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DESCRI PTI ON SEM CONDUCTOR DEVI CE BONDI NG W RE AND W RE
BONDI NG METHCOD 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a seniconductor device
bonding wire 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 al so rel at BESGREPTWON bondi ng net hod.
BACKGROUND ART [0002] 15Currently, thin wires (bonding
Wi res) havi ngaa wire dianeter of 20 to 50 pmor so are

popul ar | pEMd Oé\%DEHJﬁEDRgDEMIéE B@NB(IN&WIRE an

el ectrode on a g;ugbgFD an ext er nal
term nal toget ﬁer. ‘(Xﬁ conpr eSSI ve bondi ng
technique with the aid of ultrasound is generally

applied to bond bomipogInie pdpa general - pur pose
ndi ng device, and a 20 ca %?1 ary jig which allows a

oo nding wire to pass through the interior thereof for
confhet pfmseﬁg embt@tﬁdmnArélﬁﬁéh ﬁ@ f%n@ifcoﬁdﬁ@ﬂb‘i“ @%ﬂlﬂla "Sonding
and nelte rc heat in a ball is, .
wirq SR7A030 BHfe e Bsdiof SuArtmienbinebdiviraand a wiring
of ac@n@nému@ poauh dled dofrane, ehzémtn*actd,eta;ie ar the like), and also
relaﬁ@é‘%&&%?%%?ﬁdﬁ*é%%#.eat ed within a range from _150 :
ef or effan

to 300 C ereafter, 25 the bonding wire
is directly bonded to an external |ead by ultrasound

conpr essi ve bondi nGBACEOBRDTRGEEARITY. techni ques
[Ooq%il ated to the structure, material and connection for

e sem conduct or packagi ng technol ogies are rapidly
30 Cuvensly,ithih winek (bondéx@wptes) Haviag pagkddliBtheter of 20 to

50 13 S PRI e ATk et Barcetipibink, g Bfeotmode

on aggearicgnduciosedement AndsaB&itarBal bex@nimhl Apgatheru sArt@eamal
com, k@%ﬁf@ﬁ@ndﬁg%'c}ihfﬂe&ewﬁﬂpﬁlé){nlcf (gfeullt%é%%él%gldl %% é

| e Pagﬁ) I.ng) are practically use
applied & RAINE FFes @ad pepnetilinmese donding dmcagand a
caplﬂarpnlcgp@hmh all®es aﬂﬁcﬂfﬂiﬁglvﬁtré Yo lagalehkd,d ﬂﬁwlﬂﬂa@ldrl ke

GRS T8 b, A R O e
and meelhed peirs hiepabhputtimg,fa ballis fahmed byentrfors, tevishat, and

thent fRHAN8s Eoi! ?Qééﬁelﬂcﬁﬁf e(ﬁ{rhﬂaéléé &lé; S%Q(ii%n%bd%cécor

t echni ues eqU| Wi re
Thereafter,

elemenf hratad sgithieawange |fgom|lr5é1ctq W%Sﬂdmi‘omh
the H)dt&hhlg%ﬁ'e ib QRRAL 1B RId & §nte§t@c%a@‘l§'§& gy"ﬂlhlh ggl d

gI&WI . have al so becone diversi In a
com]eraestshv tional Al alloy, copper suitable for a
[OOOBﬂner wiring has been pract| cally used as a wiri ng and

Zﬁgf%qﬁé {ﬁgﬂlal 2o S 2 Su tra%lg-}ct%(?t il a g]a and

com:qe@bzenf rre!:he\/n Semmm:damtow pacmmge tachmhmlegle@ntare rapldly

dlvei*giﬁﬁﬂ gﬁ% ' #Qn?éle [hesal gpé‘éf%%&ﬁge? I]u%tlﬁ.xaeo etﬁ?fu%%lgﬁy in
addl ngﬁﬂ auﬁ‘fembéuat?d KFF stadeﬁl@tpﬁacb@gl o regleard frame,
newvcﬂfﬂ@d&a@fonfsh%‘ﬁ%hbﬁé‘qﬂ@ﬂ (EéﬂeGeritﬁﬁ‘i-h?j %s ﬂ;bep%%g)@&'ate a

d b
poly}iaide, ipg thfglg]é%]an%sééjﬁj £ Vemﬁlﬂgk‘o a?\%'en@ra@tlcaﬂy
usedhiztd aubmﬁcllln(gpwiﬁet Wh?leQxa%%rﬁpﬁﬁP@d Q@ﬁ&cmlé‘ﬂld' bonding

pronBE ol iRl 3 ﬂﬂxnd'fﬂ%eo% Sipies Fatisi. Among

those rigopenvedebahdiveg ewnral costriechings técﬂﬂaqaw,e tké Weedigs to-wedge
been desired. [0006] 20According to the requirenents
of the wire bonding techniques, it is inmportant to
forma ball with a good sphericity at the tine of
forming the ball and to obtain a sufficient bonding
strength in a bonded portion between the ball and an
el ectrode. Further, to cope with I owering of a bonding
tenperature, thinning of a bonding wire, etc., a
bondi ng strength, a tensile 25 strength and the |ike




10

15

20

25

30

35

[0011] In the copper-based bonding wire, when form ng
a ball by nelting a 30 wire tip, the bonding process
is performed with a gas sprayed onto the wire tip in
order to inhibit oxidation. Currently, a nitrogen gas
cont ai ni ng 5vol % hydrogen is generally enpl oyed as an

t nrospheric gas usedlnf rmn ball of the
bonagpﬁ) SRechEE bIHER ing npjgsﬁeﬁ?ant%t GHen than the
curtehtl ﬁi‘dlﬁéﬁ@ahi" @th&Igeab@ﬂE&%*te%ﬁ ues, b&il@i@éis tioe ﬁne wire

bondghgerioabENed duherReds dedy by B b Theadl i
[OO(lzu_dnt ai ni ng 5vol % H2 + Nz Al so, in non- pat ent I

" S B BB Sk DAL g b gl become
divensifimht Im alddlifios uhof &tﬁecOnmﬂmmaﬂgAémll:nyz @dpmml suitable for a

ﬁne&‘%fr‘ﬁgé’ hgts Hé%% ;?fﬁg:lt é?aj]? usegzae? FE‘&I%S E&tﬁnal on

si mﬁahsﬁ'uai%l Ag Esla@axg g8dP rpléﬁimgnwﬁgan onto an upper
por&6RRE - 1888 Fa RRN Y Mpplr wilkiiEldre apphed &ﬁtoaupper portions

t echni gye of suppressin OXIdIZ
of aqFesin SYRSEFatoAUIARS OF Fﬂ %émtw flen 3% HoBfemetal
elerdbat kask isagdldrut itg allioyds Idﬁte&hapjjhed)pﬁepem&ngaym medariety of

N R L e e—

bondebdity, am:dnrdn@bllttyt anium and the 10 |ike. Moreover,
[oohgom the standpoint of a ball formability and
suppr eSSI on_of deteriogration of a plating solutio

pat & far d-grome 2oldiheaing s high praiti(PRrHY 3PS 59 mass%)
hasShéaie il By agsdd aB ay Qn@te@ﬂ&leoﬂﬁn’b@idlﬁgl ﬁh&é Q@O 5L thdbever,

cxoR BT inh AnEne BYSSRIHe TG, ok RTPHEE Al TaRGPal which

is lawmatsipegshaykas boemeldsiradt he dissimlar netal |ayer 15
[00 made of an oxidi zation-resistant nmetal having a
i'gher nelting_point than copper. Patent literature 5
di sdiasseding tooi reguiremaerisrafrihe Wiredansking heehdaues, it is

lmﬂmtm/tcpfwa%%m&lﬂpg R8bd spRArRyOM Ble Sl of i%i‘ﬁﬁnﬁ the
ei fher e of. or bot

ntail ns avi n
baﬂo@mi te @ngﬂnt %éH&%ﬁB%O‘%E"H&FFgeBW% ue nﬂﬁérﬂﬂ@ﬁ@ncl&t@een
theRiltbend saneleetiiofel FustitbrMy €dpd with ldweridg bfra hawidigg a

tendbeh et YRR dhat il B vits B ﬁﬁinéo%&ééﬁ%r Eigpsite
str%h%ﬁhﬁhe hke aaatmqmslte et atpam wherbap meémg wire is

I
S“b%é%%ﬁ%t S N S i ST

(000t ent application publication No. S62-97360 Patent

it gpatilee #bsid aléﬁ@&ﬁﬁﬂﬁﬁ%ﬁa h1REsP abe NinjeitPhg ChE Elecosu:y
publicati on No. 20Q04-- O,Patent literature

thesmosptilus FRORANTSER Ha S&’ﬁﬁfl% 15N OIS & RoBlPRthat a
bond@0g -wikd 7166d &Rl ﬁﬂboinletﬂf abhtart wilbptles aB@ddent wires, and

beei B (B dFe aldlfrhaboln i BHaire o bF esppinelds ' fruch s

possitde ol ecrtesmmsa;(s’ztﬂ)@lﬁ@n pPoGRE-BRder B O STioStRGe®E pitches
vt AU O L 2 LSS, AR Y U gOmatin

cambe cpajzell eﬁt?m&@mseeﬁe{lt ¥.an anﬁzﬂaS@dat@Eeoﬁﬁ%gth this resin
ean%Q{ilaﬁgodtWr%?S% Gl iAvsosE (ﬁﬁ@tﬁtlésslﬂ PriBiGh Mt oi@ practical

n, an 'y ox] di zed | ayer its wire
ap ik unless;soame é}rc’bgam%& atnleﬁm F‘ﬁ egydifficult and
has practical problens that the wire surface is easily
oxi di zed, decrease in bonding strength is prone to
occur, etc.. Thus, as a nmeaps for preventing the
oxi dati on of the surface of”the copper 10 bonding
wre, the wire surface nay be coated with a noble
netal or oxidation-resistance nmetal. [0014]
Study by the present inventors in view of the needs
for density growth, mniaturization, thinning or the
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becom ng a problem In a solder reflow process as
well, there is the concern about the failures that a
bonded portion of a copper-based wire is simlarly
fractured. This is also a type of wire fracture caused
by thermal fatigue. A Pb free solder that has been
rapidly put into a practical use for the sake of the
the etxérgthmartoalding deterazeaseticearssdivgfier in a nel ting
[Ooﬁﬁf nt than the 5 conventional tin-Ilead sol der, and
erefore, thermal strain due to the use of Pb free
sol deasides, Bengteny mlipbdbtyein alsh ém/pareamir at the ¢ime of actual
usef 5'5@}.‘1:{1@5}11&&81' 218RkhE R #@l{ %/n&'f Tgo%'ﬁeengéoﬂﬂbcted and

erm expanS|on anong COﬂS uen
mo‘é@‘iﬂdc dregticndarly Jen aaseninoadsgton elegmentson the likeamounted on

an aumObae Shigle thabﬂﬁy%na&eshm%evéfb e&@%nhpe:&@ggs a high

an Inég ased fic _value a e t]

tem&ﬁéﬁmrembl SRS BRiCCBAe o Hhidilkinist Ppqized in order to
enstesperiel sufetpEddieinsage wiprecalumed s2andrd @ﬁffﬁ'@ﬁﬁﬁants high

rhation n tenperat '
relifBILD: aREST, 42, biREA e, Srirhetd aetRRB plibgcs " PaRHed pportion
wh&ﬂed:hedxmchngtvheedmsdmenbmméctmhdl ng wire. [00201
[00§§]The present inventors have verified that the
ency of failure occurrence under the TOT test
becé&fﬁegf%ﬂ chatagteristice for safiwfying thmabave aggnirements, it is

desﬁ‘éﬂtﬂlﬂa@)b%ér@@ @Hﬁfa&”ﬂeﬁi@tﬁ%‘e&ﬁf%@rt@ﬂré& bé"s@u@éﬂ)' S8 as easy

Is still
10%8(3&% ﬁ)@nﬁ%g PEQSHTHH wnpyevedh %fakéilg%% %m ejy@rode and a
leadiosirej beﬁtrahmdeexsefﬁsvet hiire alefékr08tiohoirD aOZgih i dhchpgulation
v o er_co er W
profll bR o DRl RS, b bormygre, Tongtorm
rehahlslmvf jr ﬂemnne[cme)@]mrtlon as wsellsaa tadilitxiadi a dtongled portion
undé&%egfgseﬁﬂrgnmgayer copper wire, it becones a

lemin use that its storage life is short in the
- foof§PP o

nosphere. 25 The conventional gold bonding wre can
be S!Qfo&ﬂlﬁgfwﬁ*éowﬁa@%fﬁ&fﬁﬂérbhﬁﬁf&é}i &Bﬁe‘l@tﬂsdﬁﬁ o¥®r to

achile, 105, FROERAL| corty SXPHIFPE eBtnHarGud I Sabanged ball
bon;img) e wédge bhndn@jgm}:imhdabm ig shschsedduqedenntiterature 1,
etc. bﬁhé@lﬁgﬁ)% %0 bﬁfeo HNBLARE Wil Cﬁg&?{'}?{r%hfe?‘g LRk problems

causl eterlo on 1 n wor’ka

- thag 4 secrmé'a?@éwrb@flahﬁgme sinface reduces heeding ﬁ@reneth lwead the

wir€ QRitetel "i&oﬂ@%& ﬁMf‘dteC&ﬁ'@%mW 6xethé mﬁieeﬁf %Eé t%e of resin

ret Jng g%%ozpl r?bif’d?gy%eocess YWFP%P g %1? lack of

encfo%
progmm\mrprasngﬂl adppHedtion vl the sopienchshdiag3biren the
[Oofﬁnpos't' on, structure and thickness of an outer |ayer
awre or avicinity of a wire surface. Therefore,
it ils thepmppantbasedtbadtingtwire; wherofornhiag a ball by meltmg a

W1r€ Q, Y rquﬁe't lﬂcﬂ‘?d Blt%/ a:cé Qs%’ & V\B&&Bﬁﬁlﬁ d%{t?iog gag %&%ﬁgé& gnto Phe wire

tip w- edexbe yehihsh axisiation, Gwerensbp asnﬁp@geregas caa‘wnmg 5vol%

hyd@@g&ﬁ‘%b‘ r?@)etrﬁllg’ee ?ﬂfy%@ahé ok fa‘tﬁﬁ)spﬁ\éﬁ@ é %rse&tl%r ﬂﬂﬁnng a
or. abouyt t nont

nos er
bal} Pﬂé\%h% EQRRSH g%%erﬁie berging ware.i mepatentr ?qraﬁu%gt i disclosed
thaenshured @ppesrpiaeed Bdildelaetcswo@@@r 4@ fedmbhe a copper alloy

nol ay er wre, l.eadi i derably str]

teaf B¥8Y e 5PBHTHE Baofsr 15 Hrurarnes Thecirapsphcte Coftaining
Bvotionds |+t Nendldos it aypmepatan@ddfaioment is bepgqrtedithas in forming a

associ ated wth oxidization, inhibition of 10

oxidation at the time of formng a ball is also an

i nportant subject of a copper wire. For the

conventional nonol ayer copper wire, a 5vol % H2 + N2

gas is popularly enployed as a standard ball -form ng

gas. Wen the 5vol % H2 + N2 gas is enployed, however,

the cost for providing dedicated piping arises for the -

sake of providing the gas in a factory, and the
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is the one set forth in any one of the first to fifth
aspects, in which a carbon concentration in an
out ernost surface of said outer layer is in a range of
from15 to 80nol % and a regi on where the carbon
concentration is in a range of from5 to 80 nol%is
. 4 to 0.01 i n t.hickness h 20 direction
balf op s compph, SEPEHE aige U pvlsh iz SoierkeBosrnmeavent  ball
surfagenfroaf bedng eridiaéd emd ehatafyi, ttthe85\Ic£]1'/aﬁllF{201L NE%@EHB Gnore

ool P, 8 200 B e MR 1 P9 892 o Bndied

as peasaesed ib emp']eytng)the sopiper-losedsleinding thiren any one
[Ooﬁ]the first to sixth aspects, in which an oxygen
concentration in an outernost surface of said outer
| ayets fdechniguead guppredsingany exidBabivy ofzngurfacegf an

copgﬁﬁ b@nﬂﬂfg ﬁDﬁl)ég %ﬁt&%%%%ﬂfé grﬂd%tﬁoéﬁe{él aﬁb?ﬁ@%%n Hred i:hoﬁhich
COPPRE l%ﬁﬁ‘fese‘é “GF% Saneblgapetal m_\,%@orr@ﬁeﬁ Ie6Hank aaetﬁl such as
gold %ﬂﬁﬁerofﬂa‘tﬂ:{l&ﬁnpéﬁhdﬁ{m3ﬁmk%ﬂ addbeutt, &:ﬁr@nb%l@anﬁ{m and the -

i e BT Do sBRLROR £t SR amatV Ao 2SR eubbesgpion of

deteriessiion ofiuqrlating sodutioe, pﬁl&rftditei'amirb 4 aﬂnsah)ﬁe@ Acbdfding

wish 5 itk S04SR PIBRCh b MDA Al LS o

dlS%Qﬂlﬂa#émeéﬂalalYec fextread nnsthiescore maengber anﬂxreads of a0Betad
oth@r ZRAM, 'chﬁ&‘ %.hﬁea? §oatEnQQ @Q}er formed on tHE &é&%ﬁa_‘}%&‘taﬂ%yer

Bt({? fﬂ ninth EJ t he Ppr esent |1 nventl on
& c%ogéezatm Res1H ﬁ%l havipga highar mgltingreint
tha&sqm@pbﬁ, Pateiiléferatureds Gﬂsdlcﬁéw‘alsdﬁb&ﬂdlﬁg%ﬁ@rcoh@/ﬁémg a core

mehR] Fp Sty BinrtRRE REbERbS Rlard Rt TGS FURCH Spmtains
a miegab lowvddg eithed ofe, afmribothhifek omsstitupAO AR a texture Hifferent
frofoRg die ‘%éﬁb@? %ﬁ{@ b&tqqnetroaﬁdtv@ﬂ{c%r 23Pagh Al m%l%g

oné or of

present i nvent n-any on
thlqwsﬁlonEOth%Qrﬂ%M@spects in which a region inside

said outer layer where a total concentration of said

10 tal, Mrelative to a tot.al .of the al lic
Patgns fintaswe 1oeRBRYEH SRGRERTiSed Ridemt ppligesionpublication No.
Sl&-ﬁ%«imess [0038] The bonding wire according to

Pacl SHEVERED SR8 o5 RER kY BB PRab BB e

5631846\ﬁ(i)ch a copper concentrat| on relative to a total of
Patbe 1Bt Alrb &: t iR
2CEHE | Alurt © G RO ot B ART hobA¥SHio publiftation No.
56%%%6919 wire according to a twelfth aspect of the
Pat@ﬁesﬁ@faﬁuw N iaPAnkSe hﬁ@xaﬁﬁnaatpét@ﬁt \%ﬁbﬁcﬂiﬁn YihlRhtion No.
20 3 %st to el eventh aspects, in Ich aregion in
Ot4h face of said outer I|ayer V\,here a copper
Patenndetataire dn Japhabsy eneaaminetialatoht abplio®tiah lpublication No.
200%! ngggs isin arange of from1l to 30nol %is 0.0005
8, umin thickness. [0040] The bonding wire
Nommmn Aiferature: hiCopeenrt rBaaEs pBondixg the Bmaas elittcR5 High 1/0
Devibyent e yone 0T n t
®¥o 1 we tl?e?slf%lg th% E&in bh%’?ﬂéogggér{f 5 ng"% Slf}%l%‘!’%ﬁﬁ on
MigraelgrtaomicmiZon ,spégﬁt%a%ed in an entire wire and is
ot her than copper, relative to a total of the nmetallic

elements is i f : [ % [0041]
30A wire bondﬁﬁgcizﬁﬁﬁgﬁiggé&giﬂégﬁgégmﬁgﬁiteenth
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 formng a
bal | by generating an arc discharge while spraying a
nitrogen gas of a 99.95vol % or nore purity to a wire
tip or its surroundings; and then bondi ng the bal
thus 35 formed. Effects of the invention [00421
According to the bonding wire of the present
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t hi ckness thereof is 0.021pmor nore, the outer |ayer
becones substantially stabilized in a bonded interface
to increase a strength and hence high 30 reliability
can be obtained in a TCT test. If the thickness
thereof is less than 0.021pra, it has been enpirically
figured out that sufficient reliability in a TCT test
can not be obtained. This is considered to be
ttributa to the fact that the outer |ayer,
ng]@ £ Psﬂ)r‘f‘-’ﬁ“i%éh iREentian g ybj ected to |arge

