1 DESCRI PTI ON SEM CONDUCTOR BONDI NG W RE Technical Field 5 [0001] The
present invention relates to a sem conductor bonding wire used for
connecting an el ectrode on a sem conductor device and a wiring of a circuit
wiring board (a lead frane, a substrate, a tape, etc.,) together.
10Background Art [0002] Recently, thin wires each having a wire
dianeter of 20 to 50 jtmor so are popularly used as sem conductor bondi ng
wires (hereinafter, referred to as j ires) for connecting an

el ectrode on a sem conduct or devicéggﬂgkgﬁqéi{ernal term nal together. A 15
t hermal conpressive bondin ique with the aid of ultrasound is
generally applied to bond g%ﬁgﬁﬂgNﬂ#¥%§5RE%H“%Hﬂ%N%W§i-purpose bondi ng
device, and a capillary jig which allows a bonding wire to pass through the
interior thereof for connection are used. A |l eading end of a bonding wire
is heated and nelted by arc heat in uttjn%% a ball is formed by surface
tension, and then the ball is conpr W@lydﬂonded on an el ectrode of a 20
senicondgcfor devi ce heated within a range from 150 to 300 C bef or ehand.
Thereaftérpopﬁb bonding wire is directly bonded to an external |ead by

ul trasound cogpressive bondi ng. [0003] Recently, technol ogies

rel ated to thebsmreseniipgntigarapieato asmniconiver bondifpwithsedfrsemectmguct or
nounting technol ogies are rapidly diversified, and for exanple, in a

mount i ng st dedtipde opaskmiiongystor %vmﬁnd iaoviritg of acirant WiringdedrdaRe4dQuad Fl at
Packaging) 2 using a |ead frame, new configurations, such as BGA (Bal

Grid Arraylyamsiasgbsiraéebdepeatie,,) @epbeyi mi de tape or the |ike and CSP (Chip
Scal e Packaging), are practically used, and a bonding wire which has

i mproved the | oop characteristic, the bonding property, the mass
productivity, the usability, etc., becomes requisite. Regarding the

connect il@n technol ogy 5 of such a Ruedgmogndirte, in order to directly bond a
bonding wire at two | ocations, inprovenent of the bonding property of thin
wires becdf@®]requisite not only for ball/wedge bonding which is a
currently popul ar bondi ng tecl m que but al so for wedge/ wedge bondi ng

appropriate f®ecatiyompl wabserh habing afvinedidnamebero «d 4PMhlor 3OMRLRHLaks of an
obj ect subjected to be bonded with a bonding wire are al so diversifiéd, and

for a w riusgd ansemisdiduconbonthisg tvake(irfdnattr,abRElkd @48 FERUaTY Wies) ifst addi tion
to an Al alloy conventionally used, copper is now in practical use which is

nmor e appr aphhatig hokidebdd@da WikichglucMp Hea¥e hind DA mRI t@itﬁhi]@gl’ to @edtﬁ)tg phat i ng,

etc., are applied on a |lead frame, and a copper wiring is forned on a resin

subst r alw,th@“niaﬁp@nlfn@_ﬁﬁve baMachgedtinhdNeahitatbaidobligaehaks féxl&qﬁgtap#ﬁéﬁﬁogm d
or an alloy thereof is often forned on such plating and Wwring. 1t is

requi si t e Hoad boRdiAY iteBamb andhadl-pHLER& Bohdfe dvReN ' e
reliability of a b%néed Sarggﬁepeﬁg?ng oﬁ tﬁé Ein%%wg%x%ﬂﬁg%ﬁgg?ﬁghbjected

to be bondgdwdiatdndirg vaendis &t\MJu@ﬁ OB %Féo?%#é%ﬁué&i%@%?égﬁsg&. of, a

requisition for a wire bonding technol ogy, 1t Is I nportan orma bal

W th a goqehdsN&ld FialbbnBRY g i@h@%t?@ﬁn@%ﬁreftgtpﬁy A b8y '!rl]tgﬁff’*fq‘{ak{alﬂgg Formed

formation, and to acconpli'sh a sufficient bonding str onded part

bet ween t bahle @G0 L8 heGtHO88] | i 0 i.th | owering
of a bond?ﬁé teé%e#a?drg éﬁﬁiﬁﬁ?ﬁ%PEgﬁﬁg%gQﬁgﬁﬁPﬁégﬁg?éaeé“%§ﬁ%%ng strength
and a tgnsi . at L on_where a di wife is.subjected to
nedge bandr neor s O BB Nk Lr I S R Bk S

i mport ant [ | wire characteristics that. satisfy the
foregoingtﬁ%%%@éﬁ%?%%?fgggﬁigon§§f$§%Fgﬁpgfggﬁgygﬁgﬁnggﬁ§m§§?P?fy vari ous
character%§h&ﬁg such that a loop control is facilitated in a bondi ng
process, a joining property to an electrode and to a lead is inproved, any
5 excessilgb hre deformation in a resin encapsul ati on process after bonding
is suppressed; and a long-termreliability of a bonded pail and a stability

of the bonded gar% nder . a.severe ci.rcumstance ar? %fsureda
Recently, technologies related to the structure, material and connection for the

