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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
wiring board (lead frame, substrate, tape or the
like), and also relates to a wire bondi ng met hod.
BACKGROUND ART [ 0002] DESCRIPEHDNy, thin wires
(bonding wires) having a wire dianeter of 20 to 50 m
or so are used as bonding wires for

opul ar |
connect i népm Ig LHABO %BWN@W@E%M

and an external fIND“WI theymel
conpressi ve bonding tec n| que vvltGh e aid of

ultrasound is generally applied to bond bondi ng

wires, and a gener al TRCHEBIECAIORIEDLD devi ce, and a 20 .
[O{iﬁﬂol lary jig which allows a bonding wire to pass

ugh the interior thereof for connection are used.
A | edthiengreseahitoinvenbiondiralptes rte & ssdmrbrductanddesdts dobnding
eat

w é r@hgzr?ﬁ t% C nrﬁt%# tah ectg &?Bhsd %egﬁngc:ogagc% cfewg %ﬁ% a w1r1ng
ofan cerr:mttwweg dﬂoaad & frague; t wrbstedtenbape heahedﬂm)t hnd also
repaﬁggrﬂgg &fr@'ﬂolﬁ@né %%ggdc bef orehand. Thereafter, 25

the bonding wwre Ts directly bonded to an ext er nal
| ead by ultrasound conpressive bonding. [0003]
Recently, techni quesBA€IRGROUND ARTSt ruct ur e,

rial and connection for the sem conduct or
kagi ng technol ogies are rapidly 30 diversified,

and fGarrentdppthin wires (amingiwige®thavihg laewireahaniemgl;/of 20 to
F;.grgﬁ%ds}on %(gﬁllﬁﬂérrlsggd dé¥§ Ugﬁﬁng:vgg&vggﬁ?ﬁnﬁeﬁcg?g an electrode
onszueﬁma@ thB@leme@tuaildAan@wenm@d mgrmlrsﬁdttgg«ﬂtém@ éthermal

|
Rt B i A e DSy
ﬁoﬂ%%'ldl bﬁﬂ@vgdnr%pa arggeali RyRose honding device, and a

cagﬂwﬁg'wm&sautamcwbbn&mtgywm&a@asstthrd ﬂg@lﬂtbkmr

S re ISl te r Qv nal n

B PP AR 1 b adine oP adnditgspie 15 heated
andomeited b}eaM@ﬂnan@wtthl a bladlrisfformedibycurémreneasion and

thgh r%id’)llé r% %ﬂﬁ:re@&"vr gg%ﬁ(déﬁ%{) %hreiﬂé‘&‘rgéé bf 8888 conductor
element heated w11:h1n a range from 150 to 300 °C beforehand Thereafter,

the bonding wire is directly bonded to an external lead by ultrasound

[0

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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bondability to be inproved as the wire is directly

bonded at two |l ocations. [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 wiring has been

practically used as a wiring and el ectrode material on
silicon substrates. Ag-plating and Pd-plating are

boadih ¢ etbohmt guansuippde fmorfinenpith acomesttionametheshithan the

coF RS pl o QPR o HPREIquREL Killsed o lipd wir
bogid ailiigbiocbenismaroved) asehe: wineds direcgly onsed; atstwp lesptions.
[00b4FEn applied. Depending on a variety of these

bondi,ng. t ar.get terials, a bgnding . wWre .is required
to bé\?am@@e@ A b%@&amﬁt@ma aiding Fpre gy F@ﬂﬂb@fcme
di¥érsihied.aln adtigoeup €l dotivetitivha Al gllopuedpper( puithble for a

> 99, 99 SS9 has, begn mai,nl y used as terjal of .
finer Birdng P heen RACHORLY Watdrs Wrmetnd st Eie naftual on
sihcdmrstibstrates. eAggplating andt Rdrplatingl armtapplizid whielan upper

S e ' [ _
ool il SARTFIIRL W RB0R: WiFiSiire AN, ori upper portions
oftae zesl trate, astapengiothe dike; entewhighpmfilmypf p poble-metal
el&neHt SRBEHsCedIN oRlitd Bﬂo%'iﬁ%_fﬁéh ARBIad) SDéﬂEhdiﬁg'dn aRtriety of
to btajnasufflc:le,n ondi gstrenthl.ngl ;Jbgded di
thegs beBingtgEhmatREaln A DapAIng WP dg rged ko Pegiproved in
bdndabiipiey ahd Belighidity.ng of a bonding tenperature,
[OQB%.)Eni ng of a bonding wire, etc., a bonding strength,
nsile- 25 strength and the Iike are requisite at a
part Swehfare 4N-gooup ggldvhawing a kighj petityl (purite ¢g89.99 mass%)
hfBEbA dnhud Weldl RY L Pcfteblall W 4 Hinidiilg 98! Bold 100 HEwever,
n the resinh encapsul ation process o nj'ecting _ .
expegRive; arddienge at bundingavireigadp ok pnoshehmetahmaterial which
is$ enlsR BaPB&H dedirgd Obl emthat a 30 bonding wire
hﬁ eformed to conme in contact with the adjacent
[0 2 s, and besides the wire deformation is required to

be r esdcopdingtoahefegqliiementeefithe eviré boAdimgsiethniques, it is

iRt ot Dol ith &' B sbbigSiet 4F She B di0f Etmine the
balhandéo obfdinhm sufficientHbateting mitdmgth inanbiredasbportion between

thteooa‘ipggg &l él@étrgge .aﬁ“u}t%{;%%%gb r€:¥1‘€1~x rl@wéfihgrbqtahboﬁcﬂhé
resin encapsul at’ion procesS still I nvoFves :
tegmerptwre; thinding phathongding wise, ¢feaethanding spranetht a dpnsile
stkﬁi%%ﬁsallﬁpﬂﬁe gk@ ;&/'r@ gﬁq\tﬁﬁ% atop Baﬁpﬁhbi@é agf_éﬁq wire is
s&@t&aéﬁgﬁg@é&nd%g)t@@ g]v%rgr(fg g;l a éi?cugi? r\}nlrir]]l Board. o>
[0007]

In the 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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Besi.des, long-termreliability is also inportant at

the tinme of actual use of a sem conductor el enent on

whi ch a bonding wire is connected and 5 nounted.

Particularly for a sem conductor elenment or the |ike

nmount ed 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
thB(stremgtﬁrlB homding dearfessys, eto.care splvedh unprecedent ed
[0B6XEr € environnments, high rellablllty nmust be

mai nt ai ned w t hout deterloratlng a bonded portlon

wher Besies, dorg-termizebahtitypacse smpestant. at gy %P actual
ustl §fea %@ﬁﬁ@&ﬁ(ﬁiét&i 'e@énfaﬁf ofakhidhy hgbridia &bﬁ'ﬁéeis connected and

nts esired that ,over
miated. BRiehaly dof a SniRBBcp IR, the likg oyated on
areasyombbile, high reliakbitite wndeti suclpsevaesenvirpmments as a high

te&%@?gmlle' g}igf)%?wé@%l@gﬁfmﬁér%d%ﬁg%r Heshhigal% ¥§4rc£u§red in order to
ensure stuittasafety. Hvescissugh b@@qeradtentt@d ﬁh@ewm@nmems high
reB6B me&d bﬁeuﬂaﬂﬁ'i;ﬂffeﬁ vdlemmt %l'é%rl&eé{tiﬁ'é"é iBohded Portion

conn rMﬁortlon as well as stability at bonded
ﬂwrbo BeWisehasdesponpateRt s. [0010] 20 A
[obgg}jl ng w re made of copper has been devel oped in

order, to. [ ev teri cost el lent . s
o oot Fied Ahataderiotics Tk anBunriRE the MR Folujrgments, it is
desixegethat ndiengll chapsateiietic fea;tures dherdof bedsatisfied; enth as easy

10{)/315 tcgﬁﬁ‘hﬂr? a]bond?%é Pr&%%g Llr%}é}% %ﬁ l}ol?l?ia?;ﬂ?t{}et{ o PBRBBde and a
leagiWireareetmabled: hxcomsive wire deformatiomdni® rTGBWg encapsulation
probé&Nghbs rfthf‘o %e“’b&ﬁdfn%r fpi‘&@esbs AP TariHRraRPEN 3b8z-term

corrosi on ke at the'ti

relgpHHTIL G @ﬁpnepﬁ@% PO5HBI Weifgspsd:ﬁi)e%ﬂ gt a bonded portion

unidsReretdéevirehmcn®s.| ack of progress in practical
[Ogggjpi cation of the copper bonding wire. [0011] In the
er - based bonding wre, when formng a ball by
mel tiddondidd wireenidde of heppendhay hweac deselioped in order to

ac?l%\feo rl&d IH%%ZBEL&? §, dg?&ﬁl’e“?ﬂ gﬂa 9r1 h&n\ﬂl{c‘ilv%tb}b peﬂ}fbnced ball

or der
mxdnnauamdr@eMb%dJmm@entles 3@9113611343 pge rmp@m lﬁgrawre 1,
etd! Wﬂ‘rﬁﬁ Cto H&;ﬁ%r' ol B! ﬂgrea h&?é\}er(’fthéll%eoccur problems

COp er sSe Wre. aent |terature2
s‘é’fla?é‘élont ﬁg theyveme Surdass erfequeé h‘%’d%ﬁc?éﬁ*r’c%haand the

wﬁ@ﬂﬁﬁfadeeﬁdpfdﬁy% gEnérateNdefosddh @Y the hE@@tfﬂh@nﬁmet bfresin
bond| o,sf,gss |SP§Frforrred |ntt e at m)sgbi €or the lack of

e‘i‘f&ﬁ?‘é } U8 RIPDICMRATEAPRGIATY HEROPSeht O the

progtessanuyracticakbapEpertiedof that cappet diomdnyeg wire/ 59 bal |

[85 he copper bonding wire, the 5vol % H2 + N2 gas can

prevent a ball surface from bei ng oxj di zed and .
t her disothe, capperbaskdohandingiwvigeiswhen forming a ball by melting a

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

has been standardi zed as a gas used in enploying the
copper - based bonding wire. 5 [00121 As a techni que of
suppressi ng any oxidi zation of a surface of a copper
bonding wre, patent literature 3 discloses a bonding
wWre in which copper is covered with a noble netal or
a corrosion-resistant nmetal, such as gold, silver,

bail af itherpppert baddmg; wiites ke, 5yvmd¥aHe, + A gase canlmaeweuma ball

pr essi erloratl

desinalbde ﬂm@n acngas)ﬁI‘ocbat ahﬁ 5V¢1f’/eHat'hJNe gms Q@@esiaadardlzed
asbé) g,% Rged Yh'e e@eyggg Opp @r%séap bhAIT S, € menber

y conpos a dissimlar netal I|ayer
d on the core merrber and made of a net al ot her

t han SPRREERNIQNE of sGPPEdsihg ang oxiditaken of atsveface of a
di ssbm lLar netal

coRRPP B g ies pat AL LR S BT e" A ming ayis gy which
coppenis cdveand edpipamobbamsettl bt hemvatosien-Seglstagitosetalasuch as

N T e
likept aMgrekmwn@om thecstapdpoutt ofra é@lﬂ forznability mad qussmn of
de?g%oga}ﬁ@lghi’ﬁ Qh&&%ﬁﬁﬂﬁon fﬂa&@hf ifere@hfe H@imbsesad‘ﬂondmg

( , is a m hav,i T 20 t kness
wige 0. ouctused agto haveas ee m? KRR cm;jlggg ofcopper, a

dlbiéiﬁiﬁ@égﬂ(sg%@%m{%ty@?for&t@éd b?%hb Qﬁr@ﬂiﬂmlﬁéﬁ #10d) ni¥ede of a (1jneta1

at en [a a e unexamine

otBEF LN St BPFGHC AT Fer S ReE R SRR al layer
arbirerde of Areosidizeai@i- rdsagimmﬂsnem drearm g achigheentelting point
tlﬂ%%[péolp§?p Of]ﬁpe a8 ﬂ\ﬁlsclcéggg%? %@Qn? %fen{:omgnsmg a core

apanese unexam
mputhergagindy cmlposed) ofi compryaangd @npmt@ms in 1@feat%hl@h5~‘0ntams

a %%eggf‘ Ehsagr%i;% etk B8E ot %E'%Eh apg! doﬁ@ﬁtﬁé’hﬂﬂéim h‘%@kttﬁ‘é di¥ferent

n- at ent er er .
fromndiengpre srebRB md %qppep:u @w? W%@eh E?ewgg%ﬁlm 1838814
thi€ends2\0fMEQ0 BES b.ol2ni@ar nati onal Synposi um on
M croel ectroni cs (2005), P.320-324. 35 DI SCLOSURE OF

THE | NVENTI ON 4/59 Problemto be solved by the
Patewe ditepaturp 00 JTapaitbse anaveminehphtensEpplichcion pupligation No.

q4-bBgdsmonol ayer structure

Patent literature 2' Japanese unexamined patent application publication No.
S63-24660

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

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

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

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

DISCLOSURE OF THE INVENTION -
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5 (i.e., a non-coated copper bonding wire which, in
sone cases, is formed wwth a thin and naturally
oxidized filmlayer on its wire surface. Hereinafter
call ed a nonol ayer copper wire), has practi cal
problens that the wire surface is easily oxidized,
decrease in bonding strength is prone to occur, etc..
Thus, as a nmeans for preventing the oxidation of the
surface of the copper 10 bonding wire, the wire
nobl e netal or
Pﬁolﬂl%ﬁct%oﬁr;éagoelg?%? gﬁc?:lgqne%hp fl[ 0014] Study by the
d8kent inventors in view of the needs for density

gr OWt’fhe 'Ebﬁb@ﬁﬂiéﬁ&la%ﬂﬂbr mmmgnﬁn@r witle al tmouayérh@tructure

sem conduct o 15 ac techn Io y has reveal
(iehet npRoatd, eoRRES g 18 yERICA . I 8P GASES St r%nteé with

a Shih aarl m@hﬁﬂlwdxﬁtthagm}&h ldiyé# thei”tts Wﬁﬁmgffap@.r Hereinafter
rein non- coat ed_copper _wire.is,ca a .
ey Aol BEE CORPPE witAn Bas Ripishl obiéte] thay the wire
swifade xsrmsilgy:endlzedpddadredsmmbbhdingyﬁrengﬂeis mhetthucur, etc..
Tﬂﬁé eynaf fn%énrft?{" &)?gvéanjgﬁ 1\6ﬁ5‘tdxgﬁ'z?ﬂloﬁnblftthle as\f.ﬁ{' OPfle copper

hav
bcpml;@gu ware, pth | wire susfiace emayn benseatedd Wlfleo&S?OhAneﬁﬂe&al or

oRahtiohSrebREARG ARtA.t1 p of the conventional multilayer
copper wre, a flat ball forned with a decreased

[OQéé ee of sphericity, an unnelted part of the wire
r enui $Yudyg bystlde prégertainventosk tiheviganef atheoneeds for density

ey, o Pridie e e SR RE i ot 164, 5, fie, D8 feonductor
padkagyg hechnitlpgy :hnangevealedhﬁlatl the emnrenamma&l mv{lbﬂamr copper
whRE W RE £ mea@%}%@wﬁt eﬁ:étgf’ﬂlﬁ'&@h% %oﬁas ok MBerein, a

conventional a coated l'a
nenygoated @wérwmlqoe@lﬂed mm%&%werscpmxeﬁewmﬁze w@iﬁh a copper
wtﬂ?eedoratw LAtk %ﬁ% la§‘é‘1d1§ &ﬂ[&i‘ RRultilBGEL wAFE Wnd MG HiFeinafter

E\t}r@e [ oop s aira el]irre unst abl e, and adj acent £

s %ycwm SEaTar, <HBPEL oi FaiRs ehd¥ t Hots o
h&rhalbwFineatipnkd praetichlingrobl 610l Thatbemnafrounkslged. bal |
[Olf)ii Eg the conventional nultilayer copper wire, 35 it

f a practical concern that a defective shape of a
bal | Waedeal bptirisiformedro a tiredfithd comventiradimuyltilayer copper

wite! %”ELP bﬁﬁefome‘a \Lvaﬂheaydet&e&saehed@é@s eoftgp{é % S{iRfhelted

or a cur
pwe@tg tha dvm@rmmegnmg énSIdercth@. bellspadi tfhecg%@na@m of bubbles

bEMPhFSHlen@! MRS Air?bg@ak Ihak1stel boddd ¢h ERGERAREIreduction

e of SphrIC,It msall ngent of a ball forned
Hgb@mﬁag@r%at e damage g the Tﬁ@ ArefAWSRE- wir e
[00ashi ni ng inside the ball, and the formation of

When performing a complicated loop control using the conventional
multilayer copper wire, a coated layer and the copper may peel from each
other between their interface, and therefore, there occur concerns that a
loop shape may become unstable, and adjacent wires may become
electrically short-circuited in the case of fine-pitch bonding.
[0017] ,

When forming a ball using the conventional multilayer copper wire,
it is of a practical concern that a defective shape of a ball bonded portion
and a reduction in bonding strength are mole likely to take place than when
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5 bubbl es (bl ow hol es) sonetinmes becone problens. |f
such irregular balls are bonded onto an el ectrode,

there will occur a misalignment deformation where the
ball is msaligned with the center of the wire and
deforned, an elliptical deformation where the ball is
devi ated from sphericity, and a petal-like

deformation, etc., thus leading to protrusion of the .
using @emlopolayieo cofiferl wire ana euerdntdensnly ased gokldumidiog wire.

Td E‘l\% %cﬁ@c FA1GROL R, ‘f)’féso ttﬂ?ﬂ?ﬁgxn oﬁ_% A Fall %VltP a decreased

on nanagenen ese I nit

degmpeiof cﬁpﬂ:\erlcubfef,msnhgnmeoft adadk fyrared obHquely relative to a
Wir@ng)atr?rdf' ted iR réﬂlanﬁﬁgdf-ﬁs‘iﬂé %@ BQHV%nd [tﬁ@lﬁﬁ-'matmn of
Ilterature4d|s oses th f skin %gﬁ
byRhe blpT: las) SEne s SReLoRS 7 igegiigEbgls are
bdrﬁ@ﬂnbﬂttﬁ_afro relfcmfclsqden otHeat | wﬁl@socftﬁﬁ osl m}i@ﬂlgn/méﬂt tdeformation
ng of_ the conv | ona .| aver Cco
whfhe 8 Rl B bherC DT P Bty oW, SRR Ropmed. an
elhptioak deforatatiom grhereethereafl cis deviatéd |, fromndphericity, and a
pe'tQ{ -Hich Zﬂl%?oﬁ‘ﬂﬁﬁﬁ nettch%hglgtﬁé%&? gﬁﬁh{l&ﬁ %Eﬂ@hg Pbfided portion
fremn éénelegtmdﬁ swrfaceroreduntiomin. bandinggtreoetine chinygpmage,

faﬂyué e prﬂélﬁéﬁ&i &:ﬁaég‘?ﬁerﬁr @ﬁtﬁm hké‘V'FHéééJﬁutra!l bBadifEeRAlures
men |one ni ng

t
m%i;azﬁ{-;é«? ?h% %@dfaﬁm ? %grt@rmp%l élm/ ag ﬁﬁﬁ%@&f B§°ve
[0Ob8hni ng t he outer ski n | ayer, yet it has been
4 ed hat d '
cut 1 e Rl 3 R e o BGRere P 6 B b formed
todp POl datl. 6E/zmot}aclsmmsc @sdu tecdmigue tfwe sbivineg faldntesdas®ciated
WREI ‘lﬁl@ Bt Bgﬁmhﬂegeof Qi ¢ (?rpvefn%ft}n tlﬂﬁltppggf‘ %alr;f ﬂlﬁt 9'he outer

requent
skija denf%r r@@l;medet@ ¢1e m&wb@eaa cvmerrftr@t;on 0 lem.mmomgaﬁwell

a8 1Hfﬂi‘§§cea'5etv9@é19VﬁiéEBhtérn slﬁﬁijgﬁy@ro'%ﬂd"& core material, is
msgfflm cau3|ag her ei naft er - a ‘i/ h h

desrrBed AscRARGENR FRet %1,4 sancepfrationypf 1 O[%Mesa" roug

theostudireby ake mfvehtt&sfmatheaprm#m?h@fafmew ‘sehas ebe_en observed

ments, ..S i fi the fo S ..

b B hE TR o rntioReE mrob Ry ponitinply BEIHAR, b6fded Porsion are

psa’t@élyl qopivetldry thimméng éhe wutér skimlbagleaypst it dpsebeen verified

thk 'Sich® mge"ﬂt%@escﬁﬁé Geb Erfl{ %f%&swhe'rﬁ used under new

pertormne show ng W|re|s racture
enmmnmwtsCﬁuch H5can @méwa@@npt@r& semlcoad@ctqwrot@@dﬂkeemp@nted

orf aﬁqmolﬁie 3Puts Ue Favd, rt%ﬁf ﬂ%ﬁh@f ehb Son.h:'eg heiin t1828r, iRt more
in a W.re, | C S .QAOW
fr ?ﬂ‘%ﬁﬂt fﬁafa%gﬁ aetherrepf:%wspr% ides, ot %@ﬁ%e?me‘feélfi%d that
thismeingoac ny’er pidkesabn uimgftﬁ(eﬁmef_tw e Swéflgé ltﬁmidd)ﬁ)gi ddsufficient,
Qrtion 0 Op er ase re s sim I - i1
cofiBile § heftideRORRREEBE] Tloblht chfeetnfRie Mieltarm relighility
[0g39k her nal fatigue. A Pb free solder that has been

rapi g %a'jlﬂa-oofi tﬂ@aﬁélﬁﬁhoﬁs %ﬁlﬁ@f} ﬁé\@ §é‘\‘)§?e oénvﬂ(;}ﬁnents,
envi ronrrent al__count er neasur e

spgeitivallynthe following test is being performed That is, 1n the rehablhty

test of a semiconductor 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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5 conventional tin-lead solder, and therefore, thermal

strain due to the use of Pb free solder is becomng a

problem The wire fracture is attributable to a

failure caused by differences in thermal expansion

anong constituent nmenbers of a sem conductor such as

encapsul ating resin, a lead frane, a silicon chip or

the like. I'n order to cope with an increased calorific
absat yke #ailifed tieatta bendéd aortiparafta copper-kased wire is similarly
ERTARER NG 1A LG AR Arak AIRCLALNAS P thedd] fatigue. A

I NCr ease varl a
Pl frepeoldarr thasthasbesrnrapidly pusdntmespracpienl ape fenthe sake of

th% eéiﬂﬁf‘oﬂ’i‘néﬁ%aﬁr thb&sﬁtl%els-rg R&S in igh niélﬁn%aﬁﬁn‘?fthan the

he copper e
copyemtaeralstindoad @@Meﬁ 28 tt#a efprR t&e 1de1§’ fh‘“euse of

PP &l dobliieisUbidamihBa E%lbﬁﬁ@li@ﬁ@f@?&a%tmﬁhisl afttnbutable to a

ecreases i conventi [til a er copper W
)87, G 3P Gc¥ o HFPIABHE 0P BR8P ARG b AR forfituent
méibkts bﬂfaesem[cohduatcg'ommlbaecbnugpwlaﬁtmg:mesmxarriﬂad fiiame, a

t h Ki t
5 A5 A ) BB S A vl
the dpmerofiin eperatdon wf roseminonduttarc ancitierefseed %Iﬂmpﬁl‘eature of
thgqgggg %'hvu‘%?néx{’cséﬁcf{ {drERted {rglqg@ibnﬁn %é&'hfp@i;@ture of the same,

zation proceeds In a no yer. c
it beeerres 1@139%@91 Feduge é“”trﬁetﬁ agtuge ép(f?lﬁpﬁé’rﬂ tegt in ‘the case of
the Reppet-Paddicbaidmgniizee. 25 The conventional gold
[01‘? Iing wire can be stored for about one nonth before

uring use. As for the nonol ayer copper wre,
hovveﬁ&re, psésmtnmw;htomnhavé orersfeade thht cthpsfnequen@ of failure

[l,ca a t
oofRERE T Ry (PSR SR b ETAE shBRre MEroases i che
counsmon@l nmitléaydae@mmer Wixgtasr eorgRarichtp deteerlonolAyascopper
WirQ BH? ﬁ’\ﬁr&gi"ﬂéfgg%b Ioc‘;c])gi 81&39919&&%3?%%? F*ég:’é?daﬁlﬁ%lle:%ﬁ' the outer
ske% @é&r edrpbaveris @s ngm g5c¢ §Pé!n tad Phgmotn the pefiyentional
mAlt9eses c@ﬁpelbevm@rﬁaeemgisé‘%héﬂﬁ@f@amthﬁdmm the TCT test
nono u?ﬁ%éﬁgopper wire. This effect, however,

Was Y 1y varies depending 35 on the conpositi on,
[OSBILhcture and thickness of an outer |layer of a wire or

a_ viglni]l r{a}gzgt o?hdg&éﬁ?%gﬂo%gd T erefn%x‘ggagér 'c% per wre it

Inpo ant ure o onve Iona
beeotues| mpepblenpparuss thathiss gseragez b istgherfsiny ghe pémosphere.

