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DESCRI PTI ON SEM CONDUCTOR DEVI CE BONDI NG W RE AND

W RE BONDI NG METHOD 5 TECHNI CAL FIELD [0001] The
present invention relates to a seniconductor device
bonding wre utilized to connect an el ectrode on a
sem conductor device and a wiring 10 of a circuit

Wi ring board (lead frame, substrate, tape or the
like), and also relat ' bondi ng met hod.
BACKGROUND ART [OOOZ]B%ﬁ?@rQﬁy, thin wires
(bonding wires) having a wire dianeter of 20 to 50 m

or so ar esmm?NﬁpglgﬁRaﬁEW% Bo Nt ﬂ%ﬂﬁ%mm

connecting an el ect on_a_sem conduc
and an ext er nal AN WHRE BOHERING METHE )

conpressi ve bondi ng technique with the aid of

ul trasound i s gener I to_bond bondi ng

wires, and a generaﬁtéﬁmﬁg device, and a 20
[000api | 1 ary jig which allows a bonding wire to pass

t hr ipt.erior. thereof for connection are .used. ..
| EEE ekl s Rhion RIRES 10 % SRDESEauArGAGaE dipnding
wingyutilged éaconneeitan elgctrodeatt ai eriioonddetoy davidenand a wiring
f 4 QDTN wifh i &fél,%e LoV d
° an el ec;i"fr_lg:l %‘%&?g%rgn&c%n &tsglp‘é e e’rrg ° ﬁténgﬂg\?t ﬁlgﬁ also

relates d9 e Wireohondime wetlaer.C bef or ehand. Thereafter, 25
the bonding wire is directly bonded to an external

| ead by ul trasound [ b j ng. [0003]

Recently, techni quegﬁméwﬁnﬁggqlst ructure,
[00ABl erial and connection for the seniconductor

packagi 0). 04 e rapid 30 diversj.fie

P T Sty SIOwETBoRlind RRS) hayioe Atk dinlesy of 20 to
50 i axiee arenopvlanly nead lag-henein @Rer¢fmdcoBinetting an electrode

on fﬁgﬁﬁ%‘i‘%’é’f hfipont AgE e EcfErnal DAnFOR REAEE " thermal
conTegFiE Poipe torhRtgsel With tiepidsd lorspusddegenerally
ol S A A MBS
capl0iiE i TR  ReRiRe 1156 Lhres thtoned throiheekion

therraidne sonueption tiee udedbngA leading émpodudibrdingiwige ié heated
andCRIBMS by drd ﬁ@gg F@%‘né’ Nep g?ﬁ&x?éd\'ﬁg%%rfécet‘%?l%ieo% and

teggrgqiﬁe sui tabl'e i_ne pi connect1 on, o
thepthe halbis campeassivelidionded sanan slectmdiyef o eeniicanductor
oS0 i i) el 1808500 -CHERALY dibotor
thelb%% Jdre is Hue\gq:ly%ondeg to an e%z/ternzal_(ij Teacfl {)y 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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[0004] 5 Materials to be bonded with the bonding wire

have al so becone diversified. In addition to the

conventional Al alloy, copper suitable for a finer

Wi ring has been practically used as a wiring and

el ectrode material on silicon substrates. Ag-plating

and Pd-plating are applied onto an upper portion of a
bohdask fteehmiquéi seitablepdor viine npitchr eonppttieny other than the

cuplpeypg{y g}ﬁrlta.ls%ﬁ 1%33¥w$4geeﬁblgdlﬁ1£%tchﬁ§®?sa e eﬁ'g% th 'ﬁhe wire
boadabﬂiw torbe imsprdviedyas theowirenisabipeetdy boméfgde abitwg leﬁa ons.
[Od@‘{I ety of these bonding target nmaterials, a bonding
re re red to be roved in bondabl
\rMeI i &ﬁﬁeﬁaﬂu' qoobeslmndesill gzglth\a/ﬁhe IAJQD&#%% legfé aﬁ%\f;'ﬁa hecome
d1Pé1%{EéH”Iﬂ Md@ﬁbhtﬁb thd RAPerimsad Alhﬁliosb%ppﬁﬂlsﬁwable for a

Use as terla onajl n Wrlre.
firies\WiFang b tacically LA arErrane A elattrade mpterial on
silddbel @ﬁbsfﬂéﬁ:@é. E—K@Fp'flhltﬁi \whidc IPd- platires sarexapplied eoxitas an  upper

T
of fooresin sudstratiet la Galgsaorl thpHilke,contp whicthe filmeofd noble-metal
elér?@m Q?ﬁﬁ he %&Elé g S/ ﬁtgfﬁ%ﬁ‘ a%gﬂéﬁf ITeb@ﬁHu?é’ B e[‘ganety of

t1on
thesebondinig tHget mAeTiScHBENdiE BN ip Bo amigved in

bon@EBSEAL 45 & relifbityng of a bonding wire, etc., a
Sgdlng strength, a tensile 25 strength and the |ike
[o requi site at apart where a bonding wire is

SUbJ Sy g!ﬂ' t4g¢ \wedap dianﬁlt:]tgca high unityofpuritsi Pc99:99 mass%)
007] In. 1 :
il DAL AR ol 4/ R, X BoRAEERIES SO . boweve.

Rer mosett | n

emppnswer asd rheaice e Hhndparurre mmdeeog G@QF@l‘amﬁfi rial which

1sti e eré@vdé’ﬁagrbﬁgn"ﬂersﬁe'ds deforned to cone in contact
acent wires, and besides the wire

[OQBG rrratlon is required to be restrained as much as

poOsSs '@éc%rdi f@i‘éﬁtﬁﬁ@lﬁﬁﬁté af tmmwb@&hngméehnidms it 1s

b B b S LEL AR o B5ASRg

balbahd ablobdaimwa sufficiext hondhyg strength énsebomded pertion between
R HAT Ol agf Pletel Rl Bt 68 BobE %pe ToWeAHE % a¥bdrding

rés In pu

t
teamﬂnatum dhinuivgeka bonding Weerﬁé?ct (ﬁ@ Stise besmgthy a tensile
stpgﬁ@ﬂeénd khE A dre F@homgité he as%éﬁf‘&heré R Uéﬁ’dﬂh@ gvire is

eases etc are 008]. Besi des, J on -term
sylieqtaditoiwgdgs banding \?Pp%ﬁlﬁmg%‘?at YiE pETE B

[0o9g] of a sem conductor el enment on which a bonding vv| re
is colnne% and £ h- "
e resin 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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5 mounted. Particularly for a sem conductor el enent or
the i ke nounted on an autonobile, high reliability
under such severe environnents as a high tenperature,
high hum dity, heat cycle or the like is required in
order to ensure strict safety. Even in such
unprecedented severe environnents, high reliability

e ing a bonded
thﬂf{exﬁhqﬁﬁmﬁgﬂeﬁi&f&g% tlr%glu\ffevlé l‘rB(SeJl gs been connect ed.
‘5 @091 As wire characteristics for satisfying the
abov%ersﬁf&é' ﬁ&@?&ﬁn reliabflit, fssél“s%‘?ini af¥ &t &hb time of actual

at%racterlstlc eatures t e Sa Sfle such d
Y2 SPBHpORGHItPE element B ¢h 5 bending Wit i Gpmnscted an

m&@@t&é@b'Pdr‘tﬂ:ul&lﬁrfoﬁ|ae§émﬁﬂﬁ1dﬂiéﬂoxaeﬂe'inéﬁ@dr whe the mounted on

res eSS Wre ef or tion in a.res
arg fElgpRobe Bt soE Lty Gnder SorF seernEnbpagRts as a high
tefipeeatiae, dﬁdhfmmliléﬂsy;oheat kpclg- drethe liled isbrefiiredi im arder to

et SEEE ok L VB Rlrbbafatteltlnefnd oB3ifithents, high

reliahilityrg nwiste bendeaioitatrmdpevithast bdeerigeetingpad bonded portion
w Aol bnAaRIEE Ha%\%mﬁ;\nced st, excel lent

ctric conductrvity, al | bondi ng and

[ e bonding properties, as is disclosed in patent
lit erA’?’é Wife thar&dterisfies %E“sﬁhﬁlsﬁf?lﬂé“ﬁhé? bt roudidigents, it is
mever ere oc
degpgl a8 TR chAgacieRiEtis feRbRtes, theseek by shHFAge, such as casy

losy cemigbhiraadonitkng process, smpiramﬂ bendalitity to ageelectrode and a

le%g ’%é ?tgéxnﬁglﬁﬁ%é&% oBYtlglrgns ciéafgf;mgglro eﬁ* '3 resin encapsulation
Proesssossbegqudgr to htahe ding mg&%sgndnﬁpfth@rm@m, long-term
reﬁﬁ'ﬁﬂit‘i'a{ﬂ Ae d&é) CRRARRm 88 angawswbm&?%la l')éhdé?le portion

rﬁqu base ng wire, when formng a ball
u rts,eﬁ@reaenglgome@tpi p, the bonding process is

- [opeof ornmed with a gas sprayed onto the wire tip in

Cont 4t HRRgEG o ot nonSH L ik Bho R b1 08 J8° By vo

achiewss jorer mtatgainl usest, iaxcélent rejeatrldaa:bnduﬁtlm enhanced ball

bcﬁﬁl@)gg 2 aﬁ%@ﬁg@?ﬁﬂ%ﬁ%ﬁeﬂk@bgsﬁa ﬂ;sedlt?sfseﬁb %:5%& litekature 1,
eteopgeordingdor thaveoppeny b@aéng vaureO;wS@VPéaﬂlqrﬁa%urtwblems

- thR® e EkiBIRRRHS of%hﬁeirh‘ér é@ffab@ ﬁeﬂﬁc@é maﬂmg @trength and the

cont ai.ni n 5vol % H2+
WP B § PEORe f0 aoresate, RUTORION BF APALLS B the time of resin
ericapsabitimt. bﬁjhlﬁde ngrobléms hbe PamidliHrespdsihies foanthe lack of

n

pﬁﬁg?s f&lrém W@I %Bw/gﬁénff@eﬁ pgggﬂ% %esn rabl e

[06hth a N2 gas. Today the 5vol % H2 + N2 gas has been

t
S ancﬁrﬁi gtgu egaﬁoﬁﬁ%%ﬁpﬁo %&5{ it midiea ball by melting a

copper W T e
wire tip, the b onchng 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% Hsz + N2. Also, in non-patent literature 1 is reported that in forming a
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As a techni que of suppressing any oxidization of a
surface of a copper bonding wire, patent literature 3
di scl oses a bonding wire in which copper is covered
with a noble netal or a corrosion-resistant netal,
such as gold, silver, platinum palladium nickel,
cobalt, chrone, titanium and the 10 |ike. Moreover,
bdll ofnthh&oppendlmndmg ofire, tied I5vOL b Neygaendan prevent a ball

. | ol Utri Q... :
SRt SO Baisk orili Bl bhabible I SO0 EROL b Yhs is more
desirabde thau acN: gashBeday the rﬁewolﬁérﬂeﬁ' Iﬁaga$ has heposdandardized
th
ne%lﬁg"*seﬁ‘an‘@f%élf’ﬁﬂ%‘ihg?%@ef PEId ORAIRG il e OO S
ing layer formed on the dissimlar netal |ayer 15
and 'msis t@éhﬁﬂ%f@@&é@ing%ﬁﬁmzafﬁmbfa@urfsg;ea;fa
hi % [ting point han co%(ﬁ Pateg} Iditerature ?nh
C°BP§EI B8& %Wmmaﬁ@nm%raéaﬁ% 'P"?Bs%ts 2 §PEIne BiE: 1N Wiue
%eﬁhyc&mawﬂh@t n@ltﬂ@rmétalaﬁch aﬂrl?sioeﬂ‘r&katanlt ayetral, such as
cont ai a [ 0 .
e Blatiiim, Baliafio, ARl fdif dnbRR, iraBlvObld the
lilor eMioeadear, frontd the ptzaxdpant! ofibibel] farmalility ahd snppression of
de%%@%’m?a glrl%g ft];lf. fﬁ%ﬁsﬁﬂuﬁgn Qgénﬁ eQaPere”cl d &F@é&% a bonding

ese uné anlne paten | catl on
wirelso sauctaweias toelmzeg@ 64tE Mmeraher mat@Ya@quO@ of copper, a

SRR B cont s b ot
otgsf &han £epPen A caafdpgéav%t%rm?dj oRgbe shemmiley %lﬁ?gl layer
aﬂd glﬁi(igiactbﬂ’ %1 6x1d16@ﬁggj'esigﬁﬁgfﬂdtaﬁ hpetend highés nedting point

| |
Riparees. | habn HEF oA A ire A bERing hELthBrBing a core
mﬁﬁfb‘br M2ty cdompgsedaftcopperrandias:outen lmmwhmh. contains

Eﬁéﬁe%g{ Nehvifk d gg:{% (r e & or %ﬂf‘o# 4 gongﬁﬁﬂe(iﬁsand R tebe! different

evi ne, nternatlona np05|u

framcthecarermenhes, gndosppem apgwipch 1% tgrs%beémenaa
thitEnd NG OPNto.0% pal.em to be soI ved by the Invention

[ 0013] The conventional copper bonding wire with a
nonol ayer structure 5 (i.e., a non-coated copper
Pandilitgrature 1t apanese wanamakespatent fapphiedtiont publacation No.

I d naturally oxidized filmlayer on its wire
Si(gppgg‘é Herei nafter called a nonol ayer copper wre),

Patentditecaturel 2:pfagsnese utexamined patent appligasionspublication No.

Q6834 ooXi di zed, decrease in bonding strength is prone

to occur, etc
Patent hterature 3: Japanese unexamined patent application publication No.

S562-97360

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 I/O
Devices”> P. Devlin, Lee Levine, 38th International Symposium on
Microelectronics (2005), P.8320-324.

DISCLOSURE OF THE INVENTION
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Thus, as a nmeans for preventing the oxidation of the

surface of the copper 10 bonding wire, the wire

surface may be coated with a noble netal or

oxi dation-resi stance netal. [0014] Study by the

present inventors in view of the needs for density

growmh, mniaturization, thinning or the like in the

sem conductor 15 packagi ng technol ogy has reveal ed

that the conventional nultilayer copper wires with.its
PerId‘tﬂQ@b@%l\ﬁéﬂ ¥ tthe dnvertdbndi f f erent from copper
[O(ﬁ;ﬂrel n, non-coated copper wire is called a

ol ayer copper wire, while a copper wre coated
Wit h 'I&mecdamymtmrmlcedpmd homdingi winee With ree menalayen structure

. (1 ger :‘;l aved1 &ﬁ:lg:leﬁdoo?%ﬁﬁer el rﬁgﬁ%gwmﬁéhﬁﬁ%esc #ittimed with

a plm!c napusdlye oidined filawdnrer o3ofiecwirg @G{%CQ\/\%?F%M&GT
cafidll! al SndI4RS %BPﬁef iwiref, hhs ﬁ@ibtﬁi@ﬂl prtlemsl a;haawere wire

W.I €, bal | ecrease
uat??geéé eggil gﬁwﬁ@eﬂt craﬂS%Hh@PP&Pg 5%5!3{1@’&? 1% REORS F°e°°°uf ete..
THL@Tﬁ.snaﬁggaﬂé? lfdﬁpi‘@fbrkt@ﬂlé ,thénﬁudﬁlﬁogejfetﬂmt surfacd of the copper
es CONE pro a
boR & RS, ﬁﬁe FER; P ge Fl&yu %ﬁaﬁe %gx ih 5 Q%ies metal or
oxtdatdontrbsistdnge mabslge or t he Ilke are caused [0016]

[OW performng a conplicated |oop control usi ng the
conventional nmultilayer copper wre, &?t ed IaygPr density

and tdtedyoppethenpyesrid inverHOERdR VIRY it
grbai%hr idlh?dtftﬁ%tld'md thhﬁ!’u%f I'éh tHéeerQC(iﬂr thenaenfigonductor

P b0 ShPE, D el bl A0 AL AGRR L copper

wiras &vﬁhhﬁts Rarfiicecdvalved &mh a [nﬁ)éthl]dlﬁmntf from egppeb dhérein, a
e convention

nqiEbftell Gpeker e SoARR o madyEr sfbotl vife, witld & copper

wireldoaberh d&abh poetlayper isealled ae@u&ftllmrlvﬁlrﬁo aBHidius, heremafter

called®"Y N v eRldnal k%ﬁﬂltﬂﬁyé@kecdﬂgﬁﬁe tw@B), Whedved lots of
Usi ng .a monol ayer. cop er W T urrentl%qml nly

herembelevgmestiprsg REacEcal Ryp ?v@ IEPETy
[oex8]! es, formatl on of a flat ball with a decreased

0C0 gl FBAT ki B A 48 T5 5P By Byl PG Rlyer copper

wnenrm fiat @a]lnﬁ:lrdﬂad twtlbal dlecraasled degtesr nfispberigitysan unmelted

PR i 7 L B4 Y et o e
betchmeepwhlemsc &ﬁ such iregniagrheli age bendad jagnel 8, ¥eduction

m?ﬁ#ﬂdlﬁg éﬁé@éﬁg RRSh WhidhdelVr GRITHRE a9é chiigedV re and

el i"ptical” deformati on where the ball is
[0gd6 ated fromspher|C|ty, and a petal-Ilike

def OrWﬂie'xpﬁerﬁi'ﬁmg tsheemptiadtetldop pomtirolisising ohe icheventional
1:t1u‘ﬂ':]1.(l]I yerpcopper 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



10 from an el ectrode surface, reduction in bonding

strength, chip danage, failure in production

managenent or the |like. These initial bonding failures

may cause the degradation of long-termreliability, as

descri bed above. [0018] Patent literature 4 discloses

that an outer skin layer may be fornmed 15 to 0.001 to
ugin@2umadnoiayerappea wize be chourrestlyonasayvisegl galid horebing wire.

SRR ALBe Wipiek BRI 6F o AR ORIV LA W Bbercased

er re
dagreperfesiheriaitse snisalignoeent of |aoha{3,rfbum@|dt oglegudﬁr mlative to a
ﬁ%l lpart 25 tRE kel Eﬁfagnﬁ?e"iﬁg e E ailﬂ' Rhé 8@mation of

a.core nateri al SCri a netal
b@&ﬂe@ fhlogt heles) somekisnes became @rObiemi s tlﬁ@%ﬁ%b s are
bdhdedhentd vant&estrafie,! BBeR &5ENock@Y &N irh aligniméRs def@mation

. bserve tion I ens con
RS e B et e e b YT %ﬁﬁff”ﬁ?rgm}r&v@aga{?? rifled, an
elliptieal ripfohiratioheswgite ntHeahail IS alevistddasrdmmesphericity, and a

ot HiecSs i aiobo Sl BT RS o RERsrlil BE 1S Bohitt portion

fromp lainc eléctrodeo sarfeni ceduotivor inrbarddngi steengtint ebippslamage,
faﬂkﬁrﬁ%?%a%ﬂhhemaﬁklbe#ﬁnﬁ: Qﬁ'tt etlﬂ?e tTT.\éHé flgf b8 H.ﬁig failures

requent
mgy Cguse tbegies’éadatwn lpd dongsserny é‘ﬁllﬁbﬂb‘m ﬁ%udesmb?#] P'h@V%'
[0oager nekes an inprovenent in wedge bonding

i nsuffici her ei nafter-described pr
conc ‘?ﬁeﬁg qnltsa@tqrsr%ﬁ?@?‘? q?ﬁatt)?n OptSE1BTIFYER e, i? 8 formed
tos@81ato 0102uey shickiness, s detechevyse far soloivg ﬁ'aﬂumﬁ assomated

WS b BB 5L p AL PHR Tho otor

slkiorlaper zefonrad te heve onelyadnes coppetentiiatéon gradiand eﬂemcm as well,
ax?d’ CAf lh%gffa&éf Cﬁ%&&%h) thé @@Ee?oéﬁﬁd 1@&0%&9 2 cbkd Gmbferial, is

evicinity o d portion,

on
%@ HEQVIRS r@c@ertale%éﬁaye@?rawns% il.Omo(ié’ 0¥ ar9%e, dThrough
theS shid;h 657 tHainvdigbrs Bf ahgopebsean dhﬂénﬂohe it \MaisChedrb observed

e}t S5 B LR ek i Ll BPBASE Ropion are

partizdiy Bnppmvdd by thinaingptipe cubasskinvliayer, yetsitrhdsbégn verified

A F HprFAlhd 1008 OBl P g ir oo

emammmynpsj suclmag an pppleation to @esermmond@cm e likpanounted

oﬁgﬂnthﬁ%ﬁﬁbﬁb b rlhefdlﬁf‘l%]g% gtlhﬁngi' 4he roﬁb@r as]ﬂﬁ' Idy@g, the more

e
frﬁwé?%#lzsré ﬂ?ﬁe‘?ﬁ%ﬁ B 6B (BFSifeh yifo hoe. bppa[ Yemfied that
thiahiies 4 dapeEarhhes ap rmﬁbmmﬁm W rwedg@ doridingsinsufficient,

coising & bR Satr Rescribet bEATRH fneinfis BTG rbllability

[0oani conductor such as encapsul ating resin, a |l ead

framegp,a th3i LAEON fcql@ é)v[al{lgﬁob G fn%&(rdgévér% Eﬁ?fronments,
W th an increased ca Feovalue et 1 thée tinme of an _ |
spesificallye theffolowdnt dest ix being parformedaddatnis, in the reliability

tek€MBEr At HRi@nductor connected with a monolayer copper wire, a
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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t he usage environnent and increased variations in
tenperature of the sane, it becones inportant to
reduce wire fracture in the TCT test in the case of

t he copper-based bonding wire. [0020] 15 The present
i nventors have verified that the frequency of failure
occurrence under the TCT test becones slightly

de%:}gﬁfﬁ.ﬁg{g&? %ﬂ%,] a;lg) ALY g&;o%gg:gg:cl)pa erl@acs% p\?r{ret '.l.s j similarly

fradturéd. Thiar isoalsooa aypelod wies diragune roausEdrbgethmh&l fdatigue. A

P%%%ﬁ‘ié@%rot%g Hae BERE TR BRE 105K ot bR o sake of

theopparomineatat heuntermessmreatis chifgher mdm bieltugi poinhethan the
coﬁ@t&ﬁ@ﬁ&l t1‘.€@1%a'd”s%‘lgél" Cdrx%f‘{he&?cfl%l]théfmﬁl‘ GEARGH due to, the use of

oxl dl zat 1 on copper wr
gm@mnm aggeblemt Theswmeoﬁag@ueu lﬁeaﬁtglbutable toa

faﬁh@é t cdtfheﬂh Sy RIS in 2helREalC QRPAREIGH fﬁmgﬂé dconst1tuent
% %ﬂvm re can pe storeg for about, one nonth Ie %rg

msan G5 oh g gerucondygipr sygh g, gngapsulaiiikresip, & lead frame, a

smmmvblp ot i lm Ih ordek tofce esueitﬁr@h %msgd daffrific value at

t hat _t.ne we

thf FRRPICRE MerhtiGh s Saftittndilitot Shn iBEBE0g, temperature of
thenwsiagb leevizdriment andrimcrdased orasiatauss ngteinperatcm'abf the same,

it ’b@c&ﬂ@ @%%ﬂ fy r@é}%&&‘{‘%ﬁﬁ%%%ufba th (T@T the case of

ccord e convent i ona ayer
th@d’ﬂBEﬂ'@P bending wita. of retarding the oxi d| zi ng

[opggkess can be nore expected than done by the
nonol.gyer co re. This effec 0 er .
o Hes BRBFSIy Sy SOt Juiv: Moo oo hh e (irpRLsRGY, of failure
ocsurmnbelr arajedt tihiec KNETS tfst abeodines |slightlyof dacrsiases oin the
cotye e by b ARCRs cSHAAY 1 b bbaglgyer copper
WwaJ but Hy?@r steld ppéarian teealgold honding swirFoFenswamplaeif the outer
sk@ﬁ] % éij &&dcribdy 5?5’4& id %s EHHP&Q@' co %‘g’ (Wopﬂ' 1§1ethé"€d1%nt10nal'

ability and nee ensur ed
ﬂ%eﬁéapa%twm ﬁﬁ%émwgﬁ%ﬁte@ %Qto?%@@“ieﬁl thghe TCT test
w@grﬂmﬁﬂa@mfor about two nonths. This neans that
[Oégifral ten tines the life 5 duration nust be ensured
onpared to the storage life of the nonol ayer
coppés wurfgcel exidizgtibn poostedsr abl § siariclayerordppewnwire, it

o ot e R B o,
They icanyemtional igeld t]:rqmbngovvlrewanxbel attiosed dort aeouti ppe month
befidrel & AubhPub@l Asifér 3h8 AndRolaRe rdoﬁﬁbr sk eRbwebeR storing it

onj‘}g E&eseeyeg%g Flgggéni R@%?I?c;/s%lfltelrg th.l cr:TaPtPs% & p%bl%%? Ighat the wedge
bondability is 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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gas is popularly enployed as a standard ball-form ng
gas. Wen the 5vol % H2 + N2 gas is enpl oyed, however,
the cost for providing dedicated piping arises for
the sake of providing the gas in a factory, and the
runni ng cost of 15 this m xed gas is al so expensive.
When conparing total costs including the
conwptitianhl mtﬂgﬂay)at col:tﬂw wiret badptiniiagé. Torasuneshe equivalent

