ﬂ%ctfr%%%&ﬂdlﬂ l\pﬁés%’ ccdmﬁ]b /gc&% I r@éﬁf@b@?‘ ’automatlc

anot cont al n ag
nden Was §mRIoyehio Practigged Vweflgg beedmg M@@l@ évwealafgi on a

wire tipas; Ef@ﬂﬁcﬁ@ﬁg%eaﬁ&l &B@Qﬁeafh@t& b%ﬂl agt@anedtedoodiieldetrode
rat e

iy ot K AR Pt €O SO BINE Lot Phaywireris wergebgpded on
a lead tenpimajleds 4 hizdding gzhs nesp ¢ suppréssl dxifationng forming a

baﬁeﬂgé)z%q*d .‘?ﬁol%h Plr%'p 'I\?zs gé@ gnaaﬁleuﬁﬁge I\f& %5‘%1%5‘5 %mloyed

Fox the aareessgher than eNaluptang ﬁéxailf$1mﬁea the gtandardsinad% He +
N2b wsdfmté&%ﬁuﬁtdly% g?né%YB??&PE‘HB;%%J‘?ItOEhQOE}FtPtS M\I\%gﬁﬁusted
withip 09007 a0 diRmAmign of an i n bal | shape

tdn of an initial shape, ratio
[Oxrdla wire dianmeter to a ball d| aneter was defi ned as

L 7 AQ tholoct@r 44 bY thﬁﬁ}% thik REf ‘@%ﬁd film
wer € observ scanni rFOn m ¢ os e (
confagningn l@pw&‘}/al mfmcbs‘é 6peasms% eQaJ wanosher sﬁlf containing

0. ﬂn@%éé% eCu)i ﬁ&@p&nﬁ aO &'ﬂ PRBS 52l tHﬁ@C'a§' ﬂib othér side of
denot es abfgpexperl mental result t nor e

welgH; ﬁ‘ﬁllm%h% peadppme Jehasegandnes s é\g ﬁlaut%%t@ fhgsm in

thichhésy) @rancksih Babefrateof apravphasll/Neglated/Uu-pthted B ctrode
sty ékeA genotz the experinental result that although

e wg 2 or MresE 4bnor mal -shaped bal |l s were generat ed,
[01¥dvenness on the surface was |arge or the nunber of

bal |
V\Zr eﬁg}fﬁ‘oggﬁpne?g %@PI‘Jrhﬁh%?e’ifSﬁxﬁ%é bc‘i’fé‘rjréa}pgldi‘hé%%s used

t0 JRHRRIESS t H%ldé%ﬁ&fl mERE a COMPELISEN ERS tI%B fergnedybetyvgans the
sta/mma 5WRLZERAL 4 Dot ¢£5S (fh 8 FPorh e hb@NPir8gh ik OB its purity

oA rhecPBre 3 R dtod B T REPtdR T feoRintRE and its
pupltyc,WasallN) ilasthe avalsatiohhef marinitialldadt salsapeheratlo of a wire
d1aﬁﬁ9€err' HJEC{‘BQh dignidkdy &%Qtdeﬁ[ﬂgdoc{s e ai b, g ggneces of balls

eccentricit gener ate ound an i'ts
befpre dogding mge ojseryed: e aggpnning flectron mszmigee EM) and

anP&pIRAY. mibRsEop@r ks WRi1Raedt 8 @dirfdte texture, a shape and
dimensional precision. The mark X denotes the experimental result that 3 or
more abnormal-shaped balls were generated to indicate the failure and
therefore improvement was required. The mark A denotes the experimental
result that although the two or less abnormal-shaped balls were generated,
unevenness on the surface was large or the number of balls whose

eccentricities from the bonding wires were pronounced was 5 or more. The
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a colum "ball form ng performance" of a table 2.
[01061 In the judgnent of a bonded shape of a
pressure-bonded ball, 10 observing 5,000 bonded
balls, the sphericity and di mensional precision of
each of the ball shapes were eval uated. Each of the
two cases was evaluated. |In one vase, a nornal-size
ball was formed whose ratio of an initial baI

ma kaget& &tgs e\;h\’(\a" exﬁali'lfned'lttgf rB31t t}? ?w% 0 our l\?\%ﬂs whose

nother case neter b orned
ecdghttigiths fau %‘b?)hd?r?g'z'vw%%v“%‘a%eée‘%a&%w@ tfedegree of the

eccenpﬁmtmn\trefe smaw dnd thatefa@reoit wax gudieidetdiatweo balgk practical
shapes such as an irregul ar shape departed from

issaphebss i The nirked adléites PP expéritdearthl kulEtleat one or no ball
generated and therefore, the balls were judged to be

whdgd %%Eéﬂ‘t‘i"lmfgh BB ated WENAIAN bRE RXRBHARY®RI preeRiWd was

defective apes e generated an
googh e LDl A DS qeasedi Be BodrEh e anerES farp chiered in
a cohndadbalidpeming pedfet@dncdhef atdlde@.denotes  the
[0 erinmental result that one or no defective bal

pe was generated and therefore the ball shape was
j udgbd the pedgmeudt athasbondedsshapee ofeat prasgurerbanded ball,

ob§é}lviﬁ§‘ 5.0 lboﬁﬁ@&‘edjalﬁhacﬂg Iﬂ{eﬁd?% taﬁgl & ens£19131917i5refcggion of

tions of a sh an init
ea‘ﬂapf ﬁaﬁaﬁ APes WERR P¥R % 3§ #Q&W% CRATIRAS smuated
In Vtﬁfeevhwjg@dldrﬁlail SATPaEheAS| f()@meﬂawlh@ée ytiohef &EMnitial ball

Aisgagfey B bvBs fomies' Fark Ty dobee v RE hoan hehtare, o
smadkdiametieatbadhwasfermed whesesratas of annohitiah baH daoreter to a
wﬂ@ ﬁ?arﬁgfe'r 489. 5%8'1; 7 e§naNtarP >9Fle e§ tl%%l &x ep%%rﬁgﬂgaqdresult

I ons ere e uhevenness
thweﬁeorf e defpetive dadl shapes h‘édbé‘lsl %nWérfe@ dgbape cleparted

fro%?fsghbh\éfty, dhrtaBhK shagenat e like w@épgéﬂerfﬁﬁé@anﬂeﬁié'réfore

.7 shrinkag Vi ti we e
th§al15 53 ibaaEn Bok SeihettunelRe Artn: & drietenfhsexipimental
regdhehat 8dowkdefectwndallih Hiksawdrd Genefaded arnd thaasfore it was
desirable to i nprove the defectives as needed. The

desaKleQtodefions thd & atXpaidotesialesrfstéddedn@henark © denotes
shrinkage cavity was generated and 3 or |ess ball

thd@RgeAnRalthi 2BSuRBLE oHeNdit Bo W&WB&IIWpeQ%@ r%éfn%ﬁ%'ated
re f nd an%ﬁhre efore the ba Is mere uﬂﬁfd to E

anéeﬂl‘fre gsthes ap@ A AvdE eagé’Bfiu ese marks were

entabdiinkagduanyiiall bonded slhaed”adf thurtab]smﬁess of the

[0 le 2. [0108] The eval uation of A sweep-out

eHavi or of a ball bonded portion was performed by
bot hThhewiilnagone of er shatinbagé wawity off amenitzll balbadddminute

unRPEAAOR of a pressure-bonded ball were judged in a comprehensive
manner by the SEM observation of 20 initial ball tips and by observing 300
bonded balls. The mark X denotes the experimental result that any one of
cases was found, where 8 or more shrinkage cavities and 30 or more ball
bonded portions where minute unevenness that was generated were found
and therefore, the balls were judged to be defective. The mark A denotes the
experimental result that 2 to 7 shrinkage cavities were generated or 4 to 29

ball bonded portions where minute unevenness was generated were found
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10 was subjected to SEWobservation to evaluate a

degree of the Al sweep-out behavior in an ultrasonic

sound applied direction and the indirect observation

in which a ball was renpbved by a shear test to judge

the Al sweep-out behavior fromthe deformati on and

residual quantity of an Al electrode remaining on the

sheared fracture _surface. The mark o denotes 15 the
andyiherefoseit Hl wassdedirablgtta imprevep the glefgctivgseps qigeded. The

behavi or was found and the Al sweep-out behavi or was
maak Qooderades thesekpebmenght rapattthat ao slofivkbgndiavity was

wire. The mark O denotes the experinental result that
gefidrated andh® oAllessieadd boutled eioambﬁs wigsedhineenuidvenness was

h []., Th
e SR bt el (et BB ER! R G fodgrhese
mapkeepvengt ¢eleaed oini rcr edveth behrinkagef tavityt maid surficial

g%ﬁ < bBthd t40182. The mark x denotes the
an eﬁrrent}} result that the Al sweep-out behavior was