25 semiconductor mounting technologies are rapidly diversified, and for example, in a

mounting structure technology, in addition to currently used QFP (Quad Flat Packaging)



[0007] So far, 4N-group gold having a high purity (purity > 99.99 nmass% is
mai nly used as 10 a material of bonding wires. In order to inprove strength
and a bondi ng property, a tiny anount of? al | oy elenments are prepared.
Recently, a gold alloy wire with a purity of 2N (purity > 99 % having an
additive elenment concentration increased up to less than or equal to | %
has been put into practical use in order to inprove the reliability of a
bonded part. The strength car}_ be jnproved and the reliability can be

cont r ol | ed 598 AT S ESNEUIKE e FHECAIREN ik TN Wit bFy,

el ement adde to.dgol d. 8(:]%gyer sglcy al | ogi ng_may cause deterioration of a
bondi ng pr OPEF TG HiCioh HicdBsens ChH (oiroesals Rapkagiag), sreanedicalpusadaend 1 i s
difficult to conprehensively satisfy various characteristics requisites for
the bondi NPT ”@_re %@@é]as sy ebietoomdemstsiste the bendexgempénte theatimer
kinds of nmetal which have a |low material cost are desired, and bonding

wi res madePBFULipahe RbERY.IRi ebesomewretisei aRegaoding thed-onhéction hevheolaggood

el ectrical conductivity are created. According to the copper bonding wres,
however , *2CT58fR Rending eigt i qrderde disestorbond @ udingovioxatdivededationgf a wire
surface, and a wire surface is likely to be corroded when encapsulated in a
resi n. The§wrawmgngot the bpedisg nopatly opthac wircabearsmyg eequisitelnet adpper bondi ng
wires is not accelerated. The silver bonding w res have such advant ages
that si | vetalliwedgadepdingivinecht iharugehity; pdyatartheading tdvhglyes buedlecori cal
conductivity, and enables ball formation in an atnosphere, but has such

di sadvant ayeteetralge bhadihg aptirogriate Firabédmplishatengothi fyke digmper at ure i s
slightly poor in conparison with Au, and is likely to be effected by

sul furati daO®¥] a wire surface. [0009] 5AI|l bonding wires in practical use
so far have a nonol ayer structure. Even if materials, such as gold and
copper, 1@re chMatgads oldn ayecebejfentdtodsetbonted BitilayboG@nkaiRede hRoa bondi ng
wire, and all wires enploy a wire nonol ayer structure as viewed froma

cross sectdivmsifitd,tahé finaneirng on a @BconSubktrdie Bt dv@e¥iddendtéddN in3Ad@HIEN C
film etc., for protecting a surface may be formed on the wire surface of a

bondi ng wiane\liatios oomyentsealy ubed, kuppdriesey af Srab@sl tdcChRidh i maR appropriate
extrenely-thin region ( up to several atomc |ayer level) in aIIl) ogterm)st
surface. [f0Ok@hed wiring. N Mé:@d6vert & fatiM@ld RUSIaNEE AR, [ LM HH S of the
bonding wires, a bonding wire w tﬁhgg rru?ti I a;ﬁ}]e?ﬁ%t ruct u%?aﬁien vmailgid awre

surface i srae@abfda voiger ANAHAE ForRid@n 4 RsiAr«QPA88d a tdR, Et@?%ﬁ%}a film oBgNdi N9
wi res nade of copper which has inexpensive material cost, has a good

el ect ri calnobRIAMET dldhént dik@?glde%ﬂ%ﬁraﬁ§y :H?elréof@&%n%nﬁé@g}(‘%%ﬁﬁ%%ﬁ%%ﬁa@g’ etc.,

are created, and for exanp patent” literature 1 i ccordi ng

to copper vhangi NG iweh&Site quYﬁfe’th@b&Wg&w szgﬁalding ??Eg{lg ﬁ}l’eat ed due to

oxi di zation of a wire surface, and a 2 surface | o be
corroded WIRBiIRPSARSUhRUSH IR padiSShN e KNSR racti cal