[oomifor mation at the tinme of wedge bondi ng, and thus,

oot G eateR Epbe” deEh e iR T ——

- (i.e.j atmnf-acetedwopper boatlhey wiegwdrichoimstme daaysrisdeimed, with

a tlfigl Iatgl%.rn?ﬁﬂfaﬁl Cb}?ﬂﬁ%édgbfﬁ&f ?%fers Bﬁgﬁgt‘plrtfe %:#t{agg t Pﬂzgemafter

est an no
calledyer mexiokaysrupenear wise), t has lrgbidal mreblems, thatethe wire
surfake & Ba&%f ‘8%1&.1%’(13 raeRb &40 1 ‘ﬁﬁﬁ&?&%&vf&? el 4 ﬂx‘?m'e%ro%@ etc..

an initi ?ndln stren g ermal” histo
Thusp @sTomeans orr@weitma SEHALHR P th%r%lFffEé?ea‘#dﬂ? copper

bon s wgedwlﬁ@tsm@@qhayowl eodt¥di fNEN Viedndlilet Bfvtal or
d\éﬁ(ﬁf bondi ng t[azreby making it inpossible to ensure
OXIGAHH} LS BRATCERE B ince properti es. On the ot her hand,
[0014] the outer |ayer exceeds 0.12pmin thickness, t hen
t he t a er t
S%\?@)Q ow g'? gﬁeds%nkeaﬁlveglﬂtg s 8 Aekenk %% ﬁged@'}'gr den31ty

def €c |'ace om a cente
growtlve manripterightionc uthmmhI;s oredbiendikeo Hhsthfbu S¢mn@$1ductor

p acE&g@tgL%cBﬁblog?ﬂH&@ @ﬂ&!ﬂé& Z%at Ithel donvenbiohap %Gl’tﬂ\%\lﬁéﬁ copper

bal | r mabi |
Wﬂ?ﬁa@ﬂ% H‘iﬁeﬁ‘ﬂ’ff@ﬁ%\lcP?ft%‘e‘é’h @nga'eaéf abff%rsnﬁfam ¢ Rﬂﬁftfh@sem a
nonéawhited eoppet REirs drecdlladiea m@ﬁolx@;es:aédmfetreﬂud G:@Hﬁel a copper

wirgh Bt 105, i Golfea RCUlBpb wl L RS pRoq e igtn
calledst aund:enveh’eosah cultitayesl ftopper y wemred; tiloaree arlots  of
d.
herdiERERAPLenERAR bHARAEBLIShL Bk Itk uBEaRRHA! e
[003€’53.085pm the reliability in the TOT test under the

st r Whett Beiﬁ%lgg% Bﬁﬁ% ﬁndcé’ﬂﬂi &f ﬂ{bsgcﬁﬁférﬂﬁ)ﬂﬂlgﬁultﬂayer copper

e danage ,0 e e
wirgy 2604 h (PHAC SRt L CeP ot d odies Al Rt it o unmelted
partref dheawimf remhiaichef redde tWselmald, hnddtlfer gereratiormdf hafbbles
bec&n% pfetrﬁ‘é | ]ﬁ%ugh%fé@lfflﬁ Eoﬁﬂsrhﬂg ijectt{:'clﬂge bedetion

por
in bmdmg wirength, qlgprd@dea@é onthe béqelw twuslada smal |
[oorglef ficient of thermal expansion, substantially no

def S occC Consi deri_ng 2 the increasi ng use of )
i ne %lﬁ%gﬁ'&ﬁ&a saEgdiqadad 1 P?Eﬁ@gtlioi %%@gﬂi‘@m"ﬁﬁﬂonﬂ

mul&ﬂ&y@lpﬁbﬁbﬁé&t i#@fe, 04 chbBfeC DBRG ahaIe dPIdirN@ay p&eltRom each

othdy RO R HRTLESCe S, i Ere el reStperidsbag dhat a
loolbosimlmg niaye hewdete t hastEbBlef eshd taltimlmtr apiret ethayasbscome

6190239#1? sheBGFirabiret i43heaRs0B e BeH SEERN vor oni 5

the TOT test causes sone concerns such as

cun‘wﬁ FerRLEP A 941 %n?% tﬁ@'&h%ntlb H 1t 9 er wire,

tlne vary g evaluatiaon results epen
it issef cPremie GonReEt $h8hen dafeohivecslnne Sk B bonded portion
andeee@eetiad ifBHohdbhd st1@hiBeh drBafioR RREK! fd0taMe lace than when
Therefore, 35 the present inventors have devised a
tensile test for a wedge-bonded portion, (hereunder is
referred to as a wedge bondi ng peel test) as a sinple
testing nmethod for enhancisng eval uation efficiency,
verifying that the sane correlation as that in the TOT
test can be obtained. This is a measurenment nethod in
whi ch an ordinary peel test that pulls up a
wedge- bonded portion directly upward has been i nproved
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of the outer layer is less than 0.01lnol % the above

i nprovenent effect is reduced in sonme cases, while if
it exceeds 5nmol % sliding resistance between a bondi ng
wire and a capillary inner wall increases to
destabilize a | oop shape according to the

usif e HREERGT SoDBBR AT, OFify SIRE0S P RGIT S ERE i Dopging wire.
To gmeeapecaﬁc (faﬂube exandd venforid atiee phreafled hadl evith ahdecreased

oo S0 EE SRR BIL B BB M ctigye g o o
Wlmh@&ﬂt@f' thaywurer e‘emammg onhleineeth@ bﬁi,l aed blye dormation of
buBiigs @ﬂo%ﬁﬁ]%s?s&%egﬂ@s%gﬁj %é A) h 1f1%?u?@ Bhils are

constltutlng the outer
bo ongp Aty pleetrpde.e themen iy @cwne apmaisglignimendn defirmation

“whéfe hé Q&fﬂofs ﬁﬂb&hgﬁe@fwﬁﬁ ehsi dehtbP Wt He tdhBreSakid Ieormed, an

e .ecte con tion. o e netal M
elhwgﬁef 493?11 §UiPRe WhFTS the, 39@?1 i% %%ﬁe&, frorg sphericifyoand a
petabrdike ddferzﬂatmt ete. ctinesehtadabg o6 pebdtrubRnef the bdnded portion

| 50nmol,%
oA bldfit it WEmbE RGEHLAYR] HobdRiRoitre kel iyl Qamace,
failwirerin nrbduetionenanagément oddhediled Tomeanitial bomding failures

ma?%‘ﬁls?/%ﬂé EQd%ﬁ%ﬁ of P(glélﬁ}tsn!l %ﬁﬂg tg%sh }g%écg' Hl{ﬁ&ﬁé&é/

8hded interface under hi gh-t enperature environnents
s uctPaend 1itetafitet4 andldsak!thwt ra@ﬁbﬁﬂeamﬁn 185 6P 813 bE BSrmed

entrt on 20 i s consider t
to GONYGec00PEM, RicRRe8 at R GEPRIGHE Fittdlvivin faitires: pesciated
w1t§uetthedballlbmgudnng iofi ght kenvegtionabtn Gbilay o6 thppﬁi'ﬁelre The outer

skiﬁqﬁggpﬁ'%féﬁeocpté ﬁggé %chhﬁggl goq{ce#i%br’]c?@ glc' garnglém as well,

SucC regi on
ancbf&rednﬁezzface Heetpreese the i awtent sloim bayeraland aanalgae matbrial, is

desetiHan] @h‘ét&ﬁlé’\éeﬁéltél 18 %Bﬁ&éﬂt‘%ﬁti%h &r !\Oﬁa%l%Aér Mefret H&irough

con n ons 1 n the ayer, an I N
thed?frqﬂey L theayf@feqteﬁpf éﬁetqué%ulﬁvelah%x H 'Bas been. observed
that ciheeabeal- mﬁcﬁiedOpﬂ{bléﬁ% dRicetnigatl baPPedndsd portion are

par%@yeﬁgm? éigglt he con ent ; t'ﬂg_n\e/]%%éet)? t%&asdbeggn verified

thatioyunbt ehpedereent daasi rgﬂsnemspmnhnsafﬁcﬁcwm Gsed urMder new
envg‘oﬁiﬁgn}j% 50ch S 4 %@{%1&5 té %e ou Bﬁﬁ %to&%%% ]?lgéa‘%ounted

I nternedl at e re 10 ween er an

on @gr aukemebile) bug inhiacy th@sthmnqnaybe outat @kindager, the more

fred @R éoﬂH?ObeQY fe&ﬁei' n&&wsf BEsi @y, ot Bﬁ@pﬁéeﬂfvéﬂ‘ﬁed that
core materi al gﬂ%m&ta M of the outer_layer._The

thinping & Jayenyarkes @) drRyorement B ég%ciﬁe g gwsplficient,
causirg adtbretnatee desurivhibEpeolilba caicenith Ronetirhi aslidhility.
[Oogg the netal Mis 10nmol % or nore and | ess than 35
lml %in total in terns of performance or the liKke.
I n ther tbgi smkofoft thes comhuetibnatinder naswesevere environments,
| n A xs

spe%ﬁfl:%?ﬁ}l 1 ftﬁé Ci?ﬁgﬁgné I%Sstnf‘st ﬂle \}# #ér&t@ﬁea 'i‘thtaﬁgi%hieﬁ ﬁle rehabﬂlty
test h@f cut &&mmpdmcmm QOM@G@t'ﬂds witthera amonolayey mopper wire, a

tenﬁ?é‘a‘i:ﬁﬁ eydlBalesh ("Pethe%%) W srﬂopﬁiead ShawWeie 4 &H@i&ﬁactured

in Y visilione’ @i weday Bomsleg or LK et it e oCRSL 10, S ey of

suohnﬁntehﬂ'a@mﬁé I@hfgh&'tha@nﬂldﬂlﬁl 8 udd Ho@zﬂ@ﬁ% Reird! RHicle s now
b he core materi al danqgiontaln t he ne M t ha %h
eclPyipg 8 BT Blem i BRMST TR I ToReRseS SElhdbRTeAs the concern
conponents and conposition, and copper, wherein said
outer layer is 0.021 to O 12pmin thickness, and a
region where 10-a concentrgjion of said netal Mis
10nmol % or nore is 0.03 to O 2pmin thickness. |If such
bonding wire is enployed, initial wedge bondability is
further inproved and reliability of a wedge-bonded
portion in a reflow process using a Pb-free solder is
even nore inproved. Here, the region where the



10

15

20

25

30

35

bonding wre 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 35 therewth,
stop of a bonding device caused by mal functi on nmay

soneti mes becone a problem In view of the advantage
that the bonding wire can be left in the atnosphere

abolu®rtha fbﬂﬁg@é tRet b Wbrdedt péRion b a@@@@ﬂaﬂsé& Wi%e is similarly

xpegt rove duetoth
ffﬂ%ﬂ%? n e%%f?f%?mm Juse fxartore Fﬁ@S%fi i ﬁbermalefat@ue- A
Pb Iﬁtengetoﬂkéﬂeﬂlmﬂaﬁ been apipddlenpus idtoed peachical uw fo the sake of

the'toéuﬁ} Ifrﬁenyﬁetl;%lluit B%eé%\éfg 1{5’ éb'lgg,(:{' el%SI : ejmh eg rbuonutl)g than the
congemdenal tinfleadcoldappad iherefss, thm:m&bmrla% daettbethe use of
Pb E%g'é&&l%rﬁeéolﬁ?mg)gﬁﬁpbfe%' @ﬁe %w%ﬁa%tr 1§ IXIN l:gbutable to a

or nore I.n ence
failureyeapsedndendifiexences ithdhesyiadnexpensiont renang eonstituent

memd¥ES of hosglﬁh&ﬂﬂlﬂ:lﬂoﬁgﬁ%r&sr é‘ﬁéé}fhtﬂﬁﬁh%nr&% 8 1884 #r&he, a
functio bl ocking the intern penetr %éono

silicon, Cq i R-FFEPH O §PPR S rart saeased salortievalue at

the Me: ¢f éIaSJlgbegﬁgﬁQJﬂ‘Ed semticdrdthicter, Qﬁﬂ@ﬂéﬁe&@é l1ﬁgt8hq:rerature of
|n t he enhaneenent of tnhl unction is

the FRARS el LR ERFeRR voBibiand S (RGeS PLIRe hame,

it becctmq@ mmgoriarietd reduveckitesfractuyenint tise RO itest ikbthe case of

thec 4 Bgsﬁggﬁginﬁy%oper ates to inhibit- oxidation and

urization the storage life can be
@proved so as to be kept effective for thlrty days or .

nor qhat fégeml it RAEEF AR 8 - vafifiell %&eeﬁé 'Gf failure
t hi ckness ver nevenness on a ce al |
°°°W8P‘é%s@§ld8?f (LT 1 eShaPRERBES Al fy @?Fgeg%em the

conoéniaonal mlﬂmﬂmm m;rpelromxdezise E:bmpaatred toﬁ&sarmbhalaybi' copper

er%h%lbélq bl %ﬁbgpm%o%t 3 &%ﬂ% rb%%d%xg%l pggr E?Q}%ﬁ)kgfalﬁ tég Buter

skin Jaxaraéescobedoakovst is| as thomgrss 0¥ tmIO %ma idddiercablvgntional

multﬂa é‘ﬁc B8 GARELTRL & ﬂﬁvéﬁ%b@%ﬁ&t'é&lﬁbft@?gﬁ Phe f’]f(‘r”]fn test
O5pmin thi ckness, the storage life IS sti

Wa"‘%‘ ?19PFpr oved, enabling the inhibiting of failures

[o0211 t he vvedge bonded portion of a bonding wire after

thelo erm25 storage. [0Q601 The praoblemresul tin i+
£ oo RES5 T BERIZHADE “Froreors oiny 4 GEEFOIET cober wite, it
becmeelaepm@enaun hu@hthaam'imr stovage ilife dspwrhghnnthe atmosphere.

TSRS RoRP e BG5S T Y 4 Syon

be Qrﬁe?redb}?l@g 11% Aﬁ fer l'@bﬁd%@imtlﬁﬁ’@n $APPA® Wise.nReWerenfstoring it
only ﬁﬁpsév‘éréli‘ﬂéyéin fﬂh@ f&t&mﬁﬁéﬁé Will caidedn gk&ﬂeﬁi thftOHY wedge

vonlFbUSCRE PR a9 b AL e bbbt Eome

factoey enadinkeditepforatioaniastiowsekabilityt #ntRScoppeithagbd hdding
onded portions are left for several days in the

t mosphere after bonding, and the progression of 35
[0022]i tial oxidation is disadvant ageous in terms of

qual r I f

Lot AcEMr(hﬁg %a?ge g:iégggﬁh?ﬂﬁptnﬁﬂ tﬂn‘ggr 13{' lvglggs'ﬂ?éneffect of
retgrgding tde exidizing @@@@ssmam.bm mere a:qpabteld thanndone by the
moﬂﬂlﬁ%ﬂel@ Bbpper Witk afhfsyeﬁélﬂt h@’we%rt ﬁ%nhﬁ&ﬁitlﬁwaﬁé‘% depenchng

ation of a wire surfa ro exanp ai hesi g
OWPWIH@%HMH&%\M éﬁ-‘Fh@%%Qf ﬁnawea aweRof a wire or a

vicigithfdeewirasasfice aMHe Ao e, 116 3¢ ithpovaiey tHeatheagirhdture of the

infiltrate the'interface therebetween and thus there 5

occurs the concern about degradation of |ong-term

reliability. [0061] I f a sem conductor device

bonding wire includes the @uter layer of 0.021 to O

21pm thi ckness and the region inside the outer |ayer

where the concentration of the netal Mis 96nm1% or

nore in total is 0.002 to 0.06pm 10 in thickness, then

it is effective for inhibiting the progression of

wir
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outer layer is considerably thick, i.e., as thick as
0.12pmor nore, then the strength and netal texture of
the outer layer function domnantly and thus it is
difficult to inprove the performances by controlling
the nonnetal elenments in the surface of the outer

| ayer. 5[00641 As far asthec centrati on
conveibtaoi ek ML CE HOBBAT a¥ide %%mw& therequivalent

workabglidyated @ﬁ&%ﬁmngmﬂaoﬁ@dg@fhdﬂﬂhﬂm{: |anﬁ| ROpNkupe, etc.

h as co t al Mandthellke
neeflorhe) SONERN (S Bk TP A IS OB Y AT FeaRE aify the
atmiogphbrekfor dBoult heroombeathddlitis mbens tladicsdvarahipr tienekOthe life

curfRESGHbEF be Sheblraf 0% B0l Rl Pu BERSe et AR Bytover
coppelt wird, deading tohmnsiderablyx atmteabﬂda’seus vequived tfox almaterial
whdal aiﬂ‘@oﬁ@ﬁ:gﬂen% & excluding nonnetal elenents

Zﬁ as car OXy or the like in the vicinity of
[002%le surface. By utilizing these two nethods for

cal ahahk naaé ébg@%grgslaﬁaafb@swithg r?%{?ir%‘??]iggg 1&%113}{:1011 of

omfg%te%a 5@ REming| %3}8&% ERHER HRBOBARTpet of 2
copp@zﬂﬁﬁfﬁ rEchethe ﬁoﬁvmﬂiémlnnfoe@llmrl doplipee wiref ackBva¥dHs + N
uc [ on _on Xl Sts .l n \'A! n| t. I C o

gas Sty difPloyelas bratefdalif pRIEkPlhe Fag, RS R Svolss

H: d¢i Negasois ehplgyeady hbvm\rernthgrcots’em prorddieg ld@rh(mbeld piping

arls%ﬁyfg? ha's8LkBYr ﬁ%@i@gﬁgﬁ’l = :Hg gt a??&g’t gdltﬁﬁ%ngﬂﬁg'cﬁst of

core materi by car
thismixek ggeris #leo exppreiye hw compsring fotal ciost moheding the
maﬁufafc@@ﬁngc el rngler %egﬁ:lsnﬁzaﬁﬁa&@rsmﬁ@ﬁmésn Ib@@ém@g sma]ler as

[k
conpbd RS OF ot S e oS PLOBSE L ESo Bl for & wire
matdréalodhle deanebabis ohy of the fiectbik &r, theasppiebddstbd bonding wire
ot 35 ELA! RI-M I8, LOLEARAG TBLAnM SGIARSL: AN much as