[0 nounced to have a need to be inproved. These nmarks
wer eThe teeahchtidn af Atswusproufibehnlivrofeciald bbnded pbs'rmn was

10 25 Th | t
peidorif v, Bt fhe I hshtaivy 1 Ll 0, 545 Hopded Bottion
walsi smbaeqttz@ tofSEWbobmarngtmnrte evaduateca \dagrm pbtise Ad sweep-out
beﬂﬁlgpt b)ﬁnprlﬁﬁaar A asotiﬁlﬂp%gﬂfe@f (ﬁﬁ‘@ 1&}’ Hﬁ&”%hé V‘?ﬁduect

types 0 enera urpose
ob%ﬁfdaaoehmw pka bﬁ awesewmwendeb}'em@hhat éestobsewee the Al
swe8f- o G i i@ WheedsfdrAfatidt ahdOrdsYP@sl qhhn¥es of an Al
required to nore 30 strictly control a Ioop in order

ele%&oﬁeoﬂe%élﬁ?n% ARt sﬂeﬁxledafrtabﬁlrgr%lﬁﬁlcef rki B denotes

trapezm da ape using the wre wt ort lengt

r 0 o I lgtgggﬁ
th(? p ém%ntﬁg?%s%ﬁrt(@g%(}&?f% 519?1 R‘Fﬁ% V\g 0 fily V15le§}*§s found
andljthead] syeepous hediayiar WaStar$eg¢Qd<es @ntﬁsﬂlﬂa‘ébefmﬁ}et about by a
was 42/60 judged to be of problem The mark A denotes
goldheorekipgrwirenThé madupt denetes 3he expeomential essudf tihatsthnugh
| ength were defective and therefore it was judged
thd hal stmp\fd)msbe\hewmrr &CHE rdiccetrailile, ivﬁfoe\aedthéEhe(_i@f@Hﬁation
n r e
Rxgg(g&&te? }I{gﬁl Y @ @?xl\lloeteg ?]fée % égramgntagre%uﬂ {K&} the Al
swapp et dﬁmhamﬂrl lengtas,edebet the effectvthagndattiees of bttde.t Hlee mark

X HQﬁ@tessﬂ?@ee%p\é’?fn?eﬂlﬂé@ 9RAWIO thet GHRPAN Al Y& -Yud Whraville was
mark o .de otesthe eri ment a esult that one orﬁeéfma

profquncstl 9 bavs perrfchtaae 1BPrereqd-vEheseomarks g ente

colu@®p “Ahfpa swesep- @l@lgl@éhd\ﬁoffeoﬁhekthble dhese marks were
[0@9 ered in a colum "loop stability" of the table2.
é of the causes of the defect is 10 assuned to be
i nsuThecloept shapeli stgbpetyf an nmnomdingt peocess evhmgadged with

re#%r }{\gtg ﬁgﬁtlpﬁeac%esf%g)?ﬁxd%% ge atnﬁ ﬂfer LRASEYned 155‘1? height
by preparing a trapezoidal loop by usmg two types of a general-purpose
span of a 2mm wire length and a short span of a 0.5mm wire length to
observe 500 bonding wires of each of the two types. It was required to more
strictly control a loop in order to avoid the contact with a tip end in forming
the trapezoidal shape using the wire with a short length of 0.5mm. The
mark X denotes the experimental result that 5 or more wires of 2mm length

were defective in linearity, loop height or the like and therefore it was
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[01101 The eval uations of a flaw and scraping on a

Wi re surface were 15 exam ned by observing the
appearance of a bonded | oop. A trapezoidal |oop was
formed that was produced by using a wire with 25pmin
diameter and 2mmin I ength and was provided wth
200prmin target height was forned and then 1,000

. W res werg ohserv by a prqjector, The f]aw
Judgedetobg pHRTORIS.- ﬁgﬁ@@ﬁ%d& dpnotes the @Rpesrmensd reswlgdhat 5
or edore whep dBlohie leaptpivigeadertyad nad Hervfge it was judged

perfornmed for 30pm or-nore-size scraping in the whole

thalf théyire9Pweld WequitBi i toObk Nign SNALHAMTIRN$narkN® NBEOtYs the
denotes the experinental result that 4 or nore

_ ; . | _
exﬁ&ﬁﬁ@ﬁ%l"‘%&ﬁﬁ% "t’ﬁtﬁﬁ 4 eyngl vApgs 1 leﬁni:j l(gx‘({]ﬁth‘g%%ge Oc%ef%ctwe and

pronounce C erefore It was j uag
besides et 4TWereseofk2mradangty ware dafrefave mmd: thereforg| the loop

that 1 to 3 scraped wires were found, whereas many 25
shapeswaveeridgednt hedcomhparativedy |goedl iMleodnafk @ odeiatgs the

a capillary, and therefore it was judged that the
expénmentalr eesudtythatechd or me winer d@8mniHengthmkasOdefective and

thquﬁ)%)%%etlggp %ﬁﬁﬁé iv&@sgltu% epec%l'ﬂet tta??é ’IJhetsg r%ais’ﬁg %?9 entered
. Wres were ounhd an NG Pl aw that I's Seen as a _
in greohnan aep geautity cof thritable?ePaecoti the causes afdheddefect is

asduifedVtbEise \i\ﬁélﬁ'ﬁ%maﬁ(ﬁ{diﬁ?' 0198Q8andd 8 n"BHK iftedRRe Kitween
t he 30 experinental resu| hat El'geascra ed wire was

they SRES APALFTHHAPalle REFRhenynABd) Eheypgialinn dRefropypectional
prodertyas j udged that the wires were conparatively 43/60
[O]flbibl e and good. These nmarks were entered in a colum

I"oop flaw and scraping” of the table 3. It was

appr €hersvalvatinns athe flawgemd: sofaping dn sy wigadsurface were

i t envier,. .
ox AR U SISt i heael bR R SRR G o

wag\fgrgg HEAHBEQ PHHK R ITgre Svithr Bugn lavdinmpter and
2mimfiarleagtloand 943 proWddd wp200 n0irt bergey dHeaight @asoformed
gy fa € idation ofb a Wl(i bonded ¢ onywa Seni gonduct or
and thef 1,000 wirks were obsiaved By dourodceter, T DRV oer fiaen was
pexfermedonithct fagus wnaupPpd?, sidadftehlmopoxidithe serapinmg ubsevaation
. [ r: t
waS (RIRAREN {30 Boc o D inYhe Do 4 BEoGy, thus
maging tpe e vabrations- dtheamagk < denetesdhaiaxpetionental saswihdhat 4

or WRbleOkdiapel @iredORefedbeRd {nditheR flaMeewated PFoAblnced and
about 2 mnutes exposing time on a heating stage. The

thdBfdreXtd GRat ?&%\%&P tgxﬁgréﬁﬁnb%ble&esyhé fxﬁgf{ £0 (PJdlotes the

nmore wres on ose surfaces were discernibly oxidized

: f t X |

e aER A 6 R, B8 el e RO gy mny
flamsumeraniyunde palotleeriet wagslikalibeetl tof clogginig @ capillary, and
thd@RTeVIE®RRE jhQ5e EXREE thE WiROY W &RBRIgRirelN o TR #nProved. The

denot es
mark © denotes the experimental result that 1 to 3 scraped wires were
found and no flaw that is seen as a problem was generated and therefore the

surfaces of the wires were comparatively good. The mark © denotes the

experimental result that no scraped wire was generated and flaws were

unnoticeable and therefore, it was judged that the wires were comparatively
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the experinental result that 2 to 5 oxidation