ORI ROT el Rina i RO yhded Bihagbifby PR d 10 Shafe, e
nagas toobe enswreel ¢b bhedegradatson-Greet heveromiter riswage in the
atg.’t?&g)'hrége ‘ﬁ%lr %%% B tw Wotwd ﬁ%cﬂ{tﬁ ai J1115 Eiératng%hatﬁ a% &e% \;ﬁgflgs the life

rc as nmuc
dmﬁmmtmt ensired; as eemmged@atb@oﬁe @f the monolayer

oéﬁgi-' %fﬁ@ rlehﬂmg’\‘&f !s@zmlaéfaybly [Pt éoﬁaltﬁ)&%qh@fed forH Behterial

S co Fised N2 only, a cost reducing
psecmain copgh ‘F‘?féirlétﬂoypéﬁhanced and an obstacle to the
[oBgBEty managenment is 25 reduced and thus it has a
nunbe antages to a user, usj the iy
conveéﬁoa‘ﬁal%ﬁﬁo% &8 HPHER Wirgn Ty dppifition of
oXidativuarat theuwimeNZ fgasingas ball isomisoi MGnrpca'cant:aubJect of a

coé@gr %E?hf”?r %Letéaﬁgbﬂﬁﬁﬁﬁpﬁn&gﬂhxef cbﬁ%eldﬁ;fé WsboloR Ha + Ny

case

gasoisvponulenly employad ager Stﬁj-‘pd@ﬂ balldormingigng. When the Svol%
HpLow tpic I\ééé’ i ﬁmﬁoﬁﬁg: BbwhbPef %Efréreeoé%gs fﬁgidlﬁ t@@gé%gggplpmg
arawofo(méleswéw e@mwﬁm&ﬁw gAtanS facqi}e%@aﬁleﬁﬁ‘e cost of
this Sﬁigﬂeﬂ dﬁaﬂso eh ts&hi eWhehnl cnﬁhp@:i'mgtﬂata] todthéneluding the
an roauce e COo tIO er

HEIH SSR6 M BF Lo thes, SHSHBFY diecbRRR pmaller as
commplarekij tththat iofls goldy bendmgz\,hrane eyengiftdopppurie wedgfor, a wire
mhB&igP L?ecé%s %&R 8 I?Jh%dcﬁ'rtﬁeeécﬁ g fﬁpfﬁf‘?oﬁf)er bashed bondlng wire

COppEr - %tWI re i's m
nefr g reyail. Emg't]p%sa Y GRANBgemens besemeg sprict due to as much as

5\%1%9'08{1&!1?@' of - Bydrdge®2Sleadieg efcPae cohbernS abdu@bhegdd@ition in
t(E;L}esent invention to provide a sem conductor

thondi ng wire mainly conposed of copper, ained
[0@24]! nprovi ng ball bondability, reducing the

occur nce fail ures er t S .
ror obh e Pr rmthgce AL YRR brbe Rl Reldithta BB reducing
effentiie nonsmdaralblmmﬂm:zed apé raﬁmbﬁa:ude tosthessafetn panagement is
regﬁﬁghegﬁg‘}ﬁgtg% 30y 1 Iﬁﬁef BE a8 ﬁ:rHés%aé WsBF WiHdnessing the
escri ove, and I'S a ject _to
covERtpRal mpeuolgyer Q‘PPWTr Wiy WSSHF&%“B’E}H& h@“ﬂﬁl"% a pure Nz
gdd h¥Raof QfonﬁD'ﬂitG‘ rale€ickl af¥ee Ebcilﬁez‘éf tﬂéejlmgﬁéﬁt that it is
d.@ﬁ rs have @}# dedi cat.ed trg st udy. be conventional
8@& 192888 Borthaty caps-e Sipilads: WeR oft ﬁ
mpiltibdyenscaarar wing whallg, stable productivity is easier to ensure by
using the 5vol% Ha + N2 gas, and using the pure Nz 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 Nz 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.

'_'I-Ii
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and as a result, it has been found out that it is
effective for the copper-based 15 bonding wire to have
an outer layer and to provide the outer layer with a
speci fic range of thickness, and that control of the
conpositions, structures or the like of the outer
| ayer and the core material is even nore effective.
bg 7] The present invention has been nade based on

[0 above findings, 20 and the structure thereof is

sumMirieiefbras Ibeﬂsoﬂ? b'ﬁjéaﬁ]ofAtb@rphelsgnw inveatioor do ngrovide a
ta i rst sect of,. 1 he_present t]
et iRt B AR BER PRI CHERGPR A corber, aimed at
im;abemgﬂbaﬂwbendahﬂ::trpomeiucmg rthbuutmumwmr og&ﬁum mn thermal
cyﬁt%“’pc%ﬁ t anan &%}r‘f‘){nﬂ YeeireP fs%fa%%nllgt%t&éﬁ%d acfﬂiﬁon to the

errar ter ayer cont a netal
comrenepaat ﬁmdamen@alcmﬁomaew,alpy isA \t;ns the el&ﬁ “Rssociated

witA R Hvendthhat QQHQ:E'qth Res@iBed Qﬂi%l%r andhiehigiafiidher object

out er yer 2um | j ckness. [0029]
tomravisie hﬂﬁrf@ra‘@&) ﬂp&j‘& %}1‘31 WeFact of the

present 30 |nvent|on is the one set forth in the
fir the nmetal M constituting said

Mggpdor SagéPgth& J&b | east one el enent sel ect ed
[obR6In anpng Au, Pd, Pt and Rh as a main conponent.

[ 003Gy, &%EQMHB%M&&S gﬁﬁt@rl?%&g é}e‘&é‘aﬂeﬂ' kg ﬂﬁo%ﬁﬁd?f of the

t he pres 'hvent
coppetbased honding ssigecn endertiocsolyathecpred ﬁ@@e@?sgrlbed above,

and'ab A0idAA1C P REE b@s,netoﬁﬁa Qm%‘ﬂiﬁ@ RET eHERIW A e dopasi-based

one elepent . 9 sel ected om
bondmmmggto BRvad P aer intel Enanide e offer Fyer with a
ﬁiﬁefdlage ep aﬁ@khﬁﬁt , cid ehat abrtrel olfachetcomposatlerm,na’atructures
" o, t ol e e is.i
ol B 5o bl U9 Spl P Lo ot @R AT ecive
[062FE according to a fourth aspect of the present
' nvenfhé’%re&aﬁﬁ“ﬁn%?ﬁl \Mlqlag Yeleld, § @Ma@é@oﬁftl{eh&béﬂré $indings,

to th aspec S, Sal uter ayer cont al ns
angd thea@tuctme theeﬁeftts SEnEmaaed A Reld®ng Bi, P, Se

[oapd] TI, and an el enent al concentrati on of said at
€ e VB g 1 el B Sl picion i
a Tsie&nh;ondungmmdemcec bondiny wireaim¢lilingis pecoreofmaterial whose
co?ﬂﬁ&fexfg '&e &tﬂ?&'}gtig gfa(}.ﬂe iﬁé\%ﬁé}# Bl S %?ﬁa?&epfgwded on
sdidyoore meatﬂrmlt daid betewé-eﬁfee aicentaining Iaaw thh%‘i giffers from
sd1Q" SordRhfiteflal id 9883br 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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15 The bonding wire according to a sixth aspect of the

present invention is the one set forth in any one of

the first to fifth aspects, in which a carbon

concentration in an outernost surface of said outer

layer is in a range of from15 to 80nol % and a

regi on where the carbon concentration is in a range
seldctéd frond aneoRd P, Tr,i Br, Bi0W04AupAQ, Shuand raréreekiieelements,

th, 2 dlretlonf m c f '
anlda§,§rqu%§gﬁalg Jéatil?in toil,osﬁ%(f g? %%%ngréé; telestﬁbﬂt Piatlve to the
whakarireds in aacangeajf fosmrk 0801 ite Ocd3Imel?odn totalbon,
en and nitrogen. [0034] The bonding wire

according to a. seventh aspect of the gresent
i nverfeorpandingewiree ansordizg: oi A fowrtbnaspeck wé ﬂw present

in¥@nfibritil ARPBRESset! forth! '1ﬁhany7‘1 NoxdeX 6§ Qﬁe CRRetd RBirdoAspétts, in
an. out er nost_ surface .of out er

whighgid ouber laver cantaing ok csions ?]@ail%wr sigried Fom among Bi

P, @é}’w T40AAE @l‘éh%ﬁhoi.:g% cohéhlﬂ:trﬁﬁﬁﬁ @fehid Va@thQSt?OﬂED?B'ﬁlent on
% i S umiln | nes n e ur

a Bl S Guel Jurer AR AW ERBRRD T SfpI e R

[0682kentration 30 relatlve to atotal of netallic

el e
boncrir:a[ni% V\Alrggﬁ%g‘gor o an elﬁ%]?%ggs%de%p% Ent invention
is fhesene set rforih mnams omeoﬁﬁbe stff@r founth %\ﬁiﬁc&ﬁwelrbfWhmh a

ditfi8idn TaSer 7] pE&MaBE 'be@ﬁr@@ﬁtsild biite 'tyéf‘ a’ﬁdrﬂﬂ%ré’\ﬁﬂt@nal

égfncentratlon of said netal Mrelafive to a total of
[0 he netallic elements is 10nol % or nore is 0.03 to

0. ZPI‘E‘Hélbélliﬁﬁingﬁ‘é- adcOPdfle thoa Ehﬁhlus@dbﬂgf the present invention

i« 55 8 ] b o B Bl DPcRACAR e BLFRAUER carbon
coas@eiration m ammutermo%gmmfacmsf daid auden doyer injera range of
fryheis @ SﬁﬁﬁJTl%C%ﬁﬁfﬁt{- P@n"é’ Eré%hg Sgnoc#ﬂéeﬁltféth&? is in a

to a tota enment or npre

rapge of Gognh te &) arplimis P-PADE ktﬁe@,@lmamfhm gess in a depth
dibeRD Frovh! & sfa\ﬁtf@ééﬂlongsaﬁ& é«hﬂe? asmtn ebmipaged in terms of

resen inventio th i.n an
coBRERAtion PelavR. 1P Achiel of TRtalin; RiaprtS, etpdtharggen and
niswigdnout er | ayer where a tot aI concentration of said
[063 tal Mrelative to a total of the netallic
nts is 96nol% or nore is 0.002 to 0.06pnn in
t hi cKFless horfdiogsivireh acoordingg te & esevensh daspeatoohithe present

1n2€ﬁ ?ﬂHE B8 RDelse?fofths: Ppéxﬁsz 84k of 'tHé! ?ﬁ%t @6‘ sb&htib%eefée in which

orth in anépone 0 I rst gs pect i
an gX}EPR KOBRCRHPREPN SN BR AUATIOA ﬁE-ngP 9@6 LULET @Y@&f isina
rainge dfefroid 1 Qo2 MABI% Sahd 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 is 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 0.2um in thickness.
[0036]
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the outernost |ayer of the outer |layer is 45m01% or

| ess. (00391 The bonding wire according to a twelfth
aspect of the present invention is the one set forth
in any one of the first to eleventh aspects, in 20
which a region in the surface of said outer |ayer
where a copper concentration relative to a total of

t he tallic,.elenents is’'in a range.o from1l
30mo 38 DARABES WiE (AWOEIPE F0; i dKA @g as 1%48% the, present

inb@ﬂﬂbﬁgsW]%fSeeoﬁ@ et dbrih 1 aﬁxyt bhe tcefetrhepﬁastphecptelghth hepects, in
sent in ent| n.i.s e_on t t .
ey R degichy ihqie it B J3Te haif o (Rl odibeREPRLRAF of said
metaicMhrelatllventooa totaldofrehelmatallibielemients @ﬂt%nmfd&’ jo more is
[ s other than copper, relative to

06@%@{??) dP@FWt h% a{i%skl c elenents is in a range of

0pB8m 0. 05 to 3nmol % [0041] 30 A wire bonding nethod

accortidhdilia f%li-é egeopdARP ael aOftehIBE aBp&xe Bl the present
.invention _is one 0#0 onnectin fﬁ glﬁ)vmre "
inygptianis they opResetotortlhdny an% oneqof St &ybf@cﬁépec 8, in
whithi aldneg;)ﬂ iﬂﬁsﬁbeMdchutfeﬁrlﬁy@ﬂ whérel 4 tbyal qmoena%aun@a of said

a rayi .a ro
mfIokC salsFE g, hal, Br 256 BHeRE dotiedegls %&ﬁ r more is
0.802 to O:@6 g sin thickndsen bondi ng the ball thus
[Opg {nsd 11 Effects of the invention [0042] Accordl ng
h

e bonding wre of the present .invention, it i
possithe bondingduire aenording (pcan|elewently agpagt of $he present

invBREiOMEist £i5e bak! s&oﬂﬂ'ﬁp'lh' hity 3(&% bﬂ%he5ﬁi'!trﬁ) séha@epects, in

i tetimne. er, e
wBigh OBEE SORARIRHON FLALR A IHALON SE nefhific slements in
thenﬂttpmslst/hyﬁt(ﬁrthaloméﬁlayerasGﬁnh@ll% obddds. bondabi lity
m@gﬁ reliability in thermal cycle test or reflow test,
]ger storage life, good conpatibility with wire
t hi nri¥hey Yandingnevips tadeordisghtp qaetwelfth t apect kef. the present

E§1§ ngﬁh':%g@gﬁﬂﬁlﬁ 1% '?Elel Mﬁw REBE td Q%%htﬁ%pects, in

bondi n wre co [1S] a cor mat erj al
hisbs e nEggion ¢ dapshensuriace oghepai P UEE o LA Where a copper
co@@@ﬁﬂa‘ﬁid&?ﬂ rélafBicato M tétad ofeplrabpitallid eldiaénthid st 4 kenge of

Bl & APRp1zis GO0EE R0k R AR B Sur  ack of

[00!4@] wire, unstable formation of balls and the

OCCUNFRN R Hink Btk hEbrithe 4°4 %5 RRBAEH ekt VP 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 is 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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in thermal cycle test or reflow test have becone new

i ssues, and further the inprovenent effect of the

storage life remains insufficient. Accordingly, as a

20 result of having studied a copper-based bondi ng

wire, which can neet the new needs from packagi ng

techni ques such as a small ball bonding at a fine
Eﬁé&g@ftﬂégﬂvéﬂmﬁbl ity of the wedge-bonded portion in
[Oé gf fatigue, prolonged storage life and the like,

#@l whi ch can al so neet the needs for further

I mpr eeobdiing to ths bondipuetireoof the pﬁsehalttl;aventionhﬂ: is possible

o BB B P e Al 908y e ehe

wire stasapedifefimmdAsus rasait,ithere @i det pyevided @ copper-based
bo%n%;ﬁggngv%rﬁ bt hgafaﬁféﬁ%gt Sch%g" Mb&ﬁe%‘sﬁ@e‘fﬁéﬂe‘hal cost,

ness 1n a I ckness range

excallontbalihaniabglity andireliaiibionn Fhemnokexcle daster reflow test,

loﬁ?éla'sﬂ&cﬁ @ Y %BB& | {drRPatiBRitGOMRAS | wiren thiiiHgt forefine pitch
e.outer layer, the core 30 nmaterial, etc.

tef’b@ﬂdﬂe eR %ords, it is desirable that a bondi ng
wire includes a core material whose conponents

LPSLFS@SE"@?&?@%@WE Oy E TR aNT O

[064a8! ai ni ng a 35 metal Mthat differs fromsaid core

mat erTl?At shil 399? gqgolﬂﬁhg Wire @(‘g}#}@ﬂfgsa RPE m gterial whose main

conposi sal d outer aiéi lod
cocmmntdsmoppjea randwa cyzmch ¥TeRpntapyng ® Mtk My h@s reveale

tHAR IRt RS in@vbiient @f p«r@&g@ rsbrfelflity Cith hﬁé expected by
obt ai.ned .t hat restﬁs he wre frac

ure
CORSRRHRE Gt B (Lot eV ICHHEY 7412 SeFire ot £h§ yeire, unstable
foi'mﬁ:))or@dif paliehhdwhieesdcurtendehs fimetniresin a wedgebodindgd portion

in, tg{%rgaagl?c'@?en geig% eolr' r%ft&%ﬁ %%qgag%engé&[ngg %e%x? Eksﬁ‘ﬁe{a hahd W3fther the

impyenerdteffact of themteragenlifa mgnamsainqufﬁglem%&gq:ordmgly, as a
re@ﬁlteof h30nd sl:ﬁ‘dfeﬁe H%p&?%tas?]& 'b?ﬁu%igg Wikl Wwhich can meet the

enperature Is _rep

r mal in
n@@ﬁ@edﬁéso rﬁﬁclﬁaglagttpﬂlbmqaasﬁ@us ol Sl iwil Bep fgat a fine
pitel.f @6l Cﬁaﬂlﬁfﬁﬂﬁ &NGABS WedgerbdRdl Hortiohead fheri®al fatigue,

PR FIPTRRE Lech (oo E TSR AR AL JAAE i needs for

furtlaér irsproviephead iwmzmlq)nodustmamgntablhhyamd the 1mprov|ement in
w45, BB, R 0y pl5E o8B i 8 Sl Pticnsiog
progass gosti it hasdeen fotind oyt it t:c;t ipptfeetize for a bonding wire to
hﬂe?%i 5@&5'19 gl' tvﬁ%rgaa Jsﬁe?i;ﬁcéeglgfﬂiﬂé’éé‘:{d Q.nslgﬁr%ﬁ@tthic%ess range.

Fehery it BaschRen mn%ém W@ﬁé&%%ﬁu?&e%&p‘{ Dreobtgined by

cdiﬁ%l[hﬂgn thBecothpbsition, Obtruchberajeslge - dontedonturt loyer, ithe core

nsia-Letforce and conpressive force are repeat edl y
mﬁgfﬂ' thereto, because a bonding strength of a

[00ddper wire at a

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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ot r.ray A
andyindregeetlon ﬁz li%l‘iﬂﬁ?e

wedge- bonded interface is considerably |ower than that
of a gold bonding 20 wire. For these factors,
occurrence of failures in a TCT test becones a nore
maj or concern in a wedge-bonded portion of the
copper - based bonding wre than in that of a gold
bonding wire [0046] If the outer layer is 0.021 to

ke oSO A SR 50 St e o
obt&ited- ﬂﬁtd@ﬁ)pﬁéﬁésﬁfhe W‘ir@tfﬂ'ff?if?_i'eih a}] wddg?'bfﬁtlhﬂ puﬂ:tion in a
action t he constjt utin outer ..layer to ..
thRFp] Sectd fel G T st S T RO o ot s WinsimB fhe yording
“mson ¢dmpoment”hiscused herbir énf thes séngP that dheneatio of e copper

‘ ! o \ o
s FSEOTrRMPARR Bt e i o o

me®@.reliability can be obtained in a TCT test. If the
[oblsckness thereof is less than 0.021pm it has been

enpi r.i cal | igured out that_sufficient reliability_in

a TéE ﬁ&ﬁ‘é’% Mot TibR 50Kk lhdd, terApEratuTe dATaRRked 8o that

theemal t kiralith abd eﬁél@eﬂsﬂ.@d that ihaatteimtablertd abedt expansion
e Wre,. i s subjec

. th ith t d, t,0 | . .
diffBTiota: ABeng: HAPIRtng: TSBRyE oAt RameyARd, f,glicon chip,
therebye irndweing | fpaetira ech B daneggeo ins thacticitity of theneedge-bonded

- { H H -
pog Bk Ohat Fs, SHisRhal NGk Ny o EBHRUEC 18 b Hededtbqnded portion
whezesthe hondingt wines is Jighly eiﬂformtegf fitkc avize retmgngth @enerally

betbiBstBRer (than T4 WirBStsdl2du0to RBIBPEYA F a cFRsdetional area
e outer | exi s&gf uneven]y at tf},e bonded

egtf at the fupe fitipochERiRg. Additionally, it

haﬁ] lfxﬂf?feﬂ\/cﬂitl)ﬂia@ piteeuhgv?ca&dc_?ﬁfé ake ?mﬁb bg osdwreliptie vidinity of
e eri{m sStory or. e est, wever

the RS BaRde Jiotkion oifs tBIIR oLt o 2l ShFIRssblige, force are

repemiEddy lappilieddhereto, becatise adugelibgmirength aflecepper wire at a

witd Bondd SHRATRLS ch feiBBRAEy Ry PRET tHaf<ICA YA bonding

wigcedgs these iastors, spereass of friluresein hddth né§§ kgrcomes a

mérdtldjof dbhasn HehSvédsabEaded priishast! theotoprtitased bonding
di r. in.a manner |ike golf-club

| aced.fro a nt
wiie D ipet of agAAPORSIRRITIS | i ties of a 10 bal|
[oe4ébe and size. If it is 0.12jumor |less, both of ball
formghi bity .an | bt ' it i '

(o 4 U0, BP0 iy AR i consierd
that i factomfont iveprmwemerninef theareliabididy iofftheowedgohbpnded portion
inh is | I Hkt8l MWBasttutingMhe out
mo# gfz%rﬁgg%a%gé%tﬁw%fg&%ﬁéﬁt (lﬁ%g’geig% h{bhgl def egt Sla:l; n. the © ouver
layer te dmpronaén adbesioni RIOPEREF fa2 mesrbes to denppndedhto. If the
thaélﬁaeséwéﬁaéms ez bﬂb lﬁ:lcﬁ‘egfhhé ?Jal!télbléydrYbéc@nit@ ?ubstantially

opt.ai ned. re ef er , I it is in,a range .
Stg58Ferlo Dol RatarbRteLp | Incyerse o dtiagth; god hence high
reliabiélityt den be obtainedan®TCT seet. ¥f the thickness therdoé is less thag ‘
0.081 fd, HULTONAS T g%pgl}icaﬂy 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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20 The damage of the wedge-bonded portion in the TCT
test is also associated wwth a material of a | ead
frame. When a lead frane is nade of a copper all oy,
thermal strain is large and thus it is subject to the
damage of the wedge-bonded portion, while when it is
made of a 42 alloy with a small coefficient of

su%&bﬁﬁ'mﬁ@ﬁé’dééét?ﬁngﬁﬂ B8 vt hstRindy the ]:IHH‘ ¢ostscaxe mot be ensured.

nsj derin e_increasi ng use, of, i nexpensi

e Jethes Qe 1RSSR e eV R B e OB Rt fgce: the uneven

ou%@p la;;@'tdfﬂéh aforkb eﬂbcﬁpely- teeizepirdyenai gitialronding strength. In
| sem ¢ SO T t

thﬁl E}her("éﬁpg‘}s&?{?f & Ot?we irdei scg% Gﬁ?‘{v t?]ﬁegéggglgéelrlh torisfle and

conpnessiyewidizectivser gehe cqigplexdyt mvmlaa@ hinepke t wgdges ggndmg ;

' th%?&## Iﬁn’%lfl geltsiﬂtﬁdssggg tgoeéfg%}éva gﬁ:\%ﬁ%&&ét&n@@ gﬁeﬁzws. On

I
thbyothae- ha:rrdx gsthe am@els 8YRM eé@?ﬁtd@r st21mcm gﬂﬁ: ess, then the
srOSEREes S B a AP @ﬁﬁhbé’ AefdriSiths eond H@Eﬁ]:t@bﬂ balsidisplaced from

time and varyin evallzé:ﬁ’ll on results Se ﬁ)g R Bﬁﬁnes of a
a eRtar iToR BANKERHE: i oegur, | @A’& ¢ usta
bANGHape! ahd l’kﬁzé EH it 1@tU‘IB2}m1hafl lassobdingf\balk formability and

Ther ef or,e esent | n
e BpBRRbULY: i AERG Ry RHE Rl bogY BoflFlRal of pe difficuls
tol azlne{reatehiesamstmwvedgé)emttﬂﬁ&gl peel test) as a

??I e testing 14. nethod for enhancing eval uation
ef

ci ency verifying that the same corfelatio
t hat Preferably,af thesouteslaper i im ArEaneeTpl rom 025 to 0.095m
wﬁﬁﬁkhslﬁgf Nthe HBERRH ih rtklja\éh'rdr Qébt?ﬁﬂd@ﬁlthe rm:eilct tthstmal history
ull's a wegge- bo ortio e
camiatighe rﬁrenggwéaetﬁopﬁm BapihieEh e gﬁ%&%@% More

pi'eﬁféfmjly,ylf ietis in appngerafdl. 93 tth ﬁaémrhha relighility in the TCT

tqﬁﬁ&&’]}#&? R oL SerP e itpon? BRlibpR tn WERRpb GRitovEd.