T]Eég %ﬁ% Bnalg%ghf[i@ohﬂiﬂ e twird Gl heb ettt Ifon aseumﬁaemonth

abl ogp shape, etc. need to be ensu
beferepar é@ﬁ’r%ﬂﬁ? oS ferobhe EenlayetFORRES BYE: | WieRE, “loring it

ordy ToS BévRira] Hays abehé atm@sﬁliéhtd?ﬁ'ﬂl thiise fgaobldmahat the wedge
bosnedva%rﬂ%y 'ise reéuémds ang a balF 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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5 duration nmust be ensured as conpared to the storage

life of the nonolayer copper wire, leading to

consi derably strict conditions required for a materi al

whose main constituent is copper. [0023] Anong the

probl ens associated with oxidization, inhibition of

10 oxidation at the tine of formng a ball is also an

i nportant subject of a copper wire. For the
convenveonalomaltitayes|capper ®oppbe opitieized. Tocdmdup the Mguivalent

a t f
G GyEP EOL edd RRUA rbs ape, r
netedet@ol@q gusurpd oo cbﬁhgdftﬁadéﬁﬂé ¢ pPYRR aftes esforage in the
atild8p ﬁ@ifeefo@fabwe\tw%l AEntKE TIAS nhéhi ARG RN ¥ralaRd tsﬂaes the life
runnlng t of 15 this qu%cgaa?lsaso%x?rli !
W@ﬁnc‘é‘h‘ﬁb PrRPSUBEd 1 2sGoumRANeCHY e gtarpge Life of the monolayer
i, lléadiﬁg%fdonsithﬁ‘ablgsétrﬂﬁ\caﬁﬂﬂ:@mssmﬁi'édaﬂ)r a material
econes sSia ared to that of a gold bonding

Wl%ﬁsreemébréﬁorﬁnt&%ﬁ‘gﬁc sed for a wire material. The

[0923] cost is one of the factors for the copper-based

bondi .

ngﬂaggﬂneﬂg ﬁxe Cg@é)btlé@gr ﬁ?éﬂ’d&llateﬁu rvglgﬁ:rﬁ)éﬁﬂ %16, mh b1t1on of
oxidatiemtatothenh jigme gé forménglian § aﬂolSaaLsen@Erlﬁnwéant &ubJect of a
cof)ﬁ@lp%f@ erx”théN@éﬂf@éﬂthdﬂaﬂ mbﬁ%%r |cf)p?e193§1'é of 5L6RFTHE+ N

I S C onp COS reducl o
gaéflﬁé%ﬂpq arlg gapley gkﬁsya éﬁ%ﬁ%@bgﬂcfow%gﬁgc%%%ém4’
Hs af B \paseisagaptiyied, howdiver ethec ekt fonchriokidingt dédtieated piping

i e ¢ Ro ARS L aar g o dR i 4 BT P ping ost of

thisomdxed gaa ipaleo BRpemsise hBhemcomparinigntosabeests iineluding the
mﬁﬁfﬁ%ﬁﬁgt c&gt t@l% J.cb'éjcg%ganﬁ% sbfne'tﬁneg ﬂé‘cbﬁiéls shftller as

commared ttioothat thﬁlﬁqld ahpéxdn@wme amemelf quar|1§ ugedpfog a wire

meeQiiaac ‘I‘h¥'gta)é doSt meﬁgf %I%eﬂ&%%PYhé% Qo ﬂgagefaaoo'aaahgfowue
| u

n%ﬁemr@ﬁ%lggﬁe#%% safetyoRARagERE &chws%%ﬁaefe&ﬂ%ﬁ A8 fych as
bvolBakorgead flHydrogast bdlidin@atd aSicofceral @bout 4 hmydmction in

can roduced the conventional multilayer copper
W?/ﬁ?‘nagtﬁfwg i s capabl e of providing high productivity

[0az4]l hi gh rel|ab| ity even when using the pure N2 gas,

the ‘iP goz{)ﬁﬁgmlhénge&a‘il 32 chi r?s%ﬁe N3o only, 4 cost reducing

gper wireis ma
eff@rc i ctvsﬂld@q@blly enhpoeed andipan él%ﬁél@ke@ the @éety management is

re@G6&d, eirdl Silus & BEs hOV@Rbed BELEL Rhagesttol £ uBlr. Whefitusthg the
the present invention to.provide a congduct or

coa&w@en%mm 6 (<GPReT FLE &%@éﬁoavnbaﬁpg?weg?wm Ny
gadt hab Nistovome hetbl pRevtitabihdet Yecdeduof thet helgment that it is
difficlf r1%ncueseof f%at rc:easseI il hl?érqj%l when using the conventional
multilayer copper wire, totally stable productivity is easier to ensure by
using the 5vol% Ha + N2 gas, and using the pure N2 gas has led to some
problems such as the occurrence of the above-mentioned misaligned ball,
unstable ball size, etc. If there can be produced the conventional
multilayer copper wire that is capable of providing high productivity and
high reliability even when .using the pure N2 gas, the obstacle that hinders
the spread of copper-based bonding wire is made small, and thus its
practical application can be expected to be accelerated.
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5 cycle tests, and inproving wire storage lifetinme, in

addition to the ‘conventional fundanental performance,

by sol ving the problens associated wth the

conventional techniques described above, and it is a

further object to provide a nmethod for w re bonding

such bonding wire. 10 Mean for Solving the Problem

BOOZG] The present inventors have been dedicated to

B&lstudy of the copper-based bonding wire in order

to s I I

P i %&ﬁﬁ)@%ﬁﬁ o B, Zeiehe, i Fo_ppovide o
sepHeoRGWer -deyieed begding aving mpindytempesedant sapper, aimed at

1n:{1:ﬁk)159:[ng'\ﬁﬂllt Eoﬁétﬁh%e red@chig €he |o@¥@freﬁ’cé Rf FailePES iih | thermal

g kness, .and that contr t he
cye%motgﬁ{% o URPERYIREedire, stopReq Olkfs Bgpe.( fm addision to the
cohagﬂhoaabfuﬂthm@m&l peirforin@dndes bgveslviny theepialsieinecassociated

|nvent|on
witR B oohREpPigHRR ebn Ty OB 50k, IRCi B ter obiect
togurawelei 2 orethed et wire haokiag sachdmadidimge wiiree accor di ng
to a first aspect of the present inventionis a
sem conduct or, device bonding wire including: a core
Magn dor; Bplvipe the Peoblgehent s i ncl ude copper as a nain
[ogggponent an outer |ayer provided on 25 said core

t t | t M t hat
T fOHE prshot HYERtOrE Haeo DPan. SHAEREAL0 ptheh SRaY of the
coppepbassd boadthge a0 in torder; t@@dlvecﬂ@problmr édeseribeiddabove,
el 4B ardify it acbat hihd ot Bl €t BHASAES B g based
bopdérg weire 30 hiaveean icavier iaydreamdu dogquovide the pntethtayer with a
spbbifR raasRest tﬂlgﬂfﬂ%'e gC Qnﬁrkffxa'f%ﬂltrdyl of thE Séo&ﬁl%%ﬁig ns 3ét‘iiuctures

r. layer § at ast one el ement ‘se
Orftrlsﬁd ea%y;trhg quter fyermndabhe eavedsaterinlilg eé’engaﬁmﬁffectwe
[0097130] The bonding wire according to a thi rd aspect of

t he esent invention .35 s the png se th.in

{11 st her PSeBhdngenac Has hgan mads b ecrhaye findings,
andniteustiragture phereodss aunmmrm@dmolbelﬁwcont ains at | east
[0 element 9/59 selected fromanong P, B, Ir, Zr,

, Ti, Au, Ag, Sn and rare-earth elenents, and an
el enénbendingreiratacaordingdb ssfirst aspect af the peessndripmention is

rs@hﬁ&éﬂ’cﬁl&gr tcﬂfm fep oo tﬂ%a\@de 6%%5}?11{% Qe c¥e ﬁ:’i 1a1 whose

0.0001 to he "bon
comm@eaé%m‘?éu% CORPEr FR rmwna@mmnaﬁt’ eROYSeR e Laer 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 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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invention is the one set forth in any one of the first

to third aspects, in which said outer |ayer contains

at | east one elenent selected fromanong Bi, P, Se

and Tl, and an el enental concentration of said at

| east one elenment on a surface of said outer l|ayer is

in arange of fromO0.01 to 5nol%in total. 10 [0032]

The bonding wire according to a fifth aspect of the
seﬂnoeseé dtom rameong & B, i[5, Zihdiple Aet AgpSnrandrameyeanth edéments,
1f él[aﬁltentth E(gﬂ'{?ﬁbtﬂ?&? oF Said Qt%ﬁ hfl?e eﬂzﬂérg:si‘qutdve to the

I'S provi sal d ayer an
éﬂwﬁﬂe iR & rangpmfsfsqmﬁ,oﬂ% t%@rﬂﬁm@l%wn otad.cor di ng

[0091}3 si xth aspect of the present invention is the one

set fart any one of the first fifth aspegts, in

whi c g%ﬂng‘éﬁg Wakfc ACPEIPNEN Y naaf?ué'ﬁli‘eﬁﬁf& %‘ﬁr‘iﬁc@resent
m@énaahdlsotheebnb aaeerfowh iif :my amgeodthe fiheintdStHied aspects, in

ﬁ 'ﬂo and .%ﬁf tg Je carlbonné ent tion is Bj
WHiFhSalg olber GeF CBRADE 3L eATHA: $ €66 CF 06‘139%1“% b
P,iSe and Mnesd amelandartah c@fceditratcon ofi sfidomt leastivhaedemént on
a SGHIcOHE %dlﬂgf eiQ 1?%%&%1*1?0 Q. U? ?%mol% in total.
concentration re ot al
nts, carbon, oxygen and nitrogen. [0034] The

bondiTs %ﬁ(ﬁn@oﬁ%cﬂdégr& %osﬁﬁﬁ'ﬁ Qs@%@%@%b@brbﬁt invention
present 25 ipvention 1S ﬁ’geo e set {90” in any.one

isgiie e rsef Jordhy 1) & ope et i feHT TR ASBSSHge R Which a
diffasieniayat i©provided betwesnesid Guel dgperoind a4l ewrkanaterial.
[O\b\ﬁgfr isina range of from1l to 25n01% and a region
e the oxygen concentration is in a range of from
0.2 t’HlQBomﬁhgoWia-e(acO@lﬂﬁngdoamﬂh aspéat of fthe presantiinvention
1sttH@ on%ﬁeft%ﬁh% §ﬁ¥ %n%UJﬁ &'to fm?ﬁ%sgg [IF %1'#1&1 a carbon
concentration r atrve to a tot
Coﬁﬁ@%ﬁrﬁF@nelneﬁ:ﬁn@‘éterme@Hr fasgyefepnidnomtert laggeas ipopzspge of

frdiae 15 Had8 0 o¥%s! %nﬁcﬁofe%h&g wierantigd gHiﬁblﬁ%@ﬁ@éntﬁﬁtxéﬂQS in a

g 4 o Bo A Spoma b DA 150 Gk TibhegS dnch devth

disectivic €run ad isonfak Sﬁlsdldnbhaér Rhye| avhete cbm};ﬁirtedtml t@fms of

copehiEHRE, filklife do A [Bb T mirabierkEadRE sThgthiétn and

Inmm@@ndlng to a ninth aspect of the present invention
[ob§4f he one set forth in any one of the first to eighth
aspects, .in__which a region inside said outer |ayer
wher dh¢ thonding oreneeearitng dp gapeventht aspeatr ef dheypresent

1nﬁf@nﬁ0ﬁ 9% ghe Bhe kBEIFER 3 laing Lo NeSidst t8 QMR 7AectPif which

5 0.004 to 0.07pmin fhickness.,
an oxygen concentration ih an outermost surface of said outer layer is in a

range of from 1 to 25mol%, and a region where the oxygen concentration is
in a range of from 0.2 to 25 mol% is 0.0005 to 0.007zm in thickness in the
surface of said outer layer, when compared in terms of concentration
relative to a total of metallic elements, carbon, oxygen and nitrogen.
[0035]

The bonding wire according to an eighth aspect of the present
invention 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 0.2ym in thickness.
[0036]

10/59



10

15

20

25

30

35

[0037] The bonding wre according to a tenth aspect of

the present invention is the one set forth in any one

of the first to ninth aspects, in which a region

i nside said outer |ayer where a total concentration of
said 10 netal Mrelative to a total of the netallic

el ements is 96nol % or nore is 0.002 to 0.06pmin

thi ckness. [0038] The bonding wire according to an

el evdihenh bapding wiret ecprdingnto @ nuinthi mspest tdfetheepresent

m§@ﬁt1$1?r1§ Rhb Mot ¥e OBt R in! By fddeSh F: B 7oL Qo aesié’ﬁﬁ{ %Fpécpzs in

h. a copper concentra lon re |ve
Wlilﬁb Fapaion; el Aaid suter layes Wheesr riotal atymenératum of said

metial & fe&ﬂﬁ?e 18 aﬂ@ﬂillé}z@hfoﬁhe' ﬁh\;t%aﬂécontgh%ﬂen-m% t!?)’iﬂbl% oM fBre is
aspect o e presen

0@%@@%610 ?fn? ?h’@ﬂlfe}ﬁﬁg ‘set forth in any one of the first

[0037]el eventh aspects, in 20 which a region in the

surf ere
concen rat| on g ‘19at i Ve ‘?%ie%gm@(f at gefn(%?‘hélsﬂ%‘ftalof the present
inegngiesnis the ome set fomgh oY anyrome bf tthe Mresl 86 ninth ASPEts, in

wHifh & QQQBH‘ ifdidd! &iﬂ“ﬁﬁﬁer {d %Q%erhéﬁl%e P}‘E}E‘ﬁ' Ekquc%ffatbq:? of said

0 a t
metal Z‘AHEE#IY% tp r?etfeﬁaé Oietthef aetal 4Cnel§ﬁ35ﬁnéﬁ ds $6meld for rgere is

0.002 td/\eloﬁm asPgiekfiesd. N Which a concentration of said
[O(ﬁ%ﬂ which is contained in an entire wire and is
er than copper, relative to a total of the netallic

el en®hesbomding wire aogedifg ftboan Oeleberith 38pedh of @Eé]ﬂresent

d di f
byl S0 06 BB 95670, 88 b B LML Benegse. in
whi Pﬂé abmnnemgzowcmtraelom ralative toanyotahef thé métmllic ebdments in
thd B}lférﬁfdbtt']am’odtﬁf hg&urgg 40184 §Pfes gl‘ formng a

[ by geherating an arc di scharge e spraying a
0 ]rogen gas of a 99.95v0l% or nore purity to a wire

tip Thei bonding HREli A@drdidd th NgntwaIRth ntdpbbe dfathe present
in e@g ;385 f or ned. t%%rtgg Ef fects %tgg invention

YO0 St PRF 156 & BBRAMRPLiETBT ton@leppatleappects, in
whiclveat regioni tini shposaifake of osgiddeest hl@yéﬂl wile@s AN capper

corll;:%tfeﬁ? 01} g&&t?@ﬂ? t&tgisok%aﬂhree&%l@ b' L P% nggr}stbiglea rsange of
frop é\ﬁpd?éhnd/Q:Cﬂp@@DOéatgéhD(BﬁxmAmgshmkr@shaw ng advant ages

[ocgagh as inexpensive material cost,

The bonding wire according to a thirteenth aspect of the present
invention is the one set forth in any one of the first to twelfth aspects, in
which a concentration of said metal M, which is contained in an entire wire
and 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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excel l ent ball bondability and reliability in thernal

cycle test or reflowtest, |[|onger storage |life, good

conpatibility with wire thinning for fine pitch

techni que, and the like. 10 BEST MODE FOR CARRYI NG QUT

THE | NVENTI ON [ 00431 The study of a bonding wire

conprising a core material whose nmain conponent is

copper and a coated | ayer containing a netal M has
Effeeveof e inventioat whi | st the inprovenent of wedge

dability can be expected by containing the metal M
Inthe vicinity of a surface of the wire, unstable
f or mdcrwling toihe donding meroet the pressnsfinveniden s pessible

to ReACA0HORAARLs ﬁﬁrst TOT tdsh, Ed"ﬁﬁﬁﬁivecﬂié' Eal‘l %hdﬁ[nhty and the
.refl ow teﬁ% have become ew i ssues, .and furt t he

wire storpeteetupee &S 81 Tesdt. sthsrg ean ibeePreade Sa copper-based
bondfng fwmee HaviAgcaddhngges anch 28 riasupéngite havitegial cost,

ex it AP RERRRE] D ALl B i i Ll 80 A ow test

loregea| Btdnagéa Mencgong eompafibigy piitkchwirki thinnehg dbr |fing pitch

tecqlfm g(%fl figpded portion in thermal fatigue,
' nge

pro storagellfe and the |ike, and which can
al so neet the needs for further inprovenent in nmass

pr oduc BRET MODEFOR CARRYING OV TYENENVENTEON
[Odj‘g‘gdl ng stability when using an i nexpensive gas for

uci ng packaging process cost, it has been found
out Thatstifly iof aelﬁémhthvmrfleon@xbgm@ agord matebrial kdhode main

cofRoBEAEls Lo Mhd B BaflF Thler cohlbiBE S HilalME IR iheated
thatd avhilstn dhe eﬁnpmvgnmt bt wedgs hendapilityocanobe i expeched by
coﬁt%?gﬂﬂagh@ r?nei:%LtI rl?ﬂﬂ‘ the 6[?1318121‘%})%{ iy hguﬁﬁﬂzg Fof! tg%e(?\rlré h€nstable

eria n ot her wor
forgeation pf baﬂﬁ atndath%rc@uh@nﬁ;moé Fragthoeron a westes-bonded portion

in ﬁﬂéﬁﬁaﬁb%dl@ 5 di‘ofmt E@sl% Hahe! @gnﬁggﬁrzﬁ%@ a'iﬁ'oﬂlrther the
onen outer Iay Vi i
impzeva e@%ﬁ%d’ﬁ&?e‘l@?a&%‘ﬂ %mﬁ.lﬂaugp ﬁwécgprc{wgly, as-a
reduifitof (hal‘vﬁﬁg $tﬁgmﬂl saﬂoﬂpeﬂb&smiibghdﬁig Wiregn@htdh bt imedt the
cO t.i on caopper saj
ne§ORRONAbS, pfllhgiRgRoR il 885 oK S L BRaY WA bEh ik afp fine
Pltehpllughn geliakilibpnefi the wivedgé bkadedi portiompriaf chernal fatigue,
prcﬂf)ﬁgé:& stGYY ehfe @'tE dﬁéqaéncﬁmél‘f%iﬁsalggem%f Fhe nefads for

ture | ortion n a
funtper Hpmcqvetné%% lrbmaés mépd@WIQIé§u1tabﬂ1twr@¢r@mmn@vetm@nt in

bom{r@ Bﬂablhfﬁﬁlvﬂhé}iﬂms‘i’ﬁgrﬁn 1h§xp{=§fé‘ﬂvé‘%”a§' forl Fedilden® §Raging
hat the p nce IIO to,a total .

PrGERE ShER df P RGBSt Trertiacve r@ol%naimg wire to
haveram outer layer with a specific thickness in a spemﬁc thickness range.
Further, it has been found out that additional effects can be obtained by
controlling the composition, structure, etc. of the outer layer, the core
material, ete.

[0044]

In other words, it is desirable that a bonding wire includes a core
material whose components include copper as a main component and an
outer layer provided on said core material, said outer layer containing a
metal M that differs from said core material in one or both of components
and composition, and copper, wherein said outer layer is 0.021 to 0.12zm in
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[0045] In the TCT test, rise and fall in tenperature
is repeated, so that thermal strain is generated that
is attributable to heat expansion 10 differences
anong encapsul ating resin, a lead frame and a silicon
chip, thereby inducing fracture and damage in the
vicinity of the wedge-bonded portion that is
originally weak in strength. In the wedge-bonded

thisknesw By mmleymt}mohmdlgg\mu'e lile thighh prdﬁfmrdweﬁect can be
obi:ahieii" ﬂh%éssttfp?ﬂg | w3 o?racgﬁ%ofﬁeﬁ o ﬁ@éﬂ Znowigﬁ in a

a Cross-secC ona
th%ﬁaal ¥ dle et GQEQ]T ées aria wefloyetesti dntheupeanfime, she wording

I Jiﬁédnt]’f\qg'&ée@lnﬁlefédn id th@?s%n"sé”ﬂﬁ@ t‘liéi rafidtof a copper
eel i a r ure are pron 0 occur, i.n

005? thpiiga a tota! v%ﬂ@f‘él%ﬁaw FoPPPHANd; the isdr] M is 50% or
mdret ce and conpressive force are repeatedly applied
[&wjreto because a bonding strength of a copper wire

a wedge-bonded interface is considerably | ower
t hanIn ae TCThteps) diseoand gl wemperdret isesapeated, so that

théﬂﬁépr&’raﬁfcﬂsr r&fefatid fﬁia{tur gs a'ttrgll?tét-ggf e t ot Qﬁco ns1on
. nore maj or concern |n portlon of
di fé@rﬁpéﬁs mens riarsylating é‘eﬁWana ilnad hixpmst aadgel auhcon “chip,

thél‘é'[’ogl AWM e i LPdRL ahH &Jlﬁagé‘tlﬁrtﬂea%’i%{mtys of tﬁg ]Wé@ge bonded

m|n hi cknes |s cons
POF%%? atgs PHBIE e fnt |ﬂ; Bi the yfeéfgeﬁwé]aded portion
wherdgthd boddihporireois highls déforined; its wike gtﬁ-éﬁgtth generally

T AT (VTR TR T N
anddntrcfdltcw@n oﬂathnesbfedﬂeraectheltsm@ @fmmnemngnﬂddmcbmlly, it
haQ l{hfﬁed guf Eh?@g@éﬁg ﬁﬂﬁ%‘ﬁ’&h&@lﬂé’ réﬁé‘ﬁé %ﬁﬂ%{nc eeawcnﬁty of

I nt er e to I ncrease a st
th%oweége endedy PeriCe 1bbtessHed @WeaanéT copMIresyiye t ﬁ@ce are

reﬁéﬁt@lrﬂiee%?ﬁ)ﬁé'@ﬂ@&‘;eé%s%éctﬁ%%e ta*@dhd@g%@ﬂéﬂemgthgf ahb lﬂé@%re at a
iri u u I Ci i gbil
welBBorRdotterion e Qusilsrabieliwen, bain hih,d meold: bogding
wike aFor mhe&eilfhﬁﬁts; ddearrdret of Iﬁ@ﬂufdgeuolalt EIC'T atysetr becomes a
he w.ne te ar

my3IFRRE collcblh Sl Wefie nghaR{ oRBRE i ths' ARRirbaged bonding
wircdhthan oo that ofox gbldZeendiBgveigeons such that in one

[Ogb £f)i on the outer layer only remains thin at the

on

ded interface but in_another region no outer |ayer,
exi stisthesgutarslayer 35 45031 tpi G 12 mmiim thicknesss it s gonsidered

thdt0a \hédos tah embhevelhidnt 66the i‘éhzilﬂ'htﬁ ®f €he W@iée -b&®RA pértion

i ORGSR Bl R B3 e bl th ot

lawfrftecmnpnivye 410 aldﬂii]asmnprmrj]Jelrﬁ_y to al mbmhhrnig) bé rbendta& tol Bf the
of _the Ver

thicfietd Q4TRb¢ [ G b e e bERy, 3Bf BEROmpnt pprancially

stapohipedxiny aj hmdledadnterfmtee toedgeedsendi strengthhermbyhence high

reliEhilieg chh Her%%ﬁfﬁﬁ f L P 184 HHLENM s B3 rS86£89Ess than

r OpeTt i es
0. 21}1?11 it has been empirically figured out that sufficient reliability in a

TCT test can not be obtained. This is considered to be attributable to the
fact that the outer layer, together with the wire, is subjected to large
deformation at the time of wedge bonding, and thus, there occur localized
regions such that in one region the outer layer only remains thin at the
bonded interface but in another region no outer layer exists, so that
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the other hand, if the outer |ayer exceeds 0.12pmin

t hi ckness, then the snoothness of a ball surface

deteriorates, and defects of balls displaced from a

center in a manner |ike golf-club occur, thus, |eading

to instabilities of a 10 ball shape and size. If it is

0.12pmor |less, both of ball formability and wedge

bondabi lity, whi ch has conventional ly been considered
sufficismtdintérfacd strengthiébivewbstamd; the Teifetastman vehbeensured.