di scernible wires were found and therefore, it was
judged that the oxidation | evel gave rise to no
practical 20 issue. The mark o denotes the
experimental result that one or no oxidation

di scernible wire was found and therefore the wires
were judged to be good. These marks were entered in a

stabdg and '2eed-diThass gnavks avergrénlesedfingaygqlummelgopdflaw and
scrﬁbhlﬁg" (tK{EﬂHégtdlﬁ?E}e‘R vis ?ﬁ’ﬁ'e‘}@hbfﬁ/eztha{tmzj%dgﬁﬁn-mﬁ' the flaw
val uati on e [ per.f ormance was r
an@;ﬁcr%ﬁ‘amg c@ Htche aﬂ?ﬁegdm phserver %ﬁ%@l@aéuaol J{@gment
an@nhence span, orambrESBb‘sa'veﬁ@O@mhxﬁtd(bﬂshehpbﬂbtmfa(hcé opxiking
thr‘@u{gﬁ%&@%é&ﬂo?ﬁ%ﬂo deteriorated due to the defects
geferate ) [

roma curl and a crinkle. The mark x
[01dahotes the experimental result that 20 or nore

def eptiiy ?eé’iﬂe'b? $o Whé @vg?&a?cﬁdrﬂ bfkGFa30 olxi({lﬁ:?(;ﬂ by a"\?frg bonded

found, The mark denotes the experinental .resul
on pgsergigon uﬁt@r@&m@@t vitegamples ‘a@feepremaaeédnwh@ rZQ&/eres

weYelcenhested aand QFPvaad uhleﬁg@ddtaﬁah dthtusvimagSewiifted from a

chirigh i St on ShEAE SO ehe 8El RE wilfioffonifly phservation
prinesulyt frdmat aB uppéi' poefient ofv @ \MopesThbtlbmidingaccbndition was
un ﬁhlzea det 856 Odprees V@r&a{g fb%@élqaltﬁ bo%} éhﬁn?utes

eteriorati on was conpar at ere ore
eXREEING HGeOn th&eating shaieai Ad mﬁﬂke?fe ermatgs e experimental
reslf€hhe 20 65 hsre WRs'EH Ky RoddeHiRifased (R1ré AERFHIBI®NG:Alized

result that two or | ess oxidation discernible wires

%‘iﬁrt‘éuﬁﬁyﬁle et he g e(ﬁ!eg s ek éjﬂﬁﬂe 81 BEs Qoﬂmt 6 to 19

ese narks were enter unr ee

oxi{a%l[,ifoﬁr m%?nllbf’?% ? t@@k@ t%unhoyla] tﬂg}% &%\é)a/httj%éso ?Bgéed to

estorage a wmre was perforrre

tines on-stj.ck failures jin d ondi
re%lf%?fls BUaTR G B SRBlSE el s e Ay r fgfiotes
er.at ure, was _bonde The bondi ng, wire. was. stored
the f3 arém&néﬁbs?ﬁwlbéﬂ?wgt | ?HE“‘E%‘H%FP YSSRrRIPIA JHires WeFeafound
and photefons ¢t wathadgedohat Sonoxdatiparitoslngd dndtevee o practical
sanples left 30 days and 60days. In a bonding
iss@eNTheiRirk 8 ARHBRIs mr&ap@%ﬁ@ﬁﬁltr@@mt%ﬁ@l ohB dFasSoxidation
production 15 and a | owIlevel bonding condition where

dm%?nﬁﬁhf% deg%‘é%uﬂﬁ Ad g%%‘é%%z‘é tHROWRES. GGEPe a|(1 W bO good

creaseto I N he non-sti ure wer
%ﬁ%ﬁ‘  WeFR entRise Ina bwpar pxidizgatiopepposwriace of a wire

hebwaldaﬂn@r boegdonded” beelealiiefX i cul t and hence the
[Olééige tenperature was made as | ow as 180 degrees Cto
| uate a non-stick failure generating frequency
usi n@‘h&, @Muﬁﬁohonﬂitﬂng wnredingl rrmrfmmkarxcedm gerformed by
t t t: 3 e u t t
boffRE 5 TR0 Plrek Srith 2088 in A tBE L oD, B ShEE RGL 130 to
300zm in loop helght to count wires whose linearity deteriorated due to the
defects generated from a curl and a crinkle. The mark x denotes the

experimental result that 20 or more defective wires with deteriorated
linearity were found. The mark 2 denotes the experimental result that 10

to 19 defective wires with deteriorated linearity were found and it was
judged that the wires were required to be improved for exacting
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found and hence the wires were needed to be inproved.
The mark A denotes the experinmental result that 2 or
| ess wires subjected to non-stick failure under the
normal bondi ng conditions were found and besides 5 or
| ess wires 25 subjected to non-stick failure under the
| ow- | evel bonding conditions were found. The mark O
denotes the experinental result that no wire that is

re%ﬂp%ﬁ%gf‘sg o’ggle tr}lﬁgﬁlgtct)ﬂg iﬁeﬁ@#&suf g@% J}gai‘qr Q? t %xat 3 to9
bj k, f ai.l d

aelfefiFF TP SR Red xqﬁ%‘té%sde«%bsf%f}“vﬁer? P pad gt doeree

of the detemeratere v83 romipedativelyesmalsandtthardfpre dbavasThelged

mark @denotes the experinental result that no wire

thatuthe okiRldz4tdom devalt hak nbapladtieal ivdae. (The n@arked denotes the
bondi ng conditions was found and besi des one or no

ex 'rliﬂlle%ﬂ@]j ﬂ%h@lgt}iaﬁ deﬁ:lé@(omﬂﬁh@? dl@%éﬂhﬁlgle?\ﬁﬁ%é wée found
ev ondi it was fo an erefore
ang e €yl ay35 REAIRDY Snpod PSS AR UOTOTRISE T pecolumn
umhngrpe&f%anneéozﬁohmmble ‘3vedge bondability" of the
[Oltl% le 2. [0114] 5 In the TCT test, a comercially
ilable TCT test device was rfrpl oyed. As
terrp‘@hatqyraéum@ltl oK ytheeptorage difperiea (wige tWpe pesformed by the

nuﬁﬂﬂa‘i“ dflti)rﬁés of thba- ﬁlcknfifilh&e§Qﬁ@#édg‘é%orﬁﬁh@&fﬁe@“@b@ndmg wire
lefé fr m -55 degrees C, 30 mnu

Igi AR A mRerakiTecYas ogéeﬂiﬂéﬁe bonding wire
wascmdretdl xmrmde( a aleginngpohti ovith he 6egdﬁ'®wﬁ:e Béugeidnint £spda case.

The 3 %eaq{s%%sw 5 \ngfo T Etvee Vé%'é l% Olt(g%%s’r alugci] 60days. In

sl'ectric Tes or me [ '
a lammggtqooudltlom,oavmmsalmbmdmga@ndetionm@dnm imass production

an8€0abRSIeVBE bbﬁafng' %éﬂi’éiittlotﬂ1 @&Ihetrg €an RRdth ﬁf‘ tarﬁ&fn%: b Ufltrasonic