ency that t he nunber of cycles taken to cause

def € d‘axhggeT&T E@%edé’@ﬁoﬁ&étﬂ%orﬂ&ﬁ pedue Pomdicest is also

peel est ect]ve ns %lng H%Htatlved p
a%amm;admﬁhoa m%‘@l‘%?écq{aﬁni‘@gf ?rgpa e ag fgame 1s made of a
10630 4BErmAD sPRfihi igNak e andr thuwit Bbéubjeetdtd the dgmage of

h TCT
el gLl B T S e 38 SEpO o  smal
codfficientt ©f dheimalb lexpe hiina, isubstartiaby movdefgctsheccur. Considering

t %?PI?F%? P.%l:)ifgy lfs% £ 191%51'813&91*;\@" crog F’%aei& “I@%%l Hﬁn&@f‘n the future and

or ex
they, anplivationr, 0K|| the tmeppelkbam} goy@?are Ar‘Y’Bngm vehicle
dﬁl t&x%aﬁi ereﬁab E’csihl temi)e%atufe the reliability
esli ra e as

t ta faor
ofthe eepper @se\sﬂsb@p Wﬁi%gh%ig'é% %P%E%Gsﬂ%ﬁ?d cases
aBbuB it Bl il ndk @b Qﬁwy,rmsafecemlyobm@ ahighlightedssue.
[@bjablllty to an electrode and the I|ike, having an
ntage that a quality control is easy. As for Pd
and PEval@atibe\judgkeeritt onlymbyr the VECY tesdycawuses some concerns

sﬁct:}?bslié 'czu%lggllslonfeh aﬁ%ﬁar&ﬁ@ﬁ' bf %anfples, 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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profound effect for inprovenent of bonding reliability
under the TCT test to be obtained. Since Pd | eads to
a conparatively |ow material cost, having an
excel | ent adhesi on property relative to copper, thus
further enhancing a potential as an outer |ayer.
Specifically, when a main conmponent of the outer 25
| ayer is Pd_and the thickness of, the out | ay
method) foy enhapsing revalpatien &ffigiepcy.o r&ﬂ/eﬁtﬁﬁ the same
cofﬂ&aﬁ@ﬂ ddsnﬂw[teﬂri i 0D testd&in bbebiiihdde Tthis heaoneasurement

r Ieadlng to even e, exgel |l ent
o8] TGP AP TOGRRPRPR O eBLEF St AR CID AEEdaR RoRged portion
diraslyoagiwyal i iae hddmtiniihoved ats omakev semsigeing divection and

VBB ML Al S BRI R BRg is 420 o
saﬁqﬂes ithkt were dppied, amhaving highe ftagturednefdlity &n this test had a
tehdBAGY %Mh?qugﬂe%f Uiy GIBECHR chby EéféctQ?n?%G' TQT test

,ﬁl ron 1n the cg}g}p
w&MéﬁrgmeTbarwedge ehondinghaeehdesloppan egtq{g, gleans enabling

qtfeﬁ] ﬁ)gat ?Y%I%agﬁﬁﬁ ofkhb eﬁ@bh@ﬂﬁaa%@bﬁeyc?eegﬁ l‘thiéw@%%e bonded
poaﬂenrf%\aé BTgMak %@H}eﬁ tl‘H’H&I‘gLLBhFh'EﬁﬁePe%nEent r at | en of

[obbe] additive el ement(s) relative to an entire

P ot artish fistE) Mgh B Reif e O e oieds P ?% ¥ ibtal other
thahatopperevwkeich teflesirably effective ol impnoving the b@&%@uhty of
bd’ﬂaﬁng gl ﬁ%@%gﬁ{# Bxidh% &?Sﬂ@oﬁiﬁidl %rmhﬂesm Pd,

ncr eased

Pta deh, chibPe Moy CreNuptites bkmmag%s' ployeRe AmoRg tlgm, gt least

arBFbho Bf Hu, (MESRt ahath 84 a&&ﬁbsle a@eue afetat MsAdch@dheretofore

effective act on the |ncr racture
PSS etbr et R ASTERE s dob B mgat,gf adhesion

propags- beladied tpasrdapenldting wgsing dondebility tchan electrode and the
11]? I g evsi?l'glr]%: ga{caqwxfa%ﬁgg pﬁ@t eﬁhﬁilﬁ;? %th%f flg %rag?t A rfonP(f‘ and Pt,

ure
thafyr makwl itheomadgetivelyi erpyt Her etabi F@:rbﬁ’ér Shﬁﬂest h@nabhng a

pfh@@lﬁl& Qﬂg@@fbl‘t ﬂ!le:gé PP dih! tﬂeﬂﬁb‘iﬁ@ ﬁiﬂlﬁ@f th@SIR‘IT test to

above nt.i oned

bessbiated; incseDaleadbFe AcammpRMIITGY dPHCTRLE ieh coftp paving an
extBllieht Mdhssid® ﬁl@bbr{w&em;wd her&ppepy okiglifogtler enhancing a

bRl o8yl IIBIER, e AR EE S B e

layes pePd and the thickmess af $he outexdlagierts 032 kte feldum, the above

effdq! E‘ﬂ\)}ﬁ eﬁ){&ﬁfeﬁ?qn%f fo'C{hé Sb(%i 'g@eielﬁﬁﬁﬂitgt Ahedr Ehé MECT test

case to t opper bondi.n
beorees hamarkable; rle@ldme ko tavenomazp gxeptent guire ahjiity and

opérabior! %r&ﬁ%?amer gnHNEhas el 'Fltas| beafldogrified! beat Pd is also
onventi-onal _copper-base g)c dj n%@vm re that. is nﬁ
adepHegeRs ko ERETOTIIE A MG Tatia 1 FASE ATOGHERAR VD fe wires.

[ddgr;q] additive elenent is |less than 0.0001 nol % then

the. ShRec2%h LIRLYERTLN, i R BachAlYSE bR 3 property
thdreofrit Aupemcsl Qxyoadmbhgb anr aliy eeletemte $hereie, alepending on
cglﬁf)gﬁgnf’ hdd Gomposition 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
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surface of the ball, leading to instability of a ball
shape in certain instances. Particularly when the
netal Mof the outer layer is Pd, it has been
confirmed that the above alloying effect in the core
material can be 25 enhanced, so that the inprovenent
effect in the peel test can be stably secured

bdﬂ[cﬁﬁgpﬁﬁté keiRfa %ﬁg@tcﬁr@ oob1f1ton9 0¥ 4106 kin ot £ tmele can be

ty
feersezﬁes' mffreﬁﬁ%cf @%&s‘:gg ﬂ: abitt aﬁwn&tqu%%%{? %é?ﬁe TCT test is
dﬁf@m éxﬁieﬁ'h@ﬂn{er ?l?xeg’ammh | ﬁpttﬁle wadgee bmdlﬁgfpa@ld test is
e c I e elenmepts o rfage o
inightasp ) SpapiatalSn B iibtavemant 5 rgtisBapl 4 fify Hedglbonding
pee_dtmbt Abdos son actiensef tflaese allby &laments;athdyeare considered to
o5 068 g o By BAAGFE 000 Phping i i
theapicidity 9f the we gmhomded pOThioz, whrommmﬂle@f the processing of
a Aorb | RHBALE 4R I8 tAThalifflof A ggﬁ'ﬁgﬁﬁzahﬁﬁefexture in the
contalnlng the, 35 el enents_descr ove
mapafagtyre of acwize and theavedger thezeefut ﬂ]%én the case
H@@c?ir?egaéba% Qﬂn@&astitfutiﬁge ﬁﬁ@%ﬁ.@t frlasrepris q&ult Pd, @:teaﬁﬁt Bh, the
on e sur e ou lLayer is |.ess
Ao imerSiocenosdditie Plemest Rusile ey Eord atfRi dafirapts with
t]:mometuaﬂiskh dudn it eball fusmrx,c theiebynpréyidihg dimeeffect of further
%eoib ﬁ]ié/\%gﬂen%%t%o%ﬂ'eﬁg%\ﬁaﬁf 1sa'a.g cﬂ'nférﬁ) '1:1;' K¢ been found
Sés

i NCT € i ze oop
owtcﬂmtdvvﬁél respeptete the effectinssaciated] w et erhlaement addition, the

eﬁé&%% fifthéP !ﬁé&mﬁéﬁeuciﬂ‘ tRe QLfas@ ‘baeﬁ; %He%léﬁe%%%ré’dd&i to the
resent | nven f undane

e a
CQPé’Gﬁr Déﬁng e dihes faﬁms tw ﬂafy euﬁ%ﬁaeﬁag% compaged with
th casé ewhbay ahkd bIefﬂd@hﬂ sl add@ed cor ehaaécﬁweadtmn“ém ecopper-based

bl St e B Rl Rpmet Wit §08 by <10 06 ke gppgpptration

ofofthehaddétist Meamest i isutlesy) then 000901 apel’s; sthemOridie) above
1&% en%x?ént Jﬂ?éjc% 'is ttjaﬁugéﬁ ?15 tsb%e{nﬁﬁﬁﬂé 'I? th@ %oﬂE&%?QEmn of the

dditivgcel emeéut @Xpﬁ%dﬁj@{(’@cm@b" W@n@éﬁdrmr@aﬁmns ane fopmnad on the
SthQ&n&' tEéJbb.ﬂgléa!Eﬁn th ShstaMiBty bﬁaflﬁﬂpéﬂ(& é 11? cert@in 1nstances

ere th ntratio
P@&ﬁ@ﬁﬁfffﬂ!@ﬂ% elsn%tﬁﬁ 3/1 %i’;%ﬁe.gu% %&e ? rPaS been
cdnfirahed 'Ih'ihaet ithe babeve Omll?hggf ieffdetoint H;hb bhfe metgrdal can be
t he ne once
edfified 15 PREY SRICRbEAE AR B é@ﬁtpaﬁ {fCBRPF boot bl e stably
sachaedusr@p‘eemnredobyham@téxfwsf e iretivcknwrirest andebesules the
M}gg i‘qﬁ&& -tenperature envi ronnent s
bf]t‘?{ testﬁggﬁfdnjrae? ow resistance. Although the
e concentration 20 is considered to be
CO”paIfQﬂieV&lﬁér hagbr 8Snthihd¥eNedt! Gid exé@n@@maaéﬁeat fr8fh among

BYch S H8rd GhE GoReRRBIR, bt thn cpmanls PB & Ayriace of the
outenllapét inih auwahgeefifeom®E0pSoriomod¥d in tothl,flews ba the surface
of a wire can be diminished, resulting in a reduced clogging 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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effects of the present invention but also manage and .

organi ze the overall properties of a wire. As for the

concentrations in the outer layer and in the 25

diffusion layer referred to herein, a total

concentration ratio of the netal M and copper is

enpl oyed, using the concentration vaI ue obtai ned by

i pl enenti ng_cal,cul ati on h h tion
of 18 G 1D B anl6ss, fha B Uliuipltn b, €5is. ApSovement gffect is
refuced dn Soine ¢dsesywhilei if it ecedelds Eﬂno]t“/é\,c&hdl[rig(&ﬁstaﬁ@e Batween

[ e u
a bERALIT Y3} add U, OOl Fithet o ofla o b G o YhtdfiRoe a loop
Shwglaﬂcot@ngédthymmmpelﬂfu& on of copper of the
[Oggﬂa material and netal Mof the outer |ayer. The

u

sion |ayer, accordlng to the present inventiqn is
def i netp £zosf sachiongl penetumeol getbonding coHee Acsuding to the

p@Eeﬁﬂ"‘ Sn¥BhiEbn M:dris Ué)'fﬁh&"aﬁfeﬂ%ﬁﬂg Sphraeed iﬂi@nefﬁﬁer an outer

%lntot in terns manc or the lik
lay pézbq of’rt‘?'ﬁ‘so %ni@?ﬁr gr/c?lﬁee matenal The

bottmd_@eytdfaﬂaleamiﬂi* Ihper vefertedvto &eb@\ts ahﬁﬂelflu}sy tahﬂegﬁﬂ where a
defilefl pobitiige 8 ?%h@f T TRAAL' Mo copRIR ke B8 gl Mayer is

5ael’ abltetalh , shediutgr layer mesindde ﬁmpreaarﬁfmsmnmon is a
E‘ﬁﬁf %4555 ?ué t sit§ ‘%Sﬁr'aﬁ'&bltﬁet r!ﬂﬁ'fz% e RaBg nghéN' QEtected
ude t usi on e outer

aye
Coaﬁ%iﬂftrﬁém@o?fethﬁaﬂ@rtﬂhi\’{ canatltnreréns &b@rout@yelmr% 18 50m01%, le., a
re Bicav lvﬂﬁéi'eothé 'El@té‘c%& d’(ﬁic@htﬁitmxﬂ%@ t%nhiﬁtﬂl Mecdm&ﬁhtiﬂg the

USRI SEREE G Foloten bt Ased G the i dhat the

regld_n_e rwheree thé salfovd2thentidhell? detéated hiarceatmtiandsa50mol% or
mbfoBA ARty Sebt AR BEE bkt YRR iR RERLH 15 8 diffusion

Phememenppt she boadel dnterface undar hmhg@nmraa@ra gnyirpsments
sucH 48 "I‘G’F’R;fe@ﬁ’ §ﬂd 388 0%Ctd Altalichy APlfh ggﬁﬂﬂ@ aBQﬂéj @&centratmn

. portion OW _proc usi free sol
18 89’%%“1&’6‘? ‘? FBWaﬂéﬁegV E% ap ﬁr infeaface q:pélcentratmn yet

dxmngﬁfsﬂ:m%mht@ ﬂfgléizg e:fr@tmbwgl é15 ni&ﬁbé&ﬁ&hhtfﬁlﬁttm from an inner
esponas 0] CQO ne egl an e _oute

pofhoRf Attt drih FonlPliing Fieh MaiPanhelnopdk tly 'ftiive the
efféicts o€ dhe pnesentmn\zmhenthm sfecomantage andgerganize the overall
prBﬁFﬁ%%é bt Bhﬁgf'&shﬁﬁ th%fc%o%‘ﬁ/e h%‘lf‘&#jsyuﬁhé %ﬁtéﬁ[e% %‘dﬁ‘d in the

ﬁgPrOV n& e ou avili n
ﬁ’@Rh er rgfarred e herpin,tatetal eencemtraf nr@gm e metal M

aﬂ&‘ﬁcdﬁe@' é:M 83?1 f tnltds@ﬁ ?Ehé Scé&é@ﬂt%ﬁén“@hﬁxe '6btamed by
er words e.tota er ec
il et F%l§ ation) Wt (the eRrepHoBy tfpp eigireﬁ@aents and gas
commpatendatuthlas.C, OhN, Glagod Siin thecwidiriby vwf thaturfatce.
[Oggjﬁ]y t he outer Iayer but al so the diffusion |[|ayer

C

tions at the bonded interface because a bondin
Wi r e Az mitbimetltate 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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to conplex plastic deformation to partly cause a

consi der abl e anobunt of 25 defornmation in the wedge

bonding. If the region of that concentration range is .

0.03pmor nore in thickness, non-stick failure which

often becones a problemin a wedge-bonded portion of

t he copper-based bonding wire can be further reduced,
regide fgnctiossdy o soﬁmeﬂﬂﬂrdﬁépexw mmmmsﬁ-om ¢Heatiten layer and

el bk gl 12 800HRY Qe 53L AERSL YRS Dpctuco o

n kayeri ckness, cracks and fractures in the
[008 gye connected portion can be decreased even if
thermal strajn_increases _at high reflow tenperature.
I n thid iserdesiwapleodhes, the bertling wiveoincddudenthe diffusion layer

b&%eﬁc‘tﬁg diste? h&%rtéHE fHeS Bof A hitlrial; Tad @ NERRY Blittre layer be
f{]F\%t ore relakllll(t:lyt at I.s sone

re
£($orp Materialean .cgnr@aurhee@eé@%rh%%ﬂ%rs Fom the
comedmatmableﬂ @ bk dsbthhaf cbﬁlp‘énbhﬁ@fa@ﬁ tompapittbn, and copper,

d f th
whERib iR b Bistn R0 . st o SEREHRS, 4 omin where
a i concénirebess of fdasdk umatalr Myiisli IQmo]% oo anstenty WlGE tged.2zm in

| tﬂib]%ﬁﬁs "’I'fgchﬁi“B?n{l{qhegs ¥ire 18°ip g%éﬁf RIARE Wedl eeﬁ?%'&’%lgﬂity is

usi on IS assu

|1mrmvr@d cand credighilit rodt aowedgetlmdﬁét BoTtign §n a reflow
P o S A o
| i i i i
whetsbhe e%cef@srﬂpnﬂf rrasra;l‘ﬁ Toeofag AGEIROTH Soeppgnds to a
conobicedtregionof the btiteriayal région akiihthddiffusiondayér region.
[Oggﬁffpm or nore in thickness, then refl ow resistance

be effectively enhanced even in a ‘sanple that is
wi r e-Isandefficadt ith eoineveasespe improes the seedgedborulakality Iand the

S v AR DA R S e
snemiicr ghlf:kpa@% gnfl hyp, 'leoﬂnakﬁgsaaﬁérb@ region: whege theymetal M
cdn@gﬁﬁra@idﬂ B D0IoI% 6r b8, HBBtkaowesds, Ghe Al bflﬁhé Respective

HiEEEs e st bt ShqcRhaRel e flaed Ahaes Smparfant role.
Thempasat is presunsdsyttha’hodeply ¢he Cuté¢PDEyEr bulttalss the diffusion

lagBJf: ?uﬂ@ﬁbﬁ Bk %h%llg]tr{&elaenﬁ ﬁi% \é‘a{l e a6, a&ig'ng{ ﬁﬁ’e is subJected

a er ween ayer
toneerapies pla$t@|c tdedornation| hyenartlaf cmsﬂxrade@ns;deraiéec@m@unt of

déf@frﬁ%.'tﬁh itk GR¥R Bbddifg nﬁt%% t ég{?ﬁtofq;hfai: RbAcdht?Htion range

core naterjal one or co ts_an
lsc & {QToHIOTE N ébrﬁg@ﬁss, RRBFa %HlHl‘%r}‘F affep becomes a

p:@bll% inOg Qvéld2geumaded pbetione of thakdpper-babed Uoﬁamge wife can be
s i d o%#er V\hreatoﬁtu{]; concentration of cf"cg. 1d.
d9 eagy te fuzthprygapreyeya G prpauction yie
Alsoj casnaasthéxf effeet fgemegatedy wimdithe régieni sf thaplcopeentration
0 i f he_w f

ot 50X Hhan oF, Bhols Sl Bkl [ GalRe B0 HiFes in the
wedgs gv@nﬁteddforbmma@nlbet de¢neased evmni‘tt@@tmal 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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25 [0058] Taking an actually stored sanple as an
exanple, it has been confirned that there occurred no
non-stick failures of the above-nentioned bonding
wire at a wire bonding process even if the bonding
wire was left for thirty days or nore at nornal
tenperature in the atnosphere. This is a 30

ubstantjal prao onga i on . of t e .storage.life in
0-§awpla+ Paisfinabe Menaal sEgtna oﬁqspnﬁmﬁwaﬁese@oﬁlﬁé\er and thus
mVso?ﬁe ?&Be@h %@Uﬁﬁ@d h@m@@ Merel widelpi LHEEB ,afthe dlﬁ'&sm Iayer is
t for, about or so.in.the °
asgiimsd RhE BTeEiamBRRES ihe SonTeMFR AR O EhE ERP L ip Anfold% or
mbwes amlplsr dabsi shars S)mold6, tioen ghecthicknedsy of thaydxfhmmn layer

18 BoRBRSTS 8 8, DR CRMIRIOENS U o, whero e

conamteatlb;n afiitha nment@hl\&m;s éamﬂ%rres mpee deel H4prw e more in
thidnts8 i 8bn L AIATRBRARCL N3 Ha°cRBAIVAY g BhhEnbél' in in a

at nospnere onger ri
sapiplg, thatsisywizeabended, atsth@xb@mt@mpemt%s%ﬁﬁ Gbaa QR gqual to

1800dé§1%e36@t'§‘h1§@t bécadiser antage hﬁténsf@ngttheiscswetim:a@fdlfﬁcult
ndi n elslen heneda (ﬁgre 18a‘c}emant the 1
tor PiAIBEY OF WHHEL, stasky S0, fOBRTS B e low
temmaﬁmen ot heorerthan ABOt degreesfCa lmvemngS the omleldzge bonding
ent '
repiRtai RSB Sthp R Ll AR E Bhek A e ited at
the nozerad| temperabvze ofabata?50 degraee{ee the netal M
obsgprnes highl y concentrated in the regi on | nS| de the

out er | ayer. ntr at_l on
bar r iLlbAS mATerdesir q&e tﬂﬁ%?h??z H%g WiFR W ’a e Hhe BuSion layer
bep®aehr thd Quted layy¥dathd thet b&ed nﬁmmn a0fd ¢hppewter layer be

proghRiet 158 GRS ﬁaﬂtgﬁ%b| ind S8 T BRI, et YiffRes from the

cofeimateamal tn SAe0bLchoth nafr eompbneis apdi compébsitions and copper

RBERRLERAR 0805 Dok RV LG R Apon
saihiouper layergwhese satetad songentrationnof amid M i H0mol% or

m&FL RSB 0DUS & TROTRS HAPEHKRAeS Estﬁt? f@?eéfﬁ’.ﬁg bonding wire is
nor.e.at. n

effectiv for thi’r S, Oor
rRRloREiint ec Stamaie, iy ca 4880 Ve leftn ipn e neEmosphere can be
substvidally w;msee@ ¢ sadditionsorthecienpfovemdiatl 6f bowdadsliey in the
T@E %he ball is hardened and thus the shape of a ball
i d portion deteriorates. Desirably, if the 20,
Oﬂﬁ@h concentration region is in a range of fromO 008

to O. Bpt
o e, AR eSSBS el i e oo
COpﬁmt thﬁfgtﬁhe:r@n@@m%d nernensghisk fatlurgs of t ga;aqﬁe Wentioned

@H?Qvﬂé dtQ RikdBOhAThg pFocekseven if bRe boatage wikd e:assleft for
further i n%)seoved enabl | ng the i

h| bj t
thifsy| dRes oF TR He BB HAEEPEBE LT OIn dioaaRa RS T i@
subktattiiheptcloggatom olSthé os’ag'age 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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[0060] The problemresulting fromw re oxidation is
that its oxidation is accelerated at high tenperature
in a packagi ng process. In a bonding process, a stage
mounted with a sem conductor is heated at 300 to 500
30 degrees C and therefore, the wire bonded through
the formation of loop is left at high tenperature. In
ledit iri give ptmosphierte foBla ungee pewitdesf tine, etmwna]taablhty is expected

i B SR T bl Vo RCRERS i S aflifnp e tedh 10 quality of the

bendingi Nﬂr@m@eéeng&maedf antiethe ebpdagronenbo rfsequencyl @ft wire in
pf%@mﬁf"ﬁe is! ﬂﬁﬁr Jbgg%?m | aﬁﬁglg gh?fﬁﬁﬁlbgi’r@ Brn2t a wire

progréSS| ion 1s
dawediv ant ageous in ternms of quality. Surface oxidation
[g@fg,gE]a wre resulting fromletting the wire stand at

nmperature |leads to 20 failures such .as .
det er‘iﬂg? senepntratiog)q eﬂ?PPPH/S féﬁ fg 1Pth&u'§§1?’9 where

theodricen tratiosh b€ the kﬁetaBMtlb b4 lor afiory ird toval cand hence the

gl B Besemity HiEER, SoniFaFarad i ThE epdh, JFOHE the quer layer

This r]:ﬂgh’rmncmatmtmmau-egnm lhasi mf ibarriet efuddiomtfor f bloeking the
h

SPGBk 0 ] R g g

and séhi bandbeenr foand ceubothatganiconcenigptions fore eagbding the

ehBY8derRént nyoﬁﬁstﬁlrgrtﬁﬁp%t%ﬁlﬂ%sér aferd. th EEQ' on of this

i NSi out er ere the n tra
cq%?&?r%\m% TSRS 198 3{8{%@@ OF ToFR 1T Shec gﬁsnots%ebamer
fuldtion éfféctindg opeidiRB tolinhsbie okbddtioe ahdrsulﬁimimﬁd)m,gand thus,

e SRR BEAR o5 o e BSrel R A5 ekt Bepl SgRRAG. Yo Ehinky cavs o
mmme atheatinal tstppratinte. Hsit bwreds th@7pox in Hhickness, however,
?éhl% 2t fifacedt 9@) lq[x]ﬁ%ﬁcéaéé'sfcif fﬁéj ball 9s Eﬁggéﬁed and thus

Yy t e manati;eman e outer

thﬁuslame cehpasibalbnben quep@m@m mor@%e.@wﬁﬁﬂ} if the
hiélﬁcéz&%h@fhtlén\i\@ frsfiﬁ £ PNEEO BT BlonP 0.008 £d10.088AR lin Pb’hlckness,
i's_consi rabl ctl ns t | nhi bi t ngﬁg bl
the $texRRe fife Ffm d&h ? Etﬁ longgr per of¢,desirably, if
thnetkah;hi‘domenﬁ@ﬁmh"/oregoﬂnm i acarangetoﬁtfrcnn 091ptes@@t5um in

tRhog, e QuLeLe LaVSy *stifpflﬁ%sg surlrb§EA Se FANIE the inhibiting

aneous reve oXxygé

of faflures anithg wergebonded pertlm of admrmhngrvwre differdienlgng-term

stophgea surface of the 20 wire even under high
teﬁerature heating. If the region where the netal M