S servin
5vo %np@lm@ttsoﬁfhstdreg@m deadimgerto aﬁdCQn@réoﬂboﬁht% medluctlon in
workadiggverned by the conposition and conponents of the
al “el enments including the netal M and copper. It
[00} been ascertained that carbon and oxygen have a

| esgfdi g@@tfoﬁfféﬁﬁgng hepbehns é(ﬁﬂﬁﬁl ]se&Q)lffNQonly, a cost red%ucmg
m con i Ng W r e
offedf I SRS By Raari ol b B0 sh g RaEty miteflont is
reduced,eamd dhusnt bis EHBntumigomel] &dmntages botensos Whemﬁm the
: redi
cong%%%gﬁ p og{olé)?é?eéoptp%'i‘%&fﬂa%@ ﬁ%s? ﬁeiéggé %ﬁ gﬁ ﬁ pure Ng
gasf ham wte cgmef infe practienl userkeonaseepf éhelmlgaa%tr bb%\t it is
difRQNE ey Madeedn’ %B.'a@n):aset h%lﬁl'lle&hn Okl Qfsﬁﬁgc%é’ Neotrentional
surface of re IS enhance
mU@éwﬁr.@@psHWﬁ stﬁﬁ‘i?@y siabla mgdwt%yazﬁdea&er to ensure by
usif Nt@ié' Beolef f['¥2 Nlﬁ’tzfg%@emﬂ RGiNg thS Pl Dl gﬁhﬁélledcto some
reason rolim carbon concentr
proplifng s e pockire b pRILERERNY ERRERES hisighed ball
unstableorbalbnsizs; reici on IHf thedrenwh dre npoducad thet cornendional

muit?lapf@ rc%ﬁrbgg vtr%% tcﬂé iéqgai foBfﬁ?c?ﬁdm% llﬁghggrngo%ﬂcﬁww and

mes an

highoredishilits emn @Vdm@e WS1I8D thelr.%ret Newas, the obstasleghat hinders
thep%g ezf-ﬂgséfa "Borfth g bﬁf@ﬁ@smz{@é lé!nﬁéﬂ,g alrfél thes its
r adat |on contlnuous n |n nce
pracegal apalieation ganihene a&ﬁekéﬁt‘ of car bon in
the range of 5 to 80 rml%eX|sts as an organic film
and thus is expected to fulfill a buffer function

sufficient to reduce the frjction between the

capil lary through-hole and the surface of the 10 wre.
I f the high-concentration-carbon region is 0.0004 pm
or nore in thickness, the buffer function for.
enhancing the sliding performance is expected to be
produced, while if it exceeds 0.01 pmin thickness,
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25nm01% i n oxygen concentration, is 0.0005 to 0.007pm

the i nprovenents in unreeling performance froma

spool, loop linearity and wire bondability or the |ike

can be realized at the sane tine. The reasons for this

fact are that if the outernost surface is |less than

I mol % i n oxygen concentration, the 30 bonding failure
[oo2$] nutual outer |ayers (heating bond failure) occurs,
whi i f, exceedi ng 25nol % i,n_oxygen concentrati on, )
bonhﬁ‘ﬁ efoges o Aande Jwedt ofi thebreser: drveptionsto pravide a
semIBRITL6P e ider BbRdinge 9Hiod MARTe euuipesed f Godpbs aimed at

imegiptie befl JE RS e i, VR b riEneR HoriaeS n thermal

cyclportesten ded whaprovner wiayestoragd flifetife, bimdaddition to the

conlPAHER, b RS SORRSINAAS 3 DL S oA Ahocintod
withtheaonwgniienabtedmigués dessibethdbove, éet agurther object

b g RS ol I8 8 PR S ot 1o

controlling the oxygen concentration on the surface of
Medh €r0868ingd 8Y&ProllanoXi di zati on degree of the outer
[Ooégger in the 5 wire manufacturing process is
ectively adjusted. Adjustnents of, e.g., the
r eglhet poesemfl invergpirsichawdy beeg dedidaged itoe tha stwely of the

copﬁéf-?a%@%ﬂ@}%&ﬁf? $n 334et BS s%?é&%ﬁgju%ﬁle%s EELABLD above,
Istory, a Vol e of - an 2 nmospherit c gas,
andagthaarbwlg, iti s been frunsk pnetleat it isedfectiyedpr the coprer-based
bon@iky Wik&h VBl af 6t Wy@NdndPid PrFhde dhe"GBE8ayer with a
Furt her, Hﬂig nneal i n aégfess gﬂd the wre 10 draw n
Speﬁ%éc‘@é’ﬁea‘? ¢ g]ﬁlb‘?%& n‘iﬂ”é‘ﬁ of the FORPOSHHONS, Shguctures
or thedilessftheanttet Makferoarttt she esreoripgeriat tnewdt riire dffective.
[OO%ﬁ?I on i s advantageously forned. Above all, it is
ective for controlling the oxygen concentrated
r egﬂl_im presehé isuefitice hefs bben onade Hampdron hhe above findings,
andR $CRABGLLEASE 6 LEARRRA AN GAbE: DUt on | nside a
rnace, a draw ng velocity) in the annealing process
[0028)4 a cooling 15 condition (a gas type, a flow vol une,

3 hi ¢ Bbmn@ewh@[) éfﬁéﬁﬁtﬁhgatlro?a bt @[‘tsgs&?oﬂﬂet ﬂﬁé('jsenﬁ iMbéition is
: awu n ocess-a anjleal I n progess-‘a wre raw n

a SERBCRAUIAT FHass | BAIIRG. Bt ANCYHERED rekdte niagHal whose
corgroaientsrentliide edppdaose aandibgompoment:nan blaéer layer provided on

. gt - P i . . -
sai EBCIERRHAL id SRR, ARl & BBl N et tiffers from
salc_ge:ompn@t@dal in 2ene ot both iofig edmpongnfenandneampepsiticon and
copplh, WSerdBR L BidbuRe 1k .00 45D 10 5#H 1P PrckABRd. N

ndpoi nt of addi ng” and nodi fyi ng processes, 1 n order
[0o manage the highly reproduci bl e and high precise

crnqmetf !’tﬂigﬂd_@ﬁ%' wiibes &b@ﬁﬁhﬁi:@tho%@mg aﬁa@@ec@aﬁ BBe present
.__classifi i nto_an.approach of. ne i ng, a,process
invéa@3Z oy Bie G pell FORb: o 1%, BER Atiednth A PO hecRgtal M
constititdng, szdd eyterdaybr Anchidesatt dbysthgne elemeaitnselected from

[ ROV e [ ' of condition in
amé%Aglﬂ?ﬂé% %@gﬁn%%%fg%ﬁuéoﬁﬁg%%gess for the purpose
[0036] gi ving priority to manufacturing cost not to

i ncr Hals J4al ; ' | | :
R R o R AN PP p Rt Epntion
1s thakeae $et sty il dirst repecond aspeehar Which saisheers material
inclidenphedhedl a8 W beainS cBnfPordcht3Bhi4aing hPtRhst Wnd element
property that a ball is prevented from hardening in
addition to the inprovenent in long-termreliability
in the TCT test, advantages are given for an increase
i n bonding strength, a redé&ction in sweep-out behavior
(failure in alum num splashing) 35 of an al um num
el ectrode material toward a periphery of the ball and
in chip damage. In certain instances, it beconmes a
practical issue that a ball on a copper based bondi ng
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30 copper concentrated regi on and oxygen concentrat ed
regi on are overl apped to thereby achi eve profound

ef fects of suppressing the shrinkage cavities and
mnute irregularities in formng a ball and of

I mproving the unreeling performance at the sanme tine.

The, copper congentrated_regjon not always has to b
selep*@%%\%@aa gaetob & s Bls'ﬂb ffg‘be’gﬁnéniaél r%r@'%%nth&%m@nts;
ande%ﬁ fbléﬁleiﬁaleéﬁr&bhﬁ&t%diﬁbﬂ 8aid&t M% roﬂe?mme@e@t h'lﬁﬂbb Yo the

e Co er concentr.,at e n.l e | e
whalf Sy 04 5t SoA s o oz 0- 050 FR0\Rmdlof 1 fote

[003Hdecifically is located on a nore surface side of the

out | ayer,.t han. quart er..t hi cknesg of, t he out ayer
Lo tiner PG 8 FehGihipafr of cPrBlh | PRt 8L Brgeon
invendeomiigthiceope reat ubetho i dirpatonenof the dtdsbrto third aspects, in
whitRRGENbhAkCRybe Qbﬁgjﬂé‘ Qgtlé%t b GRIMEEd ?ﬁ)m among Bi,
region, e.g., are tornmed on the outernpst_ surface_o
P, Serrnd Hleand ancglemental epndepsratoow ef paifent loast gagtalement on
a s\BTECAST Shifl @bt laylib i ROrRideifPoBan O &odThbI8Y 8¢l total.
¥®|Ch satisfies both of formng a good ball
[00 ppressing the scraping and a flaw on the surface of
t he Te eondid@ AGire Af:camiihganhe fifftoasputlof the prebent invention

. oncent ratd gns. of the out | ayer.,. 10 diffusion l.ayes .

is RGORE PRE JaREr P IZoPPBct] TS THE (R NB GHBRERo AR Which

diffpsichdagenis protiged bebyeelh ggidouiodayér and sasdi corromabérial.

[oogsponding wire into its depth direction using a
Spattering_nmethod, or an approach for analyzing a |ine .
or dhefeandirgavize gegorsingite fosixth piped @rtherueseninHgntion

is tHé loe sERFoftH & aApRmaaFtHesiRitf ochftl e dpRetd)en GAsRhof i:%lrbon
ayer

thin auter |ayer, and, however, .wh the outer.
congeifafion’n B Giiedtaist TS 0LFGH siFx Pt Fbgotiee of
frorhheh don8@imbi %] iamd a Hgice coheraphe eachon coakéeatition 1s in a
e 1 5,k j \Y t
ranfB 0 BhEiad, B I8 I Q0L B ot 3 BILRRGs B dept
diregitiony fivom | arsuafacenobsnid ewendayercvhonatompares an diegms of
conis@zwra%a' RihtivY donaSRYET 8F OIS 18Rt NePdheoxygen and
. layer 1s thin, however, the neasurenent accuracy
nitrggeBr i orates in 20 the second approach Anot her
[003proach is al so possible in which awire is slantly
grovnd to _enl arge thickness of a diffusion |ay for
meadiy mpieg CBiree Acruding £ 4, sekratly Aihgef O the’ present
inventipariathe ehy set fipith inrany cnesf tsebirsoimsixsbiaspeds, in which
. pr-eci si r -
an {E7RT DoAY tERioR BT el d o8P BhEfEe of oI LAVE: Laver is in 2
rangpfifngmi h to@Smelie amdiaypegign amaerente 93y gepsoRgemtrakion is
in 4 rHhkb ¥ fPothe@ R0 25$hoRH ik ©.06F Y ©.007 A8 MhiBEnéss in the

he vicinity of an interface. As an analyzi ng .
Surﬁ%f@i efetaidy outen JAy e ewheno oBRATAH; R terms Gf s concentration

reldtivé t@ @dotdlofaneRIlHE blexients karhot ragpehyaid nitcbhdy .,
[003 energy disperse X-ray analysis (EDX), an Auger
gkctroscopy anal ysis (AES) and a transm ssion
el eThorbaridingswire szoatdisigs t¢ Ta)eighth hespadteof The present

inv%‘%&oﬂai’% ﬁle??ng Igp fg’x&ﬁcﬁ%alﬁngfe d YE DR Ay %rgﬁ'v‘éﬂk:ﬁ"asﬁggts, in
ence s effectrve for e concentration anal'ysis 1n a
whichi a negigirowhere teh comerdraven of aafiddectaioM relativedear total of
the o BILE I ARRHTRTPOREL T mble LoPAIH0 Gopa) By Thicimoss.
[Oogﬁfface thereinto in incremental steps and thus enable

a conposition of the nelted portion to be determ ned

froma 35 concentration of matter contained in the

acid solution.. [00771 It is effective that

an internetal lic conmpound 5%ase mai nl y cont ai ni ng

copper and the netal Min addition to the presence of

“the concentration gradient is contained in the outer
| ayer. In a bonding wire which is conposed of the core
material primarily containing copper, and the 5 outer
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20 interface between the outer layer and the core
material and therefore, has an effect on diffusion
behavior in the thernmal process. Dependi ng on at which
processing stage the thermal treatnent is applied, the
final conpositions, thickness of the outer |ayer and
diffusion |ayer vary. It has been verified that for

onet@éam@hem nw@reb%ebﬂﬁny k6 B oshitehdpct NF 2Re present
. ocess ere aft aV| ng had aggg Eigr [ nter d]éate
INVEIHAZH P &gj.wwat s‘é‘ Bflyt(?ﬂ? B t"f’?ee agpscts, in
Whigh&)l\@e@:f(’bﬁ i;ns’ﬂdrl]@ Riait oﬁﬁéﬁbdydigwh@ﬁe &pﬂitbbféoméﬂtr?hﬁ? of said
r..of ,the wre ositigns t he X
metg) MGG 1 15 ediroio s mrespli afPRR te.R0BRk 41 Grore s
0.0%ad{)é)ﬁmmmbmdmeﬁ;@%o 30As for the thernal
%ﬂeat ment, the wire is subjected to the thernal
reatment with the wire being continuously drawn and
besildgs bonding npareatageerdingi de a temflncaspest neft the present
1nvéﬁﬂ16ﬁ 3k Ned Ghe %e’E %&tham a3 TBRE 36fuf]:f‘e ﬁ'f@ﬂ k& &ihf® aspects, in

neral, t her at meni)Eév and t en e nperat ur e
FHregion; W %&P oufRd; Hyearhwhers r?aE‘E?a Agngentxatipp of said

metfame\/lbmléitlﬂ@ 1ol 4 @ow]t ¢ £He nathilic bRMBENEDIsANEMoM 610 heore is

eni which,are the features of the present
. Ooﬁ@ﬁﬂ%&ﬂ éﬁ‘%‘él ®8%si |y mass- produced. Specific

OOEEIarrpI es i ncI ude a nmethod for locally introducing a
[ t f [ I
| norae bbbt 88 HorofE OF Rl SledkBEN' Sthhf BIPHEE HiBsent
inverHaom da dibegone et iferthein ramshene ofhthevfiret ite tenslh aspects in

whleflfae @&pp@t YortRatediirbRtAld EB’\’artQtétInﬁf theg ﬁﬁﬁ:ﬁl]iiy@fén@énts in
eto ow L n urnace. 5[ 008

the PH’G%]%O wsaojéth@aa'at&r.lﬁget hgei‘!f’%‘ﬁb@roé'tlﬁ?% gr adi ent it

{0039 effective to make the terrperature gradients in a

pl ukql i relonssuhas si tkye _temperat

o1 adPenbonding SR ReBHaing o o BT abBERC PRl He® prosent
inverdapre iaithe onei sedsforgwim dny one of dhaviinsg tmerlemntdnna@pewts in
whléﬁalal %‘e?‘ﬁdr'fpeﬁ?t € JBEURN. ofaréglcP f'_'yQté}GQQ%éf’ eWhere a copper

nper.a G’Ztg |ent near .t he out
COﬂfﬁPrt’n’%‘a@n(lt alverfger dotleof 51113 e bAle Flement rle laravtam@e of
fromli1r RC30:20)% i49.G00RE0 0081 iRgARKNeBs Pr operty is
[OOt?(#]l owed to inprove wthout generating peeling or the
ke between the outer layer and the core naterial
nealThehbondirg wipe tacobrding famnélkitesdtht hemectcapplee present
t 0 f |
invalifon 1€ BB s MPREECUETIRR bF el fiiERe hdllf dobects, in

era

whigh r@cemqe@ttrftfﬁmg pﬁ@agmetah s whidleis @qptfaemd # ainrgptire wire

and%cﬁﬁ%k%ﬁaﬁxétgfp%%t FaB+98 @ 2YbEACT Mo ARBABIC S18RlerithSs in a
out r urnace, it is possible to inprove

ranﬁ%ﬁ@lg%ng?)téﬁ %ém@ép control property of the obtained

[004dnding wire. In order to achieve these effects it is
desi,rabl e rovide.,a.tenperature qr f 20
doghed0rt, bindind mSHite AORTdbe el JOPRECTIDBEEE of the

presentanvention stmnevhmcongettarrgethathmﬁht_lg twn_rs _set farthiiueny one

i | | :

of thpa%rasﬁq‘t Hﬁ;rgeeen%ﬁa&sgyegg% 121% lﬁ&ﬁl ursgepg; Xft‘ gm%ﬂ%% Ball by

generéttane@nb@rqoémgar&mgmﬂef mraefmg @omtmgesn gés of a 99.95vol% or

more§ PR B&Firk g or %Mhﬁtmhtt?n%@ enTta@m%t@%t%% ball thus

space ‘of the furnace . into ree or
ﬂWQW%fe portions to control their tenperatures
i ndependently and both ends of the furnace is all owed
to be lower than the central portion thereof in
tenperature, thereby realizing the sane inprovenent
effect as done by the nmethod of adopting the
tenperature gradient. In otlder to suppress the 30
surface oxidization of the bonding wire, a
| ow-tenperature at which an oxidation rate of copper
beconmes slow is set in the outlet port of the furnace
and thus, bonding strength of the wedge-bonded portion
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all, when the netal Mconstituting the outer |ayer

i ncludes at | east one el enent selected from anong Au,

Pd, Pt and Rh as its main conponent, it has been

proved that in the pure N2 gas, it was conparatively

easy to inprove the sphericity and stabilize a ball

size, 5 EXAI\/PLES [ 0095] Next is a description of
Effe@f(%ﬁ%ﬂ’@smﬁﬂe & present invention. [00961 10As a raw
[004mter| al of a bonding wre, copper used for a core

rial s% or r urjt
T eptaint o T b ding e hypsareRs s tvsmlin, Jofh pegsible
to radacdRbhd faﬂﬁ&scmt £TCByest, to hm;eowé the b&@lﬂm&%mhtyrand the

wirg, e B AT Wl AR SR P B A B Eopgr-pased
bondn:greWme wesviagp|aglreoitages heudor as rrmeemealsmn ompterial cost,
excéﬂ&&rbéﬂ’ bf)?ﬁgbﬂl 1?(!: r&;la?llllﬁ?tlﬁl e SERMest & Q%fiow test,

per on e su re, an electroly
longﬂraﬁtqarggﬁehfmm% c@mﬁttﬂallﬁs SVEP MEre dibeeping ;f@li cﬁne pitch
tecHlighibNEndehO Wke. @an evapor ation nethod, nelting nmethod
or the like were practiced. In order 20 to forma
concentration gradient, heat treatnment was applied. A
met hoBEST MODE Q?‘CDR@ABHIN@WTHFH@ INVENTIOB
[Ooﬁ]ameter and a nethod of thinning a wire to its final
anet er by applying a wire drawi ng process, after

havilhg ftodyef a bending wirayempaising cecors matitaakwiose main
comﬁﬁh@rﬁ’ HD |c ﬁP £ho z?ée‘acltag@{' )ébhﬁuﬁh@% 'an&elt?il g:xa%nﬂave aled
ectro ess

thawﬁhﬂaibﬁbepwmgempag.%f eeslger b Pnéaailttérneamb@ eunected by
conﬁﬂ"ﬁhﬂg’ ¢He adtalS M e EARYiAityOsf Bt ce DFSIIRL weFe, unstable

fors3E 8 S A & PCHERETER G FEEHTSS 10 SHEoHhRPded portion

in therhateydt tebeonireBowaiest have begsimegnelwpesuds, @mdacfui-ther the

o 0 S S SRR gy

resyi of30a viagostadlieth @ h@nexrb wapp| Wbu:hs@am taeet the
newanéédiseﬁ%ﬁl bﬁbﬁa@ﬁféﬁ&h&%@e@%h A\ £ﬁaﬂrﬁ"ﬂl 'Bgrnlg_é at a fine

el ocity applle
> shigh reliahilityonrathevedey §9n§ dVBOTRA e abﬁ@maﬁn fagigue,
prowh@%%oka@ lﬁ'@liin(iigl@@ﬂlk\w&rﬂdﬂ&ﬂch @an sisbemdetvhé Gieeds for

fartpied Hripob bR 38 a8 BrGadiid SLAMRIAEIAE 83 piifovoment in
bonding rstabilitgSwhedi ibirg amlindrgrnsive gasefir weducipplpakaging

prof%bggrg;jéﬁ Nitah 44 %%H%Whﬂ%@ ?xlfaﬁéﬁ \é’aﬁféddd\{AJﬂenggt?%pge wire to
haviepam eaten laxerswity aaspasifie f 55 dRou sReeis iduelness range.