Zero reliabil bited. The
wfwaé aa&w&o ’?]h%htt %éitecx?e@ssmtp mﬁgﬁe Pﬁ% ngp;shisk failure were
codphead.i Thewdswépo the |1@$1‘Spe‘i‘ﬁdurd; helidletire ial Beaslihg dgestation

t hat I no_ | ractical SSue. The ;mar k; 15
beqqdft iRt HPE s S s BB emfid rabi b s daraf i loWoag 180
deg@raee 3L % eVhhuatarknan- S(ﬂlekdhd&re lrenteding dsiuench atsingd,000
boH&ir Wireg gﬁfét ﬁl\éﬁk%%%l@ﬁgu%g t’iﬁé’%g%rﬁﬁg &l rebiif M&a&% gr more

nee e |nprove were entere
erew su Jé@)qedrﬁ? ngwptickstailuge ynpder a@malz bopdmpspondipiopggvere
fmﬁﬁii‘bnﬂ Qfehc@fth@afigﬁs kerdinegd¥@so &8 riﬁﬁﬁbe@ld bYhe %&;kr Nide&otes
neas nmen r re w
the BEuprRgal apasrihat 40 08 Bifes SHPIEr i S <tigly Eolure
untlesthe mmlntal waaditg borzdadxoas v@ameeﬂoandta&di besidbsatardesofvires

su{)ﬂgte-[lq_o #‘r flstidid £ Hgll %He tlpﬁ' leO?Pg{)H & g Ec%xcﬁhtons Ayere

onger ac ure e on |on In ood
f t 25 st bonde
oG PhR e, e TR, Rt

subjected to non-stick failure under the normal bonding conditions were
found and besides 2 to 4 wires subjected to non-stick failure under the

low-level bonding conditions were found and therefore, the wires were
judged to be substantially good. The mark @ denotes the experimental

result that no wire subjected to non-stick failure under the normal bonding

conditions was found and besides one or no wire subjected to non-stick
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fracture elongation in the peel test of wedge bonding
was 3% or nore and therefore the wre was very good.
The mark O denotes the test result that the fracture
el ongation was 1.5 % or nore and | ess than 3% and
therefore was judged to be sufficient. The mark A
denotes the test result that the 30 fracture

el ' 0/ | th %
fai iR 0er By B dromiies cB it Mo g g therefore the
st(frﬁg@_tlifg e;v? mgutgdl aﬂbt@@?)_otie%et;él %aﬁks%v@ﬁs entdredeinoa &olumn
« S ju 10, i ns ci ent. ese marks were
W\Aﬁgeet’%ﬁg? I %ﬁﬁhﬁ#ﬁ%‘fl?@dge bondi ng peel test"” of the
[o11ahl e 2. [01161 5 For evaluation of the reflow

resi ff apge Ty St%gtocgn&’dfﬁﬁl%&cﬁﬂg%@allﬁ’ﬁﬁd%gtd ¢B¥t device was

encapsu at i ng a g em condaduct or
empdayaq. Amdemepmriwg kistaryr empdoyeaduriese dwe tyres dfegpslitions,

th& FtehdA#F &onanson, NBERAS selere!l MRIHBRhg MreiOr-550de d@e@t ' n(g 30

RTINS e P TR A SR SRSE S e odiion
(raﬂgmgl fivenl -a5vdegredd KhHrE0 ngnutesdia 165 degzees t K 30 menutes).

L %gs%&fo%t@ ORLIRE S AUREBhHGErion.

ano Wwre con
h i nded |
401@?){%53@2%&&%“@ : %‘?@%t% "B %”?e%ﬁ‘t thgt By rae the
Pe%i%fatlto %Cei‘?eew?:s?%tré' : ? 3 emﬂatﬁfﬁw?ér&; lteedd-tﬁle mark

measured. The 15 nmark o denotes the test result that
o tdenobes ¢hattegbresylt ihataihe, percent defeetavafiase 1k @R less and
reIiabiIity was exhi bited The mark O denotes the t est

lt. that nt defectj e was 1 %.or and
théeiimsris A adedd Dok dBare Hae na lbee Pacivn) ipup dhe AkTk o
deRbiRe theriesh SpUth haCEER PRI IGEoties Bagsd ¥he foae mark x

defleteot e tdie regtlt tlegutHe ‘phﬁienZQidféketl\Qﬁéﬁ@l@ﬂedeif)%cziﬂtd{&lence
exceeded 5 %gﬁd the ef.ore th& m})ges vver nee
e

thE SRS R Re ALl Bl KETRROY ey HERE ARARES W fREeTed in a

colummr’aw’l‘rwt sefathectabdd 2. t he table 2. [01171 In the

[0%1‘5?' uation of a capillary operating life, after having
onded 25 50,000 bonding wires, contam nation and

abr adibenpesl tesk Eappisabpndineg wetse copdiafed. byrmerframing the
méRNeE@Snt g ay@dvuagt lugna wadihg tWiaé Witk (BT FrRGLLiOh drip@e of a

wegB pOition Hoifk | B0, Hinantistoreshie taro slalizeons ‘Hecofiated
evaluaanhedf tloe TRET cegi [t arap tdnpfiahdhebordidgewére wath adonger
fra%@&fea:eﬁ%ti%qgl fllks Eré“s‘%‘ Faett %%Bﬁt érf&ﬂﬁaﬁé’@'ﬂ%ﬁtﬂegfétmg

nount | Zze 0 ext
subst anc r ni f ant. .Thes re en
SURHSSH RSBy }g‘?oé‘?%‘t 45 onpes The IR TSRS the
fracture elongation in the peel test of wedge bonding was 3% or more and
therefore the wire was very good. The mark © denotes the test result that
the fracture elongation was 1.5 % or more and less than 3% and therefore

was judged to be sufficient. The mark 2 denotes the test result that the

fracture elongation was 1% or more and less than 1.5 %. The mark X
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47/ 60 [01181 The tables 1 to 3 denote the eval uation
results and the conparative exanples of the copper
bondi ng wire according to the present invention. In

the exanples 1 to 33 and the conparati ve exanpl es C

to C9, which are 5 expressed in the tables 1, 2, a
process that is not applied for concentrating carbon

and oxygen on the surface of the outer layer of a wire
derawGStthé tegbaeart that ghe fsacture elengation wes lespphan 1 % and

thét/yﬁfo}s ?ﬁs ﬁf@@éﬁsﬁﬁ%el ﬁ}é’:ﬂﬁﬂbﬁb' q"thése \&fﬁaﬂgsdgf%{eeéinﬂérw in a
e 0 e ne pr escril pe as
COlTﬁHHDWQ/gge Bﬂn{l E‘Eﬁ’ Qfgl ?%bnl ?ﬁ in the table 3,

[01061 bon and oxygen were 10 concentrated using the sane

Vo' halpvelatel o, 3%na; xPGsORTR. &, RURPRATRGRE sommte
prmcbdrbsanucap@gehnaras boodingiwatedndi a lseiheoridptchor wfith resin
waﬁq{eﬂl |1h§1d@r!a{jrmﬁﬁlxédecateé@@ﬁgkﬁee@et €10} 168oc 4rd 3Bereafter

100 9% et al | c el enent s 1.ncludi ng copper and
ALY T S BLio R 06, SAFRLS £ e BF R EATRBe AR EPAg Tepeated
10 Otambgn Wmml ?ﬁtdaﬂmtlésowe daliatedooas ofCﬁﬁﬁd‘}f(ﬂlgﬂhatwue
e sane sa e a
bohdigle! EotRARBRC whert Mo B SO LS paEd k200, S st beine
normal melmpgmmenenélaMthar axfp\phrch dladme nwirer bomdinigi kendition
wh%?g tle'Wﬁ‘gE\péé‘lblo g%@eagsﬁﬁgt(ﬂﬂmﬁéﬁéthfélasvl%h“% ]E??&é‘&rees C,

has been c respect
elﬁ@r Fo?enYﬁFftéonéﬁm ey fthe trghlow fest, teﬂ\%mrm;a@egaweéewdwas
pelf¥riie8 A0 eRAlURLI Qécti R doddiktiBn TEballyl Wik er@Rtmeasured. The
approximately the sanme evaluation result could be
maARt 8i NRGAEYE Phé Nebi SesPl@ NS ﬁﬁé()ﬁ@rc%ﬁm&'e&&‘v@%aé"@éro and
the sane as that in the table 3. In the exanples
to B33, the evaluation results of the TCT test for

thdrafire HighOretiaBHityewhe eahilitdd Thpr@pek to/, dditePelgd test result
test, the refl ow resistance and the wedge bonding

thaﬁeﬂfé)p@i&:@ﬁﬁ d@fécefveb@haq Yebt 1d<8 dﬂtﬁtl@éx@%@ﬂ%rﬁaﬁﬁlﬁi%ed that
shown in the table 3. It has been checked that wt