E§@ﬁ '1P£Heeg?te[fr %Z% g&sgg q{régleﬂgf hi thd %0ﬁﬂ§§ Enféﬂ'z%e itRe 'lﬁleven

range o . I ckness,
outer daver qlten N@rkﬂfﬁeéwelmf@elmmesm nitial hepdiing strength. In

tHel shé¥nyal BRey Io@rt&hearreflde@gte&mve@etm tdti4ias mrghensﬂe and
reliabili t@ﬁaerc% be obt ai ned

¢ lf eé{ & a :h% e ndin;
JERPLESS Sy 9063 %€ 08B Fely tmd.% { fhgnding,
th'E@é'by treskingnideimpdesildé rtbainsuire roudficibint &esmtaamedp:tupen&es On

tHe 8t}pe“:i' Hglég, q ingﬁ \6%%1; EQQ%SL%%QFT@ELZM%W&EJES then the

smestdgicas of avbalhsurfm detexioratess ansadefeetsmf balsedisplaced from
a csﬁ fﬁlagemgangg@%e%m BRRLr, ehhgyle Eﬁ,f? E@'ms?tfabﬂitries of a

arge an I'S ] ect

Fhepgonae sigor Hi gnis mzienmellps& h0§ ffgam@%l ity and

waﬂ @}sowdabﬂﬁy,swhéh hﬁ@%ﬁb@hﬁﬁhanﬁ Heaardmls@&@@rwmdlfﬁcult
su St anthgll no def ects,occ §0n3| dering 25 the
P

BYsH FMEf ninﬁe%‘éh&s@ S@S er-based | ead franes
[00147]he future and the application of the copper-based

bondi ls]l%fwa]b?%bl? thP o‘G{%Qf Eéﬁﬁ 1?%‘ &Qﬁﬂg&%&"&feﬁﬁ 7925 to 0.095zm

reqU|re re
iy thickbess, tthe dﬁfemelnzd;bp C’Bat@ebl ungledlithg stirics theamal history

cotrﬂﬁflag drSdecrbQHD Jr%ﬁ‘l?ﬁh%dhl%ﬁsf‘ﬁla‘tﬁﬁ%“tto'ﬁe 6B€a1ned More

st | not SQ many as rece ecorme 1.9
preferably. 36 it oo  bangauat DS Pmﬁgjﬁ?@omwr q{lhgy whe TCT
tels€ Sinde 2 UEE S§t18 6 thee 81 Hibtory SUARi tasnCeHTDBE ST improved.
[@ S aration of sanples, long evaluation tine an
é’ E. ng eval uation resul ts depending on the sel ection
of nethhe rdansagh ofitha wiedgel-bbnda& Iamdhoenmpthel ACTheest is also

ags%aa'%e %1@? {nrﬁgrlﬁ.}mg/ gegg a When Fiflgé {eﬁi}etig‘%ade of a

resen I nvent ors evl se
cqm@g ellsynthermpak stirain is largeantdithus it isefwineetdta theadamage of

tH’ée%ﬂg@?BﬂHQ@ @‘f’ﬁbnt %‘Grf]je ﬂ'ﬁeﬁ i$ '15'?1'%@4 SPE.'JEQaH&f'%?h a small

.. ennancl n eval u | ClI verl
cqe @letlhe §mﬁnak%¥n@%@m %amal lyine 5@%‘@%@6@9@3 Ola%ﬁlermg
tHeeineBé Alingthse Blﬂ hﬁe:t;fer@ﬁ@élﬁi#e@%@bd 16%d hegnéinMhectutaie and
ordi na % ﬁeel f t hat (g al? 8e bonded hicl
L R g o R God™ii mifke in-vehicle
sdrereendnctogys ¢hae<rbqu1ream]1aﬂinh@ oz hiigh temperature, the reliability
- g

%%%fo%&e%%seél oHffng Wik ifle} PG TROP R tn%ft{ﬁ%ﬂ%%d
aboutcit are sa:lﬂcmﬂ o nany, has geaemsly bengnze a high lghted issue

[0049]

Evaluative judgment only by the TCT test causes some concerns
such as cumbersome preparation of samples, long evaluation time and
varying evaluation results depending on the selection of members such as a
lead frame and encapsulating resin, other than a bonding wire. Therefore,
the present inventors have devised a tensile test for a wedge-bonded portion,
(hereunder is referred to as a wedge bonding peel test) as a simple testing
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tendency that the nunmber of cycles taken to cause
defects in the TCT test was |arge. The wedge bondi ng
peel test is an effective neans enabling quantitative
eval uati on of the nechanical properties of the
wedge- bonded 10 portion that are not obtained through
the TCT test. [0050] The netal M as a nmin conponent
of the outer layer is a netal other than copper,
methodh an drhancibpy evhlwatiow eeffiviencypr verifygnghehat the same

COOXI %{i‘{? t¥1,ra?f1n tl?l%n'fibli‘gt rcgn%dolgg&?ﬂ&gt Tﬂ%sfsg meﬁﬁ;urement
#idodipn ;chc;u;z onilinsiry el Itmethaﬁwtﬂb wppl wydee banded portion

d]f lﬁatwéz‘?lasﬂ s HR¥nO }\J/l%vea&' top%alfg t"éﬁgmﬂi&l Sdirection and
esi'ra

l e as t nmet.a S tO ore een
e &8¢ umr%réatq rltawmmﬁjf t bengigg Firssogedinding

saaiplgg Eﬁiit %r? méﬁe&ratsyhmh thl&hdﬁr{@ct%@@ Auetilidy iiAGhi€tdsd had a

a | 0 a n he

teRioett o Tt Bl ot trles 1R t Gause (orect8 BT test

wan darfge. ’Rﬁetme&gmﬁhﬁdumg qm@ﬂ)areat ilsedy effexyiviecomeans enabling
f i

ettt ot Bl e %é?"’%‘%ﬂé?%lg G038 B Eflg Bonded

omonktbabbr@mbdbtasnﬁdéhmilshablu% tesgonparatively | ow

OU?(? erl al cost, having an excellent adhesion property

ative to caopper, thus further enhancin

pot ediheametal Moasnmeqin Gapaponetyenf; ‘E’Pd)&}tf?‘;/?am%'éﬁ agmgtalpther

thaﬁnmip@mt wlfich e d@éﬁﬁblﬁﬁeﬁe@m@ fo‘i‘ idp@ving the bondabmty of
Lckness of, the outer

2
boiydi iER PBEPTPErTHE UG GHRRUGR Of ARG CXAmpIE, Au, P4
Pty &lhi, atg, W1 Yoy dteNi b ehd Giket maly bebempimyed: dAmpokabhen, at least

ang,'e e 01}110 P%.V?g a0 Rhelé%‘el x%?])tle \ﬁ"s rtﬁﬁ @%elMl Ahyh@ﬂ%retofore

rmance, en veri
beenaﬁucvaassfg #l wsed auwanuaému@f @@ﬁqsmobmmvanaﬁrm of adhesion

pr%;_ﬁéft%en[‘atgﬁé% gfé@ﬂﬁ‘s‘ifm oflhﬁfhie"i‘ggﬁle er?gltﬁgWi]iﬁstiosa% Qﬂle{c@ﬁﬁﬂe‘] and the
like, Haypag ap adyaniage ﬂ%ﬁl wu@iléﬂ ceyt@édﬁ @S&nﬁg %?d Ad P,
they effiie th eécﬁﬁp?rhadﬁlfé@ﬁ dedy do seabilios elta%u a@ldapes, enabling a
I N e CO e C
prRfRi effectiat Py PersReRt ot Bon e roLBMIHOREOF e, BET test to
beadbthiret. Sinee Fddieids ¢o el mparﬁveigllewt mﬁtémahum’rphgvmg an
S
extelithy bfinefion Pranchly velutifd o Bl HRAs fEoe ﬁ:‘ Sing 2
potentaal @%an@uaeur bwtelrf SpeCLﬁw@y tyolen ﬁgnmrr @omnonenfaof e outer
la{r@tnﬁeP&fang &%Qhé}ﬁle%s%% tHB! %téf‘léy%l- aé 0.62{L0 q@ﬂmb €he above

bt aj ned |ncreased ff ects sych t perc
ef{pet cloF| VRProvammeRtTef Paabg maeé? agw dbeumET test

beebm@s &Tem]dalblé hiea €0 kR ﬁ@r@&ﬁdcell@ﬁﬁ wise bondability and

| ncr.eased., Speci fi caI venent nQt i.ceabl. e
PR e foRathe ABYs thuk T, ba8 ' BAETTYiritifd DifAtS BA0GS also
advlam;mgeajdsap Mmmmga yuéidwaaroelmmlass peoduction with fine wires.

[06{; ctlvely act upon the increase in fracture
on

ation of a bondi ngf wire in
he main component o

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

and further a concentration of the additive element(s) relative to an entire
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the vicinity of the wedge-bonded portion, through
control of the processing of a core material and the
formation of a recrystallization texture in the
manufacture of a wire and the wedge bondi ng thereof.
Further, in the case 10 that the netal M constituting
the outer layer is Au, Pd, Pt and Rh, the
above-nentioned additive el enent inside the core

bonding ivdlre iintier acntasngm 0 0.000d teiDzD3 Mral®e ih ctoball, Ithere can be

obiﬁibﬁqnc}éﬁreabyﬁ hgh%a@rh f)m};]c%%tt @%’e{tﬁ&é ﬂ?&h{g TCT est is

I mpr ovenent ericlt
depreasgd Badn xaﬂum eigngmam mtirherm hoading eeeleéest is

in@eHe&d. 3$ iRt41ly, tthe 1%&%9@&19?1@ di tﬂo@i&eaﬁiéexnlﬁleeWeE%E Hotiding

C|I|tated| ere th eerrent
Pesﬂa%% qzrean Eéf\?ﬁ%@ Wreﬁh Btsi eﬁfomf?eaowﬁﬁred to
effebidvelyt &t lhmethe &Scr@@@iiﬁ €eh coliid elddgatﬁmstef %@hdlﬂ@ﬁnre in

hRTRI RE it ForiG PGl bk ERBR ardBe Ripgpssine of
a pret rmawcmde and atheo dormétivheoficd meu\yetzdhea'ann tesctims dn the

IS re UCG sone i nsta he COHCG
that,ghe gagtali Me cen%tw@mnmbe eqwﬁeu lggerrds Au,wPiln Iﬂte@lnd Rh the

ab?ﬁéa)(&j]%&h&ﬁ %gi?gﬁ@é @RQn@Ht li'ﬂﬁde StlHef eqe Iﬁfnatglélﬂ batdracts with
the RpkHOM audgr Pall éfﬁ FebHe DOORIng 6t ofRet i Birther
impayesméent B the tspﬂl@mcb:@rewheﬁomfuaﬂlﬁﬁjdémmeﬂh €t aaVieeen found
oo 0 T FLE o BB B B o, 1
effeetsis iElmrthbe faclélmaged sethe avhse rwhere the \edaeménti ismededsto the

coﬂ;erf % ‘gﬂ’e%a‘ﬁ” 1%‘?91‘1?1?% nggil' 1?1% (t) 2% 1 ' @drﬁ%‘aféfd with

rove e ou a%
th%dmsau W exe theagferapnt df caddad deol @mmnwenﬁpa fgppeobased

boﬁﬂmé:’mﬁeglﬁétgmlh% giggnetd"'%lﬂpﬂ‘i@ thfit }dgz'%é' ?f Ii;ﬁ]fé concentration

u ou yer, |

AR PO ITeRt 15 des é@@gﬂ 1015 then( Kae above

1mpm§\fe?ment l@ffea #ireducéh 11bgcﬂierﬂn@>t§1ﬁtfé@ %ir ﬂ&g&dﬂcﬁﬁtl;dtlcﬁlhof the
ced. c i n t her e et

adf R0 PR P R0 03 ARk v imland dpbe s B Tored o the

sutface obhlse belelbagting ith wnﬂﬂablahﬂyooﬂ:hbaﬂ&xhamhatcemmmhastances

Pa?igéﬂarifyvfﬁeﬁoﬁ]t a'ngé{ég %/f;%fsélee Ptﬁggfsl%r Pﬁe(%tt has been -

ove nse an ace
Higraed thate rt Be@b@f@% #llgydeg ceffeqts mhtzhe:menmeaenah @i be

enhblﬁceﬁl eéﬂ?'ﬂhﬁt @He tiRgpidedT? off&tSH Qﬁetﬁlfel Qeke rcalnaB@ rs1:ab1y
is l.ess than O. O]% % the ove [ venent ef

sequilcBe s CLsREoh SEUREIaR, PaBRe Dt TGl SSoS Ak posides the

spledriicity gf ndmilbtanbe ibgrwaeh) a bonding wire and a

[O@Z' [lary inner wall increases to destabilize a | oop

pe according to the circunstances. 5 [00531 The
cr osH-hecoutendayet candainseavleast boedilement seleatarbfrdbngmong

BilP, §8&nd Ti, and the concentration of the elements on a surface of the

“outer layer is in a range of from 0.01 to 5 mol% in total, flaws on 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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present invention can be fundanentally separated into

either an outer |layer/core material or an outer

| ayer/diffusion |ayer/core material. The boundary of

the outer layer referred to here is defined by a

regi on where a 10 detected concentration of the netal

M constituting the outer layer is 50nol%in total.

Thus, the outer layer nmeant in the present invention
of ithe muterdayer iulessdthaot OtHenel’%, etheonbovk impreverhant effect is
reﬂcﬁo@nsﬁrﬁ %@%g&ﬁﬁé rh i %m%%&gé@és 89% % &Iféezte%kst%ce between

a bendipg Wixer andhe capi ltYemléﬁihU@M mregaes)fco tde@taiyhae aviloop
sh&pdakedrdind &b thecidouRdificekayer is 50ml % or nore in
[0 al. The is based on the finding that the region

re the above-nentioned detected concentration is

50noﬂ‘wfeoe1;o]¢sm$etéméls sﬂ@i&}:@mbfﬁ thwdlhg ewiver Q{:ﬁrﬂ.ﬁﬁg‘ tty the
is affecte i ffusi non a e

orfhs e BioRr 580 B Srdamditally, sPaReS dide  sithenan outer
Iamlrémr@smatéﬁﬁﬁl toesanandtemﬂhm/dnﬁ&:sﬁmriager/édmeh anaperidie The
bo&ﬁ@éﬁ‘;’r PPRé Bhﬁ%‘t 13%@ %gfdr?e(f %‘ﬂe@? e&'?lelaeb% a region where a

tirvely ace co
e‘;ﬂé’te oﬁ@@ﬁﬁ@f@t@m 9§ thee meffloM ocfonwwtmgorchﬁoweter layer is

506N1%eH tathl. OI‘hﬁé Ot!Hea@uﬂe'i‘rlﬁ er Bi’éédtoﬂl ﬂ{e ﬁré!e'h% 1ﬁ99nt10n is a

controll.ing re ot on e
regipRe QUESIYE (e thReS Oﬂ‘ﬂ?é'ﬁt iths st %Hes owhﬁl??ag@leanélete"ted
comyegadrdtien bf eh@\tﬁétall IM geheneatinghefowtewilager ASE)(Dllel%hEe a

BB B ) 5 Ao 0 B (e

outarrniayar isb0mwl%oair mové in etateThe iMbasad cotlpefinding that the

regﬁHR' Ql‘l%ge R QE?H‘ﬁJé}ﬁ rd%%:%cﬁ@d V@n‘égP&b&ﬁiﬁqg R¥mol% or
nting ca ation Wit

ene
m%"@rﬁﬁﬁ domdpaniitupamthe wire poopsahiethat sm@ffe@t@dcby e, diffusion

phﬁwlﬁ@ﬂoﬁ dtrth‘é%ddeﬁ' 12!5{31)\%2{] utn'ﬂ%rfﬂi Ifl%ﬁﬁx e&‘QQ%lemﬁ%rﬁﬂents

i.nt er er yer. an
such,pg a nﬁﬁhaﬁsgla & H‘?qﬂ?t@éﬁcﬁ ggh %ﬁ’ escoaicentratmn
is coagideretlan rbeobolmypzhfaememy tigh hé udager irterBepReOhcitration, yet

disffefidRbe’ Bt -8R0 St ot Bon® MotloenBhtin Fidy an jnner

poxtedi 9é awira amaljicontrefléng such reorchelgs amstcenlyr athiewe the
effé’cftstﬁlféeb?ésegqt 1§LV(],'$HB{1% al83f a?l%g | &%¢ oﬁ‘?ﬁﬁﬁzﬁ%he overall

I n"tot In gna.t nce or
Pronering of sgwane. s fomithe comeentnationison thengetertlager and in the

difiRAGE My it #eForr@fl thhiferdl & tddal %oh&%ﬁteé]ﬁoﬁ ffa&otéieche metal M
an&ﬂz/59 a r.egi on fun tions |'r;1ba somewhat . di f

e
AARRPEYs (15 neTRIoYRH: o USIRG o Fhey nepnceREratinme ﬁﬁ@@r johtained by
1mpbmmrtmg ealoudddien twWish thehﬁmdpﬁcnwfrxﬁ)nxﬁéﬁalc&eﬁl@ﬁfs and gas

00%%3%% HBT 00 8b andSih bR oAERIGAE e cliace

An intermediate 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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between the outer |ayer and the core material; and the

outer layer be provided on the core material, and

contain the metal Mthat differs fromthe core

material in one or both of conponents and conposition,’

and copper, wherein said outer layer is 0.021 to

0.12.pmin thickness, and a region where 10 a

concentration of said netal Mis 10nmol % or nore is
re@iddBfunctmr® mrai svmewhak differenk fmauner !ﬁmmluthg ovtee lager and
the Rr8Y &f ftehgl tItais { edé&%ﬂl@ méattya'lﬁ) éi gétvpﬁ'% include such

.Lnprove reltability o ge-b ed”portion In

uﬁ%ﬁ#kwwrprocess using a Pb free sol der is even nore

[0Dp®)y Oved. Here, the region where the concentration of

Egﬁbqﬁégl d%%r%b}%gﬁq %éﬁ lhrmr pé?&ir%s gléqriga taq%@ fihtgusmn layer

bedwkénsthen ohqamerlayaglam thé Q%élmlatemal, da:ﬁdlﬁhel buterr layer be

or YR LAE i e PRSI, WIS A5 BT RG] M IR BiellS from the

cowmatelrw,lem Io;am orgbath of euomlnamtdts cﬂmﬂesempamlqm usnd copper,
whéi®ih RhEkBeeS 18§ et g;eo b?g'trgr@) M‘ﬁﬁlemtﬁﬁc%@sgl Mg%oreghon where

concentration_ | , 1 N
a coneantaption of &lﬁe&qt@b tigi EQmels o more %9&3 taybesm in

thadkehedh f ﬁﬂ%h@]‘ﬂ B&Mﬁflg pdvaaéslsae%mneglrédr{)@ﬁ&an?vd@beboﬂ%ﬁ%my is
son IS on er er u
a3 ol s retabldy 0. adke BB PhdLGh 2" keflow
proodsar hamg kae%u&ee asobdmdnm@vmr moirs m@mweﬂed{exbo the region
wESPLY geer I cﬁﬁﬂa%l {> mat 12 Mgr ng@r&:ﬂolf% o%“xfxﬁreacorge%ponds to a

consi 1on 1 n
copynded gegion Qﬂtbemgenlaswfr negmn gt the diffusion lamtgmgwrs

A[OQ?@]inm or nore in thickness, non-stick failure which

ten becones. a problemin a wedge-bonded portion of

the dbppditfigalian wmmpwsml@anr@ﬁe ishe weggerkandabaliteand the
reflpi ﬁﬂape&tyeas Yhé Qafdel fiRRY o F1P P foradIRS thePb @b dhiy@N having a

ano er et fect er at ed
spbcohicknds, and ot nggs PLEHE TPeiog Bagry LS metal M
conperetratiohhis cl0meslss oe rmm}es iardhér sords,ahel totihef the respective

th%%sa%? @FS %h%éjr Pag;ei'la%la &&ﬁ{s?(ﬁn ﬁjeﬁ; eé’l?gg aShste lilL ortant role.

raln I NnCreases wt'enperatu
Thenredsenriefiresnpabbetkat Jaofscadyd:bndnn@enlay@wén@ralso tlse dlffusmn

laﬁé’ibftﬁﬁcg:?ﬂ}sgé’teﬁ@bbflaé(g‘}?fér?fcemaﬁ% la héh 1?1 dl{x?tllérs%bt]ected

that 1s sone feren
tof gasaplemaplasticr deformptions to .rsarﬂ:bfq gRyes assomsssieltafkée amount of

def®daLtibR ﬂﬂg%epﬁé& @Boﬁt}l‘ﬂfg 152 %_1%1 ?égi@hgﬂ that E:Qﬁd:éfhtratlon range
n an I apl olln | eca

is E B oF ek TnothichRess tom sl SAURES Jriich) gt becomes a

probkmmin s wedgkhenaded fdoetivnadf thegaoﬂpbybaéethbbndmgwgure can be

quHe? Balged! 1%51 @&diéégﬂéo fdfx@]{x%o{%ﬁ 95' mésl%géjroﬁ'ﬁ%%n vield.

varies nore w usi on
Alagsaﬁe@lnmtbebeeﬁeqtegemam rehemetheoregnn reft tlat epnedmdration

taks M3 #ﬁpn&l(yﬁngf? ﬂﬁ ﬁ]d dsS & %Estgﬁg PURLP4s in the
en the th]ckne e usi on ayer lone 1Is
“sondegtesl portien canﬂ%ﬁl\ecma@feéreézsny, thermad sfxadppcreases
atvmgheretﬂbw 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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concentration of the nmetal Mis 10nol % or nore is
0.04pmor nore in thickness, then reflow resistance
can be effectively enhanced even in a sanple that is
Wi re-bonded at the | ow tenperatures | ess than or equal
to 180 degrees C. This is because an adequate
strength is sonetines difficult 10 to obtain at an
initial stage in a wire bonding operation at the |ow

0. BgnCpen thigkuesmtflernrel rigadity 8¢ adbending wirel gatehighen and thus
di
A1dtp s]{aﬁﬁét ?&ﬂ&& ﬁu?%r %lgiyL eSH@%é cfﬁ%f?@&ﬁﬂlstl&l fayer is

e bon |ng operation per

assumph 0 be @ Tegamwhero the gerpeastation phtheymetabM is 1¢mol% or

mgﬂ,}{ ?nglegdn'lt]?é%' glehi" @On\ﬁ}\i}% b?ﬁgi fHe ‘Pﬂhﬁ(ﬁ(axiég‘é' ofdehd rﬂlgfflc.:lsglon layer
| usi

alihe o eeirab D0t e o Inufe, BriErapiSy o <O reeivn Ehfre the

comeéreiration afidheomicdaln M he b@inal% Mnt madredid fOe(D:s;nhr ommore in

th&&&esﬁ tﬁeﬂalte o:y?lresﬁécgﬂge \Aﬁgrg fggctlﬁ’%% t er ncegnQVen in a

nposi t'ron,
Sa@np)lzlthat B. wz:;enbondetdgat khedew mP@l‘atGgemiteasnﬁlamoE@qual to

1@?&9?%59@ Tﬁi@e{ m‘ra&l%e ad Qﬁéﬁ%ét%n&%’ﬁélg{ Esoé‘oxﬂfetlﬁ?ésddﬂicult

nore I s

tot ﬁi’tﬁéﬁe% apf inifial f¥aggoth DBHEI hgnding qura@w alydde low

teblierat Wea @t | b Qhahh @sm degrb&f (C,| Ibv&é"&nglttm@swlaag@ bonding
can be sub%}gntl al | roved.in,addition t

TeS IR BCReRERe S S RORIR oL, 0, 9 Wik bonging egra %@@ peFdemged at
théealdrnmlae rgetra tliteyoftbang @ iadqygreen €. an exanpl e, it has
[p r confirnmed that there occurred no non-stick

ailures of the above-nentioned bonding wire at a

wi r e Ibondiarg destnabds thatethe hondiogbwirdiingluderthevdiffusam layer
bdtReent ﬂier tdﬁtgﬁﬂﬁy@lr at %hé’t o0 Rke i STPEAR {HeE ohifer! yer be

ere Is a 30 su stantl pro ongation o

Plpﬁgi)eéit‘lﬁ 5l corer @aitﬁn@br%&w%mw% metal %bweqlﬂeéﬁ grom the
cof®nahtredl GoRRer oMbbth M'&)‘h}ﬁﬁié‘iﬂ§ drte cﬁﬁgmﬁiti(ﬁk and copper

kLS a5 00 b TSN WA 8745 o i
sandhioalbet Il'ﬂaya't whage al {otal barscemtpitiad of saith mhtal M is 90mol% or
mQPJ] 1§'t(2) OI o r_{%nn?ﬁ/ t?l‘fc%{{es IP qgg E}E‘Q?&ﬂ tﬁ[)nﬂ]?lg wire is

wedge aSSOCIa
er@ploaed,orthengtqtege clifec afsthe bylrﬁalefonnl itha rmgaosphere can be

SATEISES Lok 5 OO RN Gl 1 SERARINGP i e

hat
r?ﬁ%tphere for a longer period of tine, its
[oppgkability is expected to be inproved due to the