[ a concentration of 96npl1% or nore is 0.002-um or
nor e Thetﬁ!tcﬁﬂé‘ﬂsﬁesﬂtm ﬁ@nﬁ aire eoxﬁﬂﬁt’l%ﬁt ﬁjtlizi‘.ﬂ) iﬂsbexiﬁ’@tlon is
OXl g |Ie| |sbe heat ed %‘ %e Oﬁ bod1
g RAng LT R B RE %B% Pﬁ R ckRe&s PORMIDE

prdcesssphslragel tnouﬁted wath a Isem1bm1ﬂ1m:ter| inchestadaat! 300 to 500

db RSl d g ﬁ;hgxde nd84 % She RMEtbn of loop is
tss‘gecrease 0 pro%u ﬁlae ? (?9 gtg ?&t%h

left gh higintempezatwn. rgi lmughm@r @untelaﬁbwémsmn@nbwmf terminals
efleclRTB00 Bins, 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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concentration is 0.004 to 0.05jnn in thickness, a
prof ound effect can be exerted that even when using a
thick wire used for a power systemI|IC or the |ike and
havi ng a di aneter of 352zmor nore, its

hi gh-tenperature oxidation 30 is restrained. This

hi gh-purity region does not al ways have to be

3P SR e BRSO AL 355, A B ot

oretheclike.t @ybgher@hﬂaﬂlgnpbﬁ{aﬁgﬁi\}'lbz fﬁli'i{aeehlfgh -gxamiple, Cadheswn
e |ocated in

prBPrEbaen paleiane topi bt Rk sfFtaty e dnd ac o

resoliatetenean eastly infiltrate the enmﬁ'fadeetharebetvmgmand rthwus there

L

Qﬁ ressing the high-tenperature oxidization. :

[ 00621]f d @.e&ﬁ&ﬁfdﬁc@o@ﬂ@ﬁcet BOM itd esblla@bs RAE l<(§l£i}'ei‘§la§)rer of
tructures and .1 nterc n ct|r1 t.echpol ogi e

0.82bdRd A4 Fickness APaid%, b outér. R where the

coh@é’ﬁtra@ﬁmoeﬂ)ﬂ:ﬂe n@t4l M“i@ BBhfdi% br midrerinStagiel {00 0.06zm

in PR A dBoR 1t rels iy b PR URY BePetsli B oxidation

whild thns dedridigg peifeorovameetedThin adetire i bomimgn pqﬂcaslse is being
mghggéc{] %npg rﬂe%[n% CERCUPBRD Be&RblihA dutt f]g op 1 H’&l,lﬁ{)erature

teriorates_ causes a

oxjdation, léedliﬁcult tth redaispenlythy the manpgementrofptheg Outer layer
thidia s rlﬂltsﬂiéi Q:bﬁﬁﬁ)sﬂ,’i@n Qﬁnﬁl&@t&ﬁeﬁ ”laSrB? Q&ee‘iﬁéiﬂ’gﬁ ehef region

wheth ihn poeostraEgar o 5y AP, SE sppsidepsby” Bidk Functions to
indlileit t thed 6ﬁdatioﬁg Iflachigh-theceatiagiongegtaniwigerenthe metal M is
acent i res t
OGRAE ok Aot B EPEER il T el iR B bRtk Pnanced
effter icanatles, exertethe which ofimeléaneouslywiprevent exygen from
mﬁﬂ%ltbne% Zﬁw)ﬂ'& %e{w?res b £ %&ﬁ?ﬁf ‘ff(ﬂﬁf &’im‘ihg Nnd! %hs@ﬂ'ace of the

WTe radi ng ity of tliw 0pp
wishgeroRn e high EBBRTRire hertine 11the giLPhese the metal M
hagé‘v‘ h{((%ﬁitﬁﬂﬁﬁtt{cﬁi@f B@ﬂi(?l%j@f aﬁﬁdn@ Bt 0D02He o merm% tMckness a

roken,to s eel Ln evi cases
Wiy $RRrS REPHAIAS FABLOoRR OB oBRIE, o s Dgjughheated on a
sterges Qur aHecdthen leamd, bif #res wegitnasxeeedesdO6 i in thickness, the
t t
o150 S A A A e
agguseh comeetet iahoudnddearease t iofr progdvetivity. | Grefgraply, if the

(f-&ﬁ:%ﬁtfa&i’cﬁg Righion Mathelrd %@lefnetbﬁl 'I?PH@VQGM% or more in
erf or rences attnbut(%leto%é surface (.0 tff" b
capcentigtion 48 9-AR4etos 0. 0pFm 1R e fe ect can be

exertaD that 6esh Gihea Wbl Hlii&kewﬁ%d;lm ﬁﬁ:la power system IC or the

1R anll 708 %Ifitlatlhgte&u‘i’fg 1750 gk, 13 ke R skt oxidation
isedestrErnined sThis higlcanbity, regigry doemmot ledwiaiyk dhaeeeto be positioned

of Qﬁg %&)ﬁ%ﬁ a%e ¥a Qﬁ%ﬁf‘te%ia& éfisf,j %ﬁ& ¥hb olufer layer, thus

escri
allowmg the above effects to be exerted. Prefer ¥>1 . 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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regul ati ng the conmponents and conpositions of netal

el ements that make up the core material and the outer

| ayer. It has been confirmed that the 30 effects of

these nonnetal elenments in the surface are associ at ed

with the thickness of the outer layer. If the outer

layer is 0.021 to 0.12pmin thickness as descri bed
[62Ve, the control of nonmetal elenents including

carb ef, 9f4 eI| { il V. .oper S
Al t hgﬁ1 (LRt i "1& n@ﬁ% § |I§§ist1?€f‘%%§%i§e%?u"t“ms and
1rtthr®nnnscpngs lmabngloew t evenc tforreahaimmshnghamr% ldgving such

cchﬂ@% dtirdipeshidis &&e&h'lﬁyﬁé % 0I Bs éﬂ:ﬁh‘%ﬂlé]f‘e further

ani cal property e cor nat eri al
DeTARrmaneg smn&ﬁxwmetlme@r@amre&ﬁn refspten‘éo gladigg: pgriormance,

s & gcﬁalsaa@s b:s&ﬁahlgypbpfoﬂﬁaﬂce eandaﬁns.-&smkg aﬁex@oﬂﬁ&ﬁ&@ The

or nore, stren textur
d%f&fl&fﬂ?lape? %@Sﬁm q’rarmw EEW%S& capﬁ%v through hole
anid fd eivé tsnﬂfadenﬂéwrﬁ)rhb@ @aué&r aaleps sbsfpe: QBWQM wrﬂ@ely With
el ements i ngt he surface of

rdsEet 80 TR St BRing 1hRG S5 EifpHes e Whelated on the
Smﬁa@m ofitai srirefin ddrebprocass dixpgp redntrolctncensedheidogging of a

@lﬁ% %h?&ju%f‘ﬁ%ije Qﬁdt %ft%ﬁmﬁgg ﬂﬁ %Ltgleagéiﬁgﬁﬁéss coming in
consagcwath adiasent sviges ithae guiphise topgarrachical trparbles. When
tNanidedind ﬁ@rfoﬁiahb@ d@ﬁéﬁéreﬁ@é‘din WMREBa e e Bino ) wHE out of a

10 c centratl n o ‘M and copper
S THE BaReoH® Paliertod i dFREmAiH RiEe ARaViresbending, dograding
theohnemﬂtﬁbf dheiabpi@hiape lbfekhet Wate bended cahdtvehelahedinreeling

o &b SbBauRee 0 b E6riB b SISy B Bk PRt stop
reefinghdewice imispyneotasese Byufurtloer irBproninggi thesg sunfae properties,
sthhRe R4 clfu‘?:'i:lgglalzﬁﬁ hat gﬁgmte'?fs a8l 9‘@@&&%%%@@&@ ®he latest

S|tuat|on eman aSSOCIatlonS W t
gds r%@@m%éla@ atn@rsl@% &Aool aach as dhatpeeded in fine

p1€é]i b@ﬂn@dtﬂaﬁﬁﬁd@ﬂuﬁi*ﬁéi‘%&ﬁ{&lhgl ed in a certain region
' he surface and such region only exists in the

[Oglgg’nity of the surface defined fromthe ‘uppernost
sur f dtchao bebe fdepidhodt that innordler up impodl puclorperformances

ateFEReaBCkoC DA 10 SBR ' wARL oS0 al Pt BlErmance,

| ayer
suyzfafee Scrapingf r@tu@ugbyerfarmcanmn@xt}gmlme perfarmance, it is

effé%itNeYtd forsh 'adi'é@on A& £ gﬁff&%e oTUhbas€te2 098t Rehere nonmetal
re u erformance, unreelin ormance” or the
elpmen Sl\)%é‘t (A% SBFR9Th s OXY BRD m‘rgches ot AEe remcgpirated. This is
becankst ﬂﬂd{e diiﬁe}:.}/qbe%esolb@nghbl bréhlenishﬁdebahbedt above only by
abi y or_the escr | ation
refRE4ARk e GRBpOPeRE BEA CRRDRUHREF SBobar Elegreticthat make
upltheytarg wladexinl amskthe nntas laﬁema]tnham eencodfinhed hat the

ei?eh&g of | %8k m&t@ SRSerRt L O% s[Lﬁrfgceggﬁ? réﬁggm@f?d with the

conposiLtion and conmponen
thicknessi 0§ thee omtenlayer.akfl thepputer layemdshed21 to 0.12zm in

tlﬂ&f@ﬂéﬁé&{sa?ﬁ giréggﬁiﬁbdcéﬁm AR cOXHBE R NRY MRt A 1PE R m S tzChicluding
carbon, oxygen or the like effectively operates. Although the detailed
mechanism js 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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[0065] 30 If a sem conductor bonding wre includes
the outer layer of 0.021 to O0.12pmin thickness, the
carbon concentration of 15 to 80nol % on the outernost
surface of the outer |layer, and the region where the
carbon concentration is 5 to 80nol % in the depth
direction fromthe surface thereof (hereinafter

o b BRI 50 HEBER D15  h
stremigih el netel dextuire ofthel aupr dapgrefunctivn d@msnan‘dmnd thus
it qu Fislai E&fﬁxegroggf tﬁ@ &%ﬁ‘@ﬁe\é" by, E&fkr ﬁm the nonmetal

res ra|ned ing t car bon
elesppptmin thy @Wf@ﬁepﬁ@l%eﬂtﬁﬁrﬂﬁgﬁrsurface of the outer
[obeuler |s that the carbon concentration of 15 nol % or

TR ETERTAE T R T pg—

conﬁéi:lllﬁdl; Eﬁis bﬂcﬁl&ﬂsed&im ewrhe Itbmtdfdjheemeaﬁ_sle&ﬂents such as
e or mance, o r

cofrn bt Mo A WS e ERRGRARLeifealy S as carbon,

oxggen, unm'mogehomnkﬁ r@ephkbo@mrtdne otiter| bantl, peben efalenlating the

co?b&%%ﬁﬁ%ﬁ t'h%t QP41 P04 RE CB%%%B?&T hﬂaﬁ&ﬁp rtﬁ@%t@f 12yer and

EXI S S as an
thecete tn@atemﬁlf @l gancenragimy salye iscusesh thak is éa]@Hlatﬁé based on

thé a8¥sLot bRl the Eﬁét%l RELMBREY teh&hﬁﬁﬁ@ hhidetdl elakedtal duch as

nd the surfac t he wire,
CAER QM. QRFREINOF ihe 3*%&%&* et o f §f19 setace v utilizing these
twOrknetM@é(ft&Scﬁalcﬁlhelﬂgllfﬁeéoﬁd&hﬁam hg rthe rditaetiony detrmlnds, the
erl,or e IS xXpegt e 0] r
asfodifjidfe CHAHE R e e ekt Rl G O phlll Bloarer.
Carboui agd paygen mwmnerated dnes certdin regiyo i ¢hasurface and
sub Sk@%b ofifH3%idts NEH) liﬂe' gh; 'Hf %heaéﬁffseé 24éfindd Bom the

[ di a sirably
unprerw wugfac@otﬁam %thho‘ip‘?%%qlbﬁ fyp f@aé Em or lesgoand carbon
aﬂdooxs%&pird)hat tontalthék ieside thutar Ropd e retlaceédrd material.

can elerated dye to ,effects of ssin
Propayiics HIGHEA Py, FaTgom o G 2P cLliREed SEpflly to sliding
peirfogromandeg suhfacel scﬂamgamdﬁmmpeﬂbrmaméf antrealing performance

orRERIRIOMF A (8 TON e e Peg, ARG Sthe wedge

bondebalite $herloall homdsbylit o0gbe Likemdeseribed gn assoctation with

the Cfﬁiééthhgriﬁe&ﬂelvlf %ﬁﬁ@i- %dcﬁﬁﬁoé‘f R afdyi bl?-ﬁnéﬁ‘tst éﬂﬁwng as
surface of the. outer ?( effec

It
main, coRprRRntR of the oyt % <and thg Coxg s ot aterial afgigoyerned by
the ltdaimmz.tnmg andl¢bthiponenits of dha\ma@lvedéﬁmntts in¢ding the metal
cenln tine or ,the e, lnN.a Wr [ n
o0 oBBer, 1ot boq eBertiod, tig cRrRon . G Have a less
dlmntrerﬁlcbmhgrmf agent and a |lubricating agent, an

rsing condition, cleaning, dying or the like in an

anneal i ng process, are _selected as_the need arises
and tlf @ssemicopsiictor, bandingswaresincludes the outer laxer of 0.021 to

0198k A tHERkALEY! aa@fca%oﬁt cdtRneRicd dfhesPEOBREED6 on the
such as wire dr ng,

outermost surface o the outer layer, and the region where the carbon

concentration is 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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30 wre annealing or the |ike, the corrosion-proof
agent, a surface acting agent or the like are applied
onto the surface of the wire. By optim zing
enbrocation conditions (solvent, solvating nedia,
concentration, tenperature, inmersion tinme and

i mrer si on veIOC|ty) cl eani ng condi tions

reasenger dimiting thereashbem concentradoy iongthrooutierinret sugface of the
%%fpféea?égu i€t e PbHAY I?([Bnttgﬁli!n!l k&f; h@%@‘i/?"&' more can

centration-region of car sur

cqntél e impraviegnbpesliding marfarmanyge whilesjecertagn tinetances,

1t2l49c09ﬂ$§ Qﬁ'lé’éhé’ﬂ?é’lf ﬁfer‘éarbbﬁeédim@flﬁrm eﬁé&'d%eﬁo mol%, then
acc ng to e compon

nt.s nposi t 1 on
tha¢ ?n erper TIRARER vfg oWn'&g éfﬂterl@rateéppg?swag in the
df@rada:dhomz Oine, hcdmmus almicﬁngl rﬁkeéﬁﬁ%aen@ dar lltéééﬂ Vp&rt of a
LOM ese .cnemcal s e 1S
BgIORAGER i SOR T o Farh D du the S eI 0 mll Exigte as an
oxgiodcl filnt aral khosiid é¢xpdctéd tohfulfillr & louilen ﬁgnq:mm esdficient to
ré_?ﬂ{cettjﬁg fgﬁ:@?y béﬂvp n £ﬂ@5§éﬂ]ﬂrp %ﬁ’.ﬁylféh %1'5‘1&( EH& t?le surﬁ':—la.ce of the

urrace ac
WikRe; ers 4hg hmhdcancemm ciripoy tregion Giso QtQQﬂ4z eumher more in

t19ekREdd, Oﬁh@fbuﬂé}efﬁnéﬁéﬁ‘ fo? ”&ﬂ@@ﬁ@lﬁ BHe aslftﬁﬁ@%l@f@o?ﬂlance is
ratlotheLeof Ias L.fication terns of a%gim
eXpRFtAd fior PEaPT s¥elf orpredsl @91 oM Hickness, the
cdmﬁimﬁd:wsiﬂ)loﬁduﬁé pi{rﬁﬁ@ﬁéncé‘ @btéh@ftﬂtlésfﬁ% de lllfdcbhﬁésaaﬂ issue to
reC|se concen on men e c

a0 o} RaR R fako f iyt s tRRBH 8 B By MirS Lot or less in
dmneiiessnebmbhddﬁ therhgbpcmmeﬂkraftmsegionmfcmhwl is 64007 to
0008 R Yhi dl-ffs%gtt@éh' rbfo%[faﬁﬁg %%’r{lﬁf‘%ﬁn ﬁ‘é‘dacEQI%rated due to

other 1S a no at'ron
fﬁ%ﬂ#af@%tsuppn@smacﬂwsmadesqmmm o ﬁgwyreo@\é@shu gesult from

ﬁfbvﬁﬁk et éh&lldggéérﬁgma'ﬁﬁé OYRNEFdCE GFridaiRgt h%ﬁhufacturmg
es or e I n or ot to jncrease
RHLI as*ed&e PTob %S%eglw PRNIRYRRE H@ﬁrﬁ@néﬁ-b@tmn to
ixgpmlngllﬂodpcﬂmﬁyty In either case, a region having a
db%%red carbon concentration can be fornmed by
(o0

rehensi vely optim zing the processes. [0067] 20
The whe enefihods| fongoptrdllingdhedoregaing carboheoheentration in the

s bl ﬂfee%uté‘f‘ ?e?chu?é dtRitivElle. ?e (ﬁma]n ke fﬁﬁh@&'acturmg

ereo ayer copper renal nNns
P{meﬁ%z& at rﬁdduﬁmFS of & dubaeayngly @u@m a ywirg dpving velocity,

cléa AT d19ie WMhe drStidlike ﬁr@%ﬂe @rﬁﬂfiﬁk ﬁMoEébsa or adJustments

taln degree of tension a ed the
of FhS b iadion b CRBMOR BRIk RENRE A, & IyIoa0E gent, an
1mmen‘mng anhdition, bleading, diewiean the lﬁzheﬁnm mméalmg)pmcess are

sﬁg&%d@?sf We(%] Qeeﬁhag—lﬁ%oggg l?:ﬁpggaﬁrgoép%%ﬁzéf r@ﬂéf ¢ t‘Eels effective

Je;r the anidsle f @reat therendhef thé Iprpessses such as wire drawing,

d
fa. @iﬁ%?%r%%éﬂ?ng it drahiBh ot aeEs Bifface acting agent
r@ﬁ" i #¥ea ot %tﬁnéhe ﬁ'éréfapﬁgOE oth%év’gpobBﬁngpumlzmg

elﬁﬁ%baaﬁotﬂe%@ﬁﬁﬂoﬁ@ 3QAsbRren®oP édlﬁ@ﬁhgt y IﬁQ&la concentratlon
occurrence. of wire fractures. her af

telrﬂgerature immersion time an 1mmersmn ve ocity), eanmg 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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priority is given only to unreeling performnce and a
wi nding tension is excessively weakened, there wll

occur a |l oosening of the winding, |leading to another

probl em that the whole of the wire wound around the

spool becones unusable. 35 [0068] A wire wound around
the spool. in a manner biting thereinto, 25 |oosening

of the wire wound around the spool, and MAre adhesi on

copposian pEpf cagemdt Epexsr are HrARN cgﬁ@ea ifceardipg to the components

an@eédt i n@ﬁtﬁ@ﬁlétﬁ oﬁfthé E%té@ldﬁe&aﬂ%ﬁgdélﬁﬁ,ﬁgf@acgr@gﬁ for 881RrSsuch as

erye a ee

triafialeg beRrptiaole AR 0aoF QUHaHIPS IO (st KBomicals or the

liksuid alwe ﬁal.]ldtﬁe \A/Beeldéag th@reefai'f q:tt}%nsel lnndf Clig h#’tir?%tirfg agents
contro I N (0] atl.on ,0 e Ssurrac (0] e ‘.

adG¥ASR 20 lin i ehulf B iR (Rhwhele SRART ! il Fomposition

thereofs ﬂnbp&weladn:tmnfg i, ashjaps tavesurfadel hetingsagentiongthe like is

o LA ) eSS T paion o

thess malnas;@npmentﬁeamd raecqmpﬁundmm matiphheregfodiy classification
inCRA¥REt & AdABEERY ahfP h@&dlﬁ%hﬁﬁ Bﬂrﬁfédeﬁﬂedoefﬁ@réﬂ’di%ﬁn and
he sa 10 tlmfe g-l n OXi d| ze| n‘i becones
@%@@%@PQe‘P PFecges, Iqraighlyrepro dy 9,.@1 jpecise concentration
méagabént, tc)indfé §la§§1|ﬂdaleld md\th@ttﬁﬂﬁwﬂﬁg ichgednonkl ik airesaddition of
e §s Lnvaolved = an erefore, g
prgR L il BA0E oo SRR cRTosRRRrePreh OB R imelBRBaERRy barbon
coneguiration. onTthfu ghrfané,yand sha g!then i ai modifi¢ation ef the existing
w:%é’ %fl gﬁxﬂ‘inggfrs drsggléB?é gl?élgﬁ{él‘ﬁﬁl%?g?éeégggé Sﬂgiaéte‘ﬁeisé’ slight
IMPEeYARentE POA mdana@n@lmbanﬁ%& oz thealike 4nprder tmé to increase
théieﬂﬁﬂlb@rfépbltraau&%% ¢ &E&@é}ét wﬁﬂfx ymeRhifattiedhg ekt NEWen the
appropriate conditio sur f,ace oxygen varies
PrigZiianin Ay RAFTRsEn o eI AViBE & BFSIFRE CARbPR CORSgRTation can
betformed ity ¢ayprehempperly wiptian sring e peotdsses. | npor t ant
t the thickness of the outer |ayer, a surface

gen concentratjon, and an oxygen 20 concentration
| n t Fdedepra umrraehngcmﬁmnenn@rlermmmfeﬂ}ge bpsicnpexformances

unld@? Ga%%ubf BeS B'ﬁ't *:% %ﬁ?ﬁ&ﬁﬂt bRRELN Ghd¥dof 1hnﬂ£éJ ‘i’ﬁﬁltﬂayer copper

rEIﬁE wher e’ t he out er Is 0.021 ﬁ

wire i gt} Femaing o ugglear niss 12 gmm ee off r@%p@c%t ca y,eua 200 to

3,000n- lbﬁ%%ﬁehﬁfowmmd»?@ﬁndwz gpa@lr itloa, ce@ﬁ@lln d(Iagrete of tension
epeynade e re 0 a an en nce [ a

app R HEF, 5 BhoS SahiBeaR e oBY S BSS R *Fhen, che

spadinisl ftoumted yogen bamtingt deticerto pei'férrﬁomttml@wbapdmg with

thé %go{:mgﬁgg@ﬁ‘téd 0 uﬁi%f he Wi E Q%Igﬁ.{l?%eﬁﬁgrgcﬁformance of

and W re bonda

the | wirec sletexdoratas, ibgrt-atoqcne therdailures qhe cizesbarashaped

cutlth$ of 343%1% anldeHe fiﬂufd%eopﬂt&fﬂlﬁﬁb (ﬁ‘J& fvpieg th%t'l&%:ﬁ_astlcally
an oxy OP ntrati ﬁs t 30 bo a

defom‘-ﬁi 35008, 1eARRg 0 (RER § fegyadation

in Q@dplh&eamwaﬁad ﬁccm‘mﬁ@ﬂbfl Fird tmic‘},’uréls C(Xﬂ @hﬁ other hand, if the
pnorﬂ:‘fre{]st rg%}elno Ghly % dﬁrrl]&eeu{gf %re%rx]'gaeaﬂ)cfe gn& lanwmdmg tension is
excessively weakened, there will oceur 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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wire deteriorates. The oxygen concentrated region
whose oxygen is 0.2 to 25npl % in concentration,
effectively operates for suppressing a breaking-into
action in a contact portion between outer |ayers and
the 35 bonding failure. If oxygen concentrated region
is less than 0.0005,umin thickness, an effect for

looéa@ﬁﬁg iofighé Rers worald Mbuirt {1y Meand wﬂs Sdeionf ofteﬁ cause
xceed nlg g ﬁ) gat hi ckness th ndab| Li ¥
AR PS pLLhe Ropsbas ReHNE e the HOUORDIe: coppb¥ as mein

facioms thétdof gIttHEes byeagﬁmmbﬂmm a:tdemrtomum:hess thasedaelures, an

)ﬁ?{gie/érb%nggrg atlogyl%ir ?heeaﬁéﬁﬁ# '8f fid Grd %ﬂﬁ%ee Qﬁe&ﬂeely Whitrolled.