thé'r% §§hot19ré@?ﬁ&)&ggﬁ@r E%Hec g%éﬂfél?kafs d(%xﬂﬁeg ghb tEQr fgsﬂgt that

erf or mance shape, nwsmeep ou
I el \Y, a
BG5S/ O
thelpﬂme@tcd@tf%ntnéﬁexc[e@dgdl‘i Yhengdoherefgraithe veices miragnaesled to
zjﬂlédﬁ TRERE flark ' WEPORGTed Gntd %olugffﬂ n‘.ﬁ’%igévtv h]rgtsfétgﬁce” of
h%

to B32. The bonding wre accor
B aspect corresponds to the exanples 1 to 32, Bl
[0114] 832 The bonding wire 35 according to the third
ds o t he,exanpl es,.2

aspe fg[;arv%glgaotl?%;é ) @203%5,131'% peg%tmgghferéteg isl'iazllVthi@nded
50,@2}5) b(BngngBQ@'gs B®Atamination and abrasion of the capillary tip were

judged. The mark © denotes the evaluation result that the surface of the

capillary was clean. The mark 4 denotes the evaluation result that little

extraneous substances were attached to the capillary tip and hence there
was no operational problem. The mark x denotes the evaluation result that
amount and size of extraneous substances were significant. These marks

were entered in a column “capillary operating life” of the table 2.
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48/ 60 The bonding wire according to the fourth aspect

corresponds to the exanples 3, 18 to 20, 24, 31, B3,

B18 to B20, B24, B31l. The bonding wire according to

the fifth aspect corresponds to the exanples 1 to 33

and Bl to B33. The bonding wire according to the

si xth aspect corresponds to the 5 exanples Bl to B3,

B8 to Bl15, Bl7, B19 to B20, B22 to B26, B29 to

[Oki The bonding wire according to the seventh aspect

COf r’ﬂi@ QﬁBEéazstArD td Bg%esrﬁ?tg_hl’fhb %‘iagiatuﬁfr résuled anﬁ&éie%o%lﬁaratwe
to e. bondi ng wire, accordjn

exgiBles Shihe SRR DU ESEERaR P nR o Hheeartb Mugntion. Tn

the exagipled 1 to 330andB2he 3dmBiratBe, eBoimptesBC, toBm twohich are

exﬁi?égs%(ﬁ% ’thg%ﬁble-ghf §OQ girﬂges\é" t{l}ﬁ‘it 59 rﬁ)%cagg)qile'??fogo oﬂlggnt}*atmg

aspect corres O
caghgnignd qxygen 2n tlz% suafags, ofi:e,hetcmtss lapsr of7a twirglsnd the

corﬁ%%tit;eg#??él@f tg%gxtnbtg%laﬁ%n% Egppéioﬁﬁ%ngﬂaex‘)’(@aéﬁilggw ﬁisflge tdble 1

el SR PGS T8 PSR 58 A0S SiE TSR 1o

Int theBEXaniiilas t B1Bi®, B381kh tﬁheBMbleBBﬁ darbB33andhexygen were
r he_el.eventh egt, 15

ool B S Mkl S0 DGR i, caml

numbers §SA2 tot9A33). 25 to 33, 131, B2, B5 to B9, Bl4 to

[oBb]. B19, B21 to B23, B25 to B33. The bonding wre

accoyding to,the_t Ifth aspect, corresponds to_the
exariﬂ abie 43t & elzonqesltrqtgon% 10f; saphon 2and poxpgen are
call;ﬁllate82w1t54t}id)t(ﬁ&2 of Bd&talBd dndBrdnine t 823, elBefentt debS@nined

os RBpRPE A8 WL SRRCFRALDY e SRS SRATRSBREY M e

thQﬁpnmta]@le‘ﬂemBms B&}umg aarBan, oB2en andBattrogB2dtthas been
ch&?k%d tIH%lt ﬁ%h@ %ﬁﬁﬁfl@tdf\éﬁe %5@@ ;S)}"e xtl{f?l%’er %(H:RE Q?ﬁl@sgl and 3,
atjsfy

t he resul e case O
th %§?}%§‘@Pt’éﬁté0%ﬁ%% of mgetaiiic mer&ﬁ mﬁléldénartﬁgm@ﬁ 1 M, a copper
elen@sid 615tHeShH@$1§ﬂifﬁﬁdaﬁﬁzfnt§11§fQBé QE/Y Bhd ﬁca25aﬁféam|rﬁler it

baf a8 GheFRa Bt B e e der 2ol Shoyp thegable 1

thatxan esbjedted 3B; 4 henoenratioay eatiacedradimetallic tdlement, an

apgfcgﬁﬁﬁxttely' %@ %La'n?@ eWQﬁlangg%Sgﬁ)ltoc%ﬁg IE?' o%tz%ll | ﬁk(-r:]\?esﬁs in the

onding wre exh
samgle Zqsptsamplet h@nrb@r was the samenas dhat 1n|tﬂa§ tabde 3hdn the

ex&RPP Bl 06eBSH A @va@lugfsloh?l%sﬁlﬁgvcﬁ'%'eol‘?g‘ RO WP%icating a
er wre w outer la or e co

reig R Tastles el e, b B4 o o i AL By Wede

boRd2] performuhte lkifassheitgl €t $n Wheeat\tmslfheed a‘i‘%%hdvﬂn in the

T the .s dar 0 | ons
1% TR Bhon W18 IO AROREEOUAR Wi v o
the Healkxanplieg Qerf@rmenceo tige tdl thpmB shage, 28 fdnBEwWeRP-out
belﬂ‘@@i‘b? dhe cQHlecfr dl%hg"\@%rp i94Re te%apnﬂg?ﬁln%d B33, the same

qIC ness, In under. extrene
results as those in the table 1 were obtained.
[0120]

The bonding wire according to the first aspect corresponds to the
examples 1 to 33 and B1 to B32. The bonding wire according to the second
aspect corresponds to the examples 1 to 32, B1 to B32. The bonding wire
according to the third aspect corresponds to the examples 2, 4, 7, 8, 10, 14,

18, 24, 27, 29, 32, B2, B4, 37, 38, B8, B10, B14, B18, B24, B27, B29, B32.
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49/ 60 severe conditions, the defective percent could

be restrained below 1 % Further, it has been

verified that in the exanples 2, 3, 6 to 16, 22, 23,

26, 28 to 30 where the outer layer was 0.03 to

0.085jumin thickness, in the TCT test under

extrenely severe conditions, the percent defective

could be 5 restrained bel ow 1 % Furthernore, it has
Thgebanging rwirg prearding ¥ thex fomnths asped; corxesponds oto the

exa?lﬁf)le%63 28 t502(3034btr331 @%E‘BQS GeCR20 eB24”E3ﬁ: ?:heabond1ng wire
ia s _obt ai ne

acdoFhSPL o £4ES A SpL R e b0 3D (L b LB B1 10
B330 ']Hmerbondmg ivaide tdvabrdihg tuthe slmt;leraspeaobﬂrregpdmist b the

]ﬁ?@” n

ex gfe%%lltgﬁmg% consp‘lt(‘%ugaﬁgi?’;i out € B:IE%I)C/%P% eB33
Th@ hbond\mg onp onesardings tat thaeaewenﬂe %ﬂp@némors@p@@dedto the
exefrhﬁl@saB‘PnBél tOUB6, PEB tEtB BB BYS BN, B3 eRhe bondmg wire