[ Salel oyt es e e el el U b boon
cohfiemednthatothese roecul'redpmnambn&aicm%lunes afrghecatedreliyientioned
an‘?ﬁﬁE@ﬁL@ 4t tahwgiﬂ%%ed:ing rodddd% R b # tﬂ"e rb%nd?néJ AR Gas left for
thirty days or more at normal temperature in the atmosphere. This is a
substantial prolongation of the storage life in comparison with the
conventional monolayer copper wire which causes the non-stick failure after
being left for about five days or so in the atmosphere. If a copper-based
bonding wire of which the storage life has expired is used, the non-stick
failure may occur in ball bonding or in wedge bonding, and in association
therewith, stop of a bonding device caused by malfunction may sometimes
become a problem. In view of the advantage that the bonding wire can be
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[ 0059] The concentration of copper is |less than 10nmol %
in the region where the concentration of the netal M
is 90nol % or nore in total, and hence the netal M
becomes highly concentrated in the region inside the
outer layer. 10 This high-concentration region has a
barrier function for blocking the interna
penetrati on of oxygen and the diffusion of copper
leftdnethe stnsosphece foramdongerhsearid efitibwayrits workalnidity as expected

toGn%mi:?ﬁxtorv%H' cﬂgeo%) F:]a/ee @3&% tﬂgt tahfu?lﬁa%@@é] %gfﬁ%¥ ?{1% qg.ll'aﬁty of the
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Pr‘““?ﬁ’;‘%‘. P8 B apfiravcd BIpHRACHIE E60! NP O Bufify of a wire
pre BFfage life can be inproved so as to be kept
[0esdlecti ve for th| rty days or m)re at nor mal
tenperat ure. it exceeds .0.07, th'0 kness, .
howayldi Sornbating St Ginet do ek B Tongl i region where
therconbentrationi of thermetedMaizdO Aok ou-hnomapeoﬂaﬂ and dlehce the
m?t%l ﬁﬁg%%%é#t ﬁqﬁ% %’Ohgélggﬁg}?%d I@Z %%‘1 ra 1}31#1@ 18 1bt8§ layer.
Thig blgjﬁj:cumemratmrtmm hasha droriege uno‘tem:efnr Helockmg the
1n€€i'tn%ﬂ1 %ﬁet&%ﬁfo‘ﬁ &f éijée'n LANGSBE REUSRA oﬁ@&ﬁpe@%%ﬁ' |y surface

tration region 1s In a range o
andr olm Ecal he@no fg it (that k fe LOnCeMEatioyr 468 ppabling the

erﬂlfahlcbmfehtttﬁlethisnﬁﬁm% isNabmiol’d bhembidli Il théGregtdn of this

s in the bonded rtlo of a bon
confénsiatifn Feobel it 04RO, ifge 1ogbEkring SRER e barrier
funetdonh efflegtifelynopsirate soboi ithdtibid mm&amd)mhndts.nlﬁmmzmidm raridsthus,

th@%‘%&la%eaﬁﬁ a&ﬁ BQ gﬂ)rb%ﬁ’ Sh AU e @e?t RACKAPL Bk thn’Fyh days or

Oﬂpr OCESS, frount ed W
m@@rrﬂt: mmﬂlowmnenaéume fait @aeeds Qs@ﬁmomébtc&@@ss; hmrever

ude'%%ﬁﬁfe&f &n al S\Efikd 6f ch}&ié&é% ttlﬁ%eﬁ? 'ié"’ﬁhi‘d?éhe‘&f and thus

'S If at_hjgh_tenperature. In a high pi.n _count
thES|S 8@l nanthall bowﬂen RAT3oN o detasinrate ?%rabcl if the

hléhﬁbdﬁébﬂ’ﬂréﬂﬁlna?gldrﬁfs}:mad r@mwof HEREOA0S ® 0.06 P Ethickness,
ra ens, o

t
thi $E0ng TR n Do rRieBedanioe ppl! FORen apEIad Mkpuaprably. i
the hkight-corsphératiaf tregldmnsilmg,a aangé hd froogr@63i t; 0B52m in

ehfigeBl 36 88101 LEICKARENR T BIAUE L SLTB hibiting

e " OXi
of @&umgntﬂh@ Wedge-bondetl nortiomhf ﬂémmdmg wite hffetishe &ﬁng term
9 failures such as deterioration in reliability
&éédlfflculty in quality control or the like. By the
[0@ dation of a wre surface, fro exanple, adhesion

pr op@Hey pRsileRe ReRNEiRRSfHodl Wigle r3gdatiamds aheltri@s oxidation is
wat er can ea

achHlpHiER, 8 TRE teRBPrdiud ik e adkeB e PR Tthd bonding

précazec ur stdgee nommted nwitthoat selmgccadatctam i fhelabed)-ateBOO to 500
derg?éeisaéi dhd Xherefore, the wire bonded through the formation of loop is
left at high temperature. In a high pin count LSI whose number of terminals
exceeds 500 pins, bonded wires are left at high temperature for more than
several tens of seconds in some instances. Some of the bonded portions are
left for several days in the atmosphere after bonding, and the progression of
initial oxidation is disadvantageous in terms of quality. Surface oxidation of
a wire resulting from letting the wire stand at high temperature leads to
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[00611 If a sem conductor device bonding wre includes

the outer layer of 0.021 to 0.21jrmthickness and the

region inside the outer |ayer where the concentration

of the metal Mis 96nol % or nore in total is 0.002 to

0.06pm 10 in thickness, then it is effective for

i nhi biting the progression of oxidation while the

bondi ng wire connected in a wire bonding process is
faftetesgsudipas tdedenoraaudmam irajabilageand difffizsltyelnqhalityd control

t t f t
or i, A0AL B SR oot Bkt 8 "t ihesion
promntkereemﬂnctapeuJ@@rr@msnn andot wite spirfase qh@»p@es and as a
reg?lﬂg,cﬁrs{fgg:égf‘ééﬂ ch&ify [ gf’eﬁe]tievfﬁ%éﬁa&é‘ﬁlé&‘éﬁ@%érﬁhh&&hﬁfs there
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oxi di_.ze 2 it is eat ed on £. .00 t
menigd %ﬁdheawngrféas%gﬁoﬂa%keée upy! o%%ﬁh#tn igh” emperature
oxidlalltg(krge§ﬂafﬂcﬂﬁ t6 @F@me}:phw B&tﬁebﬁﬂanafglbﬁtetmaﬁ' tieeouter layer

ed an en soli.dified gets unstable to r
thiRneain Db tRapRsibion P sHE R et BEr Ay JHE Cpeeion
whdre the ghncocanion atfi the nmg;abM vk aoastdeeahit high\/Ifusctmns to
1n$ﬁrﬂg 190 Ui B 6 2@@ E ﬂrgﬁogsre%'l(%) %vﬁé(}‘ A lQeSHieQ\’?hPM is

kness a protou exert
96mnelfo ax m@eantqwmknwﬁttl@nug emeﬁent inspdsthe eyterdayercegnanced

ﬁ‘ﬁ@\% &é%egragtcblﬁégt’éamx?g}tl% ﬁ%ﬁhaﬁ@o@s’iy;'ﬂl‘ébeﬂ@r BxydiP from
mﬁitgﬁtlaarwrﬂe@.weda@ W@pemémyﬁﬁﬁuﬁéﬂs dne2 "Sidxface of the
w:@@%lvtbmﬁﬁxér lﬁghtﬂ@mpa@aﬁlﬁﬁoﬁéaﬁﬂ chtheqfegmmwhteE@ the mmatal M

exi st _insi o, | aye oW N e
ha ZoPEPRIGE Ben d o ﬁrifflg#eam Koz A 1 48, o
wnregpacm benprevieatdd dedmdbéingt dreididedi wihiile of 1t beinguheatesl on a
st?% {)‘131 ﬂﬁete g?}éérla%ﬁﬁhfihgf‘g}&ggﬁgmnsggcﬁljfd's(:@bbw @Ec]%ness the
spheswityofia ball that hadrbeenemeledianssthest Sttltdc_lﬁedtg@r‘»s unstable to
arbBY¥E" cohfdiS aGBLERY! Recakl MBIk et R uckiviigCt Pfr@ferab%y the

highpmrniadebo e atgte thoy vtal Fh e BiRsiGLas, mpre in
cofbsmihtibaSisa D04 1beD.oopRedhi tigckeedNal qgofiminde eéfect @an be
e A0 s RS PP S v L BB g
likgnand hmvéng andinineter of 6 meadr more e8pdughdemyeraturg oxidation
is REL (RS AR Chis high-purity region does not always have to be positioned
on the uppermost surface of a wire but may exist inside the outer layer, thus
allowing the above effects to be exerted. Preferably, the high-purity region
may be located in the vicinity of the surface of the outer layer, and more
specifically may be located nearer to the surface of the outer layer than a
position at half the thickness of the outer layer, thus achieving a remarkable
effect for suppressing the high-temperature oxidization.
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surface scraping reduci ng performance and unreeling
performance. The deterioration of the sliding
performance between a capillary through-hole and a
wire surface deteriorates causes a | oop shape to vary
widely. Wth respect to the surface scraping, flaws
and scrapings are generated on the 10 surface of a
wire in the process of |oop control to cause the
[0662lggi ng of a capillary through hol e and

short,c 'o{'rf ttb n gdggﬁ ttIo dtl\pcgrs %ﬂs’qa&%@lgfﬁg% {tguf:thures and

cont act
m‘pﬂra@mn@ztlng r tﬂﬂﬂmn@éogwm e navetnh efou N rae ebéndjngerwioe neheodng  such

e n c of,af ut a
coﬂﬁia‘i'lhh‘%ﬁ; Shick N oLl Paér%t ogs! G{?dc)j%?gt@ Wﬂlﬁzﬂg thﬁfk further
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re%’;%% ﬁﬂe; g{l#ﬁg? gstﬁgaﬁ%gpa'ﬁﬁatgse gnas ?géﬁt%éegre igeﬁerattﬁg on the
sugface aowed@ntheamrowemfabophmntn@etmdause mheualo%mg of a
caEﬂlé}E'eﬁ%ﬁ%ﬁt}ide éHHjsHHfttézrémglr ngHé‘Qbr@le &&ng}ﬁg d toming in

found out that in or nprove s

COBEAGE J¥ i diace It WiPBUTIS IVIRg fie tgmhﬂdtr@cbs%@ppb@ When

thefuraewlifig p%ﬁfo&‘hﬁﬁﬁ:e&ielté‘hﬁﬂat@gffrpgm (l)f ®elihgGEwire out of a
redauc nce.an nreelln

spRel 2BF deink a8 RRIEEES SeRERRA otk Gfirtrhanding; deerading

the Hialwrihyaaﬁ'etlm‘ ldopeshaptecof tlsy eriravbendedyoamd twehen the unreeling

wBASEE FULE H RSBl ) 1 M o o«

elang devite ipresmnepasate Sy furshenbopeodngythege suefpoe arpperties,
stéﬁl@ ﬁﬁ@%@@@&&l&f‘@aﬁ%@@ﬁ:sﬁi‘&i"%soi rgﬂlﬂlofeéa%fgf?ﬁ% E]E@tlatest

the core material and ut er
Pasngéﬁm@o'gﬁq HeAULHRE the stret bppé@p&rogf Sughea thasmeqded in fine
pithemaiestibn andemltiftéicbanaliagsoci ated with the
m%&ﬂckness of the outer layer. If the outer layer is
21 to 0.12'zmin thickness as descri bed above, the
cont ibhasfbeeonfmtral oat dhmntia éomiek udi imgprovar oarh, pexfpgmimnces

at@ﬁl@ﬁt@l B1d k& @h@%ﬁ%&%‘éﬁéﬁ( %%roq-tae réa‘ﬁ ﬁ?&ﬁs% s].l{cﬂﬁg performance,

ani s ear
supfass umrbp;ngj wedueingy Dﬁrfnemlaane sand Hanreghings petfermance, it is

effebiG& 16 T8rhSa @ég{‘o'ﬁ' ih e Qupf%w 'Hf‘%hﬁ §r AP whid®e no[nmetal

mechani ¢ prope or the e core materja
elgments U8 4§ far %c@xya@a egnt auh efalt%@ongez;tset% €his is

bet@y®y it SisCAMfFicthdl &l ¥olvdi ¢ke prtfblem%S dbbéﬁﬂfecﬁsa&vlezmw by
reglalPie e FORRIBEREn A0 TIERLT JORR T TREGL Glphiegts ehat make
updthief icord materiaipaml ¢he eitpedaperrdhdes byex aonfiehlddnghat the

ﬂ%ayer Obgﬁ?{eﬁﬁe Bfe%né&st ﬁle thé ];.@Pa%eoglr Q.Sso%&'a{t%rd with the
thickness of the outer layer. If the outer layer is 0.021 to O. 12zmm in
thickness as described above, the control of nonmetal elements including
carbon, oxygen or the like effectively operates. Although the detailed
mechanism is still unclear, this is presumably due to such mechanism that
if the thickness is as thin as 0.021zm or less, then the mechanical property
or the like of the core material has a major influence thereon, but if the
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As far as the concentration cal cul ati on of carbon and

oxygen is concerned, it is calculated based on the

total of the netal elenents such as copper, the netal

M and the |like and the nonnetal elenents such as

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

hand, when cal cul ating the 10 concentration of the

nmet aI M and 00£per whi ch nake up the outer |ayer and
outémr layerds maneidexhblyathickc bes, mat thock val QL2 jim os etbrehsben the
sti‘e%eéﬁl 44t aletd P%&ﬁge AP the %ﬁté@?ayer Q'{meﬁ!)ﬂ (fo%n%ﬁzl? and thus

, exc I ng nonnet a such as
it dry@ c1élrt thémnrree  ther perfpreiasicey bﬁf qopéradlipg athe @;nmetal
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[OQQ centration as the situation denmands, the 15

oci ations with performances under actual use can be
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copppe the suetal M asd the like addrthla whinreetal eleroént. Qighnaocarbon,
ox%rgegﬁ‘ nit?d ?@raﬁﬁf‘ tﬂ@%k@xﬁgl %@rﬁhwthaﬁ]t@ggﬁ%ﬂ@ﬂa@ﬁlg the

e ‘out.er er and_int core nate
copgeipEntipa of 5%@* aeetad Myandaeapper arleich make upridel quer dayer and
thm&gf’é )fnatt@rﬁillf Q'cﬂﬁceﬂ&ﬁﬁ@hrﬁs{lﬁé is Siéb&%ﬁt §€ E:ﬁfb'u!l@ted based on
i rformance,. unreeli er f or mance
the iRkl Gpetly e mets gleﬁwsmfgﬁ@&g SpRmGial plfments such as
carlemi, sixgges, o tie \h&égm tho ritaditly i dfythet Serfhad. By ut111z1ng these
twjaqﬂgﬂ%ci]'fto}( C?l[(iuth?ﬁ the)c ngg%%rg?)ﬁda&t%as octb\(grtl demands, the
assoqadons witht pleafwnimwns desder @etiu@b wbovan ael matle aglearer.
CdmbA aﬁfﬂ*@ﬁ’f%}{e Sré Rohlln nge%.r ]hl'l ch%ﬁ'teﬂﬂdre'g% ﬁ?gﬁe surface and

mat er 1 al overne np03|t|
sugh ¥rgiem only mét&rérlath%n@w@mys of j thel aurﬂagetd@ﬁmﬁéi dromy the

upPBEMesP BeFfacs ltto kas degrR ﬁ@{d@b?gm thdlor qgédJ%da&ﬁbon and
a le Lre ecC ereon.

ox g e it S i e Sitert SR Xt b 0B qoxs Jpaterial

Propeﬂnﬁthbote{D bi2parkion tamidcbregen srechHmdiosd mainly to sliding

oo ERPRAIL TP Lot ORI P Bl Bl pestormance
or ctae tidse Mosicpropeaties{the TCT teg) tbé Yeflowt tesistanss tihe wedge

bohﬂ&bﬂﬁ?t P Pﬁﬁcﬁéﬂhﬂﬂﬁfo&' h;?xe f Q&?cﬁﬁ@& eqf %ssﬁ)gfatlon with

gﬁ or mance on ‘t he sur e bo
%5'1?@ hearpey ansd ashef alifé’lagwé@rpegbmﬁhat Rae beemdescribed

abanél asdr &R A0m@ih coffponBats BPEEE BHteM Ja§es ARdMhe core matenal
eason,for limtin

! b
art GERve PG b 1 CORBODGOS: ABGT CCPPAERL 6F Wb MAiAbrcloments
indlaylang thke nittl M enchedpper. Iohae beentasoartainetbtind tdearbon and

rOV|n the slidin
Oxﬁﬂfgg%n%ggggfgg%&eét {herﬁ Rert algn i nst ancesg it
ones an issue that if the carbon concentration
excegds BANRAYAudtbE '?)ohafné’%ijé RE:1R864 %”B‘ﬁ‘t%? 19%& BE 02021 to
deteriorates, resu the de
0. ]\égdﬂ?l o'j'é ,nfg carbon concentratlon 0 15 1:0 80mol% on the

outermost surface of the outer layer, and a region where a carbon

concentration is 5 to 80mol% in thickness in the depth direction from the
surface thereof, the sliding performance on the surface of the bonding wire
1s enhanced to stabilize a loop shape, thus flaw and scraping-off, of the
bonding wire can be restrained. The reason for limiting the carbon
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performance. At |east part of a high-concentration-

region of carbon in the range of 5 to 80nol % exists

as an organic filmand thus is expected to fulfill a

buffer function sufficient to reduce the friction

between the capillary through-hole and the surface of

the wire. If the high-concentration-carbon 10 regi on

is 0.0004jumor nore in thickness, the buffer function
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conc ation er,at mrer s on. ti e, an
AR Protio BRERM Box, Ohieeh IR irbiom FobentedinR I Hof surface
Oflthﬁﬁmswm baydri) s effliectiveg ecqndhn ta wive frganifattairnes provees that

t
AT Wlorl Bfini fiidl At Bipg velositn plegpingdivine
timp @rah@ dke imye ch@dl‘%wn%pmmtssmﬂ adjustainehts s ez apphication
of tah&)r?@élbﬁﬁir@fif 9@&95 aR@e ubridR] d‘?gc Qg_p Y ifn n‘%econdmon

accor d orrponent s an osition i

bélglgror ‘;&le 12 ¢ 59 alHARped iR prws,a@%@ele@ﬁedmﬁa need

anseslarfﬂ tlnd ofd agtitize ) eAB@I0A1]; aﬂ:Qb Rffectivt 40&0h€ tRE middle of
romthese chenmcals or the like is a

or 15 HEERd BF chb GThodtRRT nBPE A B, Alawiiie oviSF Anncaling or the
likey bhé conrosignappeof agentedsurfhce actinguigdnt a:m Ithe iliket & applied

onV‘GHee sﬂffﬁ}% g tﬂ@ O&ﬁ’és Bﬁgﬁﬁ%zﬁf@&%ﬁéﬁ §n§@l1qr}§ (solvent,

, m xture IO
soky @émg oimﬁtCh@a I ﬁkﬁcqurm@m,c MPeIatme,ormSLmersmn t1me and

immersion velocity), cleaning conditions (temperature, immersion time),

drying conditions (gas, temperature, air volume) or the like, the above
high-concentration-region of carbon in the surface of the outer layer can be
controlled. With respect to the corrosion-proof agent, there are many choices
according to the components and composition of the outer layer. A
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i nportant to optim ze the selection of these main

conponents and a conpounding ratio. By classification

based on the addition and nodification of processes,

in order to manage. a hi gh reproduci bl e and hi gh

preci se concentration, the addition and the
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[oBgBE time, if an oxidized filmb5 becones excessively

rigid, the risk of damaging the bondability acts as
t he As main factors for deteriorating the unreeling performance of the

multilayer copper wire, breaking-into operation of a wire wound around the
spool, unpiling of the wire wound around the spool, and wire adhesion often
become causative. It has been found that in order to suppress these failures,
an oxygen concentration in the surface of the wire could be effectively
controlled. By controlling the oxidation of the surface of the outer layer, wire
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advantage of the nultilayer copper wire is involved
and therefore, the nmanagenent of an oxygen
concentration and filmthickness becomes inportant.
Though only a single oxidized filmis forned, the
unreeling performance can conprehensively be
difficult to inprove and therefore an 10 oxygen
concentration on the outernost surface and in the
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[0070]

As the above method for controlling the oxygen concentration on the

surface of the outer layer, an oxidization degree of the outer layer in the

wire manufacturing process is effectively adjusted. Adjustments of, e.g., the
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and thus a desired oxygen concentration region is

advant ageously fornmed. Above all, it is effective for

controlling the oxygen concentrated region on the

surface of the outer layer that a heating condition

(tenperature distribution inside a furnace, a draw ng

velocity) in the annealing process and a cooling 10
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ssue that, a

the but85P e B aCh e 250 108 the sataer Bbeiviag Bty to
mamaxfaietmn’ngg cost 1meftor1ne’¢te|aeela|1&-obe@1 and therefore, an
[ogym num el ectrode is swept out in bonding a wire to

I nduce short - C|rCU|t|ng between its el ectrode and an

35 adj adwnding ewireottwluded a regipn| wheree@ dimcentration of the
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c 1§W@gg|lwgcqrh@nsm§§¢n@§t it becomes a practical issue that a ball on

a copper-based bonding wire tip is hard and besides work hardening in
deformation is high and therefore, an aluminum electrode is swept out in
bonding a wire to induce short-circuiting between its electrode and an
adjacent electrode and a chip located directly below a bonded portion is
damaged. By holding down the concentration of the metal M in the whole of
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behavi or of alum numis obtained, providing a good
bonding result. If the netal Mis 5nol%or less in
concentration, it becones difficult in sone cases to
stably realize in a mass-production process keeping
t he above outer layer at 0.021 to 0.12pmin
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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
exerted. Desirably, if the outermost surface is 0.5 to 30mol% in copper
concentration, improper shapes such as an irregular shape, a petaline shape
or the like can be more effectively restrained even in a small ball of a
diameter less than twice the wire diameter, More desirably, if the outermost
surface is 0.5 to 20mol% in copper concentration, the sphericity in a small
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5 0.12pmin thickness, the surface of the outer |ayer

is 1 to 30nol % in copper concentration is 0.0005 to

0. 008pmin thickness, the eccentricity is restraind

in formng a ball and a shrinkage cavity of a ball end

and mnute irregularities on a ball surface can be

reduced and further a pressure-bonded ball shape is

stabilized and furthernore a variation in ball 10
balbisdinoye shpeongidy meitatidgdor a firmipitpk wirirtg. ng mass.
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high-temperature oxidization. A carbon concentrated region and the copper
concentrated region, e.g., are formed on the outermost surface of the outer

layer and on its lower layer, respectively and as a result, striking effects can
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5 diffusion |layer and core material, effective are the
approach for performng analysis by digging down from
a surface of a bonding wire into its depth direction
using a spattering nmethod, or an approach for
analyzing a line or a spot on a cross-sectional
surface of the bonding wire. The first approach is
effective in the case of a thin outer |ayer and,

be rembaeerd vw]theh ddtesfimst both af dorring o gbod Koall, tsupaicessiag the

0 the concentrati on.
Sc}%ﬁ%ﬁégh& gvp%?%%écg@rfé&egfﬂi fv\(f/‘re ‘when the outer | ayer
[0978] ¢ hi ck and has advantage that it is conparatively

eaSYAEOaﬁl'%ﬁghééqucgﬂﬁmﬁﬁgtthgrbo Shidalid glu 6Tb\‘?rFe %ﬁter - layer,

ggg j Cross-sectional ,'surface an repro
diffusjen Javeronnd corqmeaterialceideqtive prg the |a@pr¢ﬁqh or performmg

ana%\em/ B, di ggmgraaw SitRdta BGFMEAGS £DoRARIMS W8S ihtd 1{5 depth
e sSecon

i g M WPRLLAEE TIAROTyD gt BBRBT AP Y FGAVEE B né or a
spdthom lans-(séciaonhlf éuﬂ‘acm of dye I’oohd[ngrmerh@ firse approach is
eff&&%em {1 bé’sﬂ—) Sur ?lbgt,gr 5% lﬁtl;g %v\fl%gly the 3 (l;{%ler layer

Cr 0SS- sec ona
is ﬁhl@lé,u isitakes gncmepssdvelydongpimedo memrtheu toncentiagion. The

sec%ﬁﬁ%ﬁrﬁ&cﬁ ‘Ps B3 Beﬁ%’e%t@ﬂ L@Fé?% @Hm!knaﬁci‘ ﬁaé hﬂ@antage

analy2|n ana

thaeld; %Se@%alz?&s‘@ho @aﬁy t@o?hﬂCk. thf t:@lqewéern ﬁimtylwtuah of an
enfird eré@e@ctﬁaaarsuam:byan@ Q‘e@ﬂbﬂmﬂityuﬁ?@efr&raltﬁ‘tﬁﬁ% When
con trati.on ses utilized are an ele
PRRE et osmaft) i Renie marBreRyt Freprraeicttiongtes in
theaaatopsll sppieaxh, Aamtheugappsnpmdi rsaalsmpyomiﬂbym & hidiES) wire is
a3, o S TR AL T SORIOP T Y g he
conjeanpugtians Ulipe analyging as |cgm@fafratwelye sfroplet ire a cross-sectional
swiFAGE Q’Vhbﬁtdrﬁeﬂ%’ﬁEﬂ ﬁfféc%ﬂbﬂ i8 deBirBd 8% 'ng?}o% hgﬁrever it is also

ouf er npst  sur For research an’ aver agé
effoCisow RABRW 71 analyaing Sﬁéglélgdllbth‘bh}éﬁ SEAEFING amg| analyze a
spdttby Haiitingla téxbohidegired toabRertd Bj’;ncbhﬁnﬁilg" {Peie v1c1n1ty of an
1nt1£fe 51&“) i n_iynhcr ement.al stgf Zfﬁ t hus ena? et i

SHACE S ABHHYERE SRPBERIGReAdRT thesscanseBiratinyanalyses,
utifivednare 20 eieMtpmbBM1aﬁ)aﬁaiﬁsm (EPIMA) nen érerghedisperse

X- r%.%t %ﬁ?{/ﬁ%l I@@ 3001 u&ﬁ%ssﬁé&% co% Ell%gysl;ﬁ g apd a

hpoun ase nain
tragpmisgien @é@cgrowmmrcad@m poalysts (B rowéledeke)f AES has a
hlg‘ho rlﬁ)%ﬁfaﬂ atréémuﬁ'bﬁd'lﬁn a'rﬁcﬁﬂﬁ't ad Ohd it N8 ‘ég{’e@{lve for the
ondi, ng |s conpose

con&s%@aﬁlé’tneﬁpa YSE} ipe t "‘113;1 é%%ipau w Y ectaﬁﬁémosbﬁurfaﬁe For the
resoaidr of @:y%WeH@ngc&ﬁpbémoﬁieﬁﬁis Msa1Hbs51HM 36 PFocedol @R, by

acid e i o7 12 800t e i eGP e InCE BB oteps and

thusr enablel y wmp@lmm@fmpmlmddpbﬁGOmﬁbdbe Metdrid€ined from a
concE RRLA ﬁlﬁtte?%gﬁﬁéiﬂgﬁs# %;’ﬁ(f al% JEechani cal