Uri ng process

Befcbatrolireg thadyxidatidn Adfhessneface otjftheeovgter }aﬁer wire sliding,
wirB 9 RldrOBs tRE 10lSaRl RY B &E%d Rg e nzu ﬁﬁj%erestrammg
justnents o I

Wre raMAng grocess an . %1
mpfadt ipiping, thapisrastpained hﬁtvm%s%wer. YOS | in the vicinity of

indéyFedihl 'I'ﬁcési Bﬁ w%ﬁlclﬁtt]ii@%ﬁl%&'ela rCcﬁDthélgNﬁé whendi &®und the
sel ect ed needed

effecti t
spRaf eRRtACt Hes h%amnwvm%?ﬁ%f%%aﬁlpﬁep b EmaBCe Afithg same
tipepifss oxidized filinnbecdmes oxgysehaily irvgdy thetrisk afedainaging the

bo%g%%glﬁ%eéctggﬁgsgﬁ#\ ?g&g?eS' éf ﬁg(g)&{%ggfgg ?P{)élawlgé] is involved

aref fderefore dﬂlecamanmgemagtt:hfé sox ygargesoroanentzation and film

h%é]ﬁié%@ B%'Eo aht ’Pﬁoﬁ oﬁ & sin@YE bxidigdd ﬁlm is formed,
tin terrperat |$tr| ut

| n&
ngap armﬂgce/ @ﬁ@cqomlyrq nskeely éﬁﬁai gove and
theaéifoae cwld eﬁ%&:@é@iﬂti‘a@@n(ﬁl ke buPermast! bawaw@l am m the

shj el erfor re,optim zed
d Fhm%cglpﬁc iy P BriEeds TR ma® dfrbpriate
cotdatiom gpf mrmexygemwame@éperglmgm oar thepthitkness of the

odtQ¥ ﬁ%?  the o %‘%%banngg%éé%ug%&) ﬁeﬁ%ﬁ% EH, ﬂ:gp{)ftgnt that the

wre

thptrl@mggﬁhasmd@s deyeed a@tfaee oxfigen @pn@@m‘ﬂbﬁomb @pdcan oxygen
co?@efltfﬁ'i:ﬂ)‘heﬁl tﬁ(}l AP IOREES b age tha fﬁéh@ﬁ&v@ﬂﬂ Sﬁﬁirﬁﬁéd on

[ g L e depth rection. By classi ation Tfromthe
0063 dpoi nt of addi ng and nodi fyi ng processes, in order

to rTEIﬁaQEem‘li&tﬁidiih@di\i' iﬁlcahdm?d‘d@? hhehaled dirghiopr adieze the outer.
conce 1.0N 1 S .C | Ca
laSPEIEY D2 Bro a2 4R AREEReEE Ry PRRIT SRk, B e outer

layemsséctoc%mdm i loxygen ltenceytyationy audn&heaeumluero mefenreed to as
ard %:}vgiéﬁ : oS ARRLAAC R %ﬁn?fthiaghﬂfa)éb NG AhECELA Mayer is 0.2 to

al t er nat condi t
25{@@% R méﬁgewcp@cemmm@t ig 0905 t6c@H0 Tgan, &h@éﬂ&ﬂﬁogfswnts in

utfeeling ﬁ&f@fmﬁhbé ¥rdfl a 7@?6& Aebp Nikh e85 hnﬂoi'vuteobondabmty or

thg I P barepLoad 26 e e infawa ¢ %%asgom E¢hP et ae that if
thehbateridsts suﬁ'abbelsowéﬁr thagelmdl% is oxygen ttbacentration, the
o ORE o Sl Bl it ) pl, e i
excaediorg Rimoh%aiidokjgen tcontémetrationg \beomehingi perfamgance of a thin
wire deteriorates. The oxygen concentrated region whose oxygen is 0.2 to
26mol% 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 0.0005pm in
thickness, an effect for improving the unreeling performance is less and if
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reliability in the TCT test, advantages are given for
an increase in bonding strength, a reduction in
sweep- out behavior (failure in alum num spl ashing) 35
of an alum num el ectrode material toward a periphery
of the ball and in chip danage. In certain instances,
it becones a practical issue that a ball on 27. a

copper - based bondj ngﬂvm re tip.is hard and _besides work
emae&éxﬁ A§0i7pm tetlicknessibes tbﬁdmmlhhéd@fe@k@at%

[oBlrgm num el ectrode i s swept out | n bonding a wre to

[ ndu% ﬂ - Ci rCUIhﬁ’F’O(g bet ween g@el ectrode and an
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ammaalm tignefan atusspherectmcoming bt shed: mpﬁe@smlurgeelected
%at&ﬁhi’ié@%so Lo, bﬁﬁ’tlﬁid tHe %nﬁgaﬁﬁ?' §5| oo %nd the wire

g 2ol % or ess an_ effeéct for sup
B- BERCeSH dayFRsRbixeds b romRTehs rARHmzeo fhelinrgcesses

aridl gﬁﬁﬁi £ dBgirsd dxspeht coﬂcfantﬂ&%mr{@ég”ibn'\/is' Sdealaedlisly formed.

R SE BB oo U e g s on o
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coadetuan &Gr&ﬂﬁwﬁm i ovacﬁunee cﬁélg,eldabg aerformanes) wur@soptzmlzed

Flhh:ﬁe? Uh eohrbad’l%rwﬂ f&%gsm ahhﬁnﬁéﬁlfnﬁr%és%b £ QHPE'drawing

he net al dlf erence

onent
Pres%%?o-g.% LA AR A %ﬂatﬂrzee%lﬂened above
aralther coapahing ﬁheoaﬁtlhﬁzﬁtlaﬂlpﬁf ithet Bhﬁbaﬁﬁg aﬁd wire drawing

prffRASE S8" SRR e, B AhradURBILER ¢4l bs ipoproved in
contradlingdihei oxy genrconcentatiorcirethe dépar tlivestionh Byvadssification

fr&ﬁdl%esﬁiﬁﬁéo%nfa gfs‘, gg(rigno%ct ﬁ%bﬂff?ﬁféeﬁg&:e%sgél in Sadegd  manage

poyrti vt even 1.n

thenhighly (reprpducibile @mmglhg)rm@pecqmnxuw@mgﬂué qlewficatmn
aﬂggghd?toé&iﬁr it daoezaas@fﬁ%d) gﬁ:;dé fan% a%ﬂmfcgiggﬁ negﬂy adding a process
| u S Su S
GORECHR Bttt gl bhe Satitsn CORonRRTAR qUpFRe FRsfcenan approach
of matisdying hQR¥8dinl fmpivvemsrer andtcestuihagkentatite of Woardition in
O]
thp e 8 BERC IR e RBRG ff VRE Rl h eiftfs hffority to
m&nufﬁﬁﬂg@mt mlttto ngcrsalsy aoprocessl of a bonding wire
[obmpreference, the msalignment of a ball takes place

inf rm g the ball in_sone instances. Arc discharge
has alpt g svrecinclndes @ segionnBdiers @ ropasentration of the

méedi MesviieRpakakas dJ.p the diﬂéﬂ'la%ﬁhﬁddisf bieé@thdr copper in the
wﬁolgcct)f %nweirmeslssl 85 tg aéj ofts' i %ot:ﬁ,r %rl 2 %%gpeerty that a ball 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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change in ball shape dependi ng on the copper

concentration on the 35 outernost surface of the wre.

If the outernost surface is 0.5nol % or nore in copper
concentration, an effect for reducing the failure of
eccentricity is 28. exerted. Desirably, if the

outernost surface is 0.5 to 30nol % in copper
a gonperrbased c‘mndung)rwmer tiphap bard uahd dsesades wadubardening in

S r.th I
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atp‘%sgﬁ RIPAEY N tﬁfeﬁi‘“ei. Gte o region

2l e copper is concentrated on the surface of a wire,

t h d
LS A s%i%lggﬁgﬁgeoﬁcpaﬁ%q %ﬁgapﬁémaﬁfhgf iftfifsion layer
beggery; a1y Pﬁéemf vertand a eoraquatemal jmpors asivatilershat fincludes
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thte hmte:e tayaer ofl(E021 £6©.2 Lepparthicnesat dred acmppsr d@muatlon of
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evVEDONS ciriewat ﬁnﬁ hy Wisngsybare th %Sﬁﬂ?'%tl!ﬁt@e@ﬂ baﬂé bonded
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@ (TSPt 1 AOREb PR, o deo it bhesurige. | onst
[0pZ8k s of the 30 copper concentrated regi on and oxygen

B?Q?Eﬁ’ﬁ%é‘é?'?%l’eﬁﬁét"@a%ep%?i ABBSirlaveR exREAE RGN i copper
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dissieirgbthas 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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35 existing inside the outer layer. Desirably, the
copper concentrated region is |ocated in the vicinity
of the surface of the outer layer and specifically is
29 located on a nore surface side of the outer |ayer
than quarter thickness of the outer [ayer to thereby
achleve a remarkabl e effect for suppressing the
nper hgre Qxi di zation. A carbon concentrated
e%ﬁ'é Eothseoutermeshsuafase 1@ Bric 80gol%aie copper
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acing in the line analyzing and ana
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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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[00771 30 It is effective that an internetallic
conpound phase mainly containing copper and the netal
Min addition to the presence of the concentration
gradient is contained in the outer layer. In a bonding
wire which is conposed of the core material primarily
contai ni ng copper, and the 5 outer |ayer nmade of the
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segﬁ'ﬁ@ %ﬂﬁr@ébg}éaﬁﬁé& V}eo&hgﬁt%%douc}:@r l%‘ﬁéll i!s'ﬁhé? Bﬁa%a%f advantage

atln

hat ¢ tis somparagively wgswéphd@edmahee |c@n@¢rmr§§9npqh§tmhgtlon of an
erﬁfﬁteh @%sﬁ%cﬁﬁﬁﬁl %u%ﬁa.c@aﬂﬂa %ﬁbﬂﬁ&blﬁfy Reseveral omts When

RS0 a1 e Py 0 S e Gt orsen i
theesaronti ﬂﬁpmehh iAgtother appibach o8 ads® pessihlovih which a wire is
SEREY B BOR el e MBRRpE 6F o B AGn debet Bt Sdpouring the
conyp@tramna Inleduanalymng/ pe compfanatively Isnmrpée tihi & crosd-gectional
sutrE&:eS Wﬁ%h tdﬂ gi/&g?mﬁ 18 Jélfé g@b&@ Wé\r&o it is also

mis ,esu Stlt t1ona ype
chiverts MHFOHCRR Wmea spackes i dhe dingcanglyaing andapalyze a

sploﬁ b@flﬁﬁﬁﬁhg% Yeél@ﬁ'de%ﬁe'dntoaoﬁée&%ﬂbiﬁccfﬁﬁhgrto thRevicinity of an

infarTai, AS B0 Bl LEING FRPERE G S P GoPFRRtRpon analyses,
utjlizad mae nee fedeletrpA Offbe ﬁﬁcl‘baﬂdlysBV@BlM)l, am eRehgyldisperse

ca S
X8, 2BAA0 RO b AR, BRculRbA CaBHEif RS and a
transmission electron microscope analy51s (TEM) or the hke The AES has a
high special resolution in particular and hence is effective for the
concentration analysis in a thin region on the outermost surface. For the

research of an average composition, it is also possible to proceed to meit, 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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31 deposition nethod or the |like and chem ca

adsor ption nethods such as a plasnma CVD nethod or the
like. Any nmethods are of dry type and therefore a

cl eaning operation after a filmhas been forned is not
needed, thus elimnate a |ikelihood of surface
contam nation in cleaning. 5 [0081] In a stage of

appl yin | ati ng or, deposi tion, effective are both the
aBBr gi}k ﬁsgf&?feewgﬁ—‘n&hat 1'9 anmlaterm@ﬂih@ afompepRd Pphase mainly
ccfjrﬁtag@l' eingWesEpedi anmet eh{ta hmieﬂ@lthit&_f eahml | iﬁafi & ﬁ?ﬁpbﬁéééh@f of the

raw,ng.a W.re. nore n.onge ti a rget ;W r . )
CORCERGELICh Erptient s Cunaincthin the PBistelryaTs IR dending wire
wh_ﬁ)clfqiﬂ cdmgpmihbéi_:ha:ag@ lﬁat@ﬁhhb;inh?ﬂpcmm?i_hg‘ tdpper, and the

r [ tye [ [ e fi . .

offer gt 'pRde M hel AOTEICM, Ao hobPeldds o Hdttion, with the
cangentratien gradientnof eoppet and aneonbinwee ilayexrsf off {Henintermetallic
cdRp&hRgs PPin Rt cOh G b@p,}&é}eana%% BRPMPAHY irdtBlBretallic

approa&h,l s advani ageous t, rove adhesion_ property
CORPPWRAS impraves the anpehanical charadprstics suckanp sbrength and

cdefficieac fbfoéla%ﬁ@itﬂf5oﬂ%$ _qlitﬁhﬁﬁg RS 1t! Be@nfe Afore effective for
a I.I mon er. W ../

._.approach, of for.mn a.co O as 't .
ir R aRR EhE lodi e REES and A uprde Sring A H e whith B enCapsdating
(066811 nuously drawn within an electrolytic plating

| ut+ . fi. draw _ng . J .
bo. § oNHL M RRCRPRHARCthE hAIBNL R APEURE B 48 present
inyengkiopy a pOIness for fermingathe anitey lapethoficthe surface of the core
mﬁ'ti@ﬁhI, QHilifig %deﬂféi'h[ﬂl t2esthbAt g?gﬁesﬁgs & éﬁrﬁr?]%%%tgle outer

fi 0 . I'n_a working proces t.er .havi ng

layge égﬁ%%gﬁa layen ppdgthe mimarelaﬁjé gy reguageslyi iy order to
co?itﬁolSﬁieE‘G{lﬁi lh(yér,dﬂllfd‘ étfrfﬁﬁb?iﬁéhp@ﬁﬂie aotk bhaRridl andi$kikkness,
. e ur pose, ects i.n a _progessin

i, e Qe HrORPRAR f0F (GrmORE o Ckr JEVar Gramagoment of the
thicknedsaued the compositidedrédfirst peedad so ngpivateoat tn initial stage

of THESSH @he_@gpélyjfag,tgﬁ_r atio or a die face reducing rati o,

a_conposition o e outer |layer and adhesion
[Oggggerty are affected by the control. [0083] In a

t her rmbtmcs@tfmertbrﬂﬁﬁ%eéﬁ, o@Rralaydl O e Qwﬁ{mgfrbft BBe core
ual,

outer. 30 |lgyer and t core material , t
m&ﬁ%]sm&giebfﬁiwgﬁr y&&ﬁ@? aplatigmethod, aREvaPRFRfioR dgethod, a
méh:;imgdhm;]}mdl orrfiesdike.t Ag ttherﬁmtihgeﬁieﬁ:gﬂs,i 3myb one of an

Y .nracti nge. or re. In,order to tain
eI O BbPr Hl oA BRAC Bleelloss, S Ruiso etk Tyl "omabte
manpufagiuging. dye the redectrélytici plating enethwdsneallédet strike plating
| . . ; _ 9
mbGRAT Y0 s HHing mitthSd, 800 Platint SAINUEALE 3t OBigh and
adslwé% DEPRTLYI Wi arEround igegood: Selutiens yedclosdde elegtroless
platiagsinbtlest bié 6laaBifRidRALI NUBNtIRIEnd107PE | Bih YedBetive type.
When a 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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after the formation of a film an annealing process in

m d-course of a process and a finishing annealing

process with a wire formed with a final dianmeter and

then, it is inportant to select these processes to be

used [0084] 5 Only by heating a wire, the

di stribution of copper on a surface and inside of the
deéfdisttion 3 Ethodasr @he klﬂ:e: anidr chdifitbal Rvdprpionrweessdisuch as a

R TG N R e e

a rrﬂmmmgt opérghiomdifesd an fino et bebat ferered lie ot arceded, thus

elr%iﬁ?éts AntRBHopaE of BuftafibEhlh i 1 LR 2‘3{ e

rol the honogeneity of the outer layer in -

| ongifugi %ﬁ?‘ﬁ aygﬁfylﬁg ‘i:gaflpg‘ € d@paSitidhe e‘ffe%izﬁr'ebéﬂfé BBth the

oftheo sion ayerlna
appregsh sefc forapime gufilmcel she amptale M WA, ) farggt wire diameter

AT oL P A i T e o

i Wity scé%s?bigwa% aftert having fqré& ﬁ&%l on a

t]ﬁdﬂﬂﬁﬂ!neﬁer ctﬁ%:rma:mﬁa]o Eﬂgﬁ)feﬁl&ngfal ﬁhﬁ withf the final wure diameter
(0) | e Q IO 1 LIn. n

a1 08 R ot oBehy bt Hhafipfactrisld B8 e control o the

like eresinplp and $o ar gorhination ¢ffilthdorming asdtwiratdrawing in the

sercﬁha ?g}&ilélpetﬁ&ngﬁﬁ)'ﬁhéw igh &m&ggééﬁ§ rtfoa‘iﬁnﬂi%’iré"e @Bhesion

e core materia
pmgrtsaﬁ sRAcore (mRtaTIae e FRECIfiR CXAE elﬁ@rfﬁ!meach of the

1986H58s, ﬁlﬁﬁ%ﬂﬂ@' 1S Qﬂ a@;ﬁ)roﬂ\éh & foFREes 8l ﬁ!ﬂnfdrﬁﬂﬁbobb@r wire so0

SRR Pt T N
didwhasithheen elecirblytit phaind eolutivn exdngph appmaeh of drawing a
néH he ﬁg\ﬂg q’oP{n 9%’&%[& Bl %.1%319%10 § ﬁ’mﬁﬁg iffth&fsed a thick

avi ng erne e ann
cqnp@rcvme dn a:p atiieg bash dos elackeolytie @rveégctml&m Piaing, to form a
ﬁﬁ?nl shing annealing was applied with final dianeter

he wire forned, the conpositions of the outer

r and diffusion |ayer and the concentration

gr adl Bihla aloaRbed prb%%fteﬁ(h&ﬁ’iné‘oforhiw therowbr layer, rolling,

bHERTER b g oSSBT, el PR ap thon are

udmb fatm@purpump ¢f defects imai pi@casafmg rcapEpdsitiont transportation
aﬁ@' gi&%ﬂ‘ ?'g 2 rm @é 538 %?ﬁﬁ%ﬂaihg Eeprocé@lhg %ei&?ty, a pressure

at men nate at ur
amlamm@ wetiosor ard;atfege raduciag: 1atie, @ @Q@@OSA'SO% of ébm quter layer

aﬁ&%d%ﬁﬂiﬂ‘ﬂrdﬂe&@y%é BffeB@ A5 Ehe baNE01.35 and the core
[% rial, which are the features of the present

ntion, can be easily nmass-produced. Specific
exanples thél{nhlﬂlet@alﬂﬁielmcbﬁo@ésé anfldry intdBface between the outer

lagrgt}";,a?q.fg %bg?&?g? fﬂ%a glt 'the %gfaf %ffugwrﬁeﬁh%jeér? rcopper 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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inside a furnace, etc. When the surface oxidization of
the bonding wire is restrained, the wire is also
effectively heated while allowing inert gases 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 nake the tenperature

| e ina pluyality of regions such as,a positjve
B R ndstop? oBn iR Al Rl R oc3 i 174 BpBRe of a Brocess
and annishing enneatiegaprocess wittes winsafodmaedwivith dritwdlndiameter
' 08 ; I | O 10

alﬁ%%?ﬁvg imBobdlf LRI ol SRER bR ort of
[Opﬁ furnace (the tenperature falls toward the wre.

draw ng direction). As a result, the adhesion

property js.allowed to i nprove w thout generating

peel i(ﬁaﬁfoi?}’th?@tmg ReWH®: hee lipfrabwtioe of cpper amda ivaface and
in@iﬁieeonﬁﬂieebuwr lagaf chh@iott rnileeéoﬂt%mecpfmm if gi’t{dﬁﬁ&ﬁs} f@ﬁ‘iain that

n,, _copper ..an e a re epcoyraged to diffuse ]
et} reS BRRERIAR o Fectl Ao led sl S BHRL ATIRpiar ol Wit msed in
a dyphesl rveite connefactatring aditedor nsropanty but\?ém th? outer layer
0 : u e 0

arEtho Mot MafhifE Bpieiictinty HBpret, orl cBbc ocBimes unstable
ansbgsi 19 diffisulitooventrobrichenitamegenedtyt afptheomuter layer in-a
loRERRAId diredtidn VP WIRY a BRNAD Aidth{lrtidd oL EHE .ro(liltép layer and

.achi eve these effects, 1t_1s desirable to_ provide a
%ﬁ’d’é’r%ﬁ&? dn g erpssisectipnabaunfgce of acwirecThenatt ishianportant to
contited tthand ad vidatinayttiming 08 edature, R HGEY, ke V2 the ke,
m@ﬁgfperat ure,.it is effective that an inside space of

€ furnace is divided into a plurality of regions and
a t efecembimingdilst prdvessing aisd ¢heaherimiay tyerthosnti tagcontrol a
' r.@l.s, .0f: r [ h, of

ders JPVogRoat o the" MAGIRE, & elhnled_pokefEe 48 cohbol o film
thigkpegaqa icompositipr @nst artractyoetwhich ate desired! Theainocessing

hiswpebéefors ethd RHePRRUSRbhYmaRt RPhes 8HdheObodPRsition in the
urnacg js al Isﬁvved to,be lower_ than the cenira

. I
njerface; Retrate e iopter Layrr: and the ¢qrempteriahpnd therefore, has
amseffect wor diffusioh béligeior as dh;@etﬂé!n:fdleprdgégé‘loﬂeﬁénding on at
P t rahure.gradiient. In order to,. ;
WD Bl | SURE! VR SRS trentlo®t 15" iifblied, the final
copgpositiens, dhickmess: of the catenlayér and diffukon dayentvargf It has
beEAPPEFifiEE COHES i bnihh i -
ef ur nace &and Iﬁ"ls%\ﬂgoﬁélaﬁgﬂg’t rﬂéngt%(#ﬁ?hgﬂfé IﬁIOdhEgd ‘m ﬂ_le
Progesse - BBeKse daliBF { haW1REn hed | sRplied cintermpdéste annealing in
miﬁuﬁdlh'ef ,offtlhﬁthoicé%s, "fhbhﬁﬁ?i wa8 ﬂﬁ'aivﬁ% %ﬂcﬁnﬁl RAing :ﬁtﬁngﬁling was
r yer a e cqre rial is nelted to

anp B SE i Fomeln 3 She avird Hme, s Gomebsiviony qlhe outer
layercatd diffusipnfeyénanirthewioneentmtiorggeddient baanhger.