Fuﬂﬁéf r#3hadheen! oA 806 & LR dacﬁh%h%i’ GffRts caht bdBbtained by
opper or .a nolten copper all n the center

[
conswoﬂénﬁ oA DO RS R, (RIRC e A SNk o S pe¥gr. the core
matdreileatd.er, processes including forging, rolling,
[Oogﬁﬁ W re- dr awi ng and heat treatnment were applied, thus
ufacturing the bonding Wre. [00991 In heat
t r edhnetiterofords i ised axdcalsldi ﬁ:gltt D hdmiipgew'fmt includes a core
n r

mafé} .#&%ﬁ&é"%&&ﬂs ﬁl&?ﬁ 3’.‘%?%: gie[éiﬁn%lﬁﬁ?ﬁﬁfgnd an
outelerlpﬁelamo@dgdadnmdameamaéeh@& S@ld vt g@yer containing a
mefAMeHULBFrASh IR Sald LR BRI qh' b4 88 botRloff@Rkponents

treatnent furnace were enplo conver

and epraposifen; @Wiﬁeﬂhﬁ@@@aﬁh ouber laes 15 Gk % # Bel2zm in
tenperatures and then enable control of the 15
tenperatures. The tenperatures inside the furnace were
set as 200 to 700 degrees and a wire draw ng
velocities were adjusted wwthin 10 to 500nm m n. The
tenperature was, for one exanple, set to attain such
di stributions as to be high, nediumand | ow
tenperatures or medium high and | ow tenperatures from
awre inlet port to a wire outlet port and each 20
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[01051 Wth respect to ball form ng perfornmance, as
the shielding gas used to suppress oxidization, the
conpari son was perforned between the standard 5vol % H2
+ N2 gas (fed froma high-pressure bonb and its purity
25 was 5N-up) and the pure N2 gas (fed froma
concentrated piping and its purity was 4N). In the

thickhaks! a%grr @taaolﬂgyﬁ\ig tHé' bbAdinka ireqhu@@ ehlsr @tm%f&fm@ eﬂe&@can be

di a di anet efi ne
obt%nﬁ reEessess theawize %ﬁ&lﬂr@ BbAdWR g@ép@deéw\f/@al in a

theﬁﬁahcﬁﬂ@ m@strfg‘@!l‘ Q@éﬂ) @m At Bs ¢epe [aSHY mendtiane, Al ﬁ@i'dmg

“malgh GRS Rt gpel‘ég?eéi; Poidl T Th2CSereR i 8 43 Shapof A" dopper

conespieafiornbal totad lmbncématlanoaif ¢upper abmb thalmsﬂmﬂl@écis 50% or
1%alls were generated to indicate the failure and
therefore i nprovenent was required. The mark A denotes

[0044le experinmental result that although the two or |ess

ab”?ﬁ o AP Lkl deS aNAr LE?HGE @ﬁa};ﬁf@‘hﬁ%éﬁ&e&n so that
t he. sur ace, was far e or t e nu ose
thewpabnsirpyy 1 1Sesgefrret¥ﬁg@dm ety disn AL @éabé@r dop rhﬂ%uﬁér@answn
diffeedhcds AmbR eencﬂ”p%u[@lﬁﬁ Ored@iohelealdh €raxpedndedtalicon chip,

kS R s TR S0 B T A o
portibe ﬁmtemt otigindlis werle isnstiréngttd hhehefwedgétbonded portion
Ty

becqines dowet: éhania wiye geoelf; stvedtoveeduadion ohadcropg sectional area

'anddiﬂfﬁ&fﬁé%{tﬁi opia%icél d&femsa@tweﬁme P9 rBaddsid® W&&itﬁfhally, it

ese narks were entere
hasctarreﬁ# ouﬁ athﬁt psﬂwag'm&e% FHESERe PEMesto ogeux 18 thFd‘Té’éntY of
the | wedge-jdidigde portibng foneesiles hapee ofind mmpsw@v@oﬁﬁe@l are

bal 1. ob ded bal | s. .t he

rengitedhe REREP sheester Breaiocs PoBlind pubRE B st 38 at
wedgereomlal instteethce Bactorofidetsbly oweasdmondbat ofl augpb;lj bonding
wirkD POF tYRSE £ @%{ﬁ‘% Egéuﬁb ge tlﬁ’l faﬂ’iﬁ%sfﬂf @@O@‘%@& 5@&61&&35 a

of an n|t|a to a wre dianet
moxteon@,uzr cqpers inna srestaechonrdask portianef theicameeEbaged onding

wird@BahQh PRt WhasR1d dbhei w@fb' nitial ball dianmeter to
[OO%E),(]WI re dianeter was 1.5 to 1.7. The mark x denotes the
perimental result 15 that 5 or nore defective ball
shajéshs uaitendayer is 061 8 Osthpen depdritkdeds; dtnis considered

e R B SR oL HE IS boned portion
in a gL ttesteis uh@efﬁcuvex agront by theemetpeM ﬂ@mfatutms ¢he outer
1ayé1hﬁs 1& &evélaﬂeé&ﬁé Y8 r&alphr@hﬁps WeLI5e 106886 HoRdeANS. If the

her ef ore esl rove the ball bonded
tblvéwﬁééz a%eqféé@e‘a@ znﬁeommoxeot%ﬁ%% ayer figgomes substantially

staiized e ﬁonﬂ%ﬂuﬁﬁte&'ﬂﬁb onEinefedie detfeinicVe BAfll hence high

i S A L e L LB L R e

0.02Dimnit hiaal H)edmeﬂﬁﬂrmhﬂpeﬁgwfed bat thht eufficipAd @€liafligy in a
TCPYBLHALLORS: B BRI DkRRe GAYLIN a8 AR i balhhable to the

and mnute une ressure onde
factvghat Jthag@utem layenntnwhhensuwﬁgnﬁhaewm@y isheubjepted to large

def%%%ﬁtﬁﬁ Mo a8 ditid: kb%?dan%otaégaﬁﬁlﬁ‘e%%‘é? :%E‘é‘#“a calized
regiangy puch Whﬂt dRyoBe gegion dbe s0Wigs lpyendnlinamamsobhin at the
boniRHe isttrFAABRLC BN | §hEEhRNdeSBn0mdRhRePAalyePoBR@Els, so that

portions where m nute unevenness that was generat ed

were found 30 and therefore, the balls were judged to

be defective. The mark A denotes the experinental

result that 2 to 7 shrinkay® cavities were generated

or 4 to 29 ball bonded portions where m nute

unevenness was generated were found and therefore, it

was desirable to inprove the defectives as needed. The

~mark O denotes the experinental result that no



10

15

20

25

30

35

besides 2 to 4 wres of 2mmlength were defective and
therefore the | oop 35 shapes were judged to be
conparatively good. The mark O denotes the
experinmental result that one or no wire of 0.5nmm
l-ength was defective and therefore the | oop shape was
judged to be stable. These marks were entered in a

suffoéntrmtertiop stremgthi toywitsstand thebl'e7. tesheaprnothe ensured.
Eve‘éallfﬁﬁé Rltet ?%yé}eé}ﬁgﬂs ife 9@tdtﬂ@bgﬁdéd‘§ﬂfécrfzﬁﬂee Bhe uneven

rnmance on t i nterface, het he core
outeraleger aﬂemoxk%efﬁefrtwﬁlﬁ rt9 IOV e &1\ 1HH %dlln:g strength. In

the %h%?ﬁla? %Etdiﬂ?bf 5#14"9 rpEer tost, HOWYbr, the straife in tensile and
evalyatiqons of a flaw a e surfa
comprean N2 LAY and SB RLARON B b MRS nding,

' thelléwpm&ﬁg ap enpossibld o@pnwaze boffiidnt resistarceppapertds. On

the (ST i Fer®, it B visfio S a?%’—é?‘fﬁ‘%g.@ jplen the

smomhnészr oftal baldsuriece deteddratase sndedefedlssefihalls ced from
a ce%[tgi' qﬁté.)&nal-lrll?@r Lkg‘ééo‘iféﬂbvéé&&” %ﬁé RabiN @@Qn&iatbti'hﬁes of a

| oop an

ballosbape aatndo rﬁliwaslf périsoP idame 1 55 ﬁ%{ gﬂgng’émabﬂlty and
(&‘er ﬁ&hd‘agolhﬁy tHRIHRLS cBhvERGohHOP befthcﬁ)ﬂ'@&éI@d lohBe difficult

éal uati gns. The, mark x, denaqt t he experinental -
to achigyeat; fhe sameq Kirge, ¢ag he s lﬁg “wires were found and

[ooaTleir flaws were pronounced and therefore it was

it frabl if tad o BtAn Ly 8.0 3hhel di90RkE0028% 0.005m
in thackmksswithe atefectsnin thaBCRetest fuided ’Ghﬂllst?m@]' ‘dnem,al history

conlHif&ld %98 31(3% e&éeﬁh gié}%l@tlﬁéphﬂél:@i'é(haﬁ'ﬂ{lyt%eE@fd%Slﬂéd More

wres were require

prefargbliallit in 20raRasod OdkhiR Qsoﬁﬁfémeig%rrﬁhéﬁﬂw in the TOT

testr 88861 thdafrick therdhad Hishes cohdesonetsn beundraimpreved.
éﬁwthat is seen as a problem was generated and

[00?‘ refore the surfaces of the wires were conparatively

goodI‘heTId@nﬁ@d( of thenotedge thomdedppormential thelT teisatis also

assge? ﬁlgecc{ %Fef@gl 3 an 8?%?1%%? %n%n leﬂ‘é%éé?f ﬁrame hsedmade of a

copper edlopethersonlpstrain e lareesand atblué laﬁ@l sybinst tyrfbeedamage of

ther@é&% %ﬁﬁe@ %@fl%ﬂ whife it sl Iﬁ@.ﬁefdfaélwﬁrﬁﬂoy with a small
scra

e tabl.e 3. ive th
coeffiight hE ¢ rn%‘gem%waﬂdsgleﬁté& W&ﬁ% edc}?%% a‘fs‘énSl&ermg
the&hﬁﬁ@és@ﬂg Rige @E&ﬁéﬁi%nﬁve ﬁ&pp’exdblﬁed M@n&amemm’i ﬂmrﬁmdaure and

they oARBHGAPAROLCR AV8r SR CKT B | BUG ONVRT. wjq p invehicle

sentieepdattaors- thiae mqahmarelmblmy sor hmbetmpamﬁwa, the geliability
of t\fferc%pg)%@ %%%eg%o%déﬁg‘vﬁgg s £t BB ost | MDA RIR M ted cases

repare W res were con ected an a
abaQrtAt axe stilhaot e iy, dessraenily hesomead hig RN tegipaue.
[0 ogbpnge in color on the surface of the wire by

T TR A R
sudﬂg 'ds?bﬁhﬁ%is?heZQQeWtﬁﬁﬁtcﬁ samgled, elmg atval eataoa tlﬁle and
abou m nut es sing.tine a
VAR SYAUHOTR CoPHE BEREPT s b TreRIN I haE SUERers i as a
1ea\dtl fragne anﬂtmm;mwltﬁangsresm eottties cidrami bl lyorokingi wis. \ﬂereefore,
d. .Th
the Wgensegttl_g%i% éa Ve, (g&q%gscer n| 9:8&15 fﬂi‘gé Hed: g@sdﬁﬂdced portion,

(haadndhzeneﬁ‘efwmd toas §oueder bcndm@@ae]r ée&th@S a simple testing
i nprovenent for exacting requirenents. The mark O
denotes the experinental result that 2 to 5 oxidation
di scernible wires were found and therefore, it was
judged that the oxidation |I'€vel gave rise to no
practical issue. The mark O denotes the experinental
result that one or no oxidation discernible wire was
found and therefore the wires were judged to be good.
10 These marks were entered in a columm "oxidization




10

15

20

25

30

36

In the evaluation of a capillary operating life, after
havi ng bonded 35 50, 000 bonding W res, contam nation
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

metWBHE 1B+ ¢ @ﬁﬂ&ﬂ te&%l&@ﬂ%' @E&’m&ﬁ@ a'E}Qr@ﬁB%e thﬁ@r th¥@3ame

no oper ati ona
corréleé:llmta{sdhat daihe Thadt t%ﬁ@antb%ﬁht@nﬁé 'é‘hme;@t a JAeRRIrement

metﬁld&%hadi}ﬁﬁﬁl M‘ﬁb@dﬁia&?' el %@ét tth%ﬁﬁléTﬁb ka?'w%d?@*]:»%nded portion

tere o capi atin he
diregtly) élpzvar@o%f@] cen lmprﬂ\éecf i dsake n%l%ﬁgt éﬂteﬁ on and
veloeit®] u&t; @ppf@ﬁtiﬁtes I%nﬁ*aé Rertfshahat bmdﬁxgamalr@ adld bbeding

samplOERERLHCR Rl B ApRach b tosets A ERED g i dpstbad a

tendmmypt]m e nond:r omcpdleamekéﬁ texpaues sbfe¢ts imhthe TCT test
Wascon ngam’?l'é %Ne&'%ar DHATR gxt'eae%tl fe%tnl%t a?pgﬁé& d Weans %nabling

rbon a hé surface 0
quaptitative aegh@;lu@floa off the mh&mr:@lont@ﬁrmﬁu @nthefweadge bonded

porﬁ@ﬁ%ha%?@ﬂoﬁ@ﬂ@ﬁhe%h&@u@ﬁ%h@’ﬂ@?%é&d in the table 1
[OOWﬁ denoted wwth the total of the netallic el enents

escrl bed as 100nol % In the exanples Bl to B33 in
t he Thabhetd, Mcay Q%am&xgguﬁ@mt vetle: ddterdhgeniy anestal other

thal e PN S5 HASE B SRLRRE WS p B ey o
bontivge eore andrm’ewen’sngftheamhdatmnobfawpgen arer esdmplgtAd, Pd,

|
Pt, lghg %'wexgﬁzgi R fgga'h% @&Fﬁdéﬂbé‘gﬁ{mbﬁé% :@n%hggﬁ%i at least
anyiond eldhsg Po ﬁ@@fﬂdaﬁél wsrdesizable ag theamehel Mo bas hagetofore
beeﬁ's@i&@és‘fuﬂ?cﬁ%ﬂ DY £ JuRRPer X %E68k Q(Eldnﬂb%\ﬂ-ﬂﬁént lof d¥ifesion

ProfRT aRIAING i CPatp BatiigEroah, DIANEe 1o Pt Flonbpde and the

llkephaJMgldn adehetoget shdatnalqidilivg ¢dmdroleisaéadet As foopPdrand P,

t t

thef SR i8] oot D7 aly " "Gablde) it 3388e, prabline a
prOfm effepdfor improvempat fof bonding reliahidity rurtdﬁaé thgll'€Titest to
be &mﬂné’@%lgﬁgm%e%QSb%aé‘grﬁﬁfﬁom ngglrglétyy Ritw @aﬁeemaf/cg@ﬁ having an
eXCfirEesl’tﬂ @dglﬁﬁﬂoé‘ BEORSLH| Wgaﬁé{@e’ﬁ) CHPR $e fg‘éﬁ?pggf psgrnancng a
pot&Ef®l £s aurdiger Waser! B eémngswﬁlhata n:ralhtt@nnahie@lt%f the outer

et B 85 Bk S e 4o G T, HE above

effethdopehpresdmenheofi ¢hkolwondimgs tmﬂmzéu]art)d uiderwetige TCT test

vec B8 08, B RG4S P ) L R BRRAIALS e
opeygtion r perfermange; a1 dibfusr rlrhn}@@% hagah vezifiade bbaltl Pd is also
advh At PR RS HRAEE o BRI Pﬂﬂ) ﬁ%éjsssﬁﬁﬂﬁlctﬂn Withine wires.

ﬁeep out behavior, dnd capillary clogging, even in
[Ooq e exanples Bl to B33, the sanme 35 results as those

in fF}ﬁe haliheconp®iéntobf ehé@ere [HdRG]al is copper, aﬁ@Ql property

W re cor di to the fir t as corr ons
theftgt ten TmtaErE s $40e A Ao S8t Hherfth faititife on
compionenacand ohamgpd&sat:bhens edbhen dop;sqre aﬂoyoW]esxpdﬂlrés core timeterial

t e iy .
hav%i( Jgﬁ %ﬁ & tnﬁgmt E&mgggggéé (Ii}gﬁreg g%fqg% t %5 dhdltlve element
seleettahﬁr@s amoag B, Bg I, 18y, By, Ts A, Ag4 Srpand2raresmrtBometals
an Bﬂl Bér a3&ndkBir %ﬂ oBlthe ft}v%zéieﬁgézrz S)B)?e?atlgézco dfl@ntire
Ing wre according tot ourth aspect

corresponds to the exanpl es 3, 18 to 20, 24, 31, B3,

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

the fifth aspect corresponds to the exanples 1 to 33

and Bl to B33. The bonding wire according to the sixth

aspect corresponds to the 10 exanples Bl to B3, B5, B8

to B15, B17, B19 to B20, B22 to B26, B29 to B33. The

bondi ng wire according to the seventh aspect
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_ the n‘iﬁslel

35 the sanpl es bonded at | ow tenperature, m aow
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thi ckness (nmetal NI concent- ration is sonei % or nore)
/gm Metal M concord- ration is ienol%or nore Itni
Metal M concent- ration is 90nmol % or nore filmnetal M
cenent- ration is 96nol % or nore /tun Cu concent-
ration /ol % on outer- nost surface Thick_ ness /gm of
Cu & 1 to 30 nol % 3ncent- ration Exanples 1 SAl

of thd QuQ%JIaS}eP?H 10 0PRa . @@im%l@% RO DR imploveterd Sffct is

reducec? in Some cases, wh%e 19 1t exceeds 5mol%, sliding resistance between
a bonding wire and a capillary inner wall increases to destabilize a loop
shape according to the circumstances.

[0053]

The cross-sectional structure of a bonding wire according to the
present invention can be fundamentally separated into either an outer
layer/core material or an outer layer/diffusion layer/core material. The
boundary of the outer layer referred to here is defined by a region where a
detected concentration of the metal M constituting the outer layer is
50mol% in total. Thus, the outer layer meant in the present invention is a
region outside of the site toward the surface where the detected
concentration of the metal M constituting the outer layer is 50mol%, i.e., a
region where the detected concentration of the metal M constituting the
outer layer is 50mol% or more in total. This is based on the finding that the
region where the above-mentioned detected concentration is 50mol% or
more acts dominantly upon the wire property that is affected by a diffusion
phenomenon at the bonded interface under high-temperature environments
such as a TCT test and reflow resistance. Although the above concentration
is considered to be comparatively high as a layer interface concentration, yet
distinguishing the region of 50mol% or more concenfration from an inner
portion of a wire and controlling such region helps not only achieve the
effects of the present invention but also manage and organize the overall
properties of a wire. As for the concentrations in the outer layer and in the

diffusion layer referred to herein, a total concentration ratio of the metal M

and copper is employed, using the concentration wvalue obtained by
implementing calculation with the exception of nonmetal elements and gas
components such as C, O, N, Cl and S in the vicinity of the surface.

[0054] _

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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13 0.001 OA BO.0005 A 25 3 SA3 Au 0.07 0.11 0.03
0.01 00 0.6 710.1 B 20 4 SA4 Au 0.11 0.23 0.002 O
50 0.002 3.3, 1r0.002 D15 5 Mo Pd 0.023 0.035 0.006
0.003 2 0.0008 0.1 C25 6 SAG Pd 0.03 0.08 0.002

region funetions in a somewhat different manner from the outer layer and
the core material. It is more desirable that a bonding wire include such
diffusion layer.