ﬁ acterlstl CS sucC coefficient of
[08[7 sticity of the bonding wire to beconme nore

ef f gt liyeeffBétive that an intermetallic compound phase mainly
containing copper and the metal M in addition to the presence of the
concentration gradient is contained in the outer layer. In a bonding wire
which is composed of the core material primarily containing copper, and the
outer layer made of the metal M and contains a portion with the
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5 inmproving the loop linearity and suppressing a wire
shift in encapsulating. [00781 Wil e manufacturing

the bonding wire according to the present invention,
a process for formng the outer |ayer on the surface
of the core material, working and thermal treatnent

processes for controlling the outer 10 | ayer, the

di ffusion layer and the core material is required. In

Coucmirratmn g:mduenﬂ oft toppentaed ey er mdredagerpofthd itemhetallic

pr oces ssegﬂﬁ)aﬁrl mﬁggﬂ%‘% &g) ﬁ? £ %n]d b Hb%af‘?)?vﬁ:le jntermetallic

orm ng ayer,
coprRounds; HRAERESaie sqhargcqtemsélm s aeeﬂmngth and
coﬁﬂt@&@t af Afstidty 'o@" thd %gﬁdlﬂg g\ﬁl?ft? n'Fo”EeécHﬁe %BF% effect1xe for

00791 Met ho
é&f&osfhwéﬂtmrﬁ SHRRTEFFRIE SiiEe @hlﬂam@eapsulatlng
[OD’ﬁS] ude a plating nethod, an evaporation nethod, a
mel ti mathod r,.the t he .platin
R AT R BRI R —
ing¢rtdonoh ayocpdsafirnfprmengatienmytee lapbe oA0the surface of the core

mgﬁrﬁ’z{la%‘zlkiﬂbigﬁnél g?g{}ﬁﬁfhﬁe%{n%hétp%%e@s@% F%JH%%&?&% the outer

st e
laiﬁ%‘ft ?1 ithesion plaxer r?glﬁéhacfrqreema&e@ahulgrreawed In order to

coﬁﬁilﬂﬂf $he TOUREP REYdrY tMé tcHnﬁ)ogfti)d’H‘ df tRe Q@Péj matehidl 'aMBPthickness,

ﬁ% tbPr t he el ect . gbpang nmethod are
in his gbove Proseeses b Lmine; 1oUtGh dager mapagamengeof the
thickmess a‘ﬂlﬂeﬂheacofmﬂacrmtxsntdi-é firsoRleydéd €o &lﬁ?ﬁ?d%et & hanaltial stage

u C|ent while when 25 thick filmis
Of?y&&d&sthse %uter 1% Substitutional type plating has been

m‘&?}‘ﬂlled the reductive type plating is effectively

| t e f | '
alpgt F\@&hﬁg? ho nee i% ﬁSBhPé} é%i@rc o %ﬁ% %ﬁé Sf the core
$ rm%ﬁi?re COIREA 1§é]é§iet5h§ afieg meshyd; %nplvap@wglon method a

é’lﬂiﬁo heigﬂﬂsQ)l'aglz@ KRke! & %@pgga;ttﬂéggﬁiégfgws %’ g?@ of an
y

clafEialoc” Blet s, TPt o ite cATolasy RaHAE. #shoRt Pty enable
mamuﬂaotimng.t e thlekéieaﬂi'dlﬁhep'lat@hg &ﬂ@ﬂfoﬂbl (Qﬂléﬁ!ehfkgt@ﬂ;e platmg

méioh &3d % RASPRAREIRN0ET 1Bl BRtms Racb s Ao deh and
adhesion mro@erim Wa&x Begnouindr isegbdds Smdmtmnsdxedd fohhe 3ectroless

plﬁﬁ%%h%d%g cg%f'l.@g(f S%t% a §HB§ %{Ittggléo Eﬁl :1%) P% t}vrtlagtype
When de b isi Bun, enbedhe subgtisutiondl tyne isp ile when

thiclr filnd ds dofrhbd) ftet ke @ﬁb@n%dﬂélhty%et}ﬁwﬁtg Nhd Been applied,
r aw

T T WS S I A
electrtcdé sseplatirtgemelthyd mgeflo ansiehidle fdeviged hud 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
deposition method or the like and chemical adsorption methods such as a
plasma CVD method or the like. Any methods are of dry type and therefore
a cleaning operation after a film has been formed is not needed, thus

eliminate a likelihood of surface contamination in cleaning.
[oos1]
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5 thick-dianeter core material. In formng a filmwth

the final wire dianeter ained in the first approach,

the manufacturing, the quality control or the Iike

are sinple and in a conbination of filmformng and

wire drawing in the second approach, this approach is

advant ageous to i nprove adhesion property of the film

and core material. As specific exanples for each of

t he ID aaptageach applying yilhtiagase depositipnpatfoctive Laré oth the

e t 0 a .

apfiieh b fotn g ALY Phéte guger ¥ith o Rl bl diameter
alme@Whewhmandaaneammoaghw goviag agwirel utdrerthamdonee till a

xgepra@féﬂ Glanti@M 1Y a‘MécF §Ref"5h.tagm%e qg%gad Wﬁﬁnaon a
i ameter after fl
thlﬁﬂi ?ﬁapﬂﬁt%r enrgrmatemak doderming acfils yrith tbe finad avlr@ |dé%@eter
airpédtihnghe %iflstf é’;ﬂﬁﬂo@chlﬁé |1ﬂ15§hufa@9&ﬁtﬁg ﬂl?él q\ﬁﬁlﬂﬁy riﬂntml or the
I OCesSs e avil n orne ut er
1ikB 28 SHn R A6 jp BRI Fioting S4 Wird SEvEmE in the

secpudp(a;;psoamﬂ thisn a@moacd‘saé dvantideopnsr posimpidve adhesion
prog:%% E)ysltl aliﬁm%ﬁ&ec%f‘% &%oﬁstéé%gf; %?%%Bg‘{?t %tt"e%%hzc% the

raln 1 n ace are

approgeh gs;umsxlae @getan aapm@insqf frmipg & ifihy omtai copperawire so
as % el REtdEANAN ROt 3kt FiafEARIE H19 rbogg {)Qﬁrﬁ \hifinuously
esion. property are a
dr%ﬁﬁ?}éhm [ﬂecﬁg%q frplytis plgngsol FF’@ﬂtﬁiﬂlﬁnpﬁfRﬂ?@§§h o6 draying a
Wll!'enftﬁ‘ﬁé 0?269 E‘&im&ﬁvﬂthﬁi ﬁ?lfhl?ﬂlarﬂ&glr?ifﬁér B@ﬂn%h%:ﬁ@f@d a thick
mat er. a a usj on .be
conige §yirfyin & BfgiAK HAth S cREA Rl thon ciep U0 LS AlpBRe, to form a
filmhermal treatment is effectively practi ced once or

[00%B] €- In order to obtain the desired film thicknesses

In the conpositions of the outer |ayer and diffusion
| ayelm agwonrkimgr neacess raftercbhari fiyrmed theuiuted lagexrolling,

sw& el Qi wAré ‘a@ﬁﬁ'ﬂﬁé b %@léc@eci/ fH0afrd_ht ?ﬂﬁ&ééé‘hnd then are

Rne s in nm r W.th severe preci
usq RpPLe t ?%é§sgeEr%eéméllga‘@ﬁmQséﬁopnfr@nﬁﬁortatlon

andmf);mhl genipracadscd areeimrelled bfal ﬁocbékﬁné %Iﬂﬁﬂyoﬁ prbssure

an_anneal.i ng ocess j.n md-cours
?r&%%gétlo ek 8 faeorRv rebiP: foprsuacn OF the uipy Laver
adhesionipropertfyi axel aft&ecaaiabgrthea:ndtﬁoﬂ]en it is
[0 g‘gortant to sel ect these processes to be used 35
OF 84) 32/59 Only by heating a wire, the distribution
of dappehesmad treatraert aretessne do piterfase digtereenather outer

lay@ﬁ@l‘il@lt the c@fmhia&bh%@ t@’%‘uﬂufal Rilﬁﬁgﬁﬁegeﬁ@ée@i @?éﬁlﬁl and the
nates annealing Is directly applied at a
megqlaﬂzétlérpr&m rlienfg’éiang (P PUWPptesalthyi phermal treatment is
eﬁ'mlelﬁqiml’ctm@d GilRe oir OMope ORI byddietyestitaimetheUidekired film
th11:%%er§sg%ﬁpr tgggﬁ)‘%é&%gggﬁlg g&%e(rerllagrre?ta?rfd td[l]ﬁ'lrlsm\i/a 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
after the formation of a film, an annealing process in mid-course of a process
and a finishing annealing process with a wire formed with a final diameter

and then, it is important to select these processes to be used
[0084]

32/59



10

15

20

25

30

35

and it is difficult to control the honogeneity of the

outer layer in a longitudinal direction of a wire

al so the distribution of the outer |ayer and

diffusion layer in a cross-sectional surface of a

wire. Then, it is inportant to control thernal

treatnent timng, tenperature, velocity, tinme or the

like. 10 [00851 By conbining the processing and the

t her Raly thyeheating a wiroritheodistributigned wpppr ogr 2 ssirfifce and
indiflg dtithbURiteP laddr QRARITES: P(géébﬂé(f. EQeft ‘?P%&Jeﬁgecf 5r%in that

thickness, a. coppgsition and a structure Ich are .
eligunatesiannealing ivdirertly appliedatya Hanbdiamptertofe ware used in
a typedlnRite meddifastu@ngh Qdﬁ@é‘i@ﬁslbﬂdp@i‘tgi taﬁmseﬂahe outer layer

i,nf,erf ace bet ween, t he outer .| ayer .an e re _
andntHe e85 majeriaL st erigrates thezdbis Apak cophrod; hacames unstable
andeta\is odiffioulthéo tdoatral tips desasgerdddpersd! tige arutat layer in a

o 1ot SRESFEACLEA Y8 1y HHE WLt 58 B Bhe phgppaver and
diffegien lpggmin arcgosh-seotivingh shaface of arwyirel Thieas it isderportant to

. H . a 1 1 . i .
i Sy Ot Ml o e
I

ied internediate annealing in md-course of the

pr OCByscolnﬁﬁi?iﬁ\Q tRe &@&gy@aﬁ? ¢hé it%i'btﬁﬁhl‘ gxe%.‘%ﬁfﬁ@ititﬁgzontrol a

was applied w i i aneter o e wre forne
doffie b RBbETp ottt ' Eftusioie oF Pdcaies’ Bon ey Fa,&pBrFol a film
thickpess, andompesitmncand raastractigeasthizht ashdegeed. THO $bdcessing

. i | . treat nent ;.S . concerned, the. wre
hishrs’ et thE, LRSI peaBAe, teldfesc 7 ey oo, 18 the
intgefacy hediepnudesoytedriayer and thes¢atesmatdériak anpaharefore, has
anl 8FédCoR diARAGE behaVRir {K"'tﬂ& aﬁHé?ﬂlaqt;[)ﬁ)chg.‘sbég%nding on at

h f e gener

tenperature, which is different from g k
Whtll%érﬁﬁq‘ce??‘é’gt fiAge abe thezmal dtepsiarenturis gpadiednt thes final

corapesitts| thickacthof thenaaer 14fe ahﬂs&ifitfuﬁié1hQa)?&' vary. It has
e.core

bondi i,te. wth the outer l.ayer, an .
begicXertiahd " thie it e e lEa iy & BT Fiko@ipduced in the
pracesenwihere adterbehadai| yhadssppliet uredrmedigtes panidaling in

. ' a0d_f | L1y 4ntyoduci
ml?’é%me’ﬁ%?@ee%?%‘*&?%ﬁ‘iﬂgean FaRdras rad bt Ehicathng was
aPP]égg arith inal i dterofithermire foxned, theecasupésitions of the outer

lay@¥ iaHidZHEf o fayieh & O bhcith Bitioh EESEA Mhnddye Wire
[Od,@]al so effecti'vely 35 heated with Tnert gases such as
* Ar or the like, that are allowed to flow inside

: he %g foa¢ke tBafa8l EQ&&?ﬂedtmst Mcf@fﬁiél{?q:h@f\fﬁ‘éoﬁt ér(mg?%ted to

e rtenper at ur e r.aal.ent,. | LS e ecti v maKe e.

thd BerS A GRabuES, Nif 40 iz beife Friappisls fanth and besides

the ngmpkraguee pesdd | 7e ftuemgrer 4t unet gnadhexinedeart @heonstant
j . . c 5 rature,r,jse

erk oy PE" Sl SDSUMMENA Rl Pk SRS Bl 8 Spep,

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
feature of the present invention, can be easily mass-produced. In a specific
example, there is a method for locally introducing a temperature gradient
and a method for varying temperature inside a furnace. When the surface
oxidization of the bonding wire is restraind, the wire is also effectively
heated with inert gases such as Nz, Ar or the like, that are allowed to flow
inside the furnace.
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region, and a negative tenperature gradi ent near the
outlet port of the furnace (the tenperature falls
toward the wire drawing direction). As a result, the
adhesi on property is allowed to inprove w thout
generating peeling or the |like between the outer
| ayer and the core material near the 10 inlet port of
the furnace and then, copper and the netal Mare
[08a%our aged to diffuse in the regi on of stable

| o bk etho Saadbt e LAE FerBRGRINE B8 38 cMiktive to
make athsutemperapirec gppdienpedn tahelnmlitm of oregiaris tineluding a
pdcsitW@%mﬂ?ﬁ'hfﬁﬂet '&'}Qd{é‘?ﬁdﬁghf he aRtht! ggpt o‘foﬂtlé gl}urﬁgce (the

t he obt ained wre to eln'p
e%’ﬁr%‘e}éreﬂsﬁ%é@@a faeavtl%e dgawing i ,cérﬁ;tehlaqtemperature

I'eggﬂ‘?'?g{tf%sgr@ggitiﬁiétte rlaﬂthﬁ»zt &e?ﬁ;%éﬁ F]@@glﬁléﬁsport of the
S var yi
fufifist e ph bR tie SRMR oAl (E aRe; demibe Bimbtion). As a
resthls, fthe nadkedisn dpnopdety listadlewed umaimpymm‘ mehd)@mgeaﬁfhtmg
t L .
pe@hhg'meﬂ?e Hgg f eégrgg%lst &Wek qgg%rs fléﬁp ?olf? at%%]agﬁar the
@ﬁ norkof @m ﬁwstaceraeduthgndeommcbtha mtah%ameen@lgaged to

dlffﬁs@I iy 'tﬁ@@e‘giHIP of &ty t@fn;g? ﬁu%or tl‘g@ggt th&)es‘ipégfs E%#cenﬁratlon

elr t ture
grﬁg%eﬁéé% %mﬁ Iaé’xﬁeglrttgelb V| CHREE ﬁﬁ%ﬁﬁsweeo ¥digatign on a surface

of pop]ﬁexonmaﬂmee@iﬂetrpoﬁ RIRBE @ﬁtﬂ@ebbb?fﬁﬁmzh B@hdgblﬁay b8 loop
e

r ovenent ct as. done
coR B9F i TBier YElArBn doatine e HPohe ImROSF e (qjder to achieve
thesepeifects, 4 hempsratiae eomgotienaiof A0 digrede Wadiatgthaiindet and
oufleh QBRI el o X o bart o

OWiS set in the outlet port of the
[O@ nace and thus bondi ng strength of the

wedgen @ﬁ?&ﬂoﬂ%}'w t@ﬁgb?&ﬁﬁ'@sﬁd 8 eﬁ@&?@el tRRt an inside

one. .1 n one

Furtgﬁ} rrts*ltlﬂ;51 geit1
SPRER0 eefullnéy%rls ¥ide H@tftarfduﬁ%lﬂfé’r?fawegrl@,nswﬁnd@dt%p@@ture
digtathtutivid i afead6d B} pEEBrmin Miifibredtr @iteéls Vaft terhSeratures in

ea ALt EORE “The ceiih, Bback, ot e "uRatime &oi 1 disided into
thrds ekmdreperonsto eomtfrobrheih tempe cheturod 1ﬂdépaan'ﬂ@ﬂﬁllyamﬂ both
enfls 48 %1{1/\% fufeedl 'a?%w%%%%gefb%&er%ha&lh&leogé&f ol B¥&or BaRof in

nﬁ g, an evapora
telaﬁar&teﬂﬂfe,h@erp bgeahgﬂngu ther samedmprovement effgchas done by the

mémﬁ&a@ﬂ hﬂbizfmﬁé the tbhm‘f)%rﬂlﬁ'ee?fé/dlﬁﬁt r E@ ddrﬁ%r to34hipPress the

a% rocesis ﬁ 16?%];1

su a%sqxfl tiogy 8t dhpy Bef yire, c%slpyvn@wnaéﬂrwapmhmh an

oxﬁlatidiﬁraft@tcﬁlco%é@bé@ﬁné@slfoﬂf I8 &6t uflRY oﬁﬁ&iﬁﬁoﬁfcﬁfwﬁl@ furnace
erla a ce rocess .for

ant B h SR ik et e et iRl bodtidh & BE pdiensed

[0689 ol t en copper alloy in the center of a haI | ow 5

col Uﬁﬁrﬁi T d me] t{n? M RBEEs bile 30 HIGE - an?eoc'ﬁ 8Pl olkllS layer

process
and the core material is melted to be cast and has advantages in which

productivity is excellent by performing wire drawing after having connected
the outer layer and the core material at a thick-diameter wire of on the
order of 1 to 50mm and a design for alloy components of the outer layer is
easy when compared to plating, an evaporation method and further property
improvements in strength, bondability or the like are easy to realize.
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copper core material inside the hollow colum as
secondly described can easily and stably forma
copper concentration gradient in the outer |ayer.
Here, if a small quantity of copper is allowed to be
contained in the outer |ayer made in advance, the
copper concentration can be easily controlled on 10
the surface of the outer |ayer. Besides, in the
Sneeifia pyocesseroof thet meltjhg tihethdieate tdestifiedtintor process for

g . ; 2
caplihk 48000 KBPEL of EAP ool MY uifiep £XG 2058 erf RuRT g8 ewound
theicerg mﬁ}?maﬂ mafly eadvanceound p pragess fox foxminga core material

BRI (e o
C"gﬁ?n&ﬁ e eta] M duRa Th ndvanpe. doesis yothespracagreforcmsting a
combe;t? cie meatiefiad tinsRib blye ?ﬁﬂldwﬂ%@hﬁnan’étsEE&dﬁhfe_sfcribgd can
ng pernits a progess .be si ifie
eaglly ol BHRIEIBh' R BB <PnlatrRORmriF i B uter dover
Heger ¢f asvell symsntitynof cippeetiergllewddnd hg ¢drdained in the outer
Wi ba, d 1 : n
la’%”?‘f‘{ﬁﬁé (A e Do Bty bmocredbhlan) be 4A3ITFBRirolled on
thergirfacapé the sser layere Bepideadimthe meelbimgemetodralthmiigh the
e R (iR pei et thth A v 258 chf R bhitted by
appiiife fheahbat ﬁ?g%&g%ﬂ%g‘ra@d@%%% I%PPpex sistaihpition” nside the
outgstlaiyerd. futhed impitiventwrteni gropestyi darba cRpestbag
hod that uses a bonding wire, including the core

material with copper as its main conponent, the outer
I ayeFuWﬂieé‘th susipg qv il tero métiad 1 thispherdéadt any one of the

Nl o e C e .
ok D s O biten o 0P S D e AR by coptimuous
cam'%i , CARUNURBH RASTEIR NeaMither quoeesd 4gebe ofinplidd as
compafhdli@ffhbrh}!d?}'ecfﬁ&ﬁﬁ% nféttholiNeiy rﬂﬁfbe?%% & be ;mall in
didlstcli]_ar%ato_form bga% w th a gas of 99.95vol % or

AT 4f %ﬁ%%%‘i@w tyFobegmpraved; o or its
[0G91 r oundi ngs and then forms a ball to bond. In the

bondy bstitute for a 5vpl % .H2 + N2 gas,.

bei gién%a@%‘%g’aefgfedg el s i%‘ng% i Wé\éﬁ?f{ 5011‘\@1%&9“?%’?“0“&1
mulilayesnecners wite incmding thes butdrs layeduaad, thy eops imgterial

Qo Wr - che t r i.cal
R SO S MR ek B B N B P! bfblloved s o
Shlﬁgff gapin foraning q bally spod bphdongehiityocould e ahtabred. Agamely,
thetro ié moﬂrdeaeanbgnmm%wme@nod e¥ED ubds 5gg)irfdiﬁ§ AL l‘gﬁgm&ﬁlg the

COI‘E%}I%F%%]. %itshplaq@eq%ga%ﬁgj’ oo{jgfp?)%%@%t}:}fg Béggq?rglqyﬁé which is
proyadesl gootheraper tytetial theludihgrtheaysital HMashobé codSponent
oo 4B b 30 WrBEEP S RLROLF Tk B! o), and
coppre eaul hgs Cheopmter layer of 2821 tor(.hRim fhahidkness, and then
gerR¥r At iScharge to form a ball with a N gas of 99.95vo0l% 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
standard gas, an inexpensive pure N2 gas is used and thus the running cost
1s reduced, promoting a copper-based bonding wire to be put to practical use.
[0092] |

35/59




10

15

20

25

30

35

and tiny holes are generated on the surface of the

bal | when the pure N2 gas is used, neking it

difficult to obtain a snoboth surface of the ball. One

advant age of having selected this thickness is that

the outer layer wwth 10 0.021 to 0.12,umin thickness

contributes to good ball form ng performance. |[|f the

outer layer is 0.035 umor nore in thickness even

Wi t hids al’shl@]ldogas useh g forim tahbalk o€ $he xﬁﬂmlﬁp&e eoppdrybonding
2

h
witp Se58lihe 5, R oBONPHRE oty SyeRaf e sttt + N
ggssistemmplovedi gopd bpnglabﬂanam be abteinednAypweoNe gafs, hbwever,

caHZI Jgg%@glgéggéﬂfﬁsego%ﬂl @fbple%t@r lf‘fﬂbsbﬁfe ll%%e% ﬁeég ‘Eﬂﬁ{ %(% 0.021zm

Or598$.0 egagleseaamo ]Snihﬁh@f ﬂ@ttuse ébfetb@dtunenNta ms generates an
sératrid bal. Hfexreedishigseha
:ctdhﬁ l%l ; aet 26 OFS% jzgﬁrﬁfl?cﬁﬁeéizvﬂégﬁlebéﬁéﬂﬂ vﬁfotrusmns
8?’3‘@? o AE° peterated gnithe syrise Al shg dall w ntﬁ'h@ RitkeelNz gas
1S|lageel|; nakmgunaiffjeidt wor ebtain ca eenweht s@fake of the ball. One

ARSI e B i
Handnethicknesy qoméribaties te gued hgllafoprlihg rfrenance.
If tt:Be bﬁtéﬂi&?@ & OW'& molrd 15%1&]@1&& %éesk} 9J1P}%1Iilxethe above

outer. |L.ayer is accor

e ran
ragge Of Hhifkness: it g‘% SPhS‘@éh‘lenOfi ﬂeb Plrie m&regaahanb@d ZBhe reason
whyethd pMritgasf $O. 95’661%3 @r Thél {gl s7ef!§ct@ﬂ%f’ tAE BALEEN, gas is that
thfs tul;ecr t he ltilt er % r ef erenf(ﬁ1 nmel'ts to |§|

rotect] VY a‘ﬁ TRReR 20828f agal EH%JPI at an
lndlsstcmib*l thexpdnsivelpriqer event abl e. |t has been proved
[oddgt according to a bonding condition, the bonding

strepngth_of a ball bonded in the pure N2 gas becane
hi gh&lsualsnitils asgemsddihsg IHlemg\Ithg asol%He gas deads to an effect

exéftell apf ethe 3RabAP44f F g‘&t@ﬁﬁhaf aéler %t 'tRQ Q{hlﬁltpoeﬂ lof the

s to var

the
X%“(}%”e“ %? mﬁ@é’laﬁﬂt]cghé}?ﬁr@ﬁhn‘ghﬁh@ bgndmg s is melted to
forabow ebaldy if tw@e@uﬁehelayefrabf I 919&%1&1 & IvPiget He a?%ﬁ"ventmnal

|ncludes e sel ect
mlg?% g TAY TGS 1i_l,{1 %{1 EE |1?"§r zn BaBnAEH gc hangeshecomes
ungtableoaad qhnemmdhzatnan afreopper pwferdxmcﬂﬁsprddeedﬁscausmg a ball

Sh@?ﬂﬁﬁ?@‘?&?%fe Fetalyfhild, TPUEY Bt S thigGiyide AR ip githin
the, rapee acgardsng 6o tbean'plsent ofveritomreveanin the pore AWz gas the
meﬂ:QDM]neﬁﬁ‘ a é@‘?a&@ts%lbl zlear@,1 %g@g%%évf&(‘&ercﬂ?@%hter layer

ore terla

Preg%ﬁnﬂﬁ%%é‘??i& 50 R %Hreteﬁfaw waleepnd| thuasthegoridization of a

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

[0094]