D TS PR Ap o OBttty i plessiy e t 18, 20
to 30,1329 GBI)BQDEB&IB{G tU@I&rB2GS:OCEm)aBBQ B@St Mhe bondmg wire
scdfife FENTARR fodte Kooty B B8RRI 1o B0 Fio 10
19 e 26 1,335 B fo B3, tf?:@ Gittor B16yB9etocBaAeB260tc0BEBThe
bondin {gf\k'ﬁjé%éér(ﬁﬂg th Qﬁe%ﬂ&?aw%gﬁe'sgﬁn&@% gl?é’gxgxglgles 2,3,

di anet’er

5, Gl 10 it dBr L8dPI 24, i &0 PBs B2 B3 dih.cBY $0 BHY B12 to BI6,

BIBHﬁrBﬁf@rBZB lterB33.STle bon&aighwileadcdok8ing) tKeaéleQBnt}iS aspect

conrtHanifuio i statPley £ 2 pbo Y518 158845, 1870550905 83

B13B2, (B te B% Bt epi Bl7,aBi8y B2Agtot BZBth@rmsBrsB The bonding
1332, (B :

witd HEUHEHY, 1 the PRLRERHEpBer obtogiibatle i Ble bidlmntes 1, 2, 4 to

12.9hdnkP, 21 B’ 23{ 26 rp 33gB1, B2, Bxlito Bd2oBL6abd % &331hto B23, B26
to H3Snﬂ1HeSbcﬁﬂﬂngtvhii§ dc(:oi’@ﬁﬁ w8 tihfel ﬁﬂrtte@ﬁth ta@ﬁeétr&ﬁié’sfp%nds to

theERARRIES o L ahelt &0 2 s Pa BB ) Bt HeOwBagdo B26
B2Band333y Imheb(&)mpmmtmeedxamphascbtfpBSBﬂlswlerﬂm{rﬁgﬁﬁs in
thé QJS%Q#GASOQ:?%'E%WEHE%%/r%Eng%%%rre %%ﬁas ngee nr Szr i PI ed

ex
it the outer layer according to the present

' NVepsHORf CHat %'Vﬂﬁfiat?én |, @a8lts ORke deL&TBE Bf! £CigFeld iR ive

and its surface concentration was
exq}ng% ?fg@m%eﬁhd thus the capillary 35 clogging coul d
[0O122]restrained. As a result, the capi | l'ary operating

i feItC f8s bt‘)eeenI %ggff{je%n%gag t}Il{s’the Rufa gr Q:E)nglg tbond11>{g wire
according to the examples 1 to 33, the outer layer according to the present
invention was 0.021 to 0.12zm in thickness and thus, the bonding wire
exhibited high reliability in the TCT test. At the same time, in the
comparative example 1 of the conventional monolayer copper wire without
an outer layer or the comparative examples 2, 4, 6, 8 where the outer layer
was below 0.021zm in thickness, defects were verified even in the TCT test
under the standard conditions. As a desirable instance, it has been verified
that in the examples 2, 3, 6 to 18, 21 to 23, 26, 28 to 30, 33 where the outer
layer was 0.025 to 0.095um in thickness, in the TCT test under extremely
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50/60 [01271 In the nultil ayer copper bonding wires in
the exanples 131 to B3, B5, B8 to Bl5, Bl7, B19 to
B20, B22 to B26, B29 to B33, it has been verified

that the outer |ayer according to the present
invention was 0.021 to 0.12pn 5 in thickness and the
carbon concentration on the outernost surface of the

outer | ayer s 15 to.80nol % and further a region
sevgaer endiEons bt defestien deseqsin cowld i?é wshrHngd, belopod %.

Fui’ﬂ%l?_ itflﬁas_slbléé;rﬁ_ﬁ@'iﬂ@& tﬁits 5] ﬂm&%ﬁm@@t 2,&3,@&#16,022, 23, 26, 28

um .1 n | CKNESS S | .nas .peen .

to g PPt gb R VSR g1 22 0D BES DrflBauh duhiCERhsn i #he TCOT

tess| iddeny epérdroelyaseeer@ndonditsonss, f thewpbdceartd defectivengowld be
. Eo, ' i ¢ abliy,. i :

resfriinb SO P, Phidicifltre 96 4 ooyl el 3R in the

exa@nplespi7 3, €2tn 16222 @3BAS, B 9o t3P, wedefegt meohmeddand high

rel&fHiB6 wak obRRieAssi ng a flaw and scrapi ng was exerted.
[0 281 In the nultilayer copper bonding wires in the

nples Bl, B4 to B6, 15 B8 to B18, B20, B22, B24 to
B33, In thédamlbiéseyerweppér bdndigt witeeinothicesxdmyks 1 to 32, it has

bee%g%gi*ﬂieﬁghﬁ;&khbee ot & eri Qc\f:gp(iiin%ntom@ﬁe ??rgg hnt! Pn‘%nt' n_was

pmin _thickness and the “0Xxygenr concentration on e

0.024t tor Ord S22 i £hickness ahd thetmetalaMrconatituting thesmsendayer

e 80 o000 DR 1 UG L ymons

I ] 1 .a ...

g Bl Bl RBrAnst ot d Serppor sty ooy G otpnrave reliability,

ball. Q'@xfﬁm‘fag' n;f)}éﬁbﬂiﬁﬁﬁﬁé: aAd &)dh@lls.LéHapei tifnhaﬁlebe’EGT test in a
verifi that the__wre unreeling perfgrnance

o RSP RIS 28 SPRPARE S b REQEA Doy adhpre the

mapn cdmpiongnd of aelonteguhyer ji3leddd Ag. t he nmul til ayer

[o1®apper bonding wires in the exanples 2, 3, 5 to 18,

25 tg 30, 32, 33, it has been verifjed that the
out el [th§ fomRATIVE2¢X2BPles 82 9m T:ndt Khe lendes layer gxceeded

0.022@in® Iin\Eelenddica A ttdle Welké bondabaaiyc ek 8dddBndOfurther a

10mpl,% or, no s 0.03 to 0,2gmin.thickn and then
nofpaldpdmeser bRl Shane Naer Begfl-opmalbalamerer AN &agp Bip to
defeets, andsthiergfore Bestierialal goncern that dx appliestiof,is Imibed.o
[01%,] 20, 22 to 25, 26 to 30, 32, 33, it has been

verified that _even in 30 the sanpl es bonded at | ow

t enplt Bhe raltilayarsappes bendiewikes inith expoades 2 4 ¥hd. 10,
14,r3m8,t5 Qh,gze,r zg,og@,eﬂlebgmi %gt%wggpgcé@gi%t@fm;gfegc irention
contginid 2080k, 0Tmalel She ST /N | tnat 163D, 6pg plgment
seloctedpiromi amomgcRNBs $r, #r Biedli,dds, S egrare-edthelements and
a1 Vg5 48RP 0L Jy A et o
wedas hsading.eThis eugqasts thalerelalylitonddisi wedge dpnding pan be
imprdved in a comprehensive manner.

[0126]

In the multilayer copper bonding wires in the examples 3, 18 to 20,
24, 31, it has been verified that the outer layer according to the present
invention contained at least one element selected from among Bi, P, Se, Tl
and its surface concentration was 0.01 to 5mol% and thus the capillary
clogging could be restrained. As a result, the capillary operating life can be
lengthened thus, improving productivity.
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51/ 60 had been left in the atnosphere for 30 days was

good and even as conpared to the conparative exanple

1 where the wire was provided with no outer |ayer or

the conparative exanples 2, 4, 6, 8 where the outer

| ayer was below 0.021pmin thickness, the storage

life of the bonding wire was inproved. 5 Desirably, it

? been verified that in the exanples 2, 3, 7 to 16,

[01 22 to 24, 27 to 33 where the region was 0.008 to

0. OGnmhbﬁnhl’thla&Gﬁﬁﬁppdrﬁﬁm/tﬁﬂger@@ﬁdﬁl@ bkamplds Bheo B3, B5,

st 618 1 650 B 0 50 B R et

thatntheheutex daydregccardidig to, the presehd indkntich tvaslB021 8010012 m

in ?ﬁllckﬁ@gs aﬁdttgl 3g’arb'oh %ql%egﬁ%[ﬂm\ﬁegﬁfﬂh%doﬁt'@%o"sp gug%.fg fof the

ent nvent

Ou@rllasymn Washile kﬁ%%nmi% @ndr dgrtherwheragiomevhere|thi carbon

coﬁ@ehgrattnﬁl gp grgﬁ idlep £ 'd‘i’fhbc&f)ngﬁﬂﬁﬂ tAOEuFmES wa?s 5 Qb HomdPsS was
Z ness ;

0.0Pndofo, bivima i Mneloirdn AT & Fosalf fohgorusd veriied that the

sutfacel iofighp nere ss asaes hamat é dnoslidingt pegdormahce and thus a ﬂaw

ond SR S AU ERIAD B PRSP o vrin

thatjindde; %atnhléleémn’?ﬂ B3, BS, Bloﬁot%l@ B1%.% Q,4322) td B261 829 to
B381a pRofddindeTfdce 0§§upf)ﬂ%sﬂ¥ £MavA X8l s@f&;ﬁ g'v_@Qs ERertbe

lgr sent invention 1s to 0.12pmi'n thickness and
[0 opper concentration on the 20 outernost surface is
0. 5Ihahd anmultiayds cappershiriding heirec e tlie eLaiyldsB1, B4 to B6,

BBE%” iggB%a zia)tf 130234 E(b%#ée ét th% eregrgla%(? Vit d %ﬁ F ﬁbe outer layer
acopxdimng] @sthze przsest inergjonl®as 402 btd 6, 12191;1 12 thickdes®and the

oxyZbn_éshcedlrativh Wﬂetrh% oﬁ%@nﬁﬁ? %%&%a%@ Neie" @ﬁﬂe‘fnla‘ﬁ@f whs1 to

25046/ A, AMEBEF SRRSO TRETBGIATeRRYERBpE e depily iveationdrom

thd @d3ke lof thieeowtelrt llaly?ié Gﬁnl%g@@?gc&gi%ﬁtlﬁﬁ déﬂ ngt({ |25hgtﬂ% was
0 23, .