0 nected 34 the outer layer and the core naterial at

a thick-dianeter wire of on the oyde_r of 1 to 50mm
and &sdigiihe thermal txeatommindheswik isheuljected taybe thermal

trda¥ment 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
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easy when conpared to plating, an evaporation nethod
and further property inprovenents in strength,
bondability or the like are easy to realize. 5
Specific processes of the nelting nethod are
classified into a process for casting nolten copper
or the netal Mnolten to forman outer |ayer around

idthed@hg Heicthpedatied e%far&lé’ﬂﬁ{ aﬁcﬁle%ﬁgd an%qq{ g%?%%l pgérm erature

.formng a core ria by casting, a | or
ingiigh A BHOECHpElC. AViSY e FHElacararization plthe\bonding wire is
resttaimad othe hseixmte;sahldw %gﬁ@tibﬂyaﬁ&afaﬁwltmé!dlwl yihe %ﬂlﬁt gases
oce ar sting, a .copper, core material 1nside
S‘%%‘eg%ﬁ"i %\RIOE %ﬁﬁ ey g%?dﬁﬂf‘{; é@s PBES can easily
[OQBﬂ]stably forma copper concentration gradient in the
out er e r i f..a sqall quantity of ,copper. i .
al | om%idﬁ%/eoﬁﬁéhg%r? 24 H_é%’%]gn ehteeng?ﬁr&tur%/ ﬂ%‘?leﬁgdﬁ 1P ﬁﬁ’fectwe to
mgle dhecemprrasapp gradionts im maplurality wfhegiasi sych as a positive
t 1 f e I
ROl Grelonk e O TAlcR pORCPPIAE Tpt B (ihe tomperature
n?%ﬁﬂ“ﬁ%‘fﬂ ?fWFedﬁ%B%&]glr_@éﬁp@}, 4 stablenemperaturayegion, and a
nepaivee tomiper&ELrkY gradidhy i Réar RBehEatlel 153L "Bkt Ofurnace (the
te d us%uthi ﬁopgfr:&%ﬁgrlbutlef i nsi de, t'he, guter
Rssaptute ' dallE iamend, Hho Wit drapngpditegtion), Be a result, the
adbestant pdop¢:996 lallawed ¢o ,iﬂ%}rm&ﬂgﬁhauﬁtgehémamlb%eééiﬂ%e or the
. or.e, mat erjal. an
Like bty U2 Shedt 0eyB0 Bl Yl Sore. PalPHAL AoBS HhB RS st of the
fugnagq agd thea, cepp¢mandsheaictalyMp araiensonrgget 65 diffose in the
51 g kidb180 t AR pe FARRET i Cacasl :
regﬁ’d erm t?\nﬁ?g to Eeggn%%ﬂepg ~di an_%t_ g?'%irgﬁl g@ﬁ%&qmﬁon
grﬁﬁber%r @a\ﬁtcm#y k% regiraigngyexcespbpogidization ame surface of
coppen wedr ftihled ohbli%::. riA ofOflk N rAREE0qt far pg)_ggibleta hto improve
mul ti er. cop wi.re,ingcl]uding the
bof RLANY, 8% oor ool b droriy it the b il PRGNS Whe- Tn order
to pchiee thesecefféats, itawatesifalde porprodde astengseratptogeddient of
i i ' , good ball
108&6&33%?9’%%0“ c}hg%g.%%?lgﬂ%}gg.p%%gﬁel y, there is
[0_!§Vid¢d a bondi ng nethod that uses a bonding wire,
cormenene foe e SRR Rngerghs, AOREHeATYe thiaf Bl linside
i3 BEHiE Bimate, 8 fivudedhinthe Riention ofrsgionsoap feimperature
digtnib/utior devpoeaticdoby greddrenidigh gm‘&%httfcﬁﬂﬂ}?lb(lﬁetéiﬁl péﬂh]ftures in
r .copper._ an e outer |ayer.aq .
eaff 5t Tk, e, ofARE nlS of Fhe  HERaCtchalrotified into
thefieseihmage nostibos o zobhitdl thethteanperajasenindihedimentBs aid both
. it i s ti g .
enPlof the HEndtd te MIGRER LS be By i the ¢huahl biftjan, thereof in
ter&eﬁmwenggwgy realizimeg the same smpaovewens kffectias game by the
dibbdgof tiziga RHA I rlFer i i
e used é’%‘gﬁga t:hh% ; ggﬁtﬁge SEMERE | HE (AUES ¥ slBpress the
Suﬁf?S?m‘PPﬂbZ 1, ﬁge 18, hoading witgg anilew tegeprrature a5 which an
oxisiadinm catle afs@ppek G283thes 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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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 0.021pnn

R e, BT o) W BBl ol
orded 2jf rin}ﬁd 50him<émb38dc:sdgh rfisk t@ibﬁrh amﬂf p@x&éﬁﬂfrsu?ﬂhﬂfegouieéidlayer is
S _ale enerat e on e urt ac 0
ek Yo PR eORpRLEA S BTAADE o BubPSrali, BRERSH A Bifhex groverty
1myinoyements nootdirengthadeomialtility bal Ithe Gike ady asdisygdootfealize.
: . ) s | |
SREAC DrSESREL U HHY) Indibin REIBON St s eI o Blhes for
cagting mekenrypper osthermetali¥ moltemetooforer anaywterilayer around
the 8 PRARE TN Edé Tn AVAKEE 3B dSY ‘??od@s? P g&#ﬁin%bg\é&e material
ty 0 a ba I'S nNore

braneof t hi ckness, the spheric )
YeFAiA RS matien CaBROMOr drpottae cepper wlley inghememtes of a hallow

coh!m_ﬁtdfst_}ﬁah_@féﬁldﬂ ﬁl@ﬂetih&adikﬁrﬁ:e[\'beﬁﬂ%lﬂjt‘é hﬂh@ roctdl for casting a
| i s iN. a.warkan scope o e as .
cofibEs bt dniterial nisitle P h¥gw; Filkpengis, BeqpdlE degsribed can
eapilpomid wtakly form & copperscomentiwionrigradiprithin thelddtdr layer.
: 0 t he, st ahij
FIGR if BRall0gRintity ¥ cppfiFld BfloAd' §F bp| Bhialdel Bl the outer
lagea mage mopdvanee, heconpprcpncantratinnrcasy be whsily gontrolled on
thBGRETNS o HR bSterHhier B&idlL in thPRldltin fﬁnteﬂfod? Withough the
h :quer of at Emna[ﬁ‘%/er wire or. a cgnvent [ <i al 25 )
ealiitreatipent fof difusing foppefinke hhe putpylayep cande gmitted by
appl pinigatige Mmi?atl?aﬁnsttabhajx?ﬁdtweoppéxdidziﬁrfllmti@% ingide the
P i a roceeds, causing a ba shape
oufPRerd FhEN s DB 55 pRope Y et pt e8etotne
[0@9Rler 1 ayer is within the range according to the

Pres @jirthéy 3¢ LWeth g‘éﬁ%lﬂeﬁ H¥gaP | scﬂgs’g 48 ’l?éﬁeﬁré?%eof the

M near. a_surface s I zesS arcC rge, urt :
coRRy aterin) andphe oater dayeraray aleg be mgnmfagtuzed by continuous

caﬂﬁﬁg._ecl‘]ielﬁho{i&irgJ.oﬁﬁd chE&itﬁgtb erﬁiﬁ{sdiaz %Jﬂg@ébs‘)ftoabe b@iﬂﬁpitiﬁed as
onsi re 0, Dbe preventa . as pbeen prove a .
ol TP thothe, 300V ShEling. Btard and PERBAID AU to bo small in
diametery aHowiing tha iprodactieidy ito HehiengtovedN2 gas becane
otdgher than in the 5vol % H2 + N2 gas in certain

I'nstances. [00941 35 Further, the fornmation of a ball

i n t Hehgarkeexpverifiedeihtd an avbenydingepetbod fonithe aomvantional

U8y eF cb |t h | gyer :
TR gﬁfﬁhﬁ%n%%‘% e Plterofaf Bind PHEToore material
ACArOLRE U9 EDe deeseRt Inyentiosh £vep) i fepure; Nacghscwas eamployed as a
shielt pasAn, fobthingta all, Fbdball thondabiliGosMAdHBY obiained N amely,

55 R i R SR BohP o5 s i Bk yig pccing th
coxst misiteiiad withadopper zs. itS main component, the outer 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 99.95vol% 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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EXAMPLES [0095] Next is a description of exanples of
the present invention. [0096] 10 As a raw material of
a bonding wire, copper used for a core material 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

s ddrd ey, %&I&%ﬁbﬁgwe[ gha if dPehd QB&@ Ghe runnmg cost

ndi Wi re which .t hi nper ertai
19d¥%ﬂ=l§iegr PHREOERE |so9<aapegs %@é%dén&ew’é‘ﬁta et fa-practical use.
[ooggr to forma layer of a netal Mdifferent from
copper on the surface of the wire, an electrolytic
plating method, an electroless or non-electrolytic
pI at i Ag arehivld,gasamsesl&pforat iaobalief thd, mudtitayeg coppeobonding

%tcag?eﬂrlrdg)léé &Wﬁﬁ? gg-g%%%ﬂ ‘iﬁ’%nttiot%r’ %{E{?ﬁrﬁ {he s?aﬁ&éfﬁ Svol‘V%\Hz + Ng
garena @mwbyed,ogmdw ondebidity an by obtaimed. # pure \N r gas, however,
%hgﬁﬁt id ?ﬂed B‘%OQ dpz%&)ﬂ Hg} gf"bﬂ@ oftteMdyRrlig astthﬁ'déa(b 021zm

cess, _after

raw n 0

oRdesmdt begpmes a Héﬂl%@meﬁ hatghe use of the pare Na gpbEeperates an

ewﬁrﬁfﬁﬁlpm@xcéédlﬁ% 0. Qﬂﬁﬁi iz@ Ehidk@leﬁb aﬁrk‘iiﬂdé@h@.pddm{:rusmns
eleg ol ess atl [ ])t( %Q% o No zas
TpE LR efneet on thecstinteee SERiL bRl EieR thapure Na ga

i®enedy adaking as dlfﬁi:ult%Vmpobtmnoa smbhthzl swfamaabf ghe ball. One

aggéggzg W%? }gﬂmngyseeqectgan\%lggtﬂfcﬁ.gés 4 3;11a‘i1 gpell Yayer with

ter were prepare
OsQR¥ a@@ b?pmtlmethmkeeseaeomdmt@s doi gcg)ddb@ll prm@ﬁg pegformance.

1PkRé 'cﬁ,&ef‘rl?yélh?é‘ Ot(j‘fﬁ e Hf eWkRsh levehl #3thin the above

B 36 14BN, 4Ra SRUBG e A T NG DA $RRRSES 3. npe reason

vﬂnsfth@?@ﬁ%ﬁQ@%ﬁgl% i;trthmor%Q%/Osercmd dordtlamipnge Nz gas is that
el oci i ed within 0

i Fiirieh Ao ithn ' & whnkint: Sebfe DhThaLNs e3spEvifihis at an
indastriagly ikexpeasive mgest was added to a wire draw ng

[bO id. If needed, a die-wire-drawing process was
appliied to obtain a wire dianeter of 30 to 100pm a

af t er Maunlhs ibishgsumed phat mixing the brelteHages é%%‘ilﬁ Eaan effect

eRBFtedNBR @h¥i éﬁbﬂi@“o?gafﬁ QESSBargseaniubhhehe aftilibffon of the
met hod, was util,i zed

[t n a.
CHAIABHOR T 2 Ja0te, DAL Tt FORFTReh JFheh gy HEBHHEE Bird is melted to
fomheni bhllpadethen o&dmarla?eﬁmi a mﬂﬂtﬂdyélorwueasrl ageconventional

eI Res NEReCie Gpm VidE FRE Bl Bape i EEfAfte becomes
unistaklaf arad th@ Dmdaxasteen ok cbpnpiemgrefemtg:nai@ protaedsgeausing a ball
sfiaBe b He Ghawhe) MBS REdle, if O RBkn¥& & PR 1afés within
the range according to the present invention, even in the pure N2 gas, the
metal M near a surface stabilizes arc discharge, further the outer layer
preferentially melts to play a protective role and thus the oxidization 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 Nz gas
became higher than in the 5vol% Hsz + N2 gas in certain instances.
[0094]

Further, the formation of a ball in the pure N2z gas tends to vary
depending also on a type of the metal M constituting the outer layer. Above
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manuf acturing the bonding wire. [00991 In heat
treatnment of the wire according to the present
invention, the 10 wire was heated with the wire being
conti nuously drawn. A nethod for introducing a |ocal
tenperature gradient and a nethod for varying
tenperature inside a furnace were utilized. For heat
treatnment furnace were enployed, e.g., converted so
alhswhendthw deetadnie cahstivging shdeot tee lafylerrnmhl.dest at least one
e e b ntro h
el{aﬂfe%% ée?é@%&& &ﬁ% 5?‘%%5&% gjrdgsri%l %Igﬁl g&l 11:? %S#élcgmgi onent it
tbean powedo theh indey pageNangasa i wasdq:canpwgatlvely easy to

mﬂlxﬁ‘o%'thb h\@@fwgwéﬁmh%% 13t 0  500mi mn. The

t'enperatu e was or one exan'p Set to attain such
di stributions as to be high, medl um and | ow

EXanperaures or nmedium high and | ow tenperatures
[Oéégﬁa wire inlet port to a wwre outlet port and each
eating tine |l ength was managed. In conformty with

t he tNeyieisad descrighich bf braimples bhthepresedt dvargtion.
cities were optimzed. For the purpose of
sup];ressn ng the oxidization in the atnosphere in the
heat A% aaawematerizdraf a hosdingswite, asppé; uged for & itere material

wﬁé |99 %tisgi%'dr ﬁ%g 6@5&3??; Ib@ﬁ‘loé’ gllﬁgp ;}(@%e d{ﬁ?hﬂﬁf&gal As raw
a‘i

EshtRorndsRh iz the euters lasieacthosasof P9:99gnass% or

mﬁfﬁ‘uppﬁfﬂyl‘ﬁré)@ pRplarkdeat ment, two nethods were
m@ﬂ?ﬁt ed to prepare sanpl es. Che nmet hod was one in

h a plating layer was fornmed after heat treatnent
had uhmpppp-lbheeldthmaimgpmre writieh hadtbeémmhde athihner to a

cegfaqw Jlg.lenfa}%tgf %?é? léf?& ngt %Eéo gqng?%re& ﬁna Tn"¥a&l to form a

eat tr or me
layen of e ﬂ@e@dd%ﬂlﬁer&nteﬂmm ecomr dmawhagsyrfaceof the wire, an

elé&% 10%1?@1‘%82%96&' £ehg gﬁ%bé: % E€Br BQEC&@{:{JL'@I}?%”{)EL%@ method,
av( ?‘é 1% etheds rﬂfsgiﬁmsrmmqﬁ ir the ﬁ%ﬂ gke Paa%lffeéi ' order
todbemi Agonebntistion gradieas) hegt cmdnidn@rWaé apphied! Wsethod of
fofyBE 19 gusi AT 35{a) i) GBbeBE e E R Hbd W thinning o
Wirﬂsipdlés i lf diamzeter drydapplying kewird drawing puodesss, piershaving
foﬁ;led?’ghé h&u\f, ggﬁst I&t"\% (Ueﬁ%he ﬂ?ﬁle‘t&l KR rJIﬁpWea As an

provj ng, eac I nl'e oSi t1on,

e fﬁq&r@kmc@laam& éxqm@ aml gaselercirnless| nlmsutﬁ hﬂﬁédl f lgemmercially

a@w@ atlﬁggydgh?ﬁ g%%&rﬁ;r' Sh@nHbetdruwaacemplsyed and as the

ul ated. . The
eVpBPERon 0 thpd;s? s@akparnme 1$thod g @an@looredwgpﬁpg vires with
abewt t3feto 2500gan iin diemeten Wavqa®padedin edvanbe ainéda isirface of

th i et bl tbimgl A0 P50 Plafie B iem, She e was
drema to s Spradrdiaimetar obabi topmonerpb finallycr praceshiag strain was
reffRed¥nd M8t 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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[0101] When controlling a carbon concentrated region

on the surface of the 10 outer |ayer, coating by

imersing the wire in a solution containing a snal

-quantities of a rust retardant and surface acting

agent, cleaning and drying of the wire were

conti nuously perforned after the above heat treatnent.
[0898]a coati ng agent used here, a sol ution which was

d f I
bt ot g HelnaCH Aol paBChulizelld MR, for, cpsting a
mpdemmeigh m‘owd itheljcore Imatelmit madgmmadtf@n@e eofea method for
ca f&? 18eht gcbﬁl%ﬁr Qﬁ‘”& SRbl3h &@ﬂe&‘ éﬁ&y Cihsﬁl%ag&gtg‘é’a&e Eyhollow

S enp | eani ng wa practic
Cft REL; @ﬁroim By aﬂa’ﬁ@pe awere hadented; | ThereaHesr precasses wncludlng

Jﬁ@oi'ollﬂ:ﬁg Riaé- Wn’z’é draReele @ hdali treabfcat WERARPplied, thus

e ct empvi Ng the coati ng agent
m@i’é’&%@ﬁ”&b‘?@%h@?@@%&”%eeded to enhance, the 20

0088l i ng agent was heat ed to the tenperatures rangi ng

fgg " B nft B BUR B gl Aty 8 B Retnfinrlifon, the
W@n&ama heatdd avith 3@ tvme_dmarrgu ¢onct1mm$éy dtdvenhdamethod for
idt+SRLARRL aa'lgcalt Q@E&%@Eﬁ% P ot ahd ?ur t%ﬁﬁgd Ltg?nvarymg

a wre draw n prac svvasaple and
tempeTatRERdReile anfumasecware ngtifrededorheat spatment furnace

weew| dg] dvvnetg tdb@lv\ékfé%l @b ﬂéV?ﬁ dﬁitn'ﬂl%' té’ﬂh@@?&t%es QiRide the
WO- 1 |

of the.e this nes
52habl i5hd Cthia RS S DY LS o O LIS NERL opRtzohe of the
tedmpenathmes dl’he)temlpera:anbsnnsr&mﬁm fatnape word bet de®00 to 700

S50 B,y SAFRSAE AR Sin 10

RESHWas kerflemypatature rmaSufomgnefexacmplﬂ,cﬁeteée aftain such

disf‘ﬁbﬁbibh@%’s & bé Mgy ﬁa%dw& 8nd QB%%%F}%‘%EM%SSOP%cﬁum high
I ne analé%rsn S ac ord| ng.t

PEhSRRRratures, Tom @ wire @?léFr@ﬁ%"t A weSo‘ét}%hpagt and each
héatteng ofiaRN l&mg it vﬁds’iﬁﬁanﬂg@d glAi dhrifpéaityaseth | thet Beémperature

| ES
RERbHRRNG th g S8 Anp e ik e SRR diar dRbpgugpose of
surreseimigntheopridaza tion inithy aémosplerania thebrab tredtmentt, inert
t I
o4 PR e Bl E AR SR400, Ly e s
adjiisterb wathiad).8902 fo 0FeD4mainyist to beutilized) foe temperature contral
1n%ﬂ:ﬁl Yﬁé %rﬁ@éeoﬂs tEn Y f&oﬁeﬁﬁihﬁﬂ %J&nﬁ‘eﬁgm\éhf Litwéd methods
avai | abl e aut ogati c b&g{] er was .enp g}“o
WF%F B ‘?aAcEgMPP%%@ RE. Mathog wagene i ¥ eyhoa plating
lager Wae fbrme@yafﬂéxf heéat Qg@dtﬂﬂeﬂm Hadhpee ?@'pé!édbﬂib bt M?er wire
e ec rode | substra
pARARBE B Miré GrawiRE fioterd aniibrheR mufiiil, WA SAE IS which
heatarentmenh atas performbd dwdce gftgaheaad ddeatmenippné sdter the wire
Aok 98 hRidekd) formng a

[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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10 ball, the standard 5vol% H2 + N2 gas and the pure

N2 gas were enployed. For the purpose other than

eval uating a ball shape, the standard 5vol % H2 + N2

gas was fundanmentally enpl oyed. The gas fl ow vol une

was adjusted wthin 0.0003 to 0.00n8/ m n. [0104] 15

As the other side of bonding, a |pmthick A alloy

film(an Al film containing | mass% Si and 0. 5nass%
th@furaﬂ@e hisvo Ar mprengasnimd¢ihpoys weserwsevided) Byasdjusting each

féfgﬂ)éﬁﬁGn ah ﬁ]%’vﬁﬁ #ééﬁon \?\i gtageﬂ@& Relluftiedsr e like, oxygen

e- bondi ng, a t% rame se surface was
PaLtial| REQsEUre Ft?ldle e Aurnagec |aeks Spmperatusdistribution were

g'ul}ﬁbdaﬁ‘heoéasaﬂove«uicﬂhﬁieeﬁ/a%" adah@ﬁeadxévﬁmm caosdz to 0 004m3/m1n

ctrade .20 structure was e
FBEL P0Gs Haptmp IRs Mo Sie 16 dioated o ke remipiipe heat
regim neerl the ousled rp“oa-s iafmhe durnaiéoto beluxidimedait was alés needed

m%%é?nl%g'fﬁ? el I 7 g%é‘zro‘%@ivvo%'aé/ﬁl?%%ﬁéiehgme-

tl the pure N2 gas (fed froma concentrated piping

?2|d 'W‘Peg&fbﬁn‘thﬂgwgsa #bor E?ﬁ&%t?ﬂt%lduﬁégaﬂ o?lf tlﬁansurface of the
oubar ﬁaxﬁraﬁe@féng\bafsuamrﬁ@tg bae Wive ip a;zsglutm mnﬁeymng a small

QU ERSs 6f aliailst S.'etfﬁﬁﬁﬁt ANIPEHEH{REE WBifgONERit) 8laB¥n@and drying

anni ng_el ect r.on rosc tlcg’i
R A R eﬂe@iﬁ@r%‘)w& $rigeatent. As
a Gehtingragehbuaed hieee] & lsoh1t1dih evhish kvxs geodiesl bhenixing several

R 0 S MR P G Sl

acting egent wihr diatitlett wetkerr souas ¢d. bateaneral KoA20eeldt én total
mh@&lﬁéﬁ%ﬂ 'Iﬁnizli’é disEilelt i&&g&ﬁég&j&aﬂ&ﬁa t'gﬁ% gélegﬁﬁ'?g was
Pr?ﬁ cad bez ﬁ%agmfiaegil%ﬁ{% Watariad bhe ghstiledmaerst which
aletd:aﬂnmalsthrtﬁéllﬁr@cﬂﬂé& avhe n@ﬂﬂilecw d€eded. PVDRAUBGEdffect of
reﬁoﬁﬁxg %bﬁ ? Telggesenftge{'}{nlég%vp@n ﬁéreetcp %@.esxlge r(feﬁet%tearllhance, the
Coetmgr&ganctnm@heatem’ntd the bemgerapunts eanging freneBatte 0 degrees

dr oi-'c"jé Ngeﬁse UJa[ns' B*o‘%;h?%o"ﬁr eyli‘éa'lk n%@ﬂed after

t ere é |t vvas arge cal

haying dr awpe mr@@ @gnf@t &4 mmdmabmthe heat matment and
the rcahn@@epwcegpw*é@é lap mﬁse tBEASWitE HbAwies 9&-@&%@ vV\EsSapphed

i mensi ona sion was 5 od,
anéigf‘PgP Lb&ﬁg\fé%a’ﬁna%% &nﬁo&’&ecwﬂﬂg P¥R ‘Wﬁ’Fek §gWé’r gpplied
witcht theeeviran o{@eeilzum]?]albaiéméwﬁn(h@e pﬁ”rtfhy(rj ﬁgectﬁ chsed by this
n_the nae snape, o .a
twtg?@éﬂ%ﬁr hastt Whaodlent' i RIS B SRe (e MBRRIe the
Qtﬁfénﬁptb!emfcthg/ mnblomhammenmad:iorp rmc i:lse alepsh dﬂr@chan hwith the
oubbrhi& OAYonRBEAARISH RYFL HE1GE. Fach of the tuo

[ ](.:8 eS Wwas eva

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 SiOz conversion. The concentration of
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In one vase, a normal-size ball was forned whose ratio
of an initial ball dianeter to a wire di aneter was
1.9 to 2.2, while in another case, a snull-dianeter
ball was forned whose ratio of an initial ball
dianeter to a wre dianeter was 1.5 to 1.7. The nark
x denotes the experinental result 15 that 5 or nore

the heettal WM ibafHe bdslﬁhmg wiehwas maafmreelgbljéam B]ﬁﬁrzﬁ;]alysis and an
om sphericity, a petaline shape or the
If@ a&iﬁ&@[f

Sher ated and therefore, the balls were
ed to be defective. The mark A denotes the
experl nmental result that 2 to 4 defective ball shapes
wer e %‘enerated and therefore it was desirable to
i mpr o¥er chenpefing ohaeding e, asormmercallyravaiable automatic

bgﬁ&&t %s?e%ﬂ% ef ).‘.9 %frh@ﬁ@é Bbll?v?éd’éé béﬁ\ﬁngo AL Wi created ona

Wik FIPchAsEC AashAgan ead, Gheeregbal balnuds caRpeeddoan electrode
ﬁhﬁt@i adsmaom sGbbtiabe abdl ﬂhe%ﬂﬁ@@n’if‘@ﬂﬂae @fird kewbdpé-donded on

. 0 e eva ons of a nka e caV|t
a il AP Tndl AH SaeE B8 wid B paaarte Giaattod inBrming a
bpHe tkeirstadanadl 5vb)]&6 IHaver Blzj gadgenid ithe qamTNp.egmsneve employed.