[0055]

It is desirable that the bonding wire include the diffusion layer
between the outer layer and the core material; and the oufer layer be
provided on the core material, and contain the metal M that differs from the
core material in one or both of components and composition, and copper,
wherein said outer layer is 0.021 to 0.12zm in thickness, and a region where
a concentration of said metal M is 10mol% or more is 0.03 to 0.2pm in

. thickness. If such bonding wire is employed, initial wedge bondability is

further improved and reliabi]ity of a wedge-bonded portion in a reflow
process using a Pb-free solder is even more improved. Here, the region
where the concentration of the metal M is 10mol% or more corresponds to a
combined region of the outer layer region and the diffusion layer region.
[0056] '

It is difficult in some cases to improve the wedge bondability and the
reflow property at the same time only by providing the outer layer having a
specific thickness, and thus, the thickness of the region where the metal M
concentration is 10mol% or more, in other words, the total of the respective
thickness of the outer layer and diffusion layer plays a more important role.
The reason is presumably that not only the outer layer but also the diffusion
layer functions at the bonded interface because a bonding wire 1s subjected
to complex plastic deformation to partly cause a considerable amount of
deformation in the wedge bonding. If the region of that concentration range
is 0.03zm or more in thickness, non-stick failure which often becomes a
problem in a wedge-bonded portion of the copper-based bonding wire can be
further reduced, making it easy to further improve a mass-production yield.
Also, as another effect generated when the region of that concentration
range is 0.03zm or more in thickness, cracks and fractures in the
wedge-connected portion can be decreased even if thermal strain increases
at high reflow temperature. In the reflow process, a semiconductor element
18 subjected to short-time rise and fall in temperature and therefore,
reliability that is somewhat different from that in the TCT fest 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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0 40 0.002 02 A 25 7 SAT Pd 0.035 0.05 0.01 0.007
15 0.0006 0.3 Zr0.005 B 18 8 SA8 Pd 0.04 0.06 0.02
0.012 18 0.001 0.4 AgOD1 A 25 9 5A9 Pd 0.045 0.08
0.01 0.008 32 0.002 0.5 B 25 10 5A10 Pd 0.05 0.08

0.2zm in thickness, flexural rigidity of a bonding wire gets higher and thus
in some cases, loop shape varies more widely. Here, if the diffusion layer is
assumed to be a region where the concentration of the metal M is 10mol% or
more and is less than 50mol%, then the thickness of the diffusion layer
alone is desirably 0.009 to 0.18zm. Preferably, if the region where the
concentration of the metal M is 10mol% or more is 0.04zm or more in
thickness, then reflow resistance can be effectively enhanced even in a
sample that is wire-bonded at the low temperatures less than or equal to
180 degrees C. This is because an adequate strength is sometimes difficult
to obtain at an initial stage in a wire bonding operation at the low
temperature not more than 180 degrees C, lowering the wedge bonding
resistance properties as compared to a wire bonding operation performed at
the normal temperature of about 250 degrees C.

[0057]

It is more desirable that the bonding wire include the diffusion layer
between the outer layer and the core material; and the outer layer be
provided on the core material, and contain the metal M that differs from the
core material in one or both of components and composition, and copper,
wherein said outer layer is 0.021 to 0.12zm in thickness, and a region inside
said outer layer where a total concentration of said metal M is 30mol% or
more is 0.004 to 0.07zm in thickness. If the foregoing bonding wire is
employed, the storage life of the wire left in the atmosphere can be
substantially improved in addition to the improvement of bondability in the
TCT test.

[0058]

Taking an actually stored sample as an example, it has been
confirmed that there occurred no non-stick failures of the above-mentioned
bonding wire at a wire bonding process even if the bonding wire was 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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0.03 0.03 0.1 0.0008 0.5 900005, 1310.001 8 20 11
SA11 Pd 0.055 0.13 0.005 0 48 0.005 0.7 B 25 12
5Al2 Pd 0.06 0.11 0.02 0.01 10 0.001 0.7 B 30 13
5A13 pd 0.065 0.09 0.055 0.04 0 0 0.8 B 25 14 5A14
Pd 0.07

left in the atmosphere for a longer period of time, its workability is expected
to be improved due to the facts that a guarantee term for the quality of the
bonding wire is lengthened and the replacement frequency of wire in
practical use, is improved by increasing the number of turns of a wire
product.

[0059]

The concentration of copper is less than 10mol% in the region where
the concentration of the metal M is 90mol% or more in total, and hence the
metal M becomes highly concentrated in the region inside the outer layer.
This high-concentration region has a barrier function for blocking the
internal penetration of oxygen and the diffusion of copper toward a surface
and it has been found out that a concentration for enabling the
enhancement of this function is 90mol% or more. If the region of this
concentration range is 0.004zm or more in thickness, then the barrier
function effectively operates to inhibit oxidation and sulfurization, and thus,
the storage life can be improved so as to be kept effective for thirty days or
more at normal temperature. If it exceeds 0.07pm in thickness, however,
unevenness on a surface of a ball increases or the ball is hardened and thus
the shape of a ball bonded portion deteriorates. Desirably, if the
high-concentration region is in a range of from 0.008 to 0.06zm in thickness,
the storage life can be extended up to a still longer period. More desirably, if
the high-concentration region is in a range of from 0.01 to 0.05um in
thickness, the storage life is still further improved, enabling the inhibiting
of failures in the wedge-bonded portion of a bonding wire after the long-term
storage.

[0060]

The problem resulting from wire oxidation is that its oxidation is
accelerated at high temperature in a packaging process. In a bonding
process, a stage mounted with a semiconductor is heated at 300 to 500
degrees C and therefore, the wire bonded through the formation of loop is
left at high temperature. In a high pin count LSI whose number of terminals
exceeds 500 pins, bonded wires are left at high temperature for more than
several tens of seconds in some instances. Some of the bonded portions are
left for several days in the atmosphere after bonding, and the progression of
initial oxidation is disadvantageous in terms of quality. Surface oxidation of
a wire resulting from letting the wire stand at high temperature leads to
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0.12 0.04 0.02 1 0.0002 0.9 B0O.001 B 30 15 SA15 Pd
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0.15 0 0 40 0.01 1.2 B 23 18 SAl18 Pd

failures such as deterioration in reliability and difficulty in quality control
or the like. By the oxidation of a wire surface, fro example, adhesion
property between encapsulating resin and a wire surface changes, and as a
result, water can easily infiltrate the interface therebetween and thus there
occurs the concern about degradation of long-term reliability.
[0061]

If a semiconductor device bonding wire includes the outer layer of
0.021 to 0.21zm thickness and the region inside the outer layer where the
concentration of the metal M is 96mol% or more in total is 0.002 to 0.06zmm
in thickness, then it is effective for inhibiting the progression of oxidation
while the bonding wire connected in a wire bonding process is being
mounted on a heating stage. It has been found out that high-temperature
oxidation is difficult to reduce only by the management of the outer layer
thickness, but the composition of the outer layer, specifically the region
where the concentration of the metal M is considerably high functions to
inhibit the oxidation. If a high-concentration region where the metal M is
96mol% or more in concentration is present inside the outer layer, enhanced
effects can be exerted which simultaneously prevent oxygen from
infiltrating inward a wire, and copper from diffusing into a surface of the
wire even under high temperature heating. If the region where the metal M
has a concentration of 96mol% or more is 0.002zm or more in fhickness, a
wire can be prevented from being oxidized while it is being heated on a
stage. On the other hand, if the region exceeds 0.06;m in thickness, the
sphericity of a ball that had been melted and then solidified gets unstable to
arouse concern about decrease of productivity. Preferably, if the
high-concentration region where the metal M is 96mol% or more in
concentration is 0.004 to 0.05zm in thickness, a profound effect can be
exerted that even when using a thick wire used for a power system IC or the
like and having a diameter of 35zm or more, its high-temperature oxidation
is restrained. This 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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D 35 21 SA21 Pt 0.027 0.035 0.007 0.002 10 0. 0006

0. 04 C 15 22 SA22

[0062]

In order to adapt to diversified LSI packaging structures and
interconnecting technologies, even for a bonding wire having such
comparatively thick outer layer as 0.021 to 0.21pm thick, further
performance gains are sometimes required in respect of sliding performance,
surface scraping reducing performance and unreeling performance. The
deterioration of the sliding performance between a capillary through-hole
and a wire surface deteriorates causes a loop shape to vary widely. With
respect to the surface scraping, flaws and scrapings are generated on the
surface of a wire in the process of loop control to cause the clogging of a
capillary through-hole and short-circuiting due to the scrapings coming in
contact with adjacent wires, thus giving rise to the practical troubles. When
the unreeling performance deteriorates, in the case of reeling a wire out of a
spool, the wire is subjected to deformation such as wire bending, degrading
the linearity of the loop shape of the wire bonded, and when the unreeling
performance remarkably deteriorates, the wire may be broken to stop a
reeling device in some cases. By further improving these surface properties,
stable mass-production can be ensured as a result of satisfying the latest
packaging needs requiring the strict loop control, such as that needed in fine
pitch connection and multi-tier bounding.

[0063]

It has been found out that in order to improve such performances
attributable to the surface properties of a wire as these sliding performance,
surface scraping reducing performance and unreeling performance, it is
effective to form a region in the surface of the outer layer where nonmetal
elements such as carbon, oxygen or the like are concentrated. This is
because it is difficult to solve the problems described above only by
regulating the components and compositions of metal elements that make
up the core material and the outer layer. It has been confirmed that the
effects of these nonmetal elements in the surface are associated with the
thickness of the outer layer. If the outer layer is 0.021 to 0.12zm 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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Pt 0.04 0.09 0.01 0.006 13 0.001 0.3 A 20 23 SA23
Pt 0.08 0.12 0.02 0.008 22 0.001 0.7 A 23 24 SA24
Pt 0.1 0.16 0.04 0.02 0 0 1.1 1r0.025 PO.15 B 25 25

5 Pt 0.12 0.19 0.08 0.07 0.8 0.0003 1.6 0 23 26

outer layer is considerably thick, i.e., as thick as 0.12zm or more, then the
strength and metal texture of the outer layer function dominantly and thus
it is difficult to improve the performances by controlling the nonmetal
elements in the surface of the outer layer.

[0064]

As far as the concentration calculation of carbon and oxygen is
concerned, it is calculated based on the total of the metal elements such as
copper, the metal M and the like and the nonmetal elements such as carbon,
oxygen, nitrogen and the like. On the other hand, when calculating the
concentration of the metal M and copper which make up the outer layer and
the core material, a concentration value is used that is calculated based on
the total of only the metal elements, excluding nonmetal elements such as
carbon, oxygen or the like in the vicinity of the surface. By utilizing these
two methods for calculating the concentration as the situation demands, the
associations with performances under actual use can be made clearer.
Carbon and oxygen are concentrated in a certain region in the surface and
such region only exists in the vicinity of the surface defined from the
uppermost surface to the depth direction of up to 0.01zm or less, and carbon
and oxygen are not contained inside the outer layer nor in the core material.
Properties affected by carbon and oxygen are limited mainly to sliding
performance, surface scraping reducing performance, unreeling performance
or the like. Most properties (the TCT test, the reflow resistance, the wedge
bondability, the ball bondability or the like), described in association with
the foregoing metal M, copper and part of the alloying elements serving as
main components of the outer layer and the core material, are governed by
the composition and components of the metal elements including the metal
M and copper. It has been ascertained that carbon and oxygen have a less
direct effect thereon. '

[0065]

If a semiconductor bonding wire includes the outer layer of 0.021 to
0.127am in thickness, the carbon concentration of 15 to 80mol% on the
outermost surface of the outer layer, and the region where the carbon

~ concentration is 5 to 80mol% in the depth direction from the surface thereof

(hereinafter called a carbon concentrated region), the sliding performance on
the surface of the bonding wire is enhanced to stabilize a. loop shape, and
thus flaws and scraping-off, of the bonding wire can be restrained. The
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Sn001 8 25

reason for limiting the carbon concentration on the outermost surface of the
outer layer is that the carbon concentration of 15 mol% or more can
contribute to improving the sliding performance while in certain instances,
it becomes an issue that if the carbon concentration exceeds 80 mol%, then
the bonding performance of the wire deteriorates, resulting in the
degradation in continuous bonding performance. At least part of a
high-concentration-region of carbon in the range of 5 to 80 mol% exists as an
organic film and 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 region is 0.0004 zm or more in
thickness, .the buffer function for enhancing the sliding performance is
expected to be produced, while if it exceeds 0.01 zm in thickness, the
continuous bonding. performance deteriorates and it becomes an issue to
cause a non-stick failure particularly in a thin wire of 20um or less in
diameter, Desirably, if the high-concentration-region of carbon is 0.0007 to
0.007 pm in thickness, then a bonding velocity can be accelerated due to
effects of suppressing flaws and scrapings of a wire which result from
improving the sliding performance, an effect of widening a manufacturing
margin in wedge bonding or the hke, thus achieving further contribution to
improving productivity.

[0066]

As methods for controlling the foregoing carbon concentration in the
surface of the outer layer, it is effective, e.g., in a wire manufacturing
process that adjustments of a lubricating liquid, a wire drawing velocity,
cleaning, drying time or the like in a wire drawing process, or adjustments
of the application of a corrosion-proof agent and a lubricating agent, an
immersing condition, cleaning, dying or the like in an annealing process, are
selected as the need arises and thus are optimized. Above all, it is effective
that in the middle of or at the end of the processes such as wire drawing,
wire annealing or the like, the corrosion-proof agent, a surface acting agent
or the like are applied onto the surface of the wire. By optimizing
embrocation conditions (solvent, solvating media, concentration,
temperature, immersion time and immersion velocity), cleaning conditions
(temperature, immersion time), drying conditions (gas, temperature, air
volume) or the like, the above high-concentration-region of carbon in the
surface of the outer layer can be controlled. With respect to the
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30 SA30 Pd, Pt 0.07 0.14 0.02 0.006 28 0.003 0.8 D
30 31 8A31 Au, Pt 0.022 0.29 0.01 0.005 9 0.001 0.1
P02 A 18 32 SA32 Pd, Rh 0.1 0.17 0.02 0.01 4 0.0008
1.5 Ag0.03 D 30 33 5A33 A9 0.09 0.15 0.043 0.02 38
0. 007 12 B 25

corrosion-proof agent, there are many choices according to the components
and composition of the outer layer. A corrosive-proof agent for copper such as
triazole, benzotriazole, imidazole or derivatives from these chemicals or the
like is also available. Besides, there are many kinds of lubricating agents
added into a liquid tank in the wire drawing process. For the composition
thereof, however, mixing oil, soap, a surface acting agent or the like is
basically necessary, and it becomes important to optimize the selection of
these main components and a compounding ratio thereof. By classification
in terms of addition and modification of processes, the addition and
modification of process, for highly reproducible and precise concentration
management, can be classified into the following cases: one 1s an addition of
process that adds a new process focused on controlling the carbon
concentration on the surface, and the other is a modification of the existing
wire manufacturing process where the existing process is subjected to slight
improvements and conditional changes or the like in order not to increase
the number of production processes with manufacturing cost given the
priority. In either case, a region having a desired carbon concentration can
be formed by comprehensively optimizing the processes.

[0067] ‘

The wire unreeling performance is one of the basic performances
under actual use, but a dominant factor thereof in the multilayer copper
wire still remains unclear in a number of respects. Typically, a 200 to
3,000m-long wire is wound around a spool with a certain degree of tension
applied thereto, and then shipped under that wound condition. Then, the
spool is mounted on a bonding device to perform continuous bonding with
the spool being rotated to unreel the wire. If the unreeling performance of
the wire deteriorates, there occur the failures of a circular-arc-shaped
curling of a wire and the failures of a bending of a wire that is plastically
deformed in a dogleg manner, leading to the problems such as degradation
in loop linearity and occurrence of wire fractures. On the other hand, if the
priority is given only to unreeling performance and a winding tension is
excessively weakened, there will occur a loosening of the winding, leading to
another problem that the whole of the wire wound around the spool becomes
unusable.

[0068]

A wire wound around the spool in a manner biting thereinto,
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loosening of the wire wound around the spool, and wire adhesion often cause
deterioration of the unreeling performance of the multilayer copper as main
factors thereof. It has been found that in order to suppress these failures, an
oxygen concentration in the surface of the wire can be effectively controlled.
By controlling the oxidation of the surface of the outer layex, wire sliding,
wire friction or the like are subjected to fine adjustment while restraining
metal joining that is restrained between outer layers in the vicinity of
interfacial faces on which the outer layer of the wire wound around the
spool contacts, thereby improving the unreeling performance. At the same
time, if an oxidized film becomes excessively rigid, the rigk of damaging the
bondability acts as the advantage of the multilayer copper wire is involved
and therefore, the management of an oxygen concentration and film
thickness becomes important. Though only a single oxidized film is formed,
the unreeling performance can comprehensively be difficult to improve and
therefore an oxygen concentration on the outermost surface and in the
depth direction can be effectively optimized. Further, an appropriate
condition of surface oxygen varies depending even on the thickness of the
outer layer of the multilayer copper wire and hence it is important that the
thickness of the outer layer, a surface oxygen concentration, and an oxygen
concentration in the depth direction are comprehensively optimized.

[0069]

If ‘a semiconductor bonding wire includes a region where the outer.
layer is 0.021 to 0.12zm in thickness, the outermost surface of the outer
layer is 1 to 26mol% in oxygen concentration, and (hereunder, referred to as
an oxygen concentrated region) the surface of the outer layer is 0.2 to
26mol% in oxygen concentration, is 0.0005 to 0.007zm, the improvements in
unreeling performance from a spool, loop linearity and wire bondability or
the like can be realized at the same time. The reasons for this fact are that if
the outermost surface is less than 1mol% in oxygen concentration, the
bonding failure of mutual outer layers (heating bond failure) occurs, while if
exceeding 25mol% in oxygen concentration, bonding performance of a thin
wire deteriorates. The oxygen concentrated region whose oxygen is 0.2 to
25mol% in concentration, effectively operates for suppressing a
breaking-into action in a contact portion between outer layers and the
bonding failure. If oxygen concentrated region is less than 0.0005zm in
thickness, an effect for improving the unreeling performance is less and if
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exceeding 0.007m in thickness, then the bondability deteriorates.
[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
regulations of cleaning, drying or the like in the wire drawing process and
the adjustments of thermal history, a flow volume of an atmospheric gas,
annealing time, an atmosphere in cooling or the like are effectively selected
and optimized as needed. Further, the annealing process and the wire
drawing process are combined to comprehensively optimize the processes
and thus a desired oxygen concentration region is advantageously formed.
Above all, it is effective for controlling the oxygen concentrated region on the
surface of the outer layer that a heating condition (temperature distribution
inside a furnace, a drawing velocity) in the annealing process and a cooling
condition (a gas type, a flow volume, shielding performance) are optimized.
Further, a wire drawing process— an annealing process— a wire drawing
process— an annealing process are performed in the order mentioned above
and by combining the optimization of the annealing and wire drawing
processes as described above, the reproducibility can be improved in
controlling the oxygen concentration in the depth direction. By classification
from the standpoint of adding and modifying processes, in order to manage
the highly reproducible and high precise concentration, this classification
approach can be classified into an approach of newly adding a process
focused on control of the oxygen concentration on the surface, an approach
of satisfying a certain improvement and certain alternation of condition in
the current wire manufacturing process for the purpose of giving priority to
manufacturing cost not to increase a process.

[o071]

If a bonding wire includes a region where a concentration of the
metal M which makes up the outer layer and is other than copper in the
whole of a wire is 0.05 to 3mol% in total, by a property that a ball is
prevented from hardening in addition to the improvement in long-term
reliability in the TCT test, advantages are given for an increase in bonding
strength, a reduction in sweep-out behavior (failure in aluminum splashing)
of an aluminum electrode material toward a periphery of the ball and in
chip damage. In certain instances, it becomes a practical issue that a ball on
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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
a wire, even if the metal M is solid-dispersed in a ball, a degree of hardening
can be restrained. Here, if the concentration of the metal M in the whole of
the wire is 3mol% or less in total, an effect of reducing splashing of
aluminum can be achieved by suppressing the hardness of the ball and more
desirably if being 2mol% or less, an effect for suppressing the sweep-out
behavior of aluminum is obtained, providing a good bonding result. If the
metal M is 5mol% or less in concentration, it becomes difficult in some cases
to stably realize in a mass-production process keeping the above outer layer
at 0.021 to 0.12pm in thickness.

[0072]

Such a semiconductor bonding wire including a diffusion layer
between an outer layer and a core material is more desirable that includes
the outer layer provided on the core material, copper, the metal M with
difference in component and/or composition from those of the core material,
the outer layer of 0.021 to 0.21zm in thickness and a copper concentration of
0.5 to 45mol% on the outermost surface of the outer layer. By utilizing this
bonding wire, a sufficient effect is achieved to reduce the failure of
misalignment of a ball bonded portion. The mass productivity is enhanced
even in a chip with fine pitch wiring where the spacing between ball bonded
portions is narrow. Here, the concentration on the outermost surface means
a concentration in a region of 2nm in depth from the surface.