Further, the formation of a ball in the pure N3 gas tends to vary
depending also on a type of the metal M constituting the outer layer. Above
all, when the metal M constituting the outer layer includes at least one
element selected from among Au, Pd, Pt and Rh as its main component, it
has been proved that in the pure N gas, it was comparatively easy to
improve the sphericity and stabilize a ball size.
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materials of Au, Pd, Pt and Rh in the outer |ayer,
those of 99.99nmass% or nore in purity were prepared.
10 [0097] A copper-based bonding wire which had been
made thinner to a certain dianmeter was enpl oyed as
the core material and in order to forma |ayer of a
nmetal Mdifferent from copper on the surface of the
wire, an electrolytic plating nmethod, an el ectrol ess
or non-electrolytic plating nmethod, 15 an evaporation
grel ting method or the |ike were practiced. In

order to forma concentration gradi ent, heat

[0p9akt ment was applied. A nmethod of formng the outer

| ayerNait ig af ddikipMorfofh-3BERE AR He ?rgféﬂlcﬂvé’ tion.
[OW{;Em nga wreto its final dianmeter by applying a
drawi ng process, after having forned the outer
I ayerAsaii rtawcﬁfalttéi;ial of Ia_rb%ha_ Iin@@cﬁiﬁe,&iﬂ@})@f ?de«li Asr arélo?(?_material
0 o atin iguid and an. el ectrol ess at |
w3 SRR 0P el Bl ol gt Bt v e lrrieh g raw
méteriadernifcbudBds Bt avab Rl ohie duder lager hkosecvfi POIOSM 8% or
m§E A %3%255?%1)%% hod was enpl oyed. Bonding wres

Wt O,umin dianmeter were prepared
[0pG7 dvance and a surface of the wire was coated using
depogi tehpperdhasdd %bhﬂﬂn%’i'%ﬁré hoRid ® bsex\ﬂfﬂﬁaﬁg {HiANEr to a
15 to 50jumand finally a

to.its final dianeter
C%%’&éﬁ%ﬂ?&%t”@éi%@ﬂﬁ%'e r goxenmatenal apdapneider fadorm a
laypgapbf ed nsatal Mt (liﬁfe&;‘ehetfﬁémr éﬁ;ﬁ)_d?ﬁ@ﬁ!‘[tﬂle_%ﬁlga?@%%th‘é wire, an

r.a vel gei s applied within 0 .

o1dily i el e St BiBe@RR s 8 i SlePirdlotfinplating mapthoc,
anggredioxblioncoptierd, whekinyy meithgd lontthe dilet weagnactieesl. In order
to FHAR% Onetirifiof] %‘Wﬂﬂﬁntl ekt ‘Erea!t];nel'}&%gﬁg ’apgg)'ed. A method of

di e-w re-draw ng PLOCESS Was applied toropta i a
foxppmg thenwtearlager ab atfinalowjnendianeetar vaxdvameethed of thinning a

widé fthusd enal dieRbtdr BREFRNInEES wApPP 'd&«&%iﬁ%gﬂ;&%@, 2% Miving
f dra%{v!ﬂ% prqcces was further, applied. [0098] Wen the
ormed; HP RURHAAXEE 8t i3 satain, diameder fwere £1pploged. As an

el&@%rotptit @atmgdﬁqlfiﬁoﬂﬂ?i dh @1&@:@1:()_@e§§iﬂ%il’t%r§§ ligaee 4 Rommercially
g cerand a. netho r _casting. en copper ,or
av AR B1diie Hidffih psed, B s RiinndRelR oR FBieg7rad as the
evapdratiomatshod, adspatter wethoddups ednploed eBbhding wires with
. ( ol L
abEﬁP%@%%E»OQ%n% g%én%t%g%%@ e%l{e%gk%@% advanc? Iagg’a ?Hﬂfé‘ce of

I e-wre-dr ng were app

- thegkireavascoated Reing depagition and[ plagore asd| themeshe wire was

drawaaioneatinal didifetdr’of BLEO5EHMABAPHHhARYRS FRRBEsing strain was
i nvent i t he re was hedated w htKevvl e%e ng

reRgNER AROLLFSF T alHenh Vit HERLAR0 hik pOUTRIEh g6 bagame 5 to
20enperipd drewirgdélecity angs appiéd edthior 5 ¢anY0Rmin. 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.
[0098]

When the melting method was utilized, a method for casting a
molten metal around the core material made in advance and a method for
casting molten copper or a molten copper alloy in the center of a hollow
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tenperature inside a furnace were utilized. For heat
treatnment furnace were enployed, e.g., converted so

as to divide tenperatures inside the 10 furnace into

three tenperatures and then enable control of the
tenperatures. The tenperatures inside the furnace were

set as 200 to 700 degrees C and a wire draw ng

velocities were adjusted within 10 to 500m7 m n. The
colempe made dnwadvahar were adeptade, Thﬁeamr@tﬂr@c%sééllehcludmg

fofiing, oHbig Bichv e srite nd RN Bhedlipent pere,amplied, thus
mapypciuingthedondipgmire.o a wire outlet port and each

[obegl i ng tine Iength was managed. In conformty with
I bution, the wire draw ng

t he tenperat ur r
vel odft %%‘? fﬁﬁ%ﬂlremﬂormgﬁ@r@@wegent mvention, the
wise pwaesheatgdthﬁhoxhéilv&ﬂbl mngncdr{tﬁl@sﬁm p(ﬂ%rv@n i Lﬁ%hod for

‘“P%?'é“’%ﬂé? °°F| z@nert ggs eS’Eﬂfﬁ ﬁ%é\lzmés %t%aé QF eYArying

temipenatiue. mH.IQe teo fﬁrﬁ)ﬂzénﬁ/ema nutlhz@di For | hewgd tlfefaltment furnace
wér%”@ﬁﬁﬂéﬂc? ant {;&iver't&?'s%e tshgo s acge%eléatga%ggaﬁle the

g perform ng reat nment
UERAGS eH‘éPe @é%l dempenatures hcmld/vaﬁh&me enablhi céntaol of the

temlpai'aﬂiﬁ'es| ’@M@rteﬁﬁﬁar&ﬂix%%qnéf&eefhé‘f%atcegz@%feegét Q@%OO to 700

been a i e a pper wre
0P GtE o v il Eiin melasifioe Wess GgustadwiBin230 to

50ﬁHHn/mnﬁaThentermpéramﬂfé v a5 dfdrbh€ Sdiplehedt to attain such
process 01001

t L.e
di @’ﬁ&gﬁﬁt A2 PRTIER, BB S deptend BLoCeRsi HOINT high
é Wat@nbératuh@ bonen wireeinlefpaiti toga Omfi?dldutwt%ort and each
n utR
he hﬁ%ﬁgﬁ‘{{,gfg@ 4d %géh%%idl ngﬂ g%@rﬁu ™l £h Sﬁé tteyb%erature
dls&r yéiom, she \)'GF'QI awARIg é’l&l@lﬂd@mgfepelopmnmadef‘omhe purpose of
gireeth AL
suppidsgikethe bﬂlcﬁ’iﬁ%n tiﬁ tﬁ@rﬁtﬁﬂﬁsghlege gltl tg%?? tﬁ'IB%Bﬂgﬁ inert

a|nS|d the ace por
Bagygs s or 9or W@r@agtlilﬁedet Aogrs sﬂcmr‘eolume was

ad;mstbed d»a’dnnEI}' 080 ts 0 0wiraetin toriectitiResd 'fdlot,rémﬁ({i'ature control
une . or

in s (B8l PR NG Rer waRing bR FiratImSRtakTo methods
were ptad i:te piepane samptes. Qe merthgdlwﬂhgéneﬁhewﬁ%h bl $ting

lay\éi?'\k'g@ fﬂﬁﬁﬁ@%fbﬁt ﬁéjaf’\”mteglt&e%t q%)(f gtﬁglé Sapluglilj'e{}a'B b, 31 gopper wire

59 Furt since I'n some
po%@%ﬂf)é&ol‘r’h“ﬂﬁ% rawine precaseand pagtler medhod heasoomé éh which

hegiotreatthehd & s W tfitnd Pt e RS BEL trbhtMBRL Qhﬁ%ﬁb%%%%lre

tvg)1 control the atnosphere in a cool ing zone pos
drawing progess ; ng zone. [0101] 5 Wen control ling a

[01@9] bon concentrat ed reg| on on the surface of the
i nersin wre in

2o P S AR T R B st o
ther eugeridlavenn dteatmgacendxtionsg (egrpézatareadisegbation inside a
furlbdd, g 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
the furnace, two or more gas inlet ports were provided. By adjusting each
inlet position, an inflowing direction, a gas flow volume or the like, oxygen
partial pressure inside the furnace and temperature distribution were
regulated. The gas flow volume was adjusted within 0.0002 to 0.004m?min.
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of the wire were continuously perforned after the

above heat treatnent. As a coating agent used here, a

sol uti on which was produced by m xi ng several 10 types

of solutions obtained by blending the rust retardant

and surface acting agent with distilled water so as

to becone 1 to 20vol % in total concentration in the
distilled water, was enpl oyed. The cl eani ng was
Further, siade bassmaélmsmndela,e adwstei ié heateal e t&@drdnﬂ@lmng heat

refic bonf hdYuftet L Ble FRLERA WEBRted 3t MaSbfiR reeded
toygeatyal éhp ﬁ@nwgahereem@sgoheg gone pestetionds theduedingzone.

[ogobpnce, the coating agent was heated to the

tenp tures. r ing from30 to 50 degrees C.
dryi ny2eq r@&&r@ﬂgg@r carbon gongenirated sagionon Khe wur%xce of the

outér ﬂ]mi'ﬁdoatalﬁg@y 1@?}&??@1@\%&2?%%48;0&&@% %tQP%ﬁnixQé) RMmall
qdpdr}‘égﬂé%gg Fas éﬁgfﬁf@%ﬂt RRET AeractMenarHy ﬁf e5cuts apssdrying
of gbplwied vdrearvtinudusdy petforinedt aﬂ:éﬁﬂiérabbvéihdat th%atment As
e
SRR MV o e o e
types ©f solytiongeebtacaed thyedlemding the hatsti retasdaitf amtl werface
act®z ageht Q;chnﬂls?:ﬂl%d %‘%&{1 S?Utabofb @Ec&ﬁ@ fat{?bgﬂvol% in total

ration.in i rection

concen
COBEﬁ%tFﬁ{a‘QP 1 thsn dé%ﬁ%@%‘itwaﬁ%nwﬁépem@éoye&m The pleaoeg was
pribt&ceibbhhmﬁ?ﬁl by ithe atisgiled Wfﬁal%e‘ri: ﬁﬁﬁt?@%l@fiﬂbﬂyﬁgté‘rofo which
| i ness o surf ac he Wi re
T R i A
rem@mgtlw doEPivA agent ekcqesivedy tadtheread aimagecﬁledrto enhance, the
ed.sta
coﬂlﬁlg%%feﬁ?er acéeﬁeﬁ%s Qh@%gﬁﬂ% &ﬁﬁﬂ% %F}% frgancgﬁ gr %&a degrees
C. %ES drynge dtigdemisrar adyz ﬁéﬁmﬁbﬁ)wn tohihe wiyet Hf needed, after

hadhifiedeaw I ' gt
au3| i{q ik ﬁl ﬁyﬁswgﬁgﬂoa{gﬁ gﬁ 109pﬁ|1 ?x@aﬂ?é@%t&% t%gl gf tPc]natmeélt and

the, Goatlpg DEGERAEERTSAD 5 Peire RaBing phecaseveas applied
andrfurtiaaelbﬁ'IFi)adhé\@t Weﬁemléﬁﬁ ai‘ﬁ‘ﬁﬁhﬁ @@hdg% 8‘}%@@% ¥84i% applied
mass. a S
vl R it B R g o(gﬂ%rif 9 gitacia; paned by this
twatimgat heat bimaémewas ienfhatydd o @ﬂf@mvec efobabbﬁmﬂ@@g the
I re,ti
ARG of B9 LyitRa, ELSRSERM T L SR e Bidy, witn e
Ou@r@eqsmaé on rongestration kepbas damstrate and the ot her
[0®] of the wire is wedge-bonded on 5 a |lead term nal.

As hi el dj n as. used suppr.ess oxi dation_in
f or ﬁ}rﬁ ‘S?P%ba‘%ilglyﬁﬁea%qoé&’dlﬁao S\Fop e enpployrd foin sneasuring
ﬁlzputlﬂclbﬂeegfﬁf t/lrgf Fﬁ:ﬁh‘@é o¥ede wﬁ@{aﬁ%% g&h‘fﬁ@ei ?/nﬁ § atntilaﬁ! line
a_ba st andar 01%
wc AR5 L RIoR G AR RRRE S
e e\mta@malgsgdsuch 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
the metal M in the bonding wire was measured by an IPC analysis and an
IPC mass analysis.

[0103]
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within 0.0003 to 0.005n8/ mn. 10 [0104] As the other
side of bonding, a 17rmthick Al alloy film(an Al
film containing | mass% Si and 0. 5mass% Cu, anot her Al

filmcontaining 0.5mss% Cu) was enpl oyed. At the
sanme tinme, as the other side of wedge-bonding, a |ead
frame whose surface was Ag-plated (1 to 4.Pmin 15

thickness) or a resin substrate of an
Au- pl Eerearmaecting e dbouding atied, &l caimeddall§toHElable M@Smatic

i | L. f i

B o arr e ke e e bdh Biadine st on.a

wire tip i)gtqlgrf,ils@h@rg@(ﬂmbth% oreated bpdrwas wennbetedaemd BRctrode

fil20) ontasiiod i -

o DR LGSSY oo f*feseﬁﬁeff{‘%faé%%ﬁgs ey hgnded on
D l&ﬁ‘i ‘S? ASHLEHINE Basnewek iaserprsspioridatich in forming a

bagl, rihieystaadadd)5vol % V\%I?g- B%%dﬁhg%ﬁ(?&th@fpaﬂ% #@Piggl:szévn%{bgl?{nployed.

Ry 50 Al L D e oo i oot

Ny ensrwap divaidagensally obmeloyed. hhe gas afliw Neolaks a0 adjusted

wilﬂhﬁ{gm@gem(@ﬁ?gm 2> an optical nicroscope to
urface texture, a shape and di nensi onal

[Ogdgl uate a s
ci sion. The mark x denotes the experinental result
t hat A3 tHe offdresidbngr i aeﬂmg . r rated
coﬁ%iin{‘di Cfltg t%(ye&f. ai |l l?@{%ﬁlg’ Qot ere 5?%\@“%}%5@2%@% film
FEGRS (L mRRE 3t  amd g OrRsnass% hEuexarethesntdl filmesohtaining
0.5hass%l Cimduwhstéugpﬂmdomtea@ BREQ! TaheShADTHe DY side of
er at e unevenness o e sufface was | arge
Wé\gﬁ{?ﬁ]&ﬂ%ﬁ%éh%&i grginil% v\%ﬁ e SUBELR VRS c‘ig'?é%tefir 12 in
thisknassigpna resinwubstrate ob andat pete dANDpl4RACu-Piited B dtrode

Stﬂcm3§eﬂiﬂ0§éﬂﬂeri mental result that two to four
I s whose ™ eccentricities fromthe bonding wire were

[0 erated and the degree of the eccentricities were
snal Wit dediit @b 1 frnias pisiess L hat | 098y

to PLAGLLcal S%iiaz:sue abgse. §'I¢1e_ rrariﬁ%?dagno eeghgﬁdéng gas used
eXperTREnt RNt tPRacomRaTiSPn (Var| Perfommed between the

staeclaed tiviot¥st Kz geMor gatsetfe deForh ol h@g]ﬁtp%éé&e R \%Eg”ﬁé purity

reqi,s4)0 40/ 5Q; good, .t:he bal [ formation was
ol e e e e’ YRR (e o compeEas o prping and ite
Puigy m;ﬁs 4@@1 ﬂnftd]enﬂnjupeimhooﬁmndﬁiti% ballt st &at{goégﬁ] wire

d& a sur e- bon
e er e DR DU Be A1t L0 Ph IR B e bals
elohy bandngs Vermpbentaed divon seannivarélectronhmidrasdopen&HM) and
an Wepticel ami@osébpeEaeh &falhhe tY0LAS \e@:&é&gal gatsﬁgw oand

inlfh 05 B35, TR B £ ek 4 oS e o
mote Gibinwremal;shapeteballs anoi@en6AR8d & indicate the failure and
therefore improvement was required. The mark A denotes the experimental
result that although the two or less abnormal-shaped balls were generated,
unevenness on the surface was large or the number of balls whose
eccentricities from the bonding wires were pronounced was 5 or more. The
mark O denotes the experimental result that two to four balls whose
eccentricities from the bonding wire were generated and the degree of the
faccentricities were small and therefore it was judged that no large practical
1ssue arose. The mark © denotes the experimental result that one or no ball
whose eccentricity generated was found and its dimensional precision was
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smal | -di ameter ball was forned whose ratio of an
initial ball dianeter to a 10 wwre dianeter was 1.5 to
1.7. The mark x denotes the experinmental result that
5 or nore defective ball shapes such as an irregul ar
shape departed from sphericity, a petaline shape or
the like were generated and therefore, the balls were
judged to be defective. The mark o denotes the
gopdptiné helitfaimatienuwas jdiigted.?tothe dociie TReisk vea dlad Wesdaptied in

o WO B W AR B0 e 2o, he mark 0

[élngi)t es the experl nment al result t hat one or no

def eqhi yRe PRI p%f V\Q% g.%ﬂ%h ﬁ%ﬁﬁ&tﬁoﬁm ball,

Obggllf‘l@iﬂsog Bﬁ \f%i%inga bathe @Bﬁe@eltmmyb digfensirnal gapegision of

eadh o[f(ﬁlht@ 'B}a.lll %{hp&avmaévtmaﬁaras Eﬁchaof%helt%%%es add vhated.
an 1nitlia a

nev
1o Pt ess. B onamal e all sras, HERed P hoseorie g jeitial ball
digmeter tbyat wireSHikmieser weds dn9 ofo 202,i mililealinbahbtHdrpsase, a

o o B OB iyl (v
wirg fhamefigie weasgl.Sr tonbiTe Ter mﬂrkgé deawtes the ampe@ental result
thHP e oP 3hbre? aefé%ﬁ‘?'@ dh 1P rsh?g % th f%lﬂﬁ?veﬂ'{@%saeparted

hat _was.gen

er at wer e
3 §Phegiiy, ﬁﬂ%@@nﬁoﬂtﬁ@%@? @. xk@ were ganerated b therefore,
thb ellsexpry juteidado Bedufdetivh: aTEl@ ﬂzlgrlz bAsllikfﬁdtléégﬁe experimental
Wer ener 0 a

refSi¥ hsh2 i AsTitivs: bah sBonr 2eed ieuopaied: s ahskstare it was
desirahle toaioprdvertifedrad] bohdevhshapss ashbeddd ’Ji‘hmmrk ©héenotes
thg%f’@%“ny&?tﬂ?sﬁeﬁ@ﬁ?@ B R R B e ellu WA PRedd s gemerated
refere thel balb:shapsswbanudaed:cr@dbpogqqdorighmemrks were

m&utaye&ﬁ%m und and
?&Q_}jr elfore t he g@ﬁﬂl%ﬁ%‘?‘gg}iﬁ% e \@et{)gﬂéggod These

ks were entered in a colum shrlnkage cavity and

sur If H&l{eaévaluaﬁbﬁﬁ RES shﬁhkhE@ cadityeof2an aﬁttﬁelﬂllgﬁﬂl a-gﬂﬁ minute

eval uati o avi or a onde

UnSEFETOTT RAs? %F%’érepg{??‘gﬁ'@ﬁﬂw 6t M%@ dfr 8cpomprehensive
maisar bpthe SEM cdsecvattitve of 20 inbidallkall gips 41wd byvéiserving 300
boﬁHQ& %%tﬂ%d ’Ith% I%% Hé@éé ik (té)é ﬁﬁ%leu gg irﬁscqu ghﬁg a%fy one of

aV| or in
ca%&?pwaéofoundeahem &W@T mhze ishdinkage castities ward 80 ommore ball

boitd @O@tlggﬁ L?vm%eﬁlg{/i‘?ﬁgreq r@%emﬁ’?%ge%{aftt@% g‘eﬁeféﬁ‘ggewéme found
aﬂﬁé@#ﬂ?ﬁ? ﬁia}lﬂywsw &rﬁgﬂ toghe: defegtize r EhaimarigAsienotes the

exphdnareedal raait tl@aﬁﬂ b @C@nﬁhé%érﬁé\kiti@ v@&%oéeﬁferaﬁ&ﬁor 4 to 29
e or no

baff AT Blion s Hfirre M utheligvesiiosh vt soBREPA ™ e found
andsthpwefbras ita wass desirbbleutthimplvowd thy 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

marks were entered in a column “shrinkage cavity and surficial

unevenness” of the table 2.
[0108]

The evaluation of Al sweep-out behavior of a ball bonded portion was

41/59



10

15

20

25

30

35

gold bonding wire. The mark O denotes the experinental
result that though 10 the Al sweep-out behavi or was

di scerni bl e, whereas their deformation volunmes were

small. The mark A denotes the experinental result that

the Al sweep-out behavior increased, but the effect

that matters is little. The mark x denotes the
experinmental result that the Al sweep-out behavi or was

porfamed bgdbéth tisy direchebdeivativn inpvltvl dthe Thas dofded 9port10n

G S SN PEAA T o ARl A oo
beltatior iy am altresciiicg spnodespphied jdidgibowi 4id the indirect
obsBPRRTdn iR \Rfﬁftiﬂ hnﬁﬁlrl vtr%? %gfbvga '&gsm&e it Ll?dcgg the Al

varl at i ons I'n ari ng a rape
SWeeROWYy bghawiprt ﬁr@mt ﬁbesdefﬁrraa@@neaad regiditd eqantipyanf an Al
el@étr@de?ﬁﬁm\ﬁuﬁﬁ sA%hR ﬁ{%rédsﬁ‘%ﬁué Rtk T}Q RIEFWD Benotes

th.to bser ndln es of ea of the
t mﬁﬂi%te&ntﬁ %é’lt Fﬁ a qrogﬂﬁleswg%n Put| heamrrwas dound

- andohe Al awebpr otmbah@wértvh@s aergo@dt asl\/htﬂésﬁlttbﬁ)ugm dbdut by a

sl EBhahe b THROSER O PRE A Rikital fetle that thougn

thex fdr Bweap'@hltrbehﬂwlor hwtas 5diacermible, wwhesead thein |dedgirhation
vo@ém‘@!ﬁ rv@e &Sl Yhe 'n,rl‘all]i ﬂ%.%rn!o&y tﬂ(?o%g)egﬂng{f{al ‘Pﬂ%hat the Al

ke therefore it

SWﬁ?@ %trlkehmaehm@gaﬁerde wﬁé\eu 4hat mnterStlﬁdtttb The mark
x r‘dyrﬁﬁte\m [the @ip&léj@g‘téﬁ@gé‘?ﬁ\gtﬁ{ﬁ ded e% 'SsV«Pee %tegﬁ??g1or was
prbYoEesd, fp BE & PRE farie BRBENS0ed MR DERRERE ARGgTed in a

cohwennl ‘Altfilat s@etpohit Wehasioef oPtiwe tahlgth were defective
[g 30 besides 2 to 4 wires of 2mm |l ength were
ective and therefore the | oop shapes were judged

t o bd'heodeen ahiapel gtajubity ifhe bendin@pdecessewashpudged with
reSPRE o B ﬁgez?ﬁgyu b 4 tﬁ(ﬂ{ddﬁ 3 A0 ‘%%?Ia&m&ﬁﬂ loo\;\)ahelght

[‘engt h,was tive an her ef ore
by; 93@%‘% sdranepsidal Iesky msing Ve 6yBor of G genaral-purpose

Sp@.ﬁ' ofma Qmorwﬁbalbhlgtﬁyand)fa bhertt g0 2 a0@esxﬁ§n tvﬁ?e length to

se e defect sumed to be insufficlien
LGB R hohde itae of pacher, (HecT o B ase L BiE reahgredfamore
striatlgrcoatrohmdloop snpﬁﬂbr) e myofththd benteat mdth @rhp Bnd in forming