F@Sﬂﬁ?ﬂﬁg%%ﬁl%%%@ﬁ%@%hﬁ% el 1 g dart Roloe Ha +
Neheaewpes ifndamentaly| emplesedarThe gasoflowe sohimeawas adjusted

wfiﬁﬁﬁcb op)bgrtgogoggmwﬁ‘shrl nkage cavities and 30 or
[q‘rfdﬁ bonded portions where m nute unevenness

vvas generated were found 30 and therefore, the

bal | sAwethe bthdgedde Q)fd@mkhhgg:tal Yem ThieknAl Ialléyd&nﬁt(a& Al film

ér'ﬁk%*mné%?%”%ebér At OoBse% 5§ gorhgf AL flm containing

Ofonassdhs Cubewas nempleyerhevdn bes ssamae  tiorsr as ethavather side of
wfgggedoqmﬂgt Befeiao g%ml?_t wiBse %3354%%% d ﬁgt fREQY 1! B 4zm in

ectives-as need

b@ﬁﬁmt%reﬁlewbﬁtmtatof@ Aﬁrplﬂk%sledd@wi/GMaﬁla&sd electrode

Sﬂﬁaﬁg@tﬁqsgmp}gygd | ess ball bonded portions where
[(ﬁ@gte unevenness was generated were found and

efore the balls were judged to be good. These 41
mar ks Wieh eegpéctrtecbald farmihg merformanveage thavsiiplding gas used

to ué!%]%}gl.{e%!s OQP'BX%HQSS theotﬁotnggﬁt (P wzars apeba?‘%m T&] Beiaween the
sﬁ@cndardnﬁmd% BB HdVi Eaﬁé&dai]'rmwhh:tmpmme bomb and its purity
wARSSAVRE) QRd fhéé\’/‘\’?)hgg Nb aféat{}edbﬁ'ﬂﬂleg Qgﬁédﬁ?ate\ﬂaglp?g and its

subpj ected _t serva lon to evaluate a
Ptlrﬂémva&ﬂé‘é)p Tsuthe 1GURMREPR] of & 1D1ER5baHI shapstio of a wire

dBipbieadtot ballldiameates waedefifbd a8t1.7@b20 VAtﬂthtyl p’ieces of balls
b%‘ll ch a ba%lmev}%z}gg\%%ggy a shear%ltteﬁéqa toléqqagope M) and
anesipdicall quiepdscopeoftoarevalludiR e estirfade rntertiumi ng athape and
d.{rﬁgn&%%%i ?g?&?@glt i HiHe Iﬁfaé[rfg%? ?ﬂ%ﬁ%rt'%%oé%aergt\%gﬁizaﬁsrefsmethat 3or
Eb?é'ha&bnormaksham balls were generated to 1nd1cate 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
mark O denotes the experimental result that two to four balls whose
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and the Al sweep-out behavior was as good as a result
brought about by a gold bonding wire. The mark O
denotes the experinental result that though the Al
sweep- out behavi or was di scerni ble, whereas their
deformation 15 volunes were small. The mark A denotes
the experinental result that the Al sweep-out
behavi or i pcre se%ﬁ hut the effect that patters i
eqepRp @ ties fgopmy ndang aze (WereegpRenatedand the lsieg"ree of the

ecg:bﬁte%%b?sAgzﬁéﬂéﬁl ﬁil%!%d Qgﬁﬁéfgﬁ ng;\;wgs \Aggg&g ﬁ]tiﬁﬁﬁotllﬁré’@}ﬁfactmal
isByf Bfiee. 1Y FiATRGL S oIEe ThempPEre el KRRUR B oe tgRo ball
Whﬁdﬂ)ﬁdce"ﬁtmah@ogemed stadifbund and &sb@mﬂéﬁ?oﬁﬁgpﬁﬁtﬁsmn was
S e a bondin .
g the B oblrabion FABIGAE0E rh BE eppflc Rhesd piinid Pt githred in
a eolypen o‘b@ﬂélfOtmupg berfosmagcetof & ypble 2f a
[ogegEr al - purpose span of a 2mmwire length and a short

span of a 0.5mMmwi re length to 25 observe 500 bondin
wi r edDottheaiyflgmenh eoft o d. shapevaef mequpestrerhonded ball,

ob¥ef¥ings 5000 bynded tHls, aghboméﬁh@f 481d UPm@W8Idh |}?re0151on of
W hat end | I e trapezoi
e%ﬁeﬂs@%ﬁ&ﬂ&éslﬁw PLe GFe aéeéﬂbagh P%EB% ﬁwswa@e%ms eypluated.
Inmenk vasde o nesmialeifnx balll Wt folrnieds wHosk haiti® ofrardmhftial ball
difbiigy Yo, &' RrF o Fafenaf ub £ 40wl 3 ol Base, a
SI%U amecb@r bﬁ:ﬂ whe formkd Avbleseoratio tdfamxmebmlrfmﬂ diameter to a
wfr@sdibinétaftw% 195 t59 2. PhEERagk 0 g8 ggfés E}ﬂﬂ% E{{ﬁ@ﬁﬁnental result

ctive and therefore’ it was Ju
thﬂg O Jgare defecivee baHprlarss sueke vl atnan igremor ehapsedeparted
ﬁ‘@npﬁhd(;ﬁdeﬁé)?: a ﬁa!lu&e shap (cel éosrt thetlikk rw@él;égéeﬁé‘?ﬁtbﬁ el therefore
enfai< BB e beyieeriare THE mahAstoias dbe sapirimental
repuldgdattd thd deﬁ;hvabaﬂhkham&mderé’ genamﬂedOald@ mhéﬁ'ore it was
SHBE SR o W pRY, T e
thacpxnegirgeatalorasalls that eneTiene defertévevbadl ehane ema.s generated
and €RérHTOre |tﬁ@pbéﬂaéha{ id Ywadhu néﬁﬂt@ (?tgoog1 Résel ﬁ?arks were

f
enf S5 s selg pniaﬁémi% B difthedaBia &Zt;n the core
[Oh&T]erl al and its periphery and the variation in
{ 011 T,
o ) an s Eitoneof b Tnkae SarRk o Se atilhyfl g minuee
ungyenpess ifng phessayrpdmmaiede ball avdrengjiedigdddp. aAcomprehensive
mAARPLEY YRl SERPBRS%%JJ{O‘H HP%. gﬂﬁier angﬁ;%g&gﬁ dmbé’bser‘s.rm{-.;: 300

wre wt umin
bOPéﬁat L dT b anarko v é@@omswhezgmﬁmmmal gesulhéﬁhghtany one of
ca¥és way ﬂ‘Rﬁld aﬁﬁef@@oﬂ ROR: Yhiekaye r@aﬁﬁ%@@’:ﬁg 3'93’01a more ball
bog Eect flaw observatl on i’ﬁ’é pertornmed
JehFashiongpNers FiTGReoMIReg Teé Wap dsmegated woro found
andbtdmreﬁtepﬂhe 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
and therefore, it was desirable to improve the defectives as needed. The
mark O denotes the experimental result that no shrinkage cavity was
generated and 3 or less ball bonded portions where minute unevenness was

generated were found and therefore the balls were judged to be good. These

41




10

15

20

25

30

35

was perfornmed for 30pmor-nore-size scraping in the
whol e of the | oop, thus nmaking the evaluations. The
mark x denotes the experinental result that 4 15 or
nore scraped wires were found and their. flaws were
pronounced and therefore it was judged to be of a
problem The mark A denotes the experinental result

mahit Wwée JemeredednWid esoMehf f“@Hiihkapher@astymaand surficial
flaws wege {ﬁupﬁ%ﬂarﬁ there was |ikelihood of clogging
uneyeppqseapfthetablecherefore it was j udged that the

[08i08%s were required to be inproved. The 20 nark O

i r oo Tl pRANTHRE, bERRLRoopTal HeHeVipr b h hofL BERRE Bortion was
pexfotrhedhyabotfe tbe ativettastsberhetion dnewhtich tharlfedb bended portion
wt'ilg gsu\ﬂ%'é&éd%fﬁﬁﬂ HBQél‘%Ia'ti‘ﬁ?Ihgot 89hatd REQBBFE & FRNRI §Weeop-out

xperinmental result no, scraped W re was Lo
beleardont tal and Wieasenier goundhnapplied pidarestion pndf Hhe indirect

obdervafioh Udofhithal ballle wiis' fSmYBsE P EPSHedr Y&t Vtolfudge the Al
stabl e gn ood., These %ks v$re ent er ed Iaﬁ a co.urmf Al

SWeRRBUE | f@q.qla%engg gmatien apd gegqidugl ghantity of an

elaptrodb enwia/iﬁai:g@am the shudgéﬂ?]ﬁacmﬁr% Iﬁglrfdoewmnmark © denotes
scraping cqu Sgne t,- af f ect obsenver'

i B it TeSATTHE Hito 35S Wl Pl B MsBlylr, was found

and dheaAkdwebp-ovérifedravior swasaakigegd ashaaeghltabeaughé about by a
o . . : .

g%lp lgtﬂrl?gg Qire 38hb Ul Cyvdteﬁofegssﬁgeﬁ%;gsd&%l%%g@@sﬁﬁ 114} though

dat f

the Ak oasprant debasier Wap darpraibloyerdiaspan aiheir jdeformation
V%Yﬂlh:giﬁ %@ﬁe !édt:r!;ailﬁ Thﬁﬁa%rmlm aeﬁgg% t?fé ég@i‘?ﬁeﬁtﬁi reBAIt ﬁhat the Al

X1 | S us S V e. In 0
¥ren Rt Dbt et eanednprd e ot Sheb st is Bl The mark
xotienoteat tlon ekpepimentdll yedulonbat thpeil mmeiponiut)ﬂaehavior was
0O .

ol fimelido 0l AnERl00 bl od, THeB5 ARKS Yloré Fhtored in 2
canpus ‘Abfiliewenp-auh behavigrs ofithe tatle Jark x denotes

[d1fo)experinental result that 20 or nore wires on

whose_surfaces,  were disgcerni bly_oxidized were fouynd. .
The n&BPR f&oeeﬁbﬁag tabililp an; ﬁehpadl%&noere%afasamaged with

re‘%ec@xb dBé ilofeadigCef aillnhﬁimgrxe&e\/@ﬁ& theuvikiations in loop height
bt erefore |ttvvas&*)u tob reﬁgl{ﬁ t.he i1 overrer}tal_ o086
Y RS gl D DYX{ISIRE, WO tyRRB(Es? gafeTal purp
spasperfi ardmal wies Ubhgtlhand at shéartospamtifoa @i5euerwitel tength to
N e J
ol S o %2%@@5"%%%?1. Qe o 48 | 1R vt Bed to more
striglyreenirobadespiv ordat texyeid thecantadsuith a biprenhan forming
tHY PRS0 diAl ERApe 3RS tHd WirdVivwyRh VA SsHo¥ NEngtk! of 0.5mm. The
thgggfore the w res_vveregi)ugﬁg‘ﬁd go ge good. IO Thieie
mikis dreptescthecpxrerimentabresit that §ioxR105e voRes,of 2mm length
wous f dafactive dnMihearitgalesd dHeight ei tie Hilredid ohetdfore it was
j%%?el‘dg@ﬁ%%b %J%é‘%legtg?}‘ﬁ%/ aré%rqg&ogeggtets Qﬁe ue%%%{ﬂzggtal result that 5
or more wires of 0.5mm length were defective and therefore it was judged
that the wires were required to be improved. The mark O denotes the
experimental result that 2 to 4 wires of 2mm length were defective and
besides 2 to 4 wires of 2mm length were defective and therefore the loop
shapes were judged to be comparatively good. The mark © denotes the

experimental result that one or no wire of 0.5mm length was defective and
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bondi ng 5,000 wires with 20,umin dianeter, 1 to 3mm
in span, and 150 to 15 300,umin |oop height to count
wires whose linearity deteriorated due to the defects
generated froma curl and a crinkle. The mark x
denotes the experinental result that 20 or nore
defective wires with deteriorated Ilnearlty vvere

mark A denot e .exper.i,me res [t that
thfge%f%ﬂi ¢ Topiy thaws, Wag yadz %q@rbedgﬁaéal%f pREIMAT avemewntered
invee peldmnﬁ‘dbcqnsltalnh‘aya’s«)ﬂﬁhq talged Ot of h]@e VhiiSss Ytk defect is

ashfHL 7 5" e ORR B PRt e S the RFHSGe, bytween

thgegazet matenial exndviit® geripheryt wnidhshe i \saxdlasﬁien i i atesd-sectional
préBéfyf ound and a degree of the deterioration was
[0 ﬁ{ﬁparatlvely small and therefore it was judged that

oxi di zation | evel has no practical issue. The mark

O deMiecevhlitZnL opes | NBR ahd §§1‘&(§:ﬁngh3ﬁ AW o were

oxi.dat,i,on gl scerniple wres wer and t resu

exgingd by gbseIving the arPerEanceaf rbardad laope Actrapezeidal loop
Warsofarlmad thur eeki podoesd Gjymmfiawfnrbhmtha% Am3in ifikdéler and

2oL fhe BN, Ll ol was ormed

an\daﬁ hegr hQODrwwesl grerb wbderwedby @r pmjéntodl Tl fiameobdeathition was
pebﬁr&nﬁ ﬁ’it‘}Pﬁ &Rt gb%%'@he PR gt diE t@gﬁcfa?gﬁgfkbtsﬁrvatmn

onding wire ored|n5|
Wacsh%e orraed OWPEmneumeu ﬂzasgmungdas@e whhle of the loop, thus

mmmgauheswmuaﬁoasr Tﬁé fﬁQr]E’&t &@ﬁ&eﬁml e%a)e&ﬁﬁéngaq %@M& that 4

a In a nor nal
or e MBISed Wlired e fitheh 30id Shols Aams Wer arosgunted and
themrﬁtairm gt owasli judgad whe ke af @upmhleﬂﬂo’wnb afarld té&aé@ﬂd)ﬁ’és the

d t
R T L
flamempearst fownd tanst dhere wabohklehbomrbmfaclogglng)@c&apzﬂarx and
théi‘efféﬂeciﬂ %a@ﬁﬂd&%ﬂ%atthﬂles&ﬁﬂ% e%ﬂf&it f@%enﬁﬂﬁr&%d The
eval uate .a

I ck fa

gévg aqfftﬁge? ltggr Crparimes glold thasndi tegSwpraped Twires were

founﬂ and rﬂﬁﬂgwe&tag: 2@ tsgélﬁ ;&ﬁlg{;tﬁfﬁc‘:ﬁlbﬂ ﬂi&%' éeﬂe?ﬁgerﬁaﬁ’& tHBfFfore the
| |

sugfalbd € WS Ret8 e Aot epdiL LbS 1 Harh; PLdenotes the

expemimensaliedsuld tmti npr soraged TWireTards gedemtbdsand f&aws were

unﬁﬁﬁ@ééﬂ% 1[‘1&%%119 : #;gc{asﬁ Hg%eh etﬁﬁrt ‘9168 %g;x%% Q)Cesﬁ gpmp&*'gtwely

ur e ROr ma
‘Peﬂ! lﬂﬁ’@ a@%@smksSW@rel%ﬁ@red rigs a solupmt“hbn dlaw and

rapingt 6£thd sabldr \¢
sc égnd?t b th, 4 33 Rnﬁﬁip éﬁeh@ﬁ‘éﬂv@ tg{ &enot é.{sﬁﬁlj%nt oi.' the flaw
ang goeer ?Oaﬁﬁrs@&ﬁw th mlaﬁervgrsgaé}@@u@hmdgment
and ohence ckwd add lmereu rsldervéies RYalBALI0 e pesfoRfidnceNanking
thf&‘ﬁ E%? 5| des 2 to 4 wires subjected to

‘i’fb‘er the |owlevel bonding
[O]d |’1d|t|0nS vvere found and therefore, the wires were

Jt Uggg;it]%?ts%ec% %P%%né%ﬂlu 109C8F surtiCe TRikat DI GF Q! $5re bonded
on a semlconductor element, two samples were prepared in which 208 wires

were connected on a QFP, and then oxidation status was evaluated from a
change in color on the surface of the wire by microscopical observation
primarily from an upper portion of a loop. The bonding condition was
uniformized at 200 degrees C stage temperature and about 2 minutes
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15 result that no wire subjected to non-stick failure

under the normal bonding conditions was found and

besi des one or no wire subjected to non-stick failure
under the | owlevel bonding conditions was found and
therefore the storage life was judged to be good.

These marks were entered in a colum "wedge

exposingi titey Onod hmm@kﬂtagé TR mdtk4k dendibe theTexperimental
réﬁﬁfz thﬁg%rrﬁbﬁé Ivy &Y 3 %?J[ g? ;s%géﬁeﬂségyggg \éﬂ?r{:%,ly oxidized

enpera ure
Wﬁe’@t@ﬁi cbhelimpoksd demotes dhdaexperimentabmesidéi thpt 6 to 19

oﬁﬂé%fcﬁl (disghWle§ &8s W J‘ée%ﬁ? $nd 3191erg}'&gt £ Wik ]jgiaged to

de G 30 mnute an ex remely
r RBBrQVemRRnforT exaatings ra@gkreaserrts S‘dnenma;rkeQ denotes

tlgefJ ei:ﬁénﬂw{tﬁ? %\(la\gl;lt %grafﬂf‘ Zr“ﬂb @%}}gd&ﬁ&? "dtlééd%g éb%? 0 1(1;@@ were found
?’&ﬂﬁg‘%‘?tg% ity THdZed thet ehmeidaaen Iavel SRYeiEOto no practical
isdeaoThs hhrek @slenobssithe tRpéribtentabeesld tthdebAe toreo oxidation

SHEBLASIP 3R 0 B 50 BRRLfRY ST L el o o

These marks wete eutered bz s eoldnBi “okiliedtioe dri av@eface of a wire

- heaAe LB R P S Tfe b fiea Pract i cal i ssue. The

[(ﬁg i A denof'es the tést resu that the percent
£éctive was 2 to 5 % The mark x denotes the test

r esul Thé he¥alultioRe of efHe Qﬁr%@hhgegﬁfﬁ?ﬁfﬁ%esﬁ%n gerformed by

e I nproved

b%‘?% %Qb@ ‘Swﬁar‘?&ﬁﬂe%&@n ’é’oﬁ’d’dﬁe terct tedmmdn span, and 150 to
30Cianecin?loopshdight EBdJ cohat pst&ﬁés hﬁ?se Clindﬁd@ﬁd?l@ﬂbrﬁﬂed\ﬂ%e to the
u r e ne n ra
T T N
experyagnbdr rpeamtbthaty Aklod. niovies defaxttives swires warith deteriorated

lmléaﬁmz wéreSfoaﬁae 'I?feaﬁ:%Qk gvabﬂé‘éésofheoﬁxgéﬁmﬁﬁaf g8dult that 10

tlawa r|f|e tat ai)ndln W re

o A9 fefestive oW&ssi Bith detarierates: hne@wmeweg@of@und and it was

judeedlorthanc ehé 0I‘w1&*@§l Sicrsg réqﬁ%rl’eﬁsts&stﬁé fmpeGriad el for exacting

S e test.res
refifidrtte] PRIRRAHS GRORSS GRS erimSale ookl 3 to 9
defe @lm/mresmnﬂl dnréariﬂyetlﬁsftcmedéﬂeemmtai e Vioiyid ooedl a degree
T4 hat, .+ he fractur

o0 BB BRI IR VS e
etE)@f jlenr]cens mopprantical dsewe.. Theanavk KOAdenotes the
m«h@ﬁtélh% t

"’ff i) S“Rsﬁfggf% o A B RS gy were found

anl te yes] d toda g9ash Thesermerkn wers gnteres in a column

mem@agmnfmﬂ&%fth@maﬂl %8.and therefore was judged

[0& ﬂze |nsuff| cient. These marks were entered in a

nm Wedl%m’t ondi ng peel test" of the table 2.
[ 0116lhe e¥ahmtiayaf udte storagetlife ofbl wire eaissparfoemed by the

niBRBbF BPEHALOEE RBARRK failures in wedge bonding after a bonding wire
left in the atmosphere at normal temperature was bonded. The bonding wire
was stored inside a clean room with the bonding wire housed in a spool case.
The comparison was performed between samples left 30 days and 60days. In
a bonding condition, a normal bonding condition used in mass production
and a low-level bonding condition where an output amount of ultrasonic
sounds was allowed to slightly decrease to induce the non-stick failure were
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- founfleand henovmthe siveawdre tieeded do behingravetli

produced by encapsul ating a bonding wire and a
sem conductor with resin was held inside a reflow
furnace at 260 degrees C for 10sec and thereafter
thermal history of cooling the sanple-to anbi ent
tenperatures was repeated 10 tines. Two types of
sanpl es vvere eval uated one of which had a wire 20

bond | on ‘\#gfr e the wire Eg_onded at
C%@a feMmRetbereat iher ol maf operation
bé&ﬁﬁddﬁlﬂﬁuﬂ: ﬂh&%éi%?gi{lﬁé?z@@dﬁegvﬁggﬁf’g% Rnahst iri?eds@ éé§ 18@Sas 180
2P o buRIeER Ao Sk ARIIRe ERBeF RS e Giancy using 1,000
bc&ilchngrv_vn'eBE’@hu maaektx desotepethleoéxprdimenexlbtesilt that 3 or more
Ct.hi: uct i op.

wieS it BN oA LB Y PG p8FRE %ﬁ%ﬁsﬁﬁm were
lbayk Jadenotes

theX nﬂﬁ% ;EFQF ré@ﬂk tﬂa@?g/}qgs&? Qﬁr@?%ﬁb éﬁtto ﬁ&?ﬁtﬁ:ﬂefaﬂure

per ce ect Ive was er efore I
e nermal bppdingwenditions wrrefo egisigs b tméess wires

dﬂ;?dg:eﬁl %ﬁ@h%%lckhﬁtﬂlﬁ%t u%ﬁg# Iﬁ%‘? Eﬁylegbgiboﬁﬁi&ﬁ %E)leng%tmns were

fofigds e’ Fadile 65 dehafes tb SR URERA BSRE Jbdb s vipg that is

SLﬂijecr(teﬂotce dohesti¢ly dailwes &u[tmdl tlee tnbrniﬁ bandmgedon&itm were
. n a Co

foflRG" Rt hEs88) &1 56 4 efkeR ety 4, MU SR ARG Bhder the

lowpleval |b£g1dmge<;orahtmmsh aweire gfovendd ecnd 3he5@t‘o@@,o thenwirey were

Ju%éﬁsto %gnggﬁg@ﬁuag% gdalfmswﬁ fot H@ St tﬁ@rés?%;r Inental

hte denot es e eva uat on re t
regpli thfene mlr%@eblﬁct@chéo noe-etagk faitvce wader thamo bonding

- condifions dﬁﬂgtﬁ&nﬂhﬁn&VBééidés Qhe' 88ULG Wiiet shbjebte®l to non-stick

Xt raneous,,su nc wey.e att chedtot e capil,l
faffist AR N ol Sonaftigha nchs fiwi Bl thipkofore the
stmaarge kifel et pelgedetebal goadi Ghesesnbhrks wadre emewved iana column

“w%'d% @J%ﬁ%ﬁgpemes%ﬁé gnces vere significant. These

entered 1h"a colum "capillary operating
fop of the table 2. [0118] The tables 1 to 3 denote

the qy:ﬁ'tﬁ@t "I'QJTb est! ésccﬁﬁﬂlérbﬁlﬁzo %ﬂt@bﬂ%/ ﬁI‘CT‘X 88t @8vice was

e mrs Ao B0 SrHtaire daitktras Sxiluyest g 1 pes S conditions,

theogtmdﬁnd\/eoﬁaﬁmﬂ ebeldly tsovedh (rh&nmgaMzﬂO wr&e@é@l C, 30
0C.es t hat t

mifltedci 25 Seteed ,6h 2 HGHeR AT, 8, B%ePR, b0 fpndition

(rangog froper5bidegrees e Grid nhautes he diiy degres of, Bﬂemnutes)

AfEE ghe Mo@n ggcélgaﬁ{c ﬁ!j%'tt va ap&ffm%ﬁ%%ailpafé‘%ekﬁ% Sortduction.

wer e denot
4G meizes i were seanued: dhe markOcdengtess the test gl that the

pérb@nﬁ aefe%t?ve wak o il swﬁ 1¥BaBillty #eRCMHibiedd The mark
&:ess Meﬁowgﬁgg) 11 (—:tS %e}ge%tcaet%%tl% wtivg(se f&/mgr Gess and
therefore 1t was judged that there was no large practical issue. The mark A
denotes the test result that the percent defective was 2 to 5 %. The mark x
denotes the test result that the percent defective exceeded 5% and hence,
the wires were needed to be improved. These marks were entered in a
column “TCT test” of the table 2.
[0115]

The peel test of wedge bonding was conducted by performing the
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[01191 In the table 3, the concentrations of carbon

and oxygen are calculated with the total of netallic

and nonnetallic elements determined 20 as 100nol %

the nmetallic elenments including copper and the netal M

and the nonnetal lic el enents including carbon, oxygen

and nitrogen. It has been checked that in the sanple

myfasulremeateys dnpiveng wypb er bomdingewimbivéth thandsartion kmgle of a
n ' - AL f al | j.c n i.nel udi th

wEABEA DAL iRl Rl TEIS LA rElATPAbS LASAE 49 ddBlerated

ev@w&moﬁtﬁ%{% testndt avad yerifiatl thatusondingtwive, with a longer
" "
fréet s e Gkethis ?%stwthgg}xgg pg&%%;p:érfcﬂ%aa%(ﬁ éfglt' Jesisting

er f or pance, OWn I.n , was subj
S%ﬁs%ﬁsc%é BArtien; dhgrmark @ denotes| theetast rggult that the

Ecpte el e RS alio WO i 98 o o
SRR R T s Yoy 5 o 08 S0l U3 RPmogs b besttesult that
the fiBRBurd bhargaaidmwiasnl.ﬁte%w_)i sndre 4h@ 1468 tlﬁﬁﬁt:%% IQ[nd therefore
[ esS atl Vv I er (S} e

wBChRR, B A ESREOTHTHLE B Spio thISRE ko hes he
fragbunsr ptomgation evadhdi%hgot afored mndhdesst thaphtfe %r Bhe mark X
sh&eveR | . ‘Elll% . 0

dr es ecﬂtlﬁt %gfrfgggie%rt?}ﬁ% rr%ir?::gjségsucegfég %}&? ﬁéle%aa]grﬁk%mgﬁgl % .and
therefsenwgscludaed bahe pesatficiente Thesq imarlsavgreoentered in a

cdlafay 'Wedgaben8iy pédltést! shide@blegen in the exanpl es
[@]l\ﬁlo B33, the sane 35 results as those in the table
re obtained. [01201 47. The bonding wire accordi ng

t o t hEof ievaluatiprcof ther afomdeesistaniee, =semitesdicto® sample

. i | di_n he . .
P08 BY ebCabbifiasitlits ANHIRY YhE uRTib PR ik with resin
weg lrdd ingide doe@owfunhace as @66r digrges o € ter ifseciand thereafter

- iwtgﬁ%mgﬁﬁggget%%ﬂ%@ﬁg%t %é:?g%rl%}u%)&r’ayrepeated

7, , : .
1%’}1932@0353799932&8& es waee gyalnatgdwpre afcwbich hpd a wire
bmiihlgecdmﬂgigm gﬁmég 1o rvgﬁtﬁ pﬁgﬁgbdﬁui& %éﬁwqgl&g%e@, C, being

0 , . e .. .
oA B e Eoen B Bt PR Ed e Wnting condiion
where ¢éhpomie was tHundedaapiths ténperaturmedsHowt as 1883degrees C,

: . astin pLas =
i, DD 0585 Y 480 AL ARESShgupgoment was
perfermed to eyaduate elpetrieeonductius, Fapgytwirss veremeasured. The
m?grﬁdgl @g\#oge% gﬁf ﬁt!g@t g‘ggﬁ.&l Hgﬁ: $RY gﬁél{&eﬁﬁ Qﬁe‘féB%:i\treo Was, zero and
T B el b s WA R B Hle AR Calemotes bhe dest rosult
thatethei gdmtcbnashféﬁtiﬁgﬁm%sp%@i lggs hgg fh@gﬂ%@&t gwas?jm@ged that
3 . ¢}

tHsip Woss 59 1abe Biherliel kB, Lo a8an s hmhig G Ypsforasnlt that
the petcent gefactiver wasfbhol$ %o Theemmekny|demoted 6hd tedt, rékult that

tHgggéﬁent Jcﬂféc%%ed?zég%é%ﬁ iﬁ/g zﬁ%% trt]%?l%gor@ﬁne QfirbQ gt%r]%'g peeded to

to B24 W e accor di

bq mapreved Hhere marksr wepprateras ima eolamph Sgefdow Fesistance” of
the table 2.