[o073]

If the outermost surface of the outer layer exceeds 45mol% in copper
concentration, due to the nonuniformity of distribution, expanse of arc
discharge and melting only one end of a bonding wire in preference, the
misalignment of a ball takes place in forming the ball in some instances. Arc
discharge has a profound effect on the outermost surface, besides copper and
the metal M are different in electron emission, leading in a certain case to a
change in ball shape depending on the copper concentration on the
outermost surface of the wire. If the outermost surface is 0.5mol% or more
in copper concentration, an effect for reducing the failure of eccentricity is
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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
ball is more improved, militating for a fine pitch wiring.

[0074]

If a semiconductor bonding wire includes a region (hereunder,
referred to as a copper concentrated region) where the outer layer is 0.021 to
0.12zm in thickness, the surface of the outer layer is 1 to 30mol% in copper
concentration is 0.0005 to 0.008zm in thickness, the eccentricity is
restrained in forming a ball and a shrinkage cavity of a ball end and minute
irregularities on a ball surface can be reduced and further a
pressure-bonded ball shape is stabilized and furthermore a variation in ball
bonding strength is reduced, thus permitting mass productivity to be
improved. Effects are considered to be exerted in which since there exists a
region where copper is concentrated on the surface of a wire, the expanse of
arc discharge is stabilized and the mixture of copper and metal M in melting
and solidifying of a ball is advanced in a short time. If the region where the
surface of the outer layer is 1 to 30mol% in copper concentration, the above
effects are expected. The reason for this is that if the region where the
copper concentration is dense and is 0.0005zm or more in thickness, an
effect can be achieved which suppresses shrinkage cavities and minute
irregularities. So, if exceeding 0.008zm in thickness, eccentricity occurs to
lead to the potential for mAaking a ball shape slightly unstable.

[0075]

There is no problem even if a structure of the copper concentrated
region contains an alloy of the metal M and copper or cuprate. Further, even
when the cuprate described secondly has been formed, at least parts of the
copper concentrated region and oxygen concentrated region are overlapped
to thereby achieve profound effects of suppressing the shrinkage cavities
and minute irregularities in forming a ball and of improving the unreeling
performance at the same time. The copper concentrated region not always
has to be located on the outermost surface and is also effective even if
existing inside the outer layer. Desirably, the copper concentrated region is
located in the vicinity of the surface of the outer layer and specifically is
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located on a more surface side of the outer layer than quarter thickness of
the outer layer to thereby achieve a remarkable effect for suppressing the
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
be achieved which satisfies both of forming a good ball, suppressing the
scraping and a flaw on the surface of the wire. '

[0076]

As approaches for analyzing the concentrations of the outer layer,
diffusion layer and core material, effective are the approach for performing
analysis by digging down from a surface of a bonding wire into its depth
direction using a spattering method, 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 layer and, however, when the outer layer
is thick, it takes an excessively long time to measure the concentration. The
second approach is effective when the outer layer is thick and has advantage
that it is comparatively easy to check the concentration distribution of an
entire cross-sectional surface and reproducibility in several points. When
the outer layer is thin, however, the measurement accuracy deteriorates in
the second approach. Another approach is also possible in which a wire is
slantly ground to enlarge thickness of a diffusion layer for measuring the
concentration. Line analyzing is comparatively simple in a cross-sectional
surface. When analytical precision is desired to improve, however; it is also
effective to narrow an analyzing spacing in the line analyzing and analyze a
spot by limiting a region desired to observe by confining to the vicinity of an
interface. As an analyzing equipment used for these concentration analyses,
utilized are an electron probe microanalysis (EPMA), an energy disperse
X-ray analysis (EDX), an Auger spectroscopy analysis (AES) and a
transmission electron microscope analysis (TEM) or the like. The AES has a
high special resolution in particular and hence is effective for the
concentration analysis in a thin region on the outermost surface. For the
research of an average composition, it is also possible to proceed to melt, by
acid or the like, a layer from its surface thereinto in incremental steps and
thus enable a composition of the melted portion to be determined from a

concentration of matter contained in the acid solution.
[0077] -
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It is effective 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
concentration gradient of copper and one or more layers of the intermetallic
compounds primarily containing copper and the metal M, the intermetallic
compounds improves the mechanical characteristics such as strength and
coefficient of elasticity of the bonding wire to become more effective for
improving the loop linearity and suppressing a wire shift in encapsulating.
[0078] _ _

While manufacturing the bonding wire according to the present
invention, a process for forming the outer layer on the surface of the core
material, working and thermal treatment processes for controlling the outer
layer, the diffusion layer and the core material is required. In order to
control the outer layer, the composition of the core material and thickness,
in the above processes for forming the outer layer, management of the
thickness and the composition are first needed to manage at an initial stage
of forming the outer layer.

[oo79] | |

Methods for forming an outer layer on the surface of the core
material made of copper include a plating method, an evaporation method, a
melting method or the like. As the plating methods, any one of an
electrolytic plating method and electroless plating method may enable
manufacturing. In the electrolytic plating methods called a strike plating
method and a flash plating method, their plating velocities are high and
adhesion property with a ground is good. Solutions used for the electroless
plating method are classified into a substitutional type and a reductive type.
When a film is thin, only the substitutional type is sufficient, while when
thick film is formed, after the substitutional type plating has been applied,
the reductive type plating is effectively applied in a stepwise fashion. The
electroless plating method needs a simple device, but it takes a longer time
than does the electrolytic plating method.

[0080]

As the evaporation methods may be used physical adsorption

methods such as a spatter method, an ion plating method, a vacuum
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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,
[0081] |

In a stage of applying plating or deposition, effective are both the
approach of forming a film of the metal M with a target wire diameter
aimed thereby and an approach of drawing a wire more than once till a
target wire diameter is obtained after having formed a film on a
thick-diameter core material. In forming a film with the final wire diameter
aimed in the first approach, the manufacturing, the quality control or the
like are simple and in a combination of film forming and wire drawing in the
second approach, this approach is advantageous to improve adhesion
property of the film and core material. As specific examples for each of the
approaches, possible are an approach of forming a film on a copper wire so
as to be formed with a target diameter with the copper wire continuously
drawn within an electrolytic plating solution and an approach of drawing a
wire so as to be formed with a final diameter after having immersed a thick

copper wire in a plating bath for electrolytic or electroless plating, to form a
film

[0082]

In a working process after having formed the outer layer, rolling,
swaging, die wire drawing are selected for different purposes and then are
used for each purpose. If defects in a processing composition, transportation
and crystal grain interface are controlled by a processing velocity, a pressure
applying ratio or a die face reducing ratio, a composition of the outer layer
and adhesion property are affected by the control.

[0083]

In a thermal treatment process, on an interface between the outer
layer and the core material, the mutual diffusion between copper and the
metal M is promoted. Depending on purposes, the thermal treatment is
effectively practiced once or more. In order to obtain the desired film
thicknesses in the compositions of the outer layer and diffusion layer, a
manufacturing technology is required which controls a concentration in %
order and film thickness in nm order with severe precision. The thermal
treatment processes are classified into an annealing process immediately
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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]

Only by heating a wire, the distribution of copper on a surface and
inside of the outer layer cannot be controlled. Even if processed strain that
eliminates annealing is directly applied at a final diameter of a wire used in
a typical wire manufacturing, adhesion property between the outer layer
and the core material deteriorates thereby, loop control becomes unstable
and it is difficult to control the homogeneity of the outer layer in-a
longitudinal direction of a wire also the distribution of the outer layer and
diffusion layer in a cross-sectional surface of a wire. Then, it is important to
control thermal treatment timing, temperature, velocity, time or the like.
[0085]

By combining the processing and the thermal treatment to control a
degree of progress of the diffusion, it becomes possible to control a film
thickness, a composition and a structure which are desired. The processing
history before the thermal treatment relates to the composition in the
interface between the outer layer and the core material and therefore, has
an effect on diffusion behavior in the thermal process. Depending on at
which processing  stage the thermal treatment is applied, the final
compositions, thickness of the outer layer and diffusion layer vary. It has
been verified that for one example, in a bonding wire produced in the
process where after having had applied intermediate annealing in
mid-course of the process, the wire was drawn and finishing annealing was
applied with final diameter of the wire formed, the compositions of the outer
layer and diffusion layer and the concentration gradient changed.

[0086]

As for the thermal treatment, the wire is subjected to the thermal
treatment with the wire being continuously drawn and besides the
temperature inside a furnace is not maintained at a constant temperature,
unlike the general thermal treatment, and then a temperature gradient is
created inside the furnace. As a result, the bonding wire with the outer layer
and the core material, which are the features of the present invention, can
be easily mass-produced. Specific examples include a method for locally
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introducing a temperature gradient, a method for varying temperature
inside a furnace, etc. When the surface oxidization of the bonding wire is
restrained, the wire is also effectively heated while allowing inert gases
such as Na, Ar or the like to flow inside the furnace.

[0087]

In the method of adopting the temperature gradient, it is effective to
make the temperature gradients in a plurality of regions such as a positive
temperature gradient near the inlet port of the furnace (the temperature
rises toward a wire drawing direction), a stable temperature region, and a
negative temperature gradient near the outlet port of the furnace (the
temperature falls toward the wire drawing direction). As a result, the
adhesion property is allowed to improve without generating peeling or the
Iike between the outer layer and the core material near the inlet port of the
furnace and then, copper and the metal M are encouraged to diffuse in the
region of stable temperature to thereby form a desired concentration
gradient, and further by restraining excessive oxidization on a surface of
copper near the outlet port of the furnace, it is possible to improve
bondability and loop control property of the obtained bonding wire. In order
to achieve these effects, it is desirable to provide a temperatﬁre gradient of
10 degrees C/cm at the inlet and outlet ports.

[0088] '

In a method for varying temperature, it is effective that an inside
space of the furnace is divided into a plurality of regions and a temperature
distribution is created by performing different controls of temperatures in
each of the regions. The inside space of the furnace, e.g., is divided into
three or more portions to control their temperatures independently and both
ends of the furnace is allowed to be lower than the central portion thereof in
temperature, thereby realizing the same improvement effect as done by the
method of adopting the temperature gradient. In order to suppress the
surface oxidization of the bonding wire, a low-temperature at which an
oxidation rate of copper becomes slow is set in the outlet port of the furnace
and thus, bonding strength of the wedge-bonded portion can be increased.
[0089]

Further, a melting method is one in which any one of the outer layer
and the core material is melted to be cast and has advantages in which
productivity is excellent by performing wire drawing after having connected
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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.
Specific processes of the melting method are classified into a process for
casting molten copper or the metal M molten to form an outer layer around
the core material made in advance and a process for forming a core material
by casting a molten copper or a molten copper alloy in the center of a hallow
column of the metal M made in advance. Desirably, the process for casting a
copper core material inside the hollow column as secondly described can
easily and stably form a copper concentration gradient in the outer layer.
Here, if a small quantity of copper is allowed to be contained in the outer
layer made in advance, the copper concentration can be easily controlled on
the surface of the outer layer. Besides, in the melting method, although the
heat treatment for diffusing copper into the outer layer can be omitted by
applying the heat treatment to adjust the copper distribution inside the
outer layer, a further improvement in property can be expected.

[0090] . |

Further, by using a molten metal like this, at least any one of the
core material and the outer layer can also be manufactured by continuous
casting. The continuous casting permits a process to be simplified as
compared to the above casting method and permits a wire to be small in
diameter, allowing the productivity to be improved.

[0091]

It has been verified that as a bonding method for the conventional
multilayer copper wire including the outer layer and the core material
according to the present invention, even if a pure N2 gas was employed as a
shield gas in fbrming a ball, good ball bondability could be obtained. Namely,
there is provided a bonding method that uses a bonding wire, including the
core material with copper as its main component, the outer layer which is
provided on the core material including the metal M whose component
and/or composition arefis different from those of the core material, and
copper and has the outer layer of 0.021 to 0.12ym in thickness, and then
generates arc discharge to form a ball with a N2z gas of 99.95v0l% or more in
purity sprayed to a wire’s tip or its surroundings and then forms a ball to
bond. In the bonding method, as substitute for a 5vol% Hz + N2 gas, being a
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standard gas, an.inexpensive pure N2 gas is used and thus the running cost
is reduced, promoting a copper-based bonding wire to be put to practical use.
[0092]

As a shield gas used to form a ball of the multilayer copper bonding
wire according to the present invention, even if the standard 5vol% Hs + Na
gas is employed, good bondability can be obtained. A pure Nz gas, however,
can provide the same good property. If the outer layer is as thin as 0.021zm
or less, it becomes a problem that the use of the pure Nz gas generates an
eccentric ball. If exceeding 0.12zm in thickness, wrinkle-shaped protrusions
and tiny holes are generated on the surface of the ball when the pure N2 gas
is used, making it difficult to obtain a smooth surface of the ball. One
advantage of having selected this thickness is that the outer layer with
0.021 to 0.12zm in thickness contributes to good ball forming performance.
If the outer layer is 0.085um or more in thickness even within the above
range of thickness, the sphericity of a ball is more enhanced. The reason
why the purity of 99.95vol% or more is selected for the pure N2 gas is that
this purity is within a warranty scope of the N: gas available at an
industrially inexpensive price.

[0093]

Usually, it is assumed that mixing the 5vol%Ha gas leads to an effect
exerted on the stability of arc discharge and on the inhibition of the
oxidization of a molten ball. In contrast, when a bonding wire is melted to
form a ball, if the outer layer of a monolayer wire or a conventional
multilayer wire is thin, within the pure N2 gas, arc discharge becomes
unstable and the oxidization of copper preferentially proceeds, causing a ball
shape to be unstable. Meanwhile, if the thickness of the outer layer is within
the range according to the present invention, even in the pure Nz gas, the
metal M near a surface stabilizes arc discharge, further the outer layer
preferentially melts to play a protective role and thus the oxidization of a
ball is considered to be preventable. It has been proved that according to a
bonding condition, the bonding strength of a ball bonded in the pure N2 gas
became higher than in the 65vol% Hz + N2 gas in certain instances.

[0094]

Further, the formation of a ball in the pure Nz gas tends to vary

depending also on a type of the metal M constituting the outer layer. Above
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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 N2 gas, it was comparatively easy to
improve the sphericity and stabilize a ball size.

EXAMPLES
[o09s]

Next is a description of examples of the present invention.
[0096]

As a raw material of a bonding wire, copper used for a core material
was 99.99mass% or more in purity, being a high-pure raw material. As raw
materials of Au, Pd, Pt and Rh in the outer layer, those of 99.99mass% or
more in purity were prepared.

[0097]

A copper-based bonding wire which had been made thinner to a
certain diameter was employed as the core material and in order to form a
layer of a metal M different from copper on the surface of the wire, an
electrolytic plating method, an electroless or non-electrolytic plating method,
an evaporation method, melting method or the like were practiced. In order
to form a concentration gradient, heat treatment was applied. A method of
forming the outer layer at a final wire diameter and a method of thinning a
wire to its final diameter by applying a wire drawing process, after having
formed the outer layer at a certain diameter were employed. As an
electrolytic plating liquid and an electroless plating liquid, a commercially
available plating liquid used for semiconductor was employed and as the
evaporation method, a spatter method was employed. Bonding wires with
about 30 to 2,500m in diameter were prepared in advance and a surface of
the wire was coated using deposition and plating and then the wire was
drawn to its final diameter of 15 to 50zm and finally a processing strain was
removed and heat treatment was applied so that a stretch rate became 5 to
20%. A wire drawing velocity was applied within 5 to 100m/min. As needed,
a small amount of a commercially available copper wire drawing lubricant
agent was added to a wire drawing liquid. If needed, a die-wire-drawing
process was applied to obtain a wire diameter of 30 to 100zm and afterward
a diffusional heat treatment was applied and then a wire drawing process
was further applied.
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[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
column made in advance were adopted. Thereafter, processes including
forging, rolling, die-wire-drawing and heat treatment were applied, thus
manufacturing the bonding wire. '

[0099]

In heat treatment of the wire according to the present invention, the
wire was heated with the wire being continuously drawn. A method for
introducing a local temperature gradient and a method for varying
temperature inside a furnace were utilized. For heat treatment furnace
were employed, e.g., converted so as to divide temperatures inside the
furnace into three temperatures and then enable control of the
temperatures. The temperatures inside the furnace were set as 200 to 700
degrees C and a wire drawing velocities were adjusted within 10 to
500mm/min. The temperature was, for one example, set to attain such
distributions as to be high, medium and low temperatures or medium, high
and low temperatures from a wire inlet port to a wire outlet port and each
heating time length was managed. In conformity with the temperature
distribution, the wire drawing velocities were optimized. For the purpose of
suppressing the oxidization in the atmosphere in the heat treatment, inert
gases such as N2, Ar or the like were utilized. A gas flow volume was
adjusted within 0.0002 to 0.004m3/min to be utilized for temperature control
inside the furnace. As timing for performing heat treatment, two methods
were adopted to prepare samples. One method was one in which a plating
layer was formed after heat treatment had been applied to a copper wire
posterior to a wire drawing process and another method was one in which
heat treatment was performed twice after heat treatment and after the wire
drawing process.

[0100]

When controlling an oxygen concentrated region on the surface of
the outer layer, heating conditions (temperature distribution inside a
furnace, a wire drawing velocity) and cooling conditions (a gas type, a gas
flow volume and shielding performance) were optimized. In order to control,
e.g., the atmosphere inside the furnace and near the inlet and outlet ports of
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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?3%/min.
Further, since in some instances, a wire is heated in the remaining heat
region near the outlet port of the furnace to be oxidized, it was also needed
to control the atmosphere in a cooling zone posterior to the heating zone.
[0101]

When controlﬁng a carbon concentrated region on the surface of the
outer layer, coating by immersing the wire in a solution containing a small

-quantities of a rust retardant and surface acting agent, cleaning and drying

of the wire were continuously performed after the above heat treatment. As
a coating agent used here, a solution which was produced by mixing several
types of solutions obtained by blending the rust retardant and surface
acting agent with distilled water so as to become 1 to 20vol% in total
concentration in the distilled water, was employed. The cleaning was
practiced basically by the distilled water and the distilled water to which
alcohol was partially added was utilized as needed. When an effect of

removing the coating agent excessively adhered was needed to enhance, the

coating agent was heated to the temperatures ranging from 30 to 50 degrees
C. In drying, dried air or a N2 gas was blown to the wire. If needed, after
having drawn the wire to 30 to 100zm in diameter, the heat treatment and
the coating process were applied, then a wire drawing process was applied
and further the heat treatment and the coating process were again applied
with the wire of given final diameter. One of the effects caused by this
two-times heat treatment is that it is effective for controlling the
distribution of the carbon concentration in the depth direction with the
outermost carbon concentration kept as low.

[0102]

The depth analysis according to AES was employed for measuring
film thickness of the surface of the wire and a surface analysis and a line
analysis according to AES and EPMA were implemented to observe an
element analysis such as the concentrated state in a grain interface. In the
depth analysis according to AES, a measurement was performed in the
depth direction while practicing a spattering operation using Ar ions and
then a unit of depth was displayed by SiOz conversion. The concentration of
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the metal M in the bonding wire was measured by an IPC analysis and an
IPC mass analysis.
[o108]

For connecting a bonding wire, a commercially available automatic
bonder was employed to practice ball/wedge bonding. A ball was created on a
wire tip by arc discharge and the created ball was connected to an electrode
film on a silicon substrate and the other end of the wire is wedge-bonded on
a lead terminal. As a shielding gas used to suppress oxidation in forming a
ball, the standard 5vol% Hgz + N3 gas and the pure Ng gas were employed.
For the purpose other than evaluating a ball shape, the standard 5vol% Ha +
N2 gas was fundamentally employed. The gas flow volume was adjusted
within 0.0003 to 0.005m3/min,

{0104]

As the other side of bonding, a 1zm thick Al alloy film (an Al film
containing lmass% Si and 0.5mass% Cu, another Al film containing
0.5mass% Cu) was employed. At the same time, as the other side of
wedge-bonding, a lead frame whose surface was Ag-plated (1 to 4ym in
thickness) or a resin substrate of an Au-plated/Ni-plated/Cu-plated electrode
structure was employed.