.01 "%, G0 amt ap Wiiiendih BRIt basrDdony Betifigd thag the

wii®. 02feclmgOpdifprmance Miaskimngsovaddcral tlegs oarlvied éehtimg could

be COPREH. LEOALdiINE al Hddhesyiotal of netallic el enents has
ea once%trat |lo% oébo Suggrml %is 0.0005 to 30 0.008pm

[0]1219 t hi ckness. As a result shrinkage cavities on a
bal 1T t}Da ﬁﬁﬂtllzﬂyé} Hf‘%ﬁ&ﬁf’gsﬁru%@ lﬁ tfﬂéréf’hciﬁplég A PY o 18,

2o B S S AEGE B Ll 01
0.126m %thm:k_ﬁ@ss ahé ametgea)n Iw&ye&e thecmethlﬂ\g withtthe jgonhesgtitition
of i%@g}r’% to?gtnbrc'e QVB%Z(?‘RE;%% (2 9{1&1 g}{lnlﬁ % anﬁggl%%ea?sng srtegglt the
relmlohity of Grrowisd m the mﬂowesé; was hlgh Resivdlflgcin @fe examples
2, 826461189 20N©2Al 25, 26 to 30, 32, 33, it has been verified that even in
the samples bonded at low temperature, reflow resistance was high.
[0130]

In the multilayer copper bonding wires in the examples 1 to 3, 5, 7 to
16, 19 to 24, and 26 to 33, the outer layer according to the present invention
1s 0.021 to 0.12zm in thickness and besides a region where the total of the
metal M concentration is 90mol% or more is 0.004 to 0.07zm in thickness.
As a result, it has been verified that the wedge bondability after the wire
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52/ 60 sweep-out behavior in bonding a ball can be
obtained. [0135] In the nultilayer copper bonding
wires in the conparative exanples 1 to 33, it has
been verified that the outer |ayer according to the
present 5 invention was 0.021 to 0.12pmin thickness
As a result, it has been verified that in addition to
the fact that a good ball shape was obtai ned by using

hadheendefingaihe gasomhsirefop 30 deysasangerd and eyas dscompared

to tR6 Bolithabidel exBHFR 1 RwhSie thd wikd! Mad\Br8Aded avitR!ho outer
shape,was given. a ricit | eadi

layes 9 thego araiwefe%%%ﬁlgg%géf ’h§ “ése/re%ha%?r fagz;?t@%vas below

0.0ﬁiid&ﬁi i{id’dﬁdklh&m,l -the\l}iiytefagl@.llifd‘l iof/{:he ll\lbdl\x/fiiin@ wirenivas ilmproved.
nt A . § a a

DeELaPRR it hAZhHER 1einla ol B Rhe Vb Ripi MoR L el 1014 220 24,

27Tes 83 (where ¢he -reguoc evas 0dHI& ¢mt0.06 ani om thkafess,oblewedge

boh @SR of CROWAR! aftAPPRE Wafe hka /b%gfl %&r}ﬁ% ?brdgﬁ%ﬁod.

ratton is ration i1s ration 1s
[O]I@étal concept- nete No. Hal Mration is 10nol % 90nol %

LomLaR TS (LIl 910 sl 3,557 s
. i 0]
1053866 T3 1024 L6 1RoToeY hor SFEDRHR Gratrhpecyiteyaver
acd¢arding) tordbe meﬁﬁrﬂnvwht'pn: was@r.@21 !ho Oul Zpmdepusckness, and a
oSS L AL e B GRG0t o
wag. ©403 toP.¢6xm ip. thacknesspAgeurepult, Bb hge dwen vesified Hng even
if AeO.Wite Obdbhded 03n 0a0hdhdPn®- Brockds 1 wsZtheatedP8nAlh stage,
i o e ok oo el
[01B2)3 0.08 0.002 0 40 0.002 02 A 25 7 SA7 Pd 0.035

0. 05 0 Os- i B

0. 041 th8 eyt e MoriiRe iR e Samtbighd, & g o o,
120914458 17,09, @lotp 23,098 ta330tlhe2uteslagep mecamligg\to the present

in®erit®Pid6.09143 $198n0inlticRROK Snd alt 9@5 coBdcht®8%0B on the
0 11 SAll Rd 005 0.48.0.005 0,7 B 25

outermget suptics 1980 155WS- BoGIrrylip the ForRTisiggn bonding a
ball is reduced to permit a good ball bonded shape to be obtained. Desirably,
if the examples 1, 2, 5, 7, 8, 12, 14 to 16, 19, 21, 22, 25, 27, 29, 31, 33 where
the copper concentration was 0.5 to 20mol% were performed, even if using a
small-diameter ball, the bonded shape was improved.
[0133]

In the multilayer copper bonding wires in the examples 1, 2, 4 to 12,
15, 19, 21 to 23, 26 to 33, the outer layer according to the present invention
1s 0.021 to 0.12zm in thickness and a region where the copper relative to the
total of metallic elements has a concentration of 1 to 39mol% is 0.0005 to
0.008um in thickness. As a result, shrinkage cavities on a ball tip and
minute unevenness on a surface of a ball can be reduced.
[0134]

In the multilayer copper bonding wires in the examples 2, 3, 5 to 20,
22 to 26, 28 to 33, the outer layer according to the present invention is 0.021
to 0.12zm in thickness and the concentration of the metals M other than
copper 1s 0.05 to 3mol% in total. As a result, an effect of reducing the Al
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10

13 SA13 Pd 0.065 0.09 0.055 0.04 0 0 0.8 B 25 14 SAl4
Pd 0.07 0.12 0.04 0.02 1 0.0002 0.9 80.001 B 30 15
SA15 Pd 0.075 0.13 0.02 0.008 13 0.001 1 B 25 E 16
SA16 Pd 0.085 0.12 0.05 0.03 0.5 0 1.1 B 25 X 17 SAl7
Pd 0.09 0.15 0 0 40 0.01 1.2 B 23 18 SAI8 Pd 0. 095
0.15 0.08 0.06 0 0 1.5 0.005, AuO.01 P0.1 B 25 19 SA19
Pd 0.11 0.25 0.03 0.004 10 0.001 2.1 Se 0.02 B 20 20
sweppouppebaypronbondpes adadycan be pbtpigedp. 01 D 35 21

ﬁﬁgl Pt 0.027 0.035 o 007 0.002 10 0. 0006 o 04 C 15

2 nyg 4 0.09 8} .006 .13 0. qﬁ; .3 A20 23
SA23 pthey ayer ¢PnpsT ES YIS thy, qomapamativy examples
1 13423, Rt has bebn Merffi¥ tRaD2he olitdr layerCa@Dd5diRE 6 tRe Present

iR o o A & B0, h ity b

thgpa7a®hitonlto thelfcod that 8.goad balbslonde wag oboaed I @9EE the
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O AOO 5 10 56/60 Cains 1. A sem conductor device
bonding wire conprising: a core material whose
conponents include copper as a nmain 5 conponent; an
outer layer provided on said core material, said outer
Cla}l&}ﬁer containing a netal Mthat differs from sai d
core materi al in one or both of conponents and
conmp, s[iti on, co&g’ rein said outer l|ayer is
0. 021 ¢ 8°8! chor l?fkh%% ng WHe SOMRLISIAE K conduct or
deviaecdrendnatgrislr eviaseocoinpgnents|iachade copper ea® a main
corﬁé‘ ﬁj«? dretal Mconstituting said outer layer includes at
one element selected fromanong Au, Pd, Pt and
Rh aan souter nlayermonewided DB Baidrivere emnsemalicsaid deterctayer
corRafthBt Wdtal 34 1RAE 'd'i‘ﬂ'eltsofrﬁhf’”sﬁ'i'dlc(ﬁ% rhate A bAe %@'%th of

core materjal including copper as a maln component
CorgpeRetgan ?OIP%%%IPOBn%n@Ic@P@% sel ected from anmong P,