S FTSTABNLSbn, SERL AR Wy S o e
mgpk ¥ demotes teelekpeneatal r@tﬂhﬁl&tpbeanmneewufes af Romneldngth
wér@oﬂefe@t1§§31919¥ﬂﬂeg§ity, ?&Jg) h%%%q&;gi' Qe ghﬂld Vﬁ%refor it was

gr OEUCgP Yy Uus] ng | amet

grablesy e nparawd@amms ﬂl@eﬁmnlm@nfcaﬂr :ge@ult that 5
orhabgmvm@sof or5ieth 1aBhiWefe JeRREVW 4165 tH@f&o&b&e‘{v‘éEqudged

ector. The bservati f
g e Bhils 85, r&aaaeds% eoﬁma)r%edg The waek ot} Qgrlﬂbes the
expesererstl aasult 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
therefore the loop shape was judged to be stable. These marks were entered
in a column “loop stability” of the table2. One of the causes of the defect is
assumed to be insufficient bonding performance on the interface between
the core material and its periphery and the variation in cross-sectional
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was perfornmed for 30,unr or-nore-size scraping in the
whol e of the | oop, thus 10 nmaking the eval uations. The
mark x denotes the experinmental result that 4 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
that 1 to 3 scraped wires were found, whereas nmany

propavey. wer e found and there was |ikelihood of clogging

[Oqlgppillary, and 15 therefore it was judged that the
Wres were required to be inproved. The mark O

denot&ee tavaleatiens wfna aflaweantlt seraping aro a3 veite apafiace were
' : t}, o a .
eﬂﬁ%ﬁﬁ@??’%ﬂ*ﬂé’ener (RO GrRSalamtl 608 bonied 165, 8 apesgidal loop
wﬁaiow?@ Ak Mascipdacad ibyensingod avire Nat@bempig shiemeger and
2imbe in d¥petH HRAtWAs pesHded twRh 200,867 APAH o8t hRidRSwas formed
al?ﬂﬁ@?r a 0andref I a\/}rs&g)er e Olﬁmnot L ceabﬁﬁd b )
Dt ore” VHeReIP prget AUHEIGHe @W observation was
perﬁnpmchw:iﬂe byfoc?s ablwperdidoofla 16hpaadn151eka:rupfr% observation
[ D.: nd . i.-ng" t he
WS pEEBEmefl 1. 38 e BRike KheBiNe 13 ShERNR oF bpe Hop, thus
makig thaevalaasionsgTheunark snderndes bhe akpedtmenmthy result that 4
orORRRE ViRiraSed RFir¥s diidile fd{ﬂﬂi'%?ﬁl i ﬂ‘fv@ﬁ%éf@oggtgndm{c%d and
observers eval uat ed tﬁ;{p rformance ranking
thepg E%Htavéﬁab’glagieafﬁ? b2 prypiemn. \Hhe, markedt degotes the
exipleinestadall aekQlt ?fatslllftf)as %{:%}%&ﬁﬁi@éﬁ Herd fHuhE, bﬂl&%ﬂg many
Qn_a_sem.conduct or..el ement ,.. sanpl.es were prepare
flaws WeT, f%%‘ij Jiabehere gas Jikelthood BfLw fiogglp,g BreAmHeRy: and
thoxéfdea it wast ptdgedvidmtethel wateadwbro requited doabg émiproved. The
r - Oof e.W ] ical .
mEfk 30 8fadcds ! LARGSeptCrdhlif By} £0 0P SORER, wires were
foyne gndme flwnehaigs seeriasisoprobden was generated aad t2@gefore the
sudREES T theS WA LRI PR ARY %QEF Th ©® denotes the
einosn ng.tine onh a heating stage.” The mark x denotes
eXpPR %@J&glurﬁémtar aty g farapedtwie was ganeratad angnflaws were
e Se N, i FaSTHIEd thal (e ik Smparatively
und. S X I S|
stalilf oand eqgd Thiess, TS o AT 2 terade dn v%r"giq‘%{}n O%dffaw and
scrapangt of ¢he tt?.bhs&j Itdgas aippreH&isite I?haeql#] ﬁ@dgfﬁeni(:) of the flaw
0 I Ment s. e. . .
ani BEAUETP Ml orifibt B A B Esproshnd it jydgment
ang; heacai bve oF rmereworhseroansd evahthtefietld qrerforimanees ranking

thidiggedvénak ibikgnaxigtat i on | evel gave rise to no
[Of{éjcti cal ~ issue. The nmark OO denotes the experi nental

ult that one or no oxi glation 5 d! scernible wre was
f oun¥ishdrebpedtefootte éHuntibASof\RireadeUsiladtibA dfe 8499 bonded

on G oA CES e e Bk i e
werabjoan2cted 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

exposing time on a heating stage. The mark x denotes the experimental -

result that 20 or more wires on whose surfaces were discernibly oxidized
were found. The mark A denotes the experimental result that 6 to 19
oxidation discernible wires were found and therefore it was judged to
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[0112] The evaluation of the unreeling performnce was

perfornmed by 10 bonding 5,000 wires with 20, umin

dianeter, 1 to 3nmin span, and 150 to 300,umin |oop

hei ght 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 linearity were
refyyiired thermprayementi dow esacting regpirenmertsalTheemark Chdenotes
th%oe)gﬁeriﬁeﬁgaldﬂs?ﬁ tl; aW C}:Beg o%&ﬁlﬁ?gl?édg?%ﬁ}l? q‘r]ﬁes were found

oun

rit y were n
al%t n}éerre&far Hewas pudged ﬂﬁtcﬁb@dméatlea é%YerE}VG rise to no practical
1891@%1?@%5@ E@@ob@ﬁg:h]e Qx?@ﬁ%é&&a!l Q‘SSlﬂié RBAL Bﬁ@toi“no oxidation
resu a er.e |V es w Ii ne
dip¢prnible V&EFe‘P’P%?%‘E%% herglorg i}ﬁowgea SRTEGU P&ttﬁebe good.
Thieteemarkatweare ewizredina abiureh Vosidkhtiondn henafasecof & wire

‘hé’ﬁédjaﬂlf&%%lggb%ﬂg%#&entél%xtia%ileégti on level has no

E actical notes the experinental
[0 28lilt that two or less oxidation discernible wires

vver e iy %al@iﬁ%ﬁ he tRe uﬁﬁre‘é@ig pggﬁgﬁa%cgewggogerformed by

These Ks were ent ered In
bogding Firest withe 20m) in diamgter3l topBrumm dnespan, ANibA50 to

300 mh e 15@19 hagght fof @ueft vau\éﬂs REhokR i i &F &%rfﬁtaﬁé@due to the

AR kel a0t Ao curbend A FHek Srrglé’ﬁh Wk fergis the

exipenmeerstalr seeswdis thand2ql. orTImdeétmw eireyawithl deestiorated
hﬁé?ﬁ'it?ew@ré:k fﬂ?@ﬂ‘é}ﬂ“a *&%nQP %hefggw (5 h?@?%ﬁréereult ®hat 10

case e conpari son was
tog %pi@gcm‘éﬁf twizes deipbh deferdodted llnetarﬁg weborfding and it was

]uﬁeéﬂi' then, t}ﬂa n@h‘e@l wardi g, eordi &g og, ugﬁ? réve ”Bﬁ’)? exactmg

eEro ucti on evel ondi ng con I on
r

B’crﬁmerﬁﬁo(}‘ H%aréﬂ (‘3?5“ gs th emr@m@nﬁﬂ | em&dt ttbat B to 9
desddtht {Ngreéeﬁitﬁalaﬁﬁeéﬁty ORAE B a@@trﬂﬁatesct e ff@hhﬂreﬁld"ﬁrcfegree
e e ower rat ur. re e
of FRAPANE ioratidn| BAS combAmBTRBN PEALL Rl HaRES fovas judged
that ahe dadpzatiahuleeclvhas rm?prfcﬂud&bWs@Se .1'BRe Sﬁ?ﬂe@eﬁnoﬁ‘es the
C al | ur neratin reguenc
X BSR4 AR T 0L LGRS R SRR dumo
‘ﬂ@rmﬁ?ﬂ \: (:E m@gﬂd ta bagodl.dFhemrmarkis wege an‘umedsn a column
uﬁ&@lﬁfé ﬁ@rféfhaﬁﬁ&‘e’sdﬂtﬁ tfaﬁ!jé yr e under ‘normal bondi ng |

[Of]g,ﬁdltl ons were foun ence the wires were needed
be i nproved. The mark o denotes the experinental

reslurIthet @@dlg&h@thhdjﬁﬁ}&e \étdﬁgeslgﬁl sgheﬂéfe?wa@npétfbﬁhed by the
ur un I e 0 ondl n naLIilon wer. e
n afa oLl nemstely f n?%%ee 1 %@gesgg%}r&%%ar gonding wire

leftion -the !ammobphéw &t noxanl tdEpémNui'@Vteis Harakbidn G‘he bonding wire

é(;sg%gﬁdne cg%eﬁ ?&{}ﬁ VYI-E o@d?ﬂgt%vr}?é ﬁousef in a spool case.

he companson 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
compared. The lower the temperature, therefore a bonding operation
became difficult and hence the stage temperature was made as low as 180
degrees C to evaluate a non-stick failure generating frequency using 1,000

bonding wires. The mark x denotes the experimental result that 3 or more
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subj ected to non-stick failure under the nornal
bondi ng conditions were found and besides 2 to 4
Wi res subjected to non-stick failure under the
| ow-| evel bonding conditions were found and therefore,
the wires were 10 judged to be substantially good. The
mar k O denotes the experinental result that no wire
subj ected to non-stick failure under the nornal
wires diubjected ridi nawstickvdsilfives mohdan chdresildesnding cnditions were

foﬁ‘h& eFﬁ% ﬁge Ly Predap con%ﬁé{ h&&led & ﬂ)éf" frﬁﬁg&ge% }LL a1rk A denotes
bl 19

ev I ONS was
h@h@fpeﬂrapa t Ghat 2uewdepst winss agxkueictertrt@sweommk failure

unddreshe nh srne4ll bcﬁhcﬁnﬁb‘éﬂﬂﬁmﬂ&wef@@&f‘n@ﬁﬂéaﬁsid&% o?fless wires

@S%t%‘igf’en%? ]Fé;ft’i '}:‘gie%;g b’rﬁh%‘gf‘i né “onditions were

fourdplthet nrarkhCs dehytesethd eypariwtirtal Wosiily it oo wire that is

T e R T
found rm sid® B tmt4esv1muj sahjeetad g¢oehgn-stickrfailure under the
loﬁCl@Wélte 'b%ﬁdlﬂ%%glgmoﬁé %1595?01%??@&? %ett'gf&trén BHE CRided were

[ ees
Juég%d:ttpu be tsuthstopidallyr gendveBhe gnavk) @atdénete@ct]ﬁﬁ! @xperimental

re@@ll’ﬂct%@tﬂ: lr@*wue“éhbf}bét%& ﬁbeﬁ@n ﬁﬁ@ﬁ lﬂiﬂﬁre Tﬁﬁe%hg (%a(el bonding

ot es the tes percent de
COWS’& %‘&{ tﬂf’gﬁ %Pél}dieab?m? toF waswes@h publegtpd ¢ aaon-stick
fathardk uﬁﬂeﬁ tHe dotvlvglzévéhlboﬁmltg dfcﬁﬁii’ﬁbnﬁ eds fdﬂmwﬁﬁd&hbrefore the
V. es therefore it
St(?%gt% IHH \%a ase n%%? ggoci??nlgtiqsgaﬁnaf g (Eere eﬁ%‘i Rn?a column
W@d%tb@gdahdltw thheamble 2 hat the percent defective was

[o#14]0 5 % The mark x denotes the test result that the
percTnt def ecti ve exceeded 5% and hence, the wires

ver e [Retife CT t96t. gpcomarercills available RCT tastedecice was
emp’loﬁed 38s Q@htﬂ@iatﬂi@-r his®sty, cdhplobed tv?@ileetv?o th@ésl sl cdf8itions,

t of bond was, conduc ormn
tnf randBEd MndiRERS DG dedsren T an B Fise viiPh RETaFSt N 30
minges to dﬂ&d%ﬁe@{ Ci’a B(V\EﬁIQﬂiie@@mlfdl Qn d%@regge]yeé@reré' Rloadition
ili as. accel erate eval uati on
(rediihy (P 1o Beidb | (80 BRinieEs G0 Beataetiy G b mithutes)
Aftgrt theateisbraye electmamstr\ea@perfgmiedrtmevalhlmt@ dleattric conduction.
401 &Efééd%rgoﬁ%agﬁfegpr’ﬁﬁé‘cﬁagﬁr@v %hﬁfés gl&ﬁgéégegult that the

stresses o a ortion

Pepeeatt dejacie Mgk ZarReand eadvgh ere&llabdgtart wea axhibited yEhe mark
Otdmtot@é thedget h@@mtnﬂlafeaﬂl@%eﬁéeﬂfoa@feaﬁ% W€} Yreless and
th rg V\/llrte vvasu(i/ 1#5%33?1 The marg%o denot.es, t he t,fl_s1 K
el 1ty Judged AFe Wasdiy aTes Pragucal issup.cPhemark A
denows| thestesh xas@¥othat thb eeetarteddfeviive madg2do 50%DThe mark x
defiﬁ{eefs' HeS st rglgﬁltnﬂ{akt ﬁled %glqéee% &erfecttiw?es tex{:eeesdéldt 5‘;/0hg}1d hence,
the wires were needed to be improved. These marks were entered in a
column “T'CT test” of the table 2.
[0115]

The peel test of wedge bonding was conducted by performing the
measurement by drawing up a bonding wire with the insertion angle of a
wedged portion being held. This test result was utilized as accelerated
evaluation of the TCT test. It was verified that bonding wire with a longer
fracture elongation in this test included good performance for resisting
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fracture elongation was 1% or nore and | ess than 1.5
% The mark x denotes the test result that the
fracture elongation was less than 1 % and therefore
was judged to be insufficient. These marks were
entered in a colum "wedge bonding peel test" of the
table 2. 10 [01161 For evaluation of the refl ow
resi stance, a sem conductor sanple produced by
steessepsolabonded pbmdnn Thei markr@® demutes chodiest oesult tthat the

) SR e ol PR LR on
therefora e avire warvernt goahEhama nm@eﬁxeetesl Feg@lt that

thel BSturd g%ﬁ%&?&l Q{)ass Bbesy r'a &Y@m%s% Iﬁ@% %d therefore
| Ng co |t|on
W%m@fﬁtﬁo jeqds Ithe parkg L dengtas tﬂéﬁhﬁ@ﬁtafftﬁ’-’ét ézhat the

frﬂitﬁi-@&ﬂoﬁéaﬁ%hh CwbaQaP%aoWIﬁ&eb%&‘al Mk sC Ok t1, sn% VDBE Emark x

b t | 16
depdfp IS et peanit it Packimn s longntion, vas 1easthadt ot and
thesfore m&cgudgedmasbm aﬁmﬁim ZDhmr fmmhsdwéﬁe entered in a
T e TN R

defiot 654 test result that
percent defective was zero and t herefore high

i oy t d
resy i—f’“’ R e e e R G
profus éyeem@pwakat}% gebpnding Wirgednd Ragemisondpgior with resin

Wﬁ Btéldl igﬁgc}]é E%ﬁowTﬁﬁ'élﬁfaé létt @6@%@1‘@23 t @fdr?/ﬁ@seb%i‘l& thereafter
a e ercen er ec ve wa 0 0
thig) BstpRcol G HALR 1oIEPLS o AADISR SBIRerABN SR T Ferepeated

10e fiowed €Bv S t@@am@ftdmnpl‘e@rwefé‘levnluﬁagvme ofiecldiel had a wire
bofif ReRlEion WESE, PRS il Chis IRl a0, R € being
noswal utemparashre avdpanpther op evhich nhad idf er@fhoeldmawomditlon
wihaedar wald QAQ lglﬁf&gd" t ‘ﬁ’hé %mﬂé@ﬂhﬁ@ E@%\thsaﬁéo de ees C,

abrasion of the cap p wer e ud
beifh &t B8VArRCARTRHORL Aéwrr Feflew dest elegtrd a&%%lfrem@t was

peQﬁJ@hieldafOYe\;wﬁaﬁe% glbtrid th@ndi?dtlbrp Idﬁgﬁ?jf QEréd R ety Mdidured. The
S ex eou SuUpst a

mifle B ddfiths the' tey, LI OER T PAREAS BRrelke swag ero and
thereforeehigh peladbility meﬂibﬂ:edﬂf‘lke matknQl dendtes the test result
th§Y ‘i‘tlfx‘ Bk !m?erhtrc?e%&tﬁvé %fs 19y rl%.%saaﬂdsntra éfef% ﬁzga% NG that

ces were Signi |cant ese
them wesdq large qungtieal isape. The pare ﬂatiengtela the'test reswdt that

thé %‘%'r@er@c def{e&w@]wa-ghf tB apieapl HQrB ﬂﬁ@ﬁ&?est{l'l% test r?sult that

the rappUAlepOReNgeaaded 36 AncIPbRTetare the BRwSeere needed to
bel itvriveANTheBe rPatlewera@pt&®dlin 8 Purd“lei®w resistance” of
thggemrrfulaeré:?tive exanples ClL to C9, which are
[0117]

In the evaluation of a capillary operating life, after having bonded
50,000 bonding wires, contamination and abrasion of the capillary tip were
judged. The mark O denotes the evaluation result that the surface of the
capillary was clean. The mark A denotes the evaluation result that little
extraneous substances were attached to the capillary tip and hence there
was no operational problem. The mark x denotes the evaluation result that
amount and size of extraneous substances were significant. These marks
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expressed in the tables 1, 2, a process that is not
applied for concentrating carbon and oxygen on the
surface of the outer layer of a wire and the
concentrations of the netal M and copper which are
expressed in the table 1 were denoted with the total
of the netallic elenents prescribed as 100nol % 10 In
the exanples Bl to B33 in the table 3, carbon and

wereygderekie a cobiaearicapilkdyugpengtihpdifeastthd tadde as

[O? e indicated by the sanple nunbers (SAl to SA33).

19] In the table 3, the concentrations of carbon

and dhgegables d to13 denbteuthe evialmationt tesuitst aid the comparative

i i . i ' .
xSRLD OF (D CoDBO B Bl n O HERBfiChP HIL Bideortivantion. Tn
the rexamples MtardB andethe aomparative eemmies Gﬁctp US9,nwhich are
PR RO inOHBbIoN, 2 o PREss thaliRn P PpLiEd 16K ohdcittating
| s S u
ca b%%hc?%‘f Og‘?ﬁ‘én c%hégﬂﬁ f¢h Ogg‘theooawr Y4 Pk acFarRefigl the
concantwdtings bficheraieth]l M andcnmppef wifice :aeﬁeflpréﬁsgﬂ ke rt]-,hlb, kable 1
.yt cal ,val ue. .Fuyt 0
weiRerdRE AR Phe Yol of RAF T fRRq bleiintsHyeirapet b Tomots.
Inpghe examples Sown B33t e thebitable 3,t batbomaarsllbixgger dwere
t§ ' a i e, el t
ot SO 0 Bl oA ROy e snme
n“é’gﬁ%i‘ﬁ@gale%%"{ﬁﬁ)-t he sanple whose sanpl e nunber was
[0118] sane as that in the table 3. In the 25 exanples Bl
to B33, Igationresults.of ths(':l;t 8test f or

t he a

i ndi At F]ﬁ% Efﬁ’\i?e r 8 (ARFRRETRFIGRE £ n,ggd Oxygen are

calcmdated§ With tls itstad rufemamili]? i‘tmdl\mdogh enethtiidel@nents determined
. bej £ 1m.the atnos e ar

asRIGAEIE e, BT CEME, el b oo S s Hstah M and
the agpmeatallic elemenss including cathonh oaggen hadbstdogeor ki lnas been
chBEdOMHIR R he! diInPIRl of (B8l BRApIEhubi P RS $ind 3

behavi or, .and capl || a{aﬁ .cl oggi ng, even 1 n_the ‘exanples
thegopeenisaation gatig gfunedllic lements imshuding thaaneted M, a copper
ele;mesxetf @bt}fd liké -ha{d%%%ﬂdi&a(ljl?&?ﬂer}ﬁxﬂ\é hRaRLal %{’tget. tm%her, it

e first, aspect corresponds.to the exanples 1
hag 89%#81‘%@%ﬂ%@ﬂ%&%ﬁhﬁ&%@%@ﬂ% gwinnia the table 1
thate vons] subjedspeby x aronesptradion Qagibeoﬁmlmﬁﬁli& élgm%%.t, an
! [ e accqordi o the. thir .

eGP, (L S SRR OT AR BIE 2 SplElellen jn the
sayplegvhosegsample numbey, wae thezans4 as3hat 38, theStatBa 3. In the
exahple PRI toBBE3, Hrelev %%tioﬁ%sult-gh@f ﬁﬁ”flbggte\@t rfﬁ]indicating a

accor di ng to the fourth_aspect corresponds to the
re;g)gg%tfaég BSPI'QIEEI'FEZ; 17%@ pczeﬁl,tegg’t.hggx;eﬂym rg@jsggg:,e B|2d the wedge
boldihg ﬁhﬁ‘ohﬁaﬂb@gﬁwﬁ Bein%lclélff %nrwleg %’trh Hgféts{rea&w& in the
tabi8"d WA Bed? cﬁe&e%xﬁ{‘&‘% with rés%ect ’cc‘)31 rt] e per%o?‘mances such as
the ball forming performance, the ball bond shape, Al film sweep-out
behavior, and capillary clogging, even in the examples B1 to B33, the same
results as those in the table 1 were obtained.
[0120]

The bonding wire accqrding to the first aspect corresponds to the

examples 1 to 33 and B1 to B32. The bonding wire according to the second
aspect corresponds to the examples 1 to 32, B1 to B32. The bonding wire

according to the third aspect corresponds to the examples 2, 4, 7, 8, 10, 14,
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5 B33. The bonding wire according to the sixth aspect
corresponds to the exanples Bl to B3,  B5, B8 to B15,
B17, B19 to B20, B22 to B26, B29 to B33. The bonding
wire according to the seventh aspect corresponds to

the exanples Bl, B4 to B6, B8 to B18, B20, B22, B24
to B33. The bonding wire according to the eighth

aspect corresponds to the exanples 2, 3, 5 to 18, 20

18124, @73¢9, 32, B3, B4237,638, B8, BA0OBB 4, B218 ,{B283B27BB29, B32.

o : . :
T Souli G ki, 11 P Ll BALA5AEE  co
exampleg 3 d 83t 2@,12403338355188133 BeoR24, 93_31 + Thebondpzs wire
ackordss tglﬁ?@ef;fﬁgr%s Bt&o&fﬁgslgﬁfgﬁrtfy ik E:QaﬂhBTeSt frﬂ) %3 ardd B1 to
BE5 P pndina iyl saceasding 3o they singh, amisct wprrespends to the

exBiipleo B3 b, B35BB1BS 0 FB2Y, BBizmsot(BBiﬁo Fzg 1eaB26, \29 to B33.
T‘%rb% ccordt ng_to the el e%gnth aiR arres onds, t Q

EQie | wire] accprding fog'the HsevEalth agpect; gorsspends do the
exagyles B3, BBig BB2 B&H Bd!SBBZOBBd!Zt B231t6, BB39ThB82bniding wire
ac%ﬁ?gﬁé 52’18 @?l&cogékgesc@%ﬂg}erég n%rtg tB& 9(%%5151%3 &o tlg) tio 18, 20

B, 385 331 $2,083; B52tp, B18, B203t», BaY, %2,, B2s. t’5h®b2pdmg wire
ac&i‘x@m@%@ tth%lnﬂPa t c%@ﬁesﬁgnag t538e ey&%ﬁgﬁ ' 19)93 L r’ﬁ to 16,

19555 28" S BE cobBoBSo 5 {5 B8, HH b Y21, 5326 o B The
bohdiBP @i reBaétok ding 2, the&%&tl&@sﬁ@& cdrPeéﬂ@;;ﬁd@QBRﬁé adxia¥iples 2, 3,
X e
s, SOTRIEEy b B BBy B, ADoBBSPY B mib BB i
Blﬁt(PBﬁfl BﬁZGtﬂmeBBQa’l[‘hathomdmgmm sceardiles ¢o ithe dléventh aspect

cofr%@%&?@s%(ﬁﬂﬁé’ @x%ﬁiﬁ?é@!l 05 tg@c aig&%f: 7 [1%12%# d?zr;fh% to 33,

B1,iB% Badedkdi Bditte BAS, &Qnﬁ?elstq 23, 5 th@&ﬁ;t’@ne bonding
wﬂ*@h@éarﬂ@ﬁ@ k&lithe t%lftﬁeaéifeﬁﬁ %ﬁresﬁ@nd@‘t’@ 'ﬂgé %&aﬂﬁﬁe& 1921 4 to

2
120081 ¢ 201 o0 B 25 9 5 1. 152, B S B G B  hab 1, B21 ke B23, B26
to 8% Therbondihgt Wére &R0RdINE! foveheeaiFtetith dadpetfCorresponds to

I, IS SR 0 AL o
28uitoeB 38 aethe versphrdtove 6xQdplami ita o BCk e BC 9dtieedsults in

i TS i

st andar esiraple instance, it has
lc?éZn verified that in the exanples 2, 3, 6 to 18, 21

to 2Bar2®f AR tevaBtaticy RIS ieh%le%b'ﬁﬁé% £t/ g%%pﬂe@&?fative
095pm i n thickness, in the TCT test

exm&% Og‘fﬁqheﬂﬂ?")? severe conditions, the defective
[0x®]cent coul d be restrai ned below 1 % Further, it

ggs 3%35 éézglv%%ﬁelaa thap exanPtlleayex2 'co%’pel(? ﬁoond11?1'g wire
accordmg to the examples 1 to 33, the outer layer according to the present
invention was 0.021 to 0.12zm in thickness and thus, the bonding wire
exhibited high reliability in the TCT test. At the same time, in the
comparative example 1 of the conventional monolayer copper wire without
an outer layer or the comparative examples 2, 4, 6, 8 where the outer layer
was below 0.021zm in thickness, defects were verified even in the TCT test
under the standard conditions. As a desirable instance, it has been verified

that in the examples 2, 3, 6 to 18, 21 to 23, 26, 28 to 30, 33 where the outer
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to 30 where the outer layer was 0.03 to 0.085pmin
thickness, in the TCT 5 test under extrenely severe

condi tions, the percent defective could be restrained
below 1 % Furthernore, it has been verified that in

the exanples 2, 3, 6 to 16, 22, 23, 26, 28 to 30, no
defect occurred and high reliability was obtai ned.