[0117]

In the evaluation of a capillary operating life, after having bonded
90,000 bonding wires, contamination and abrasion of the capillary tip were
judged. The mark O denotes the evaluation result that the surface of the
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5 7 to 10, 12 to 16, 18 to 24, 26 to 33, B2, B3, B5,
B7 to B10, Bl12 to B16, B18 to B24, B26 to B33. The
bondi ng wire according to the el eventh aspect 20
corresponds to the exanples 1, 2, 5to 9, 12, 14 to
17, 19, 21 to 23, 25 to 33, Bl, B2, B5to B9, Bl4 to
B17, B19, B21 to B23, B25 to B33. The bonding wre
responds to the

: ) h | fth
ca@)?(]g iR gt il‘]i G %QAa i%%%tfgsc ? the qvalyationgesyltzgthat little
em:;ln@ms BubstanBa® wetSattBihed %Jtﬂeocﬁaﬁlar?f—ﬁp 4l %t%%ce there
cor i rteent h. aspec
T8 S PGRE EhLp Korlo E AGOASS et
ax;ggunggan;dosgs oingtIBSI,eoBE smbsBQﬂcesBﬂv%rb o$1§ﬁﬁcicanl32&‘]:ie@e marks
I.a¢

ekl OB St W S
[0 glect are shown. [01211 Part of the eval uation

r eSU|’El€e t£bl6€3CHd B noRé the e ‘%ﬁ%@acﬁﬂi‘ﬁ 3bb l¥ﬁe g%t%hﬁ%%a%ﬁarative

of %ﬁ ect. %8}}02 1 It has been veri
olf \fopPe R oapiding doctdedpragend invention. In
thequmpbsll tto 3B aridehe Ltbgg 1a{r£&¥ﬁfe ?ﬁ;&iﬂbl’ésﬂgﬂ £ 0% which are
ness
exg{-%‘s%gﬁ l{bhgzﬂg 3]1 :% g, Pracess thak ig 1 lqu ?or concentrating
carkaon amd jorygen ahethECauriase . ofAthé hmteanleybr rof, ai wireh@nd the
coR&SMPARDHY 8f %@?ét%l Mgmf &g)lﬁ ﬁ.{b%lg%]eatl?xl%nr%g%cﬁ 1% the table 1

copper
Wers %P&?V&W lé%h ptad of the metalbcm@nentmpmﬂmdl a8/ £00mol%.
Inweise b@hﬂﬁﬂlbsoylprt@ B84 f}hc %H@S%blgeée bdf" gn%i kgé&g were

e.TCT ,test under andard_con
cofdiliradd Maine thestsaree, WiﬂfeSha@ ihese adieated byhahe | sample
nunkersX8dyll @sSA338, 6 to 18, 21 to 23, 26, 28 to 30, 33
Oytég?re the outer 5 layer was 0.025 to 0.095jumin
ckness, in the TCT test under extrenmely severe
condii B, tatle 8ef g i somcpatradiving afl dablon eshdabﬂ?glen are

bl B854 00t o 0 AR ]mine
as mﬂifgré}% auys elpmentsinglodse-copparpani idesmetal M and
the henif@'ﬁa]licf@l?ﬁéggﬁ ﬁg@Pﬁcﬁ%gQ?YObc?g\ét : ale%%ﬁl ﬁft‘i‘aéen %has been
t(aherari%grge?1 © 2R ‘?Jtle SAIRE Samplepmbgr t“héhe tabfes 1 and 3,
eewmmémtxon 2ati6 afanéfalhaié,leﬂangéi lﬁm;lﬁ&ni@ tBd mdtal g{[ a copper
il ai,ne

° eﬁ%‘%&% r (S SR il IR i AR e e Burcher, i
ha. 29 pggclgeq thagywith réspect tetheparfoemafricedshdvwen inhlthe table 1,

| d
e, Corfioted B (b \orl Bubiidl SRAN o0 MTBdeNi¢ Boment, an
ap%’c??f%’[“@%%'é’ tsﬁé‘l% &V@#uﬂ‘ag?’érresluﬁ’é: lcgutd thee ohtained even in the

saropleypehent sashplat n’uﬁﬂﬁetr w88 tfﬂeeéﬁ%ﬁb 2L kELE 88 the GBHEAN Iy the
#leep dBIPE: $€$ @{;el tal?:mn resuvi’?s of %ﬁgaf@i‘lt\é&! easd\:(lcatmg a

rove
representatlve property, the peel test, the reflow resistance and the wedge

bonding performance after being left in the atmosphere are shown in the
table 3. It has been checked that with respect to the performances such as
the ball forming performance, the ball bond shape, Al film sweep-out
behavior, and capillary clogging, even in the examples Bl to B33, the same
results as those in the table 1 were obtained.

[0120]
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ball form ng performance and bond shape in the TCT

test in a 20 conprehensive manner, as conpared to the
practical exanple 33 where the main conmponent of the

outer layer included Ag. [0124] In the conparative

exanples 3, 5, 7, 9, the outer |ayer exceeded

0.021jum in thickness and the wedge bondability was

good dhe bendimgr ware 2ascordimg|todtherdiret aspect soeneeponds to the

[ ali r S s ,
o8 ST ST B4 RN ARSI PN oo

appeRtt @aTesnynsts| tq phe wxamples e 3% Hhde Bé%d.sl‘lhgnbwrftﬁélg wire
a'bg)rﬂth@g @d%ﬁ@'tﬁ&%?sﬁelcﬂogr&ars ; %dsttga“thelgxarﬁglestzi,, 429, 8, 10, 14,
1822402798 S Hsh B af $8.08bn By B1E 816, Bls, B27, B2o, Bs2
Then bonding i wnlhreofazcﬁbrdiggsttp otlee efrireht aspéacicerrespomds to the
I ) . r rg-ea . )
et 8 T80 2hces; 5188 Bl vo HpCBPA, Butr T bonding wire
aetordipg totheddth aspeci corrbspqudd ta ¢he exbmplesideto 33 and Bl to
B30 CTRY boRdide WHECRbHIIY 1h S Bixeh ehlet! Bri¥EH6Is to the
epmmps Bi toHR3 51 BBapdd bbb BED faiBEDB3%t0 BI6; 29 to B33,
T{ﬁﬁgiﬁﬁ%ﬁ.ﬁlg’g?gx’? taBcotdin a%-%r a%;ﬁe 3dventh %?S%Q{bﬁ@éﬂoﬁid%d to the
ket B Bt B, fo BlBe Bhin &, ok o Y. Shebenging wire

aecordindto tRe efghthlhaspevttortespondbaecthioacanpiat 208, Has 18, 20

w20 22 3 BACBE WEBIE; BRpke Y, ?é#Sﬁ%EQ%er?ﬁ'agding wire

ab¢0ﬂ‘gm;$_ho Ibhe rﬁntleagperﬁr@daedpmdtsi teptheyexamples 1 to 3, 5, 7 to 16,
t

19008100 55 8140 g T 6 BLg PRy, bagel s, Tho

bending;wipeoacogpdingtogtie tepth aspegh 391‘1196513%85 bethe examples 2, 3,

5V @riof 1§d12 b alte_,tlfaet@ ghe 28!213%)/?3, %2513 gs;lim%{om tb?%;o,kB 12 to B16,
ese | nt i . (0] . nn n | ne
B Boa. Boe BEac The, berichReSRizeredy the gfevesth aspect
cafrespendsotd the baymplead, 255tt0 K0MD)| 24 aad 7 A6t Bértoa23, 25 to 33,
; X . ( :
BIHABENG By MR M, SATOBL R BIR wh I BUAE The ponding

ifrectron from

3

wire eccodimg t thertiveadfids sspectacoreeaiandsi to bhe esamples 1, 2, 4 to
12e15f18dai '%@tzst, 9% tc584, dBf epof Bt4hfo P19¢ B B1Y) BEE ¢o 'BR3, B26
31]%%:‘ glq_ggﬁr rmange and thus’ a aw.15 anﬁl scrapi ng of
ey PR Perq pgeordipg ted Péﬁil%eem? [pgReglegrrresponds to
th{@gkémqﬂes %,ha,t 5%2 220,162291?9&2826 %) ,:3;5&538‘,2 g2é5333, B85 t(fBEZ(I, B22 to B26,
, to,. t r n :

BB o 8o IR £ caBPerB o aielnt L9 2oBd BB CHofheposuits in
thed28] of mott setislying they Brstcasyeet arembiomp.wi res in the

[ml]pl es 131, B4 to B6,

Part of the evaluation results is described for a representative
example of each aspect.
[0122]

It has been verified that in the multilayer copper bonding 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
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20 B8 to B18, B20, B22, B24 to B33, it has been
verified that the outer |ayer according to the
present invention was 0.021 to 0.12'Umin thickness
and the oxygen concentration on the outernost surface
of the outer layer was 1 to 25nmol % and further a
regi on where the oxygen in the depth direction from
the surface of the outer layer with a concentration of
am optenlaysirsirstheecoapat thoo sxample 087 gibi B whek bles suter layer

whs b@lov(r mi | ABSKRESD degsdih! \l?%&ﬁ%@ %vei‘i" lpeche TCT test
e or mmnce vvaé I Mprove

UIHEEFF efrﬁg ‘geaﬁaa d gemditignecdls gepitableginstaaesy 1ﬁ é@m heen verified

tHa@lﬁ%e' ékdxﬁ%e@-ﬁ tal @y@asc gm&srzdow“zwwm es3 "ﬁhéhﬂ@eche outer

exa
laggE fas D25 Pr{%&5offq%énothlélm%€yép %évlbﬁ“t gnder extremely
sefei poniditibhs, c kine sdefactive ﬂe@@ex@m coldd ebd hestreinéd Nelow 1 %.

e, bR bk dneRim thEPadiueT 2. B, 698 18,9258, 06, 28

tor 30 ivelippiei the ofitarhkayer reas ©.08 ¢o G085t lethymass,gtn the TCT
te%@sdxg%éij Béxgi@bngge sggé'f@'c%%dlt%%nsg tBe ! é’? gt 2 ef{egﬁvé Ocould be

eén ver

restyained ¢ helowanh| %s Bortheamare| o eﬁpbe@n uve_nﬁadf that in the

_exfa%pl‘ébaﬂcs 6efo B0, [FB1388 98.t0! 50 A8 datbéd b@d‘ﬁﬁ‘e? and high

er ng. wires in the exanples 1 to 3, 5
reiiégﬁl@‘?&s?b talged- 26 to 33, the outer |ayer according
[0123} he present invention is 0.021 to 0.12.pmin

t hi c si.des a on where e tota
ot 2l R A P G heBy bEgHER MR o bBC e52hes 1,4 %, it has
begnoverifiadi thaththek puser 14yersaccording tto the presebddmvention was

0.921 %B'@ﬂz%zﬁa%n F%%Fﬁgg%?#gﬁzﬁlgk?fgﬂ%&? ttlsﬂ\%a%ﬂtﬁg oyter layer
mg]h& maincenrpReRents of & ée%ﬁinw ¢meng>sa from among

Awfed Pt Bad'RE eindeshw RWrES @omﬁalaaﬁ%gu b&dy td fmg&ow reliability,
wher e

rat e exanpl es .2
ball GG DhniGrian AR batid clvees th pohdy TS test in a
comlfmhehsmeendamnétmgs eompaved to rnheqvmttTdaﬂ) e?as%pla 183 where the
t e , , 7 to
mé%l E@ISPB%H% XP%J 68%7 lggggg&\%hggg g‘pr e;i on was 0.008
b 06.pmin thickness, the wedge bondability of the
W' reIaf ks cbﬁ?péﬂ‘artﬁ'eh@fé?ﬂ@? & 1et4, f70r9 Gi%lodéﬁ&f’%rer exceeded

i G g R R,
nozaladidnidtet cbads, sthd%eﬂmsbgﬁéﬂ;/@mﬂl&?aﬂé@ér tHadls0 bﬁé rise to
o t.he presen nt i

deﬁeaéfg’p%l? e B e A S
[0¥25h the concentration of 96nbl%or nore in total was
0. OO b
IO S sl 0 0
145185 2/'\75152336%3 dédneogors miaserial apconding-to pma@mé invention
coﬁ?ﬁaﬂ'eaat)' (U 10Mt0t DD 30h6185 Gau 'cgn%t&'ﬁﬁbhabﬂeﬁ: least one element

selected from among P, B, Ir, Zr, Bi, Ti, Au, Sn or rare-earth elements and
thus it was verified that the fracture elongation was large in the peel test of
wedge bonding. This suggests that reliability in the wedge bonding can be
improved in a comprehensive manner.

[0126]

In the multilayer copper bonding wires in the examples 3, 18 to 20,
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[0132] In the nultilayer copper bonding wires in the
exanples 1, 2, 5to 9, 12, 14 to 17, 19, 21 to 23, 25
to 33, the outer |ayer according to the present
invention is 0.021 to 0.127.rmin thickness and a
copper concentration on the 25 outernost surface is
0.5 to 45nol % As a result, the eccentricity in
24,081 nghas s vesifieddticetdthe oweerilayer aocstdegd lto the present

1n87)%§g1%g r%%%}éci) g?qgasbtgglilg%?érﬁ}ggf égﬁegclté/qléroln% ftnqglig %15 P, Se, Tl
and ltszgsurmge genechdration hwas o(ﬂxﬂérto: Emcalf reatd dxhuwalsheo cﬁpﬂlary
CHEERB IR ST 3N A ot o
lepgthen %émmpmapmdmtppw bondi ng wi res o t he
[ong]mlesl 2, 4to 12, 15, 19, 21 to 23, 26to 33,

t he ut r | ayer accordi ng glthe present .i nven lg
0. 02105 ednﬂ!ifﬁf%yﬁﬁcpﬂp%m erding Wires18iheeXABp St bto Bs, B,
B8appBL5/ tenag !Bm&;?lef; B%Qtt%: ]69;26‘ lmaao O%domt&ehgé'iﬁﬁtﬁedlﬁ&enﬁed
nce I | ONn_ 0O ) 01 S .. . L O
o1 SR A4 6 afinadete s PEE prbiee AP gas 0071 0. 12m
inpthigkbesd anidptlsndarbumodmcerteation aas the ontexmbsiceurfaca of the

oldk! 14 ?@g Qf%.sr §HULE %On%‘l‘}{» g g fdr?]ilélh eaz %%f nl5 %%’lférfo the carbon

coppe W'TEes

copgentragin by the dspthtdtmecamne ﬁ‘qnaytbue %urfanedvmg & to 86mol% was
0.00e3 eﬂ’(‘)t 0i0yeA! Ilﬂrﬂi‘lék&éngS A%Quﬂ@rim held Egéﬁ knesSedWat the

ration of .t he ot ert
'11'53 85 the vetrs) was Prhanged Edmg werformange @@3 "Sris a flaw
artdafédmplggt tifea Alviresomdd- w&egﬁ'hﬁ}@cDTDbélrbbﬁﬁ ihbas B verified

exgin s SReRaREE P e B L A o, FYE BA BB oy, Boo o

Bidsa peefoundreffics df shapreduing at Bawl ayd scraping o asgexarted.
[ohbg] present 10 invention was 0.021 to 0.12,umin

thickness As_a result, it has been verified that in

addi 19 dhemsultrlayes eoppermbondipgowires in Hiegramales B1, B4 to B6,

Bs)ktbalBI@dBQm BINBINEo BIRH WL Béén %@iﬁ@&@hé{t tRe %%té‘r layer

S 5 ol S5 SOt 2 et the
odygadi cupcentxpiiah ohethd buté:ﬁnbétl&@}facé' @Blthelmﬁsér l@éﬁﬁﬂas 1to

s AR s B 0 e B o
bin stenface of dheceuter laywrmvitid aacchcenttatdoivof).2 to 26mol% was
0.0005 to 0.007zm in thickness. As a result, it has been verified that the
wire unreeling performance was improved and thus curl and bending could
be reduced, producing a good result.
[0129]
In the multilayer copper bonding wires in the examples 2, 3, 5 to 18,
20 to 30, 32, 33, it has been verified that the outer layer was 0.021 to
0.12pmm in thickness and a region where the metal M with the concentration
of 10mol% or more was 0.03 to 0.2zm in thickness and then as a result the
reliability of the wire in the reflow test was high. Desirably, in the examples
2, 3, 6 to 18, 20, 22 to 25, 26 to 30, 32, 33, it has been verified that even in

the samples bonded at low temperature, reflow resistance was high.
[0130]
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concent - concent- concent- ration /mof content-
content (Anonelecio dia- No. mate (netal M Metal
concent- radon is radon Is radon is /nol % Cu of ration
ration ration w neter Hal Mratan |Is 10nol % 90nol %
96nmol % on 1 to 30 /nol % B No 50npl % or nore or nore or
nore outer- nol % I nside /nmol %/ nmol % C; epa/l+m or

nor e) St concernt ora I.n car
dopott Pl GRBeF ondMa shife i Phod BptbRls 1 608,57t
16419 1t 24, @ﬁd 20, ¥233 Othwﬁut@rdageﬁaecomdtxﬁg [#3) ﬁhe m@@ntzmventlon

=L R B e I el sotod Y gt o e

mgetaloM concentpaiion i Qshnol‘%@@z moze ig 0.00% to 0187 my ignthickness.

AE’ % Pedldd 9&5 beeAGRrHi P Indt ThRGREd %oﬁdaﬁ @O%& Re wire

02 00
h@d 8@99 leé iy fgv@ﬁ%oaphﬂ;eéz 9% szovas 898 @ds%serp&s compared
tdOtikl compargtioe dkaplel @ Whegdl t&\ maé\ providedSAStIPdho outer

008 32, 0. 25 10 P
lagep &% 4R SOmNpTAEVE S rGmanlo0 g 6 BIVHaBLEhe ity 18y 4T was below
0.821 jmPdn CcHi&kndks] 3h6. ﬁﬁﬁa@e Aife beoﬁld)ban&@ wit® vade 2mproved.

PRl o e el b ey i afpgtel & P e o 2

2019238 . where the regigmoran H06Y . t00d. innthickppas, the wedge
b&hc%ﬁh@y %gtlge %&a&@? tﬁé v&r%@ﬂladlbe%x?@ft End@) SAySwad good.

LL ~ 17 SA17 Pd
[. 015004000112BZ318SA18Pd0095015
0. 08 In fiGe %ﬂtﬂ@yeﬂ@ peCBin @ glwidrezbin flte Sddmhplst Q, 315 7 to

105 % 15, d8dszs, ! 98#0%33 25 Gy Blned Bt or avr

agoodingt@ gBe PreghtOimetith &a300620. @400215 igXhiddaress and a
FEi s e b IR BBy g S AR o o o
was {4 Gy gnthicknessoAgps regulipitchasbeen vgrifiedthat even

1f0tﬂz8 Qvﬁ-'@ Qoﬁae@ o @ &J(ﬁuﬂﬁ 3 gltoﬁeéa 2% as 28eateltd (Eilcﬂ) 8 stage,

bighIe b ptye 9KiciZgHgp o1 4he g 308 b Sotratidaog A 4
[0r820. 05 0.08 0.03 0.01 24 0.003 02 C 23 29 SA29 Au.

2 0 6 ef e SR ok B B, 2.5
1244 tad7, 3O, 6102023, 28 t0.381 theonses layonac@rdimmo the present
in¥enBr3rishs 02 8- 0119 19 tRiekPreld athd0a CEPFer eorfeBt42iSR on the
outermost surface is 0.5 to 45mol%. As a result, the eccentricity in bonding a
ball is reduced to permit a good ball bonded shape to be obtained. Desirably,
if the examples 1, 2, 6, 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
is 0.021 to 0.12;m 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
0.008zzm in thickness. As a result, shrinkage cavities on a ball tip and
minute unevenness on a surface of a ball can be reduced.
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out ernost surface of said outer layer is in a range of
fromO0.01 to 5nol % in total. 4. The sem conduct or

devi ce bonding wire according to any one of clains 1
to 3, wherein a diffusion |ayer is provided between
said outer layer and said core material. 56 5. The
seRiMgnduct or devi ce bonding wire according to any one
of claims 1 to 4, wherein a region where a
concentration of said netal Mrelative to a total of
nmetallic elements is 1 Ol %or nore is 0.03 to 0.2pm

i n t hitklkdeesscorgiucitintelevieaiboodidg etirer cateprisirgg: bondi ng wire
according to any one of clainms 1 to 5, wherein a )
regi orft | ¢se dmatenal whose cempeenaiterigciydeocapper as a main
concentration of said netal Mrelative to a total of
FRIPBPISY el ements is 90mol % or nore is 0.004 to
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concentrati on of sal et a elative to a total of

Whpd)éiﬂid‘n,%\halmEbér, is 96mpl%or nore is 0.002 to
0. 06pmin thickness. 8. The sem conductor device

bondi nhereinesatoudtediaper is @.Caytodnt2uwh in thickness,1 to 7,
wherein_a copper concentration relative to a total of
met al 158 metab Meinelides at leastonecs!erpent galgaied trmeanaong fierPd,
kg%‘%; S 0.5 to 45mol % 9. The sem conductor device

ﬁb aRid BARLUPRANSTHE09any one of claim 1 to 8,

copper i R TRRr D HABRE PR o il 2%‘10\“&?"%5?3??‘?@3 a
o Bl ST B0rP by ghO R, 8. 8 BT A8 Shote gartr

SleRnty antl af esifantdl dithcbRtrativn d?RaIdadt lesst ahdBlemndr® rdlative to
wherein a concentration of said netal M which is

thentwle etitherwienis ireatrange of frem SO0 o Gt08mol¥dianotabpper ,
relative to a total of netallic elements is in a
range of fromO0.05 to 3nol % 57

2. The semiconductor device bonding wire according to claim 1, wherein

said outer layer is 0.021 to 0.095um in thickness.

3. The semiconductor device bonding wire according to claim 1 or 2,
wherein said outer layer contains at least one element selected from among Bi, P,
Se and T}, and an elemental concentration of said at least one element on the

outermost surface of said outer layer is in a range of from 0.01 to 5mol% in total.

4. The semiconductor device bonding wire according to any one of
claims 1 to 3, wherein a diffusion layer is provided between said outer layer and

said core material.
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5. The semiconductor device bonding wire according to any one of
claims 1 to 4, wherein a region where a concentration of said metal M relative to

a total of metallic elements is 10mo!% or more is 0.03 to 0.2um in thickness.

6. The semiconductor device bonding wire according to any one of
claims 1 to 5, wherein a region inside said outer layer where a total
concentration of said metal M relative to a total of metallic elements is 90mol% or

more is 0.004 to 0.07pm in thickness.

7. The semiconductor device bonding wire according to any one of
claims 1 to 6, wherein a region inside said outer layer where a total
concentration of said metal M relative to a total of metallic elements is 96mol% or

more is 0.002 to 0.06um in thickness.

8. The semiconductor device bonding wire according to any one of
claims 1 to 7, wherein a copper concentration relative to a total of metallic

elements in the outermost layer of the outer layer is 0.5 to 46mol%.

9. The semiconductor device bonding wire according to any one of claim
1 to 8, wherein a region inside said outer layer where a copper concentration
relative to a total of metallic elements is in a range of from 1 to 30mol% is 0.0005

to 0.008pum in thickness.

10. The semiconductor device bonding wire according to any one of
claims 1 to 9, wherein a concentration of said metal M, which is contained in an
entire wire and is other than copper, relative to a total of metallic elements is in a

range of from 0.05 to 3moi%.
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