B, Iwhewin sBid otliter lAster £00.030 810012 fnaria-tha¢ktess.

el enents, and an el enental concentration of said at

| east one elenent relative to the whole of the wire

i s id Theasgwichductm deo®e 1bondinZ0 wir®3mobeding twtckiim 1,
Whéreﬁlih§a1§efﬂe$9{‘M%ﬁ@u@@ﬂ%g esva?@ Aiteg lgy%le iA4086 'arﬁgletagt one

an %Co al ns ereln s out er
elempntaelasted fomsmangAs) BteRt and Bk pa@ mﬂmﬁvm@ngneu ,
P Se and Tl, and an el enental concentration of said

25 one gl enent .on urface of s
"ty of e BRnitife BT AR Hopdiid Fo%e Shoine, 4 bfhim 1 or 2,
whbreihheid ewre onatectad rindending coppelt ag anhrain aoagyaiend doatains

| f on r
at R BE. § Mmefit 3LiBich fiBnd mtvedﬁgf B, B, % BUHOAL, H'Sn and
l’arﬁeﬁaé'ﬂilaﬁ emgntghand e ebementar cqmrﬂntw@mn o€ sait @rtdieragt one
elehRrAME1Ce @b MealWB1el of 1tBe SwitdhR! 81 B fatd BPBrom 0.0001 to
entrati n in an outernost surface of said outer
00%&?@/*’ nstqtﬁ ‘a range of from15 to 80nol % and a region
where the carbon 35 concentration is in a range of

fr om 5Th8 S%Qniggﬁﬁ/ﬁétt%r OdeQrg)c%A'bBRd&'gO%JiPemaicgording to any one of

claims 1 to 3, wherein said outer layer contains at least one element selected

RF7 Pt 0.14 15 0.0003 0.8 <0.0002 25 O OO0
A X

from among Bi, P, Se and Tl, and an elemental concentration of said at least
one element on a surface of said outer layer is in a range of from 0.01 to
5mol% in total.

5. The semiconductor device bonding wire according to any one of
claims 1 to 4, wherein a diffusion layer is provided between said outer layer
and said core material.

6. The semiconductor bonding wire according to any one of claims 1
to 5, wherein a carbon concentration in an outermost surface of said outer
layer is in a range of from 15 to 80mol%, and a region where the carbon
concentration is in a range of from 5 to 80 mol% is 0.0004 to 0.01zm in
thickness in a depth direction from a surface of said outer layer, when
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thickness in a depth direction froma surface of said

outer layer, when 57/60 conpared in terns of

concentration relative to a total of netallic

el enents, carbon, oxygen and nitrogen. 7. The

sem conduct or devi ce bonding wire according to any one

of 5 clainse 1 to 6, wherein an oxygen concentrati on

in an_outernost surface of said outer layer is_in
corppatrd & terBmof cogcendaption mglptive fe g halwkmetale elements,
carbod B8Ry sanaaAtdiabgen. is in a range of from0.2 to 25

mol % is 0.0005 to 0.007jumin thickness in the

surface of said outer |layer, when conpared in terns

of con@et scahiconduetort derdcd boading atirefacomtdahgito any one of

cla?m%nfr% ?u(ﬁﬁ‘&%gﬂ’an &)Q%%e?ﬁl gglgce"ﬁqgat%ﬁ 18 gag'p Ougétrm&% surface of

m con
saldf outgrdager is iw a7ran,§¢e¢fefrnmalrt9925m01%emd@ region Where the

oxf %Bh&éﬁt&&ﬂoﬁflssﬁi c ?Eﬁ%é oli’1 frBEJJ atd ug 4% rﬁoF)@H@' 0@605 to
net al | ts 1s, 10

nore I's 5
0.9 zpnipt Phithnagnagst oS uriAge SbARABLIR: [ oBeyhes comparsd in
tetded difngondeneratimondlatgvd coanytatak off methBRicreleinémsd,carbon,
iR a.re |on i nside said outer |ayer where a total

OXWherela R
YOt ARY MEO8f 2 0f said metal Mrelative to a total of
the netallic elements is 20 90nol % or nore is 0.004

to O80T LinidshAliBRR Sdevils LERRIAETHiSOUMEIEhe ABVARE one of

bonding w re according. to any one of al ms
claymer &i b0 4, veleisin | haraions here R goncayigatignepb sald geeffal M

rel@m@em hatdtah offthe aindtameicaéleMdrh dki MBEMbD% aort floe 18f0.03 to
mg%lal lic elenents is 25 96nmol% or nore is 0.002
HESR t hi ckness. 11. The semi conductor device
bond| ng wire according to any one of clains 1 to 10,

V"hergi ’I‘h% ?&H&%ﬁd%{b‘ie@éxﬁ@% 'b%ﬂdixf%%'rg Gc F&(ﬁng%a%%yfone of

ements | he out®rnost Tayer
claemSerl |t<ay%r wihereins ar gegiomp ingide 3@1420utﬁarelayer where a total

coﬁ&ﬂitﬁ?ﬂi&h‘ of @hidawdtaP MQ@E{‘LM UM 4 Qo@il(‘(ﬁ'rt%{ehnﬂetélh? Qﬂelﬁ@fﬁts 18
cl ai ms rein ion in the surface o
90%1%’ Fupere F%b&o%l\]/tﬁ&m@? %k‘ @Sncentration

relative to a total of the metallic elenents is in a

r ang 0. Q‘f}lef%gﬂr‘]fén&%%gr&kz%e' Bo dlg%oé' dxte agcoggﬁﬁnl hﬁy one of

t hi C ness e sem con
claiimse lage d9,dimigreim anyegwn ofisidegsaid ehtsrmbayert W}me a total

coffé@ftg?ﬂg(éﬁ of 4 +f %Jéc%% Iﬁ\?'}e%{t}%atdja 'flggeﬁl)c%f::ﬂélfzv@'ﬁgir}hggele%aﬁnts is
qé’( PRROTS 1%02)2)@ Pgﬂ"ﬂemng’(%glfm el ements is Pg a
range of from0.05 to 3nol %
11. The semiconductor device bonding wire according to any one of
claims 1 to 10, wherein a copper concentration relative to a total of the
metallic elements in the outermost layer of the outer layer is 0.5 to 45mol%.

12. The semiconductor device bonding wire according to any one of
claims 1 to 11, wherein a region in the surface of said outer layer where a
copper concentration relative to a total of the metallic elements is in a range

of from 1 to 30mol% is 0.0005 to 0.008 zm in thickness.

13. The semiconductor device bonding wire according to any one of
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5 14, A wire bonding nmethod for connecting the

sem conduct or device bonding wire according to any
one of clainms 1 to 13, conprising the steps of.
formng a ball by generating an arc di scharge while
spraying a nitrogen gas of a 99.95%or nore purity to
awre tip or its surroundings; and then bonding the

bal | thus forned. 59/60 ) ) o )
claims 1 to 12, wherein a concentration of said metal M, which is contained

in an entire wire and is other than copper, relative to a total of the metallic

elements is in a range of from 0.05 to 3mol%.

14, A wire bonding method for connecting the semiconductor device
bonding wire according to any one of claims 1 to 13, comprising the steps of:
forming a ball by generating an arc discharge while spraying a nitrogen gas
of a 99.95% or more purity to a wire tip or its surroundings; and then
bonding the ball thus formed.
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