[0123] 10 In the nultilayer copper bonding wire in
layes veam 0125 td 0tA9538n int t}hdSnedsﬁm therTETestst hﬁidew@ctremely

S oG 001 e LIS CRETs 1 P Bl 1
Fg *ktl};qs(]lgeetm%er@ﬁeémhahyethe exzmnpdss 2.h% 6r&b a6, 22, 23, 26, 28
toCHORPRER! ﬁhe,of)u’?ér !a%§tw e, (ﬁét %@;ﬁa@%%t r§s@e§"3%% TCT

ara

tetéﬁ wﬂé; \?é‘tl}eé’fl?]é(bﬁPYW cq% ditans, ffé'ﬂ'nmgcqsﬁr ﬂefecmee could be

reatnmhedhdbélhazpel 19, tigrthedmb®s! it Mk Hé%ﬁprv%?ﬁ%%l V\Eat in the
‘act i cal exa

9@
e FSTB.I n§c§nﬁn§;D i\léngzo%?’t %g £ 30y ?f%?F (ReBUrTR. and high
refigb@lity was ohtainedpar ati ve exanples 3, 5, 7, 9, the
[0@2%}9 | ayer exceeded 20 0.021pmin thickness and the

g& bondability was good and further a
nor néP-ideanilidlaysachppérbendiag wiredn themxaniplestt fr 32, it has

bebal b@nﬁé&echr t rafo re.is.a
o BOPSSIN L hat, i LS 2%%?.610 36 Scodltin 15! HEbEoE) Svkhiitp was
ﬁ%fg dopdackngssand, the meetals M ﬁ@n%t)lﬁﬁph$$hQ outer layer
ingludg, tthmalﬁfz:odeonbt&,tsibﬁ atZIEas?%{le @emte{ﬁ% gefcted [from among

or di 0, the presen vention. contal ne
A‘ga%%oﬁé%ng JH0 R b it s ompaatine b pasy to imerowmeeliability
mlngseieeﬁlramﬁceommhobmcﬂ’ sBapéraantheBlTC'F' ’teﬁu in  a

S veri
°°§i’§?f‘?‘ﬁ§" b, S Fred fh gl Peacten) e R lp ki Where the
migsgomponeptpfehs omdenlpyertineludleddest s that reliability

[0iay]t he wedge bonding can be 30 inproved in a
conpﬁeh nsive manner. [0126] In_the multilayer copper
bondi Mg AR FERPATAtivR e@%ﬁiﬁiﬁ%@ 35, 18 % dheogutezalayst, evceeded

0.0dgmbeimnthiekhése dnihele Wb@lg@%&iddkﬁl&%‘ M%ﬁg& (%ne?u}‘ther a

nom%é@{l%gﬁpe; Regﬁ“ D goad, Smalkdiamaten ballg: g rise to

tﬂ;@mdrizhelrefmrwahefh ma tancernltina g dgplicativd @aphitedr v
[Oms}ggl ng could be restrained. As a result, the
capli y operat| ng life can be 49/59 t Iengt hened
t hus nalwb trhayer coper bending wiHk2i#] the examples 2, 4, 7, 8, 10,

14, 18, 24, 27, 29, 32, the core material according to the present invention
contained 0.0001 to 0.08mol% in concentration of at least one element
selected from among P, B, Ir, Zr, Bi, Ti, Au, Sn or rare-carth 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,
24, 31, it has been verified that the outer layer according to the present
invention contained at least one element selected from among Bi, P, Se, Tl
and its surface concentration was 0.01 to 5mol% and thus the capillary
clogging could be restrained. As a result, the capillary operating life can be
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In the nmultilayer copper bonding wires in the exanples
Bl to B3, B5, B8 to Bl5, Bl17, B19 to B20, B22 to B26,
B29 to B33, it has been verified 5 that the outer

| ayer according to the present invention was 0.021 to
0.12jumin thickness and the carbon concentration on
the outernost surface of the outer layer was 15 to
80nol % and further a regi on where the carbon

lengbleenmad thusyamproving pepuktisityect i on from the surface
[048F]5 to 80mol % was 0.0004 to 0.01lrm in thickness

As a_result, it has been verified that the 10 surface
of t k8 the meulisleven RepReascdbanding ivdresyipthd exampées Bado B3, B5,

B8hesBa5f Baw, m@tégﬂp'm 9(‘; MBS %9‘1# glf hahs }t)een verified
ed. Desi rab%y, een veri
e ATEF Loy A qcgE thommrs et BYetiaee a8 Do B 0.12m
int ’dnBEﬁessBﬁﬁdttﬂhe @i’r&onacoﬁlﬁ:@ﬁﬁtalﬁﬁneé% gtgg (ﬁftfgﬁlﬁﬁf 86#aR8 of the
and_scrapi n o EXer
OlﬁeF I%;S\/gr e? a¢ o{;%p %8%‘1 g AR 2% PfL‘? Egrij;he geprbon
cqngeBﬁ'atioBSlrt thasdeptiBAixectiai, fr@ﬁ4tHeOsﬂ&€fﬁce washBiso Bee0]1% was
f to the
0000 h e S oA ESLAP o D o
supfare; pk the wige vas sodaneed iinrslidingperformea ns and uitiesce ﬂaw
s DS ST W B R B8 o s
thpgdn $fie CABERIPS B OHECBS: B0 to i Bl Gt Mitata BR6GB29 to
B83,2x profabnilefoons! s@pPRebirigtn AatPdrid Bbrdpih wdd Batted’S

[0328 sult, it has been verified that the wre
unreellng performance was i nproved and thus curl and

bendImghe mnlllltﬂ]laﬁa cappec dondmpsurdsnig theg@ainplesuBl, B4 to B6,
B3 Q&%Sa E?o B%E gz'«I“\‘,ot Bb?y&r hgg%egﬁg%?[%f% Elﬁet ngeSr layer
acs%hnﬁép ithe ggesent inveationtwas D2dr todd 2pmo 1 thickness and the
ox@g@ﬂ RiFnkendritioknes %h@"lﬂlt@rxhﬁgﬂ Qﬁrf‘%@ of thBStet 85%%{] was 1 to

% thﬁttclwcentratlon Onol % or nore was
olhan n%§§g%9%wt}1ﬁ§‘?1 thg oxvges inttherdepth dlrectmn from
the edurdiid of yhefoutbe luyée with taheoﬁ@hln@afulé@%tf 0\85tch28ol% was

09853 53¢ forish i TnGRARY Ra & sl i hes Bach peritar shat the

wirg urtrhehsgm@trﬁn'meﬁfaaunipcmmcb apdrtdiusr@irl el bowding could

r [ ] In the multilayer copper
e%%h?%ﬁﬁ%ﬂggﬁ%%?ﬂ%dégéﬁ% es 1to 3, 5 7to 16, 19
PE1Y!

and 26 to 33, the outer |layer according to the
pr esgAthi fiﬁﬁltﬂ' 8 drshdhdidg wid ' LENGS
E é,g) Fggréfgf ere ltﬁgé t o?gﬂ&@g‘ehﬁmﬁéﬂé ﬁA S to 18,
it nit B8 CRRATBFier thats the GoMeT darem wsm P21 to
0. 12ﬂmhna$ﬁckné's©/zﬁr&1 A&'egloheﬁhbi'? %hé xﬂtbﬁﬁl Mfﬁvnth/ﬁlﬁ% é%&@ntrauon
t th af ter. e W ad been
of 1 Bfjolve 87 S GRS AT 0 bl Bjekngis b theihas aybrpul the
re]ag J&ﬁupérthel 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]
In the multilayer copper bonding wires in the examples 1 to 3, 5, 7 to

16, 19 to 24, and 26 to 33, the outer layer according to the present invention

is 0.021 to 0.12zm in thickness and besides a region where the total of the
metal M concentration is 90mol% or more is 0.004 to 0.07zm in thickness.
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to the conparative exanple 1 where the wire was

provided with no outer |ayer or the conparative

exanples 2, 4, 6, 8 where the outer |ayer was bel ow 5
0.021pmin thickness, the storage life of the bonding

wire was inproved. Desirably, it has been verified

that in the exanples 2, 3, 7 to 16, 19, 22 to 24, 27

to 33 where the region was 0.008 to 0.06pmin
As A vt sit hdwebeed yeriflsantledt thd wedketthmdabiktyahfted the wire

| d d 0131
A e B S8 i o S Hbmpar
toe%ﬁq)@aggmgg eganplecl wire lthet wirk6wab8ptovidetl watld id6outer
laker 38 thé toldParREed eX&hiplé Ly 4 WitS {8 'ﬂ%@ BEﬁeﬁ%’l?yBr 45 helow

Oﬁﬁford"n% tgg(the resent 1nvent’jon was ( iy _
Drlem Sktbikngse the siofagn Lieerkthadonding wireiwas improved.
Desinalslpt ivdtd el véffisd Yhaf ilBhicekdinpRisa, 3,19 £5,0022 400 24

i,n thj,ckness. As a.r | t as beep veérifi
2085 L ilibr e Tepien, s BORBc P ot Mekpronethe wedge
bogslabhlityt efttherwire siftayethe wirgthddebmar MftFa 6018y MasYdod.
[OqggH he wire could be restrained. [0132] In the

m

i_l ayer co&&er bonding wires in the exanmples 1, 2,
5 t o 19, theimultilayes coppen donding wiks, incthe exafApldsh, 3, 5, 7 to

10uefo 18y 044l | 191

8 02T oi&%ggﬁ BE0TS Ll R HIREH voitflol ARt Bulék layer
ACEOFEABR (P APieohA CHANE MEvRRHE Nt 0031 tace 19gmDis thigkness and a
regﬁumml _ reAsheinfega%M witm_eltl@@@&@hgf%iiﬁh?/ oit; Qegx%g%i cﬁgmer? in total

S, T ced. permt a good ba onded shape o

wi2b 005 CAHEECi PhiBRpERe. 4 el hatbesn yoriBod hat even
if gthel owire4 homded, 9,2 HondiRg Froceds, wds Bdated3 oMhes €stage,

; - At . 0. 20! % wer e
hifh teRRehuE DRt Gh RInE iR cduldhe HErAER bay
[Of:l’?e] bonded shape was inproved. [0133] In the

mul t Thaper i g+ bt X 1 ,
TN ;i‘%ﬁ”? Er Sappe oitbigowiits B AR, Z5 t0 9,
12plddPdi gt o #re23r 28 én133; she mutenlasies axcomting gootheopresent
e B0 ot ol ore Azt HCRHEEEahd S C6YRS (cohCutiraliBnl h the

. i S entratl .
0“%%%13’%908"%‘@91-?8%0.- @%35&9@“% 68 HrespdbibesceaniEicipsin bording a
bal isgediced shperrkitge fgoem]( bh?elﬁ)nﬂ%dlasﬂh’.ﬁd tk?t b obtdned] Dbsi®ably,
: e § e a r
R . Tt Bt e 0 e o iR 2o  Bod, BT 73 where
th%gwre@nggng;at@m ‘gag@,{) ta20alYowete _péﬁotm_eﬂSe\_rérhéf using a
smAUl-&1arhété e haflC 618 Bbﬁ&rﬁd Qké \J.’:fsqgcﬁ%itohvb&.v entionis
i ckn

[0 21 to 0.12pmin t Ss an e concentration of
nmetals Mother than 51/59 copper is 0.05 to 3nol %

in thi the mASitidayasedpper Hondif@Wirdd id SISENEPIRC1 A, 4 t0 12,
15,Si\§,eﬁ)l %JEBPEE %Iﬂ, thg Ol?l gxg is{] raacggxl' ing%g t 2 por%tsgrlztnier?v'ention
is 0.021 to 0.12um 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
0.008zm in thickness. As a result, shrinkage cavities on a hall tip and
minute unevenness on a surface of a ball can be reduced.
f0134] |

In the multilayer copper bonding wires in the examples 2, 3, b to 20,
22 to 26, 28 to 33, the outer layer according to the present invention is 0.021
to 0.12zm in thickness and the concentration of the metals M other than
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[01351 In the nultilayer copper bonding wires in the

conparative exanples 5 1 to 33, it has been verified

that the outer |ayer according to the present

i nvention was 0.021 to 0.121lrmin thickness As a

result, it has been verified that in addition to the

fact that a good ball shape was obtained by using the

standard gas 5vol % H2 + N2 as a shield gas in form ng
capplealis,0.85em Smolfsi iMgtatal.pAk ea Weses anaeffik lof Shedpeingshe Al

S‘?%ég’gﬁ?f‘gf’%%i&‘f% BoRRlR A Bsleon fEELLE, hten Addec

[08AL- Wre layer Cu Thick- Metal el enent el enent

fact gty i

ot 408, AR A Bl A IS Bl e
1 gt -hasoheayveridisdc Ehat. theyonter faverolccenhingnto the present
inventieAtwas OENto (A2 ¢h @hckridisd AR rBbult CRM AN boen verified

e i 358 Ol AU e i o

staatanh gae Heol% Wy -aiN0ms 4 shyeld ghie.inFormidg hnsilljeveRis using a

re.o ter- . % inside e ol % /ol %
e A RBsrh ARLSBA R et A kbRt Recmiiorly. Rpdthiedo eood
reghltout er deposition, /msurface ration material |ayer
[o0P3gE") 1 SA1 Au 0.021 0.027 0.005 0.001 6 0.0005 0.04
Téﬂzs 2 SA2 Au 0.04 0.07 0.01 0.005 13 0.001 QA
€do05 A 25 3 SA3 Au 0.07 0.11 0.03 0.01 0 0 0.6
T10.1 B 20 4 SA4 Au 0.11 023 0.002 0 50 0.002 3.3
Ir0.002 D15 5 SA5 Pd 0.023 0.035 0.006 0.003 2
0.0008 0.1 C25 6 SAB Pd 0.03 0.08 0.002 0 40 0.002
02 A25 7 SA7 Pd 0.035 0.05 0.01 0.007 15 0.0006 0.3
2}0.005 B 18 8 SA8 Pd 0.04 0.06 0.02 0.012 18 0.001
QA ODL A 25 9 SA9 Pd 0.045 0.08 0.01 0.008 32 0.002
0.5 B 25 10 SA10 Pd 0.05 0.08 0.03 0.03 0.1 0.0008
0.5 P0O0005, 80001 B 20 11 SA1l Pd 0.055 0.13 0.005 0O
48 0.005 0.7 B 25 12 SA12 Pd 0.06 0.11 0.02 0.01 10
0.001 0.7 B 30 13 SA13 Pd 0.065 0.09 0.055 0.04 0 O
0.8 B 25 m14 SA14 Pd 0.07 0.12 0.04 0.02 1 0.0002 0.9
BO. 001 B 30
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n 15 SA15 Pd 0.075 0.13 0.02 0.008 13 0.001 1 B 25 Co
16 SA16 Pd 0.085 0.12 0.05 0.03 0.5 0 1.1 B 25 Co 17
SA17 Pd 0.09 0.15 0 0 40 0.01 1.2 B 23 18 SAl16 Pd
0.995 0.15 0.08 0.06 0 0 1.5 10.005 Au0.01 PO.1 B 25
19 SA19 pd 0.11 0.25 0.03 0.004 10 0.001 2.1 Se 0.02 B
20 20 SA20 Pd 0.12 0.2 0.065 0.04 0 0 2.3 610.01 D 35
21 _SA21 Pt 0.027 0.035 0.007 0.002 10 0.0006 0.04 C 15

g

“y

24 SA22 .04 0.09 C@l!ef)ﬁiye@. 006 13 0.001 0.3 ?dg%ﬁl %ﬁded Manu-
SA23 | ffke 0. 08 ‘,@!‘,‘9;[2 O. 0. 008 27 @, 0Dk Ketti |2 3iem element| factuing|
SA|24 pse 0. 1 Gckx%& g"ﬁ(')'g it |doncént. )"@(25‘ 0. hfd B|2Bnd | method {Wire
: - Dratobis Gt Unogs D Cold coppapts |copggnitATarsea dia
2 N B8 Rletfcolcdnt D o ot Dot | 67REES 2B we  meter
SA26 EEJ D M3, orihord J%""‘ﬂa Wrre? e OGROm2RE Yloion2 7 jmots | Seectomte
SA27 0. 1lordhord)d ®mO4 8m O /il |COndsi0 toncha ‘mllmdoteo()ﬁnﬁhr depositon,
2028 gA28 Afh‘[“ Pd Q05 0 08 0 |8%H §P" 4 0./owgeril 3 layer |Dmeting
21 ; £ 1(“/\%‘/ I\Q-%Z‘: 3nD0§7 Jg.oosfu 1%00}1\ QL 0O 9P0SE 04 N1 0 8 c 25
- 00 0.0L 70005 0" A3 11,0001 k04 (30,0005
SO sl’a_;% 3borof gk P o ght ‘d.of) d il 3"1 ”—g.e 186629 ; :g
0. sA. BaD [3th1 3To5ABDodU. Pl [Us82Z0ddz £930 [03obhe 005 9 D 15
0. 3 :x 1;43( 2002 1] 2.0353D oHB320. Bh |Onofes(.dli/ [0. 02 0] 0T c 25
Hiyg 7d o 030D ¢§831 000331 SN\33 A%y (0099B) | (10215 (. Q43 A 25
g o Pd 1 _0035. ] PO op1 Q007 | A 00006] 03 0055 | o B 18
N4 Vel 70021 Do T obz 'Y do1z | 18 | ooo1 | A A 25
Ay O] 86T Bs 0okl U ot U.ddV1 BeoVE Ay 20032 $ AUU. L3 B 25
0l 1B MNGPd) [ 0Bs1Dd s 00023 2. 4088 [ 201 4o.nEBEh d=d F@oudé,iibnm 8 20
0 Az ij g% @&5@%&@ D084 0007 A8 Jseoos| RESPd Q1 B 25
o. Fa) n 1 - O- ] J g n
0143 EhPBed T Ches? P dhe CPhoe 100 b 20 gE 10 S P [0—019— -
9| O8YsAl [OWs U 43 D 7040 PU3s U ade ¢ 49 | fddez [ o f8booY - £+ 8 30
18 999 o1 5 05% .01 342 [) @doe [81RHBeddn| U1 015 U. 02} O B 25
&g; 5‘3\;7 0,;'2; Q. opssp/ jog2 0 olEQ B () 45 10. @5 01110, 07 7 B 25
o) 470 | A -d}/1§:n 01 A 1471 # | %01;2 Ré_f | OVAL N}ér‘l B 23
16 sAY [Tpd0 [ 4 PF15 7 008 A°Pd6 | 0.1 o | .15 mo . 13‘},01 B 25
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4, The semiconductor device bonding wire according to any one of
claims 1 to 3, wherein said outer layer contains at least one element selected
from among Bi, P, Se and Tl, and an elemental concentration of said at least
one element on a surface of said outer layer is in a range of from 0.01 to
5mol% in total.

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

6. The semiconductor bonding wire according to any one of claims 1
to 5, wherein a carbon concentration in an outermost surface of said outer
layer is in a range of from 15 to 80mol%, and a region where the carbon
concentration is in a range of from 5 to 80 mol% is 0.0004 to 0.01zm in
thickness in a depth direction from a surface of said outer layer, when
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Cainms 1. A sem conductor device bonding wire

conprising: a core material whose conponents include
copper as a main 5 conponent; an outer |ayer provided

on said core material, said outer |layer containing a
metal Mthat differs fromsaid core material in one or
both of conponents and conposition, and copper,

wherein said outer layer is 0.021 to 0.12jrmin
carhpatades ternid of cofitentsetivn aethtiteoto detvitgleohmrdalliz elements,

cMobf ndéﬂ@nﬁt% %Je im1l, wherein said metal M
U

const rt“ti ng sai ‘er Iayer i ncl udes at | east one
el enent sel ected fromanong Au, Pd, Pt and Rh as a

nai n TonRe '%%thoﬂ&u{tor -H?a%&eﬁgﬁ@ﬂ% QL aggt}g{d.gf% kg %}p 9ne of

wre acc%rdlngto aim1 reln
clams, 8 6 meareih GRCOBIEER GPNCENIRATI: mﬁ@n@wﬁermﬁ suntace of

sadtl dtﬁéﬁﬂafmelseﬂneﬁ&ﬁhgﬁ elfefedradl ftb %n@ﬂ%‘ Gt aBregidn where the

d
oo RN o7 A GRS af QR PEadt Bnenolh dndh00s t
0.p67 gani re thizknkes whahe s:frfadeeoi\'/\sazd owter lager, avlden @bmpared in

0 0 t
te%*'n%”?@n% dpnbratiofd s A Wbl Bt apoathd Slgmanys, garbon.
oxygendng RETAga 3, wherein said outer layer contains
at | east one el ement sel ected fromanong Bi, P, Se
and H and an ment concentration of said at
| east®: SBRG FETHPORERROR eéfl('@uW%]@goWl@aﬂ@P%dtf@ te gpat one of

clasns rl 3o rangheddinf hofﬁgﬁoﬂlwh@re amebledird 6@ of SaidTHREtal M

ndu N i ce bo rdipng to an
rel Ve 1B b, G Y pelplhs, lertipnfy, & dffaafieet RuSre i 803 to
Olapm/lmd:icbmsween sai d outer | ayer 30 and said core
material. 6. The sem conductor bonding wi re accordi ng
to azgz one of clains 1 to 5, wherein a carbon
concéht¥ha isemicondureton deviveshondingawireoficeailhg to emy one of

cl%%gf ;1 its BN vfihéx%mea Olfer%(frg qpéﬁeg%aﬁg'@ﬁe@ 192& %ﬁ@%‘ AN total
copfenesliog ama et M Towkive & Eahof e mfialinclemants i

90analépthnebireds OLGMY 0 0J07ams i tiRieRneds. sai d outer |ayer,
when 56/59 conpared in ternms of concentration

relative to a total of netallic elenents, carbon,
oxygdf. e s&micrmgdlucto} déRhiee :bemimg‘]?ktmé (ablcdidmg €0 any one of
N r n clbains 1, to 6,
oL o'ty S ROSHE L el NS, oo ULEE wd % rona
copgpitatonfof dnefigd &Yl nelgtave ts ai total ohithpe nutallicosteinents is

96nfo12 P Aibre 38000 €00 08 MBI BhicRBess.

11. The semiconductor device bonding wire according to any one of
claims 1 to 10, wherein a copper concentration relative to a total of the
metallic elements in the outermost layer of the outer layer is 0.5 to 45mol%.

12. The semiconductor device bonding wire according to any one of
claims 1 to 11, wherein a region in the surface of said outer layer where a
copper concentration relative to a total of the metallic elements is in a range

of from 1 to 30mol% is 0.0005 to 0.008zm in thickness.

13. The semiconductor device bonding wire according to any one of
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oxygen concentration is in a range of fromO0.2 to 25

mol %is 0.0005 to 0.0077rmin thickness in the

surface of said outer |layer, when conpared in terns

of concentration relative to a total of netallic

el enents, carbon, 10 oxygen and nitrogen. 8. The

sem conduct or devi ce bonding wire according to any one

of claims 1 to 7, wherein a region where a
clatmeeinto aLj wrheoéinsmicdndfmitaiitlhh of ehitl imetal M awhidhals @fntamed

o5 A i B0 el TR 2 R ot o b

e mtﬁgsmaerame@.fdmg&%m@mﬁ% of claims 1 to 8,
wherein a region inside said outer |ayer where a total

conce tion of said netal Mrelative to a total of
t he n& a&"r@e doxdeng sethodfor aopproting thersemigondugar device

bdxﬁiﬁig&%r@fﬁdc@rdlthtB efSond Bf clAns Siet'B £ Hep AEiHEM L Bteps of:
e according to a lains.1 to 9,

ndi_n n
g odfl ) PEFTRTRHOE A 25 asfieac Whyler snaRging & nibiogen gas
ofcanﬁﬁl%f’/?taromomé ity mtalebrﬁbi’a@n Vi barmundisgs;odnd then
is 25 96nol % or nore is 0.002
b(%lgﬁg.gg%g ﬂa!lft]-ﬁi r??ss 11. The sem conductor device
bonding wire accordlng to any one of clains 1 to 10,
wherein a copper concentration relative to a total of
the netallic elenents in the outernost |ayer of the
outer layer is 0.5 to 45mol % 30 12. The
sem conduct or devi ce bonding wire according to any one
of clains 1 to 11, wherein a region in the surface of
said outer |layer where a copper concentration
relative to a total of the netallic elenents is in a
range of from1l to 30nol %is 0.0005 to 0.0087rmin
t hi ckness. 35 13. The sem conduct or devi ce bondi ng
wire according to any one of 57/59 clainms 1 to 12,
wherein a concentration of said netal M which is
contained in an entire wre and is other than copper,
relative to a total of the netallic elenents is in a
range of fromO0.05 to 3nol% 5 14, A wire bonding
nmet hod for connecting the sem conductor device
bondi ng wire according to any one of clains 1 to 13,
conprising the steps of formng a ball by generating
an arc discharge while spraying a nitrogen gas of a
99.95% or nore purity to awire tip or its
surroundi ngs; and then bonding the ball thus forned.
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