[0105]

. With respect to ball forming performance, as the shielding gas used
to suppress oxidization, the comparison was performed between the
standard 5vol% Hz + N3 gas (fed from a high-pressure bomb and its purity
was SN-up) and the pure N2 gas (fed from a concentrated piping and its
purity was 4N). In the evaluation of an initial ball shape, ratio of a wire
diameter to a ball diameter was defined as 1.7 to 2.0. A thirty pieces of balls
before bonding were observed by a scanning electron microscope (SEM) and
an optical microscope to evaluate a surface texture, a shape and
dimensional precision. The mark x denotes the experimental result that 3 or
more abnormal-shaped balls were generated to indicate the failure and
therefore improvement was required. The mark A denotes the experimental
result that although the two or less abnormal-shaped balls were generated,
unevenness on the surface was large or the number of balls whose
eccentricities from the bonding wires were pronounced was 5 or more. The
mark O denotes the experimental result that two to four balls whose

40,



10

15

20

25

30

35

X A X AX XX X A@D x0 Ox 00 AOAA xO0AA
a 00 8xxx AXAXAXXXAOA 00 90x O00A

O X X

eccentricities from the bonding wire were generated and the degree of the
eccentricities were small and therefore it was judged that no large practical
issue arose. The mark © denotes the experimental result that one or no ball
whose eccentricity generated was found and its dimensional precision was
good, the ball formation was judged to be good. These marks were entered in
a column “ball forming performance” of a table 2.

[0106] .

In the judgment of a bonded shape of a pressure-bonded ball,
observing 5,000 bonded balls, the sphericity and dimensional precision of
each of the ball shapes were evaluated. Each of the two cases was evaluated.
In one vase, a normal-size ball was formed whose ratio of an initial ball
diameter to a wire diameter was 1.9 to 2.2, while in another case, a
small-diameter ball was formed whose ratio of an initial ball diameter to a
wire diameter was 1.5 to 1.7. The mark X denotes the experimental result
that 5 or more defective ball shapes such as an irregular shape departed
from sphericity, a petaline shape or the like were generated and therefore,
the balls were judged to be defective. The mark A denotes the experimental
result that 2 to 4 defective ball shapes were generated and therefore it was
desirable to improve the ball bonded shapes as needed. The mark O denotes
the experimental result that one or no defective ball shape was generated
and therefore the ball shape was judged to be good. These marks were
entered in a column “ball bonded shape” of the table 2.
fo107]

The evaluations of a shrinkage cavity of an initial ball and minute
unevenness of a pressure-bonded ball were judged in a comprehensive
manner by the SEM observation of 20 initial ball tips and by observing 300
bonded balls. The mark x denotes the experimental result that any one of
cases was found, where 8 or more shrinkage cavities and 30 or more ball
bonded portions where minute unevenness that was generated were found
and therefore, the balls were judged to be defective. The mark A denotes the
experimental result that 2 to 7 shrinkage cavities were generated or 4 to 29
ball bonded portions where minute unevenness was generated were found
and therefore, it was desirable to improve the defectives as needed. The
mark O denotes the experimental result that no shrinkage cavity was
generated and 3 or less ball bonded portions where minute unevenness was
generated were found and therefore the balls were judged to be good. These
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fo108]

The evaluation of Al sweep-out behavior of a ball bonded portion was
performed by both the direct observation in which the ball bonded portion
was subjected to SEW observation to evaluate a degree of the Al sweep-out
behavior in an ultrasonic sound applied direction and the indirect
observation in which a ball was removed by a shear test to judge the Al
sweep-out behavior from the deformation and residual quantity of an Al
electrode remaining on the sheared fracture surface. The mark © denotes
the experimental result that little or no Al sweep-out behavior was found
and the Al sweep-out behavior was as good as a result brought about by a
gold bonding wire. The mark O denctes the experimental result that though
the Al sweep-out behavior was discernible, whereas their deformation
volumes were small. The mark A denotes the experimental result that the Al
sweep'out behavior increased, but the effect that matters is little. The mark
x denotes the experimental result that the Al sweep-out behavior was
pronounced to have a need to be improved. These marks were entered in a
column “Al film sweep-out behavior” of the table 2.

[0109]

The loop shape stability in a bonding process was judged with
respect to the linearity of a bonding wire and the variations in loop height
by preparing a trapezoidal loop by using two types of a general-purpose
span of a 2mm wire length and a short span of a 0.5mm wire length to
observe 500 bonding wires of each of the two types. It was required to more
strictly control a loop in order to avoid the contact with a tip end in forming
the trapezoidal shape using the wire with a short length of 0.5mm. The
mark X denotes the experimental result that 5 or more wires of 2mm Jength
were defective in linearity, loop height or the like and therefore it was
judged to be of problem. The mark A denotes the experimental result that 5
or more wires of 0.5mm length were defective and therefore it was judged
that the wires were required to be improved. The mark O denotes the
experimental result that 2 to 4 wires of 2mm length were defective and
besides 2 to 4 wires of 2mm length were defective and therefore the loop
shapes were judged to be comparatively good. The mark © denotes the
experimental result that one or no wire of 0.5mm length was defective and
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[0110]

The evaluations of a flaw and scraping on a wire surface were
examined by observing the appearance of a bonded loop. A trapezoidal loop
was formed that was produced by using a wire with 25m in diameter and
2mm in length and was provided with 200pm in target height was formed
and then 1,000 wires were observed by a projector. The flaw observation was
performed with a focus on upper side of a loop and the scraping observation
was performed for 30zm-or-more-size scraping in the whole of the loop, thus
making the evaluations. The mark X denotes the experimental result that 4
or more scraped wires were found and their flaws were pronounced and
therefore it was judged to be of a problem. The mark A denotes the
experimental result that 1 to 3 scraped wires were found, whereas many
flaws were found and there was likelihood of clogging a capillary, and
therefore it was judged that the wires were required to be improved. The
mark O denotes the experimental result that 1 to 3 scraped wires were
found and no flaw that is seen as a problem was generated and therefore the
surfaces of the wires were comparatively good. The mark © denotes the
experimental result that no scraped wire was generated and flaws were
unnoticeable and therefore, it was judged that the wires were comparatively
stable and good. These marks were entered in a column “loop flaw and
scraping” of the table 3. It was apprehensive that the judgment of the flaw
and scraping could somewhat be affected by cbserver’s individual judgment
and hence two or more observers evaluated the performance ranking
through average information.

[o111]

With respect to the evaluation of surface oxidation of a wire bonded
on a semiconductor element, two samples were prepared in which 208 wires
were connected on a QFP, and then oxidation status was evaluated from a
change in color on the surface of the wire by microscopical observation
primarily from an upper portion of a loop. The bonding condition was
uniformized at 200 degrees C stage temperature and about 2 minutes
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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
require the improvement for exacting requirements. The mark O denotes
the experimental result that 2 to 5 oxidation discernible wires were found
and therefore, it was judged that the oxidation level gave rise to no practical
issue. The mark © denotes the experimental result that one or no oxidation
discernible wire was found and therefore the wires were judged to be good.
These marks were entered in a column “oxidization on a surface of a wire

- heated after being bonded” of the table 2.

[0112]

The evaluation of the unreeling performance was performed by
bonding 5,000 wires with 20zm in diameter, 1 to 8mm in span, and 150 to
300zm in loop height to count wires whose linearity deteriorated due to the
defects generated from a curl and a crinkle. The mark X denotes the
experimental result that 20 or more defective wires with deteriorated
linearity were found. The mark A denotes the experimental result that 10
to 19 defective wires with deteriorated linearity were found and it was
judged that the wires were required to be improved for exacting
requirements. The mark O denotes the experimental result that 8 to 9
defective wires with linearity that is deteriorated were found and a degree
of the deterioration was comparatively small and therefore it was judged
that the oxidization level has no practical issue. The mark © denotes the
experimental result that two or less oxidation discernible wires were found
and the result was judged to be good. These marks were entered in a column
“unreeling pérformance” of the table 3.

[0118]

The evaluation of the storage life of a wire was performed by the
number of times of non-stick failures in wedge bonding after a bonding wire
left in the atmosphere at normal temperature was bonded. The bonding wire
was stored inside a clean room with the bonding wire housed in a spool case.
The comparison was performed between samples left 30 days and 60days. In
a bonding condition, a normal bonding condition used in mass production
and a low-level bonding condition where an output amount of ultrasonic
sounds was allowed to slightly decrease to induce the non-stick failure were
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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
wires subjected to non-stick failure under normal bonding conditions were

. found and hence the wires were needed to be improved. The mark A denotes

the experimental result that 2 or less wires subjected to non-stick failure
under the normal bonding conditions were found and besides 5 or less wires
subjected to non-stick failure under the low-level bonding conditions were
found. The mark O denotes the experimental result that no wire that is
subjected to non-stick failure under the normal bonding conditions were
found and besides 2 to 4 wires subjected to non-stick failure under the
low-level bonding conditions were found and therefore, the wires were
judged to be substantially good. The mark © denotes the experimental
result that no wire subjected to non-stick failure under the normal bonding
conditions was found and besides one or no wire subjected to non-stick
failure under the low-level bonding conditions was found and therefore the
storage life was judged to be good. These marks were entered in a column
“wedge bondability” of the table 2.

[0114]

In the TCT test, a commercially available TCT test device was
employed. As temperature history, employed were two types of conditions,
the standard condition, being severe (ranging from -55 degrees C, 30
minutes to 125 degrees C, 30 minutes and an extremely severe condition
(ranging from -55 degrees C, 30 minutes to 155 degrees C, 30 minutes).
After the test, an electric test was perfor’med to evaluate electric conduction.
40 wires were measured. The mark © denotes the test result that the
percent defective was zero and so high reliability was exhibited. The mark
O denotes the test result that the percent defective was 1% or less and
therefore it was judged that there was no large practical issue. The mark A
denotes the test result that the percent defective was 2 to 5 %. The mark X
denotes the test result that the percent defective exceeded 5% and hence,
the wires were needed to be improved. These marks were entered in a
column “TCT test” of the table 2.

[0115]

The peel test of wedge bonding was conducted by performing the
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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
stresses to a bonded portion. The mark © denotes the test result that the
fracture elongation in the peel test of wedge bonding was 3% or more and
therefore the wire was very good. The mark O denotes the test result that
the fracture elongation was 1.5 % or more and less than 3% and therefore
was judged to be sufficient. The mark A denotes the test result that the
fracture elongation was 1% or more and less 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
column “wedge bonding peel test’ of the table 2.
[0116]

For evaluation of the reflow resistance, a semiconductor sample
produced by encapsulating a bonding wire and a semiconductor with resin
was held inside a reflow furnace at 260 degrees C for 10sec and thereafter

-thermal history of cooling the sample'to ambient temperatures was repeated

10 times. Two types of samples were evaluated one of which had a wire
bonding condition where the wire was bonded at 200 degrees C, being
normal temperature and another of which had a wire bonding condition
where the wire was bonded at the temperature as low as 160 degrees C,
being a severe condition. After the reflow test, electric measurement was
performed to evaluate electric conduction. Fourty wires were measured. The
mark © denotes the test result that the percent defective was zero and
therefore high reliability was exhibited The mark O denotes the test result
that the percent defective was 1 % or less and therefore it was judged that
there was no large practical issue. The mark & denotes the test result that
the percent defective was 2 to 5 %. The mark X denotes the test result that
the percent defective exceeded 5 % and therefore the wires were needed to
be improved. These marks were entered in a column “reflow resistance” of
the table 2.
[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
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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
were entered in a column “capillary operating life” of the table 2.

[0118]

The tables 1 to 3 denote the evaluation results and the comparative
examples of the copper bonding wire according to the present invention. In
the examples 1 to 33 and the comparative examples C1 to CS, which are
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 metal M and copper which are expressed in the table 1
were denoted with the total of the metallic elements prescribed as 100mol%.
In the examples Bl to B33 in the table 3, carbon and oxygen were
concentrated using the same wires as those indicated by the sample
numbers (SA1 to SA33).

[0119] |

In the table 3, the concentrations of carbon and oxygen are
calculated with the total of metallic and nonmetallic elements determined
as 100mol%, the metallic elements including copper and the metal M and
the nonmetallic elements including carbon, oxygen and nitrogen. It has been
checked that in the sample of the same sample number in the tables 1 and 3,
the concentration ratio of metallic elements including the metal M, a copper
element or the like had fundamentally the same analytical value. Further, it
has been checked that with respect to the performance, shown in the table 1,
that was subjected by a concentration ratio of a metallic element, an
approximately the same evaluation result could be obtained even in the
sample whose sample number was the same as that in the table 3. In the
examples B1 to B33, the evaluation results of the TCT test for indicating a
representative property, the peel test, the reflow resistance and the wedge
bonding performance after being left in the atmosphere are shown in the
table 3. It has been checked that with respect to the performances such as
the ball forming performance, the ball bond shape, Al film sweep-out
behavior, and capillary clogging, even in the examples Bl to B33, the same
results as those in the table 1 were obtained.

[0120]
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The bonding wire according to the first aspect corresponds to the
examples 1 to 33 and B1 to B32. The bonding wire according to the second
aspect corresponds to the examples 1 to 32, Bl to B32. The bonding wire
according to the third aspect corresponds to the examples 2, 4, 7, 8, 10, 14,
18, 24, 27, 29, 32, B2, B4, 37, 38, B8, B10, B14, B18, B24, B27, B29, B32.
The bonding wire according to the fourth aspect corresponds to the
examples 3, 18 to 20, 24, 31, B3, B18 to B20, B24, B31. The bonding wire
according to the fifth aspect corresponds to the examples 1 to 33 and B1 to
B33. The bonding wire according to the sixth aspect corresponds to the
examples 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
examples B1, B4 to B, B8 to B18, B20, B22, B24 to B33. The bonding wire
according to the eighth aspect corresponds to the examples 2, 3, 5 to 18, 20
to 30, 32, 33, B2, B3, B5 to B18, B20 to B30, B32, B33. The bonding wire
according to the ninth aspect corresponds to the examples 1 to 3, 5, 7 to 16,
19 to 24, 26 to 33, B1 to B3, B5, B7 to B16, B19 to B24, B26 to B33. The
bonding wire according to the tenth aspect corresponds to the examples 2, 3,
5 7 to 10, 12 to 16, 18 to 24, 26 to 33, B2, B3, B5, B7 to B10, B12 to B16,
B18 to B24, B26 to B33. The bonding wire according to the eleventh aspect
corresponds to the examples 1, 2, 5 to 9, 12, 14 to 17, 19, 21 to 23, 25 to 33,
B1, B2, B5 to B9, B14 to B17, B19, B21 to B23, B25 to B33. The bonding
wire according to the twelfth aspect corresponds to the examples 1, 2, 4 to .
12, 15, 19, 21 to 23, 26 to 33, Bi, B2, B4 to B12, B15, B19, B21 to B23, B26
to B33. The bonding wire according to the thirteenth aspect corresponds to
the examples 2, 3, 5 to 20, 22 to 26, 28 to 33, B2, B3, B5 to B20, B22 to B26,
B28 to B33, In the comparative examples 1 to 9, BC1 to BC 9, the results in
the case of not satisfying the first aspect are shown.

[0121]

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

It has been verified that in the multilayer copper bonding wire
according to the examples 1 to 33, the outer layer according to the present
invention was 0.021 to 0.12pm in thickness and thus, the bonding wire
exhibited high reliability in the TCT test. At the same time, in the
comparative example 1 of the conventional monolayer copper wire without
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an outer layer or the comparative examples 2, 4, 6, 8 where the outer layer
was below 0.021pm in thickness, defects were verified even in the TCT test
under the standard conditions. As a desirable instance, it has been verified
that in the examples 2, 3, 6 to 18, 21 to 23, 26, 28 to 30, 33 where the outer
layer was 0.025 to 0.095zum in-thickness, in the TCT test under extremely
severe conditions, the defective percent could be restrained below 1 %.
Further, it has been verified that in the examples 2, 3, 6 to 16, 22, 23, 26, 28
to 30 where the outer layer was 0.03 to 0.085zm in thickness, in the TCT
test under extremely severe conditions, the percent defective could be
restrained below 1 %, Furthermore, it has been verified that in the

examples 2, 3, 6 to 16, 22, 23, 26, 28 to 30, no defect occurred and high

reliability was obtained.
[0123]

In the multilayer copper bonding wire in the examples 1 to 32, it has
been verified that the outer layer according to the presenf invention was
0.021 to 0.12zm in thickness and the metals M constituting the outer layer
include the main components of at least one element selected from among
Au, Pd, Pt and Rh and thus it was comparatively easy to improve reliability,
ball forming performance and hbond shape in the TCT test in a
comprehensive manner, as compared to the practical example 33 where the
main component of the outer layer included Ag. '
fo124] _

In the comparative examples 3, 5, 7, 9, the outer layer exceeded
0.021zm in thickness and the wedge bondability was good and further a
normal-diameter ball shape was good. Small-diameter balls gave rise to
defects, and therefore there is a concern that its application is limited.
[0125]

In the multilayer copper bonding wires in 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 0.03mol% in concentration of at least one element
selected from among P, B, Ir, Zr, Bi, Ti, Au, Sn or rare-earth elements and
thus it was verified that the fracture elongation was large in the peel test of
wedge bonding. This suggests that reliability in the wedge bonding can be
improved in a comprehensive manner.

[0126]
In the multilayer copper bonding wires in the examples 3, 18 to 20,
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24, 31, it has been verified that the outer layer according to the present
invention contained at least one elemeﬁt selected from among Bi, P, Se, Tl
and its surface concentration was 0.01 to 5mol% and thus the capillary
clogging could be restrained. As a result, the capillary operating life can be
lengthened thus, improving productivity.
[0127]

In the multilayer copper bonding wires in the examples B1 to B3, B5,
B8 to B15, B17, B19 to B20, B22 to B26, B29 to B33, it has been verified
that the outer layer according to the present invention was 0.021 to 0.12zm
in thickness and the carbon concentration on the outermost surface of the
outer layer was 15 to 80mol% and further a region where the carbon
concentration in the depth direction from the surface was 5 to 80mol% was
0.0004 to 0.01zm. in thickness As a result, it has been verified that the
surface of the wire was enhanced in sliding performance and thus a flaw
and scraping of a wire could be restrained. Desirably, it has been verified
that in the examples Bl to B3, B8, B10 to B15, B17, B20, B22 to B26, B29 to
B33, a profound effect of suppressing a flaw and scraping was exerted.
[0128]

In the multilayer copper bonding wires in the examples B1, B4 to B6,
B8 to B18, B20, B22, B24 to B33, it has been verified that the outer layer
according to the present invention was 0.021 to 0.12zzm in thickness and the
oxygen concentration on the outermost surface of the outer layer was 1 to
25mol% and further a region where the oxygen in the depth direction from
the surface of the outer layer with a concentration of 0.2 to 25mol% was
0.0005 to 0.007zm in thickness. As a. result, it has been verified that the
wire unreeling performance was improved and thus curl and bending could
be reduced, producing a good result.
[0129]

In the multilayer copper bonding wires in the examples 2, 3, 5 to 18,
20 to 30, 32, 33, it has been verified that the outer layer was 0.021 to
0.12pm in thickness and a region where the metal M with the concentration
of 10mol% or more was 0.03 to 0.2m in thickness and then as a result the
reliability of the wire in the reflow test was high. Desirably, in the examples
2, 3, 6 to 18, 20, 22 to 25, 26 to 30, 32, 33, it has been verified that even in
the samples bonded at low temperature, reflow resistance was high.
{0130]

50



10

i5

20

25

30

35

0.5 0.0002 2300000000 A 8248424 Pt 0.1 73
0.009 3 0.002 25 0A00000O0O0 8255425 Pt 0. 12
29 0.001 5 0.002 23 0 A 0000 A0O 8268426 Fth
0.03 45 0.002 15 0.001

In the multilayer copper bonding wires in the examples 1 t0 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 0.07im in thickness.
As a result, it has been verified that the wedge bondability after the wire
had been left in the atmosphere for 30 days was good and even as compared
to the comparative example 1 where the wire was provided with no outer
layer or the comparative examples 2, 4, 6, 8 where the outer layer was below
0.021zm in thickness, the storage life of the bonding wire was improved.
Desirably, it has been verified that in the examples 2, 3, 7 to 16, 19, 22 to 24,
27 to 33 where the region was 0.008 to 0.06zm in thickness, the wedge
bondability of the wire after the wire had been left for 60 days was good.
fo131]

In the multilayer copper bonding wires in the examples 2, 3, 5, 7 to
10, 12 to 16, 18 to 24, and 26 to 33, it has been verified that the outer layer
according to the present invention was 0.021 to 0.12zm in thickness and a
region where the metal M with the concentration of 96mol% or more in total
was 0.002 to 0.06ym in thickness. As a result, it has been verified that even
if the wire bonded in a bonding process was heated on a stage,
high-temperature oxidization of the wire could be restrained.
[0132]

In the multilayer copper bonding wires in the examples 1, 2, 5 to 9,
12, 14 to 17, 19, 21 to 23, 25 to 33, the outer layer according to the present
invention is 0.021 to 0.12zm in thickness and a copper concentration on the
outermost surface is 0.5 to 45mol%. As a result, the eccentricity in bonding a
ball is reduced to permit a good ball bonded shape to be obtained. Desirably,
if the examples 1, 2, 5, 7, 8, 12, 14 to 16, 19, 21, 22, 25, 27, 29, 31, 33 where
the copper concentration was 0.5 to 20mol% were performed, even if using a
small-diameter ball, the bonded shape was improved.
[0133]

In the multilayer copper bonding wires in the examples 1, 2, 4 to 12,
15, 19, 21 to 23, 26 to 33, the outer layer according to the present invention
is 0.021 to 0.12zm in thickness and a region where the copper relative to the
total of metallic elements has a concentration of 1 to 39mol% is 0.0005 to
0.008zm in thickness. As a result, shrinkage cavities on a ball tip and
minute unevenness on a surface of a ball can be reduced.
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18000000AO0O 1327 5427 Rh 0.11 68 0.011 2

0.001 20000000 0O0O0 828 SA28 Au, Pd 0.05 75
0.015 7 0.002 23 00 000O00O0O0 829 SA29 Au, Pd
0.08 45 0.002 3 0.001 25 O :

[0134]

In the ‘multilayer copper bonding wires in the examples 2, 3, 5 to 20,
22 to 26, 28 to 33, the outer layer according to the present invention is 0.021
to 0.12zm in thickness and the concentration of the metals M other than
copper is 0.05 to 3mol% in total. As a result, an effect of reducing the Al
sweep-out behavior in bonding a ball can be obtained.
[0135]

In the multilayer copper bonding wires in the comparative examples
1 to 33, it has been verified that the outer layer according to the present
invention was 0.021 to 0.12 zm in 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% Hs + Ng as a shield gas in forming a ball, even in using a
pure N2 gas, a ball shape was given approximate sphericity, leading to good
result.
[0136]
Table 1
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0OO0O0OO0O0OOO 1330 SA30 Pd, Pt 0.07 33 0.002 12

0.003 3000000 O0O0O0O0 831 SA31 Au,
0.003 3 0.001 18 0 A

0.1 63 0.001 2 0.001 300 AO

00AO0000

Pt 0.022 50

832 SA32 Pd, Fth

Outer layer Added Added Manu-
Wire %‘;‘jﬁ " Cu | Thick- Mﬁztal slement |element f;c;ltii;i;tdg Wire
base thickness| Metal M | Metal M | metal M |concenty ness i and and At A
Test {metal M | concent- | concent-[ concent-| ration | /um of jconceNty  eancent- |concent-nonelectro-| dia-
No mate-| petallconcent. | Fation is | ration is | ration Is | /mol% Cuof | ration ration ration |. Y%  |meter
| ral M | ration is 10moel% | 90mol% | 86mol% | on 1to§0 Imol% /ol Phugesd B:alecirolytic, /
No. 50moi%%, | of more | or more | or more | outer- | Mol% | jngidg| MOt | /MOl% |crapar pm
ormore)| fwm fum fam most jooncenty i incore | inouter| deposition,
fum surface| fafion material | layer |Dumstting)
1 | 8A1 Au 0.021 0.027 0.005 0.001 8 0.0005 | 004 C 25
2 | SA2 1 Au 0.04 0.07 0.01 0.005 13 3.001 04 BO.0005 A 25
3 | SA3 | Au 0.07 0.1 .03 0.01 0 0 086 Ti0.1 8 20
4 | SAM | Au 0.11 023 0.002 0 50 0.002 33 1r0.002 D - 15
5 [sA5 | Pd | 0023 | 00385 | 0006 | 0.008 2 0.0008| @4 : c 25
6 | 8A6 | Pd 9.03 0.08 0.002 1] 40 0.002 02 A 25
7 {SA7T | Pd | 0.035 0.05 0.01 0.007 15 | 00006] 0.3 Zr0.005 B 18
8 | sAB | Pd 0.04 0.06 0.02 0.012 18 0.001 04 Ag001 A 25
Q9 | SA3 | Pd 0.045 0.08 0.01 0.008 32 0.002 a5 B 25
i0 {SA10 ] Pd 0.05 6.08 0.03 0.03 0.1 0.0008 | 05 [P0000S,BI0.001 B 20
11 |SA11| Pd | 0055 0.13 0.005 0 48 0.005 o7 B 25
12 |SA12| pd 0.06 011 | 002 0.01 19 | 0001 | 07 B 30
13 [SA13 | Pd 0.085 0.09 0.055 0.04 Q 0 0.8 B 25
g 14 [SAl4 ]| Pd 0.07 0.12 0.04 0.02 1 00002 08 B0.001 B 30
.| 15 |SAl5 | Pd 0.075 0.13 0.02 0.008 13 0001 {1 B 25
£ 16 [sA16 | pd 0.085 0.12 0.05 0.03 05 1] 1.1 B 26
I.% 17 |SATY | Pd 0.09 0.15 0 1] 40 0.01 1.2 B 23
18 {SA18 | Pd | 0.095 0.15 0.08 0.06 0 0 15 I10.005,Au001 PO.1 B 25
18 {SA19 | Pd o1 0.25 0.03 0.004 10 0.001 21 82002 B 20
20 |SA20 | Pd 0.12 0.2 0.065 0.04 ) 0 2.3 Bi 0.01 D 35
21 |SA21 ] Pt 0.027 0.035 0.007 0.002 10 00006} 004 c 15
22 |sA22 | PL 0.04 0.09 0.01 0.006 13 | 0001 | 03 A 20
23 |sA23| Pt 0.08 0.12 002 | 0.008 22 | 0001 ) 07 A 23
24 |sA24 | pt 0.1 0.16 0.04 0.02 0 9 1.1 1r0.025 PO.15 B 25
25 {8A25 | pt 0.12 0.18 0.08 0.07 0.8 0.0003] 16 D 23
26 {SA26 | Rh 0.03 0.07 0.007 0.003 24 0.002 02 B 18
27 18A27 | Rh 0.11 0.18 0.04 0.02 11 0.001 32 IT000M, Zri002) D 20
28 {SA28 |Au, Pd| 0.05 0.08 0.03 £.01 24 0.003 03 c 23
29 {SA20 |Au, Pd| 0.08 0.12 0.03 0.01 5 0004 | 08 Sn0 01 B 25
30 | SA30 |Pd, Pt | 0.7 0.14 002 | 0.006 23 | 0003 ] o8 3] a0
31 | SA31 |Au Pt| 0.022 0.29 0.01 0.005 ) 0001 | 04 Po2 A 18
32 |SA32 {P4,Rh| 0.1 017 0.02 0.01 4 0.0008) 15 Ag0.03 D 30
33 |8SA33 | Ag 0.09 0.15 0.043 0.02 38 0.007 12 B 25
1 RF1 - ey - - - - - bt - 25
2 1RF2 | Au 0.018 Q.02 4] 0 35 0.001 0.04 A 25
g-)a: 3 IRF3 | Au 0.13 0.18 0.06 0.03 15 0.0002 24 B 20
35_93 4 | RF4 Pd 0.015 0.023 0.004 0.001 60 0.004 0.07 A 25
g_g' 6 | RFS Pd 0.17 0.23 0.08 0.07 22 0.002 23 8 25
£F| 6 | RF6 Pt 0.019 0.032 0.07 0.03 57 0.003 | 0412 c 25
SPl 7 irT | Pt 0.14 0.18 0.8 0.5 51 0001 | 32 D 25
8 | RF8 Rh 0.015 0.027 0 0 &7 0.002 0.1 B 18
8§ {RF | Rh 0.17 0.25 0.1 207 73 0004 | 34 B 25
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X Ax 00 803 RF3 Au 0.13 72 0.002 0.5 <0.000220 O x
00 AOAO A BG4 RF4 Pd 0.015 25 0.002 22 0.002 25 x

X X AX AX

00 BC5 RF5 Pd 0.17 45 0.003 4 0.002 25 O

x 00 AO
[0138]
Table 3
Quter layer
; . Reflow Wedge
gfgrﬁg}ﬁ Total of metallic and non- TCT test resistance | bondabllity
Wire concent- | metallic elements is 100% Wed- Flaw
base Wi and {Unree
Test Outer . die- ge i
mate—M tal  layer | Outer- Thick- | gyggr- | Thick- | cia bond- scra-) g
No. | rigf (Mol piness| most ness | most Tam | M| 55/ | 551 | ing [Bond-|Bond{ After| After | ping jperfor-
No. | M |(metal M| surface of C of | SUace] of O of] €7 1120°G| 150°C| pee |ing at|ing atf left | loft 1” ¢ mance
concent-| C |Swen| O 10Z® fum 4600 | 2000 | test [romal] low |for 30|for 60 oo
Somoi% “ration | MoV | Taton | moi% | | cyde | cyale|  [eRhefEuee) davs) days | OO0
] ot |
or H‘u%re) imol% ration fmol% ration
B1 | 8A1 | Au 0.021 45 0.001 2 o [ 25| & A ol ia|le | sl o
B2 | A2 | Au 0.04 32 0.001 12 0.0004 | 25 © ] e | @ (<] (<] (o] e o
B3 | sA3 | Ay 0.07 75 0003 | o5 |[<oo002] 20| ®© © o |l e le|lele | | a
B4 | sm | au 0.11 83 0.008 5 oot | 15| © A @ |lo{alol a ol e
B5| A5 | Pd | 0023 54 |oo0os) 15 |ooeos| 5| @ A lolelol el o cl e
86 | SAE | Pd 0.03 13 | oo008 | 23 o001 (25| @ =) ol e lel o A Al ®&
87 | SA7 | Pd | on3s 33 |oooos | o8 |<onogzl 18] © ) e | e leile | o Al O
B8 | 8AB | pPd 0.04 42 0,002 7 0002 | 25 | © @ el e 1 o]le| e e | ®
88 | SAB | Pd 0.045 23 0.0004 20 0004 | 25 Q [+] e} @ e =] (<] o] <]
B10 | SA10 | Pd 0.05 38 0.001 2 eo01 | 20| © =) 8 { ® | ® | ® | © e | e
B11 |SA11 | pd | 0085 53 0.003 24 opor | 5| @ o olo |e | el e 8 e
B12 | sa12 [ pd 0.06 66 0.002 8 0001 | 30| © e | O e =] <] @ =) e
B3 |sA3 | Pd | 0065 47 0.001 2 0001 | 35| © 5] ole | |lel o e | &
Bi4 | SA14 | pd 0.07 &2 0.001 3 0001 30| ® & e | & el @ | @ e | &
gplBislsas] pd | oors a3 0.003 8 0002 [ 25| © =) ol e |lel el s e | ©
S lBt618a6| pd | o0oss 82 0.006 2 00008 | 25| @ e c e le | ele]| o 5
£ [B817 [ sAt7 | pd 0.09 44 0.009 17 0002 | 23] © o) ole | e o] a e | ©
@58 {saB | pd | 0085 17 | 00003 1 00006] 25 | © o) ) @ (e |l o] o Al @
ﬁj B19 | SAi8 | Pd 0.11 53 0.008 29 0008 | 20| © A o o A & @ o o
B20 | SA20 | pd 0.12 40 0,002 3 0003 | 35 <} A o @ @ [} o =] 15}
B21 [ SA21 | Pt 0.027 12 | 00005 | 63 j<0cocoz| 15| @ o) 0|l ® ot e | a | sl A
B22 | san | pt 0.04 53 0,001 7 0001 [20] ®© @ ol e | el e ]o © | ©
B23 [saz | m 0.08 69 poo4 | 05 |oao0s5| 23| © © ole lele @ e | A
B24 | SA24 | Pt 0.1 73 0.009 3 0002 | 35| © A e | @ |le e @ e | ®
B25 | 8AZ5 | pt 0.12 29 0.001 5 0002 [23] @ A clelelol A lel|l e
B26 | SA% | Rh 0.03 45 0.002 15 oot (18] © ) [e] @ e | e | rArlel s
B27 | SA% | Rh 0.11 68 0,011 2 gool 120 | ®© (o) e o il | 0| o ol ®
B28 | 8A%8 |Au, Pd] 0.05 75 0.015 7 0002 {23 | © @ o le le | e e ol e
B29 | 5A29 |au, Pd] 0.08 45 0,002 3 0.001 | 25 ® | e o @ <] 2] ® =] @
B30 | sA30 [Pd, Pt|  0.07 33 0,002 12 0003 | 30| @ © ole lel|le | ® el o
831 | sA3t [au. Pt| 0.022 50 0,003 3 o001 (18] ®© A ololAaile =) 8 | ®
Ba2 | 8A32 {pd, RNl 0. 63 0.001 2 0001 |0} @ A e | © e | e | @ e | o
B33 | 8A33 | Ag 0.09 42 0.003 13 0004 | 25| @ o) [s) e (el e|lolel e
BCt | AF1 | — - 38 0001 23 0.007 | 25 x x x x % x * A x
BCc2 | RF2 | Au 0018 a2 0.002 1 00006 | 251 A x % A x A x O] O
S,{BC3IRFI | Au 013 72 | ooz | 05 |<owoozl 20| O x olo lalo|la]ola
"E_dg BC4 | RF4 | pd 0.015 25 0.002 22 ooz | 25 x x X A x A % o o]
mE‘ BC5 | RF5 | Pd 0.17 45 0,603 4 o2 {25 © x ol o |l a)o A o] O
gg(ecs| Rre [ Pt | oofe 33 0002 3 0.004 | 25| = x x | A | x | A x o} o
soBcr | R | Pt 014 15 100003 ] 08 [<00002] 25| O ® Ol o[ alo At Al a
O [Bcs [ RF8 | Rn 0.015 &2 0.003 18 ooo3 | 181 x x % A x A x o) o)
BC3 | RF3 | Rh 017 48 0004 | 28 0007 | 35t © x ot ojial o Aol o
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A 00 BCo RF6 Pt 0.019 33 0.002 3 0.004 25 x x x A X
Ax 00 SC? FtF7 Pt 0.14 15 0.0003 0.8 <0.000225 O

.00 AOAAA Bat RF8 Rh 0.015 62 0.003 18 0.003 18
cXx Ax Ax O

CLAIMS

1. A semiconductor device bonding wire comprising:

a core material whose components include copper as a main
component;

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 0.12pm in thickness,

said metal M includes at least one element selected from among Au, Pd,
Pt and Rh as a main component, and

said core material including copper as a main component contains at
least one element selected from among P, B, Ir, Zr, Bi, Ti, Au and rare-earth
elements, and an elemental concentration of said at least one element relative to

the whole of the wire is in a range of from 0.0001 to 0.03mol% in total.

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

said outer layer is 0.021 to 0.095um in thickness.

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

outermost surface of said outer layer is in a range of from 0.01 to 5mol% in total.
4. The semiconductor device bonding wire according to any one of
claims 1 to 3, wherein a diffusion layer is provided between said outer layer and

said core material.
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0O 8C9 RF9 Rh 0.17 48 0.004 28 0.007 25 0 x 0 0O AO A

O00- 510 CLAIMS 1. A sem conductor device bonding

wire conprising: a core material whose conponents

i ncl ude copper as a nain conponent; an outer

| ayer provided on said core material, said outer |ayer
cont &i %hﬁgseamn@t@ctqm devige Bondiag Jvirg aRFYding toopRY one of

o e S S b FBTATE 0 AR
o Rl PSR E aomebigr i T o insg,

Rh as a mai n conponent, and said core nateri al
i ncludi ng copper as a nmai n conponent contains at | east
one gl gmBNéerhiebticest d&vvse aapdigg Rvird.actordingr to Bhy ofie, of
Au and rare-earth elenments, and an el enent al
cl@isceantds a%,i oumendin sai tgadn lieskdd saik @itemiaper r whets e totel
the whole of the wire is in a range of from0.0001 to
cancesinationdf saidanetal M relative to eptotafpbmetaticelereariedy 9Qmoiveer
bondi ng wire according to claim1, wherein said outer
mpegyig 0. @.WP"?S‘@!%S@% in thickness. 3. The
sem conduct or device bonding wire according to claiml
or 2, wherein said outer |ayer contains at |east one
el emgntr, se Hina P i of
ol emnt P T ad g HaRs bolting i acBOIk to B St
cl@ithg RE t§UE ERARPdIN SHT fedfich QhsiGdi shi@ubder |lays?r winerd a dotal
range of fromO0.01 to 5nmol % in total. 4. The
caHrREheatiuhusftsald el Maelating tonaytotd! of meetalior elemegntsas 86molimer
of clainse 1 to 3, wherein a diffusion layer is
mpreoigiORRL todl.Ofam irstiickness.er | ayer and said core
mat eri al . 5. The sem conductor device
bonding wire according to any one of clains 1 to 4,

whereji n..a reqi on ere a c ratio . S Al t

ror it Vi, Bt feflof ARG, Pk AhoBla S 4§ o Bhe Y
AL 1! B P Qheleth & g@fﬁgrrb hBbGkdiRBSrelative to a t6tal bRenetallic
sem conduct or devic onding wre according to any one
elBinehltsdh e dutbfnSst IR LRI cutéagyes DIBstodBnaatd out er

| ayer where a total concentration of said netal M
relative to a total of nmetallic elenents is 90nol % or
nmore is 0.004 to 0.07pmin thickness. 7. The |
seni Goifbiasemicongdvetordderibersling wie geedANarig any CaR Y BiREN
of clains 1 to 6, wherein a r(? i on.inside said_out

o & S0l B et W14 Py gpn'}iﬁn‘?rraﬁon
t { 1.0t. .0
e 6 obedno 88 cialt1Fh i Ende B b 3onRIRIch Bos

t abﬁgﬂqw i Ahedevi ce bonding wire according to any one
oé(f clal nms to 7, wherein a copper concentration

relative to a total of netallic elenments in the
out ernost |ayer of the outer layer is 0.5 to 45nol %

9. Thi®. Skhei semidunduntorddevies bbodidg ngiraviaceordingotodamyg one of
any one of claim1l to 8, wherein a region inside said
claimei td 8ywhersirea soncaniisten of saideneirbMi whichds sentaimeddn gn
total of nmetallic elenments is in ? raﬁgggeoi. flromJ{ 1o
eRiRYYI 27 i§ HRISNIHLCAPREHABIIY R G Ailg, pl dustallic elements i in a
The m c ct,or  device bonding wire according to any
"Y9E 0(55%08" Q‘ﬂgrgoén}%g& wherein a concentration of said
metal M which is contained in an entire wire and is

ot her than copper, relative to a total of netallic
elenments is in a range of srom 0.05 to 3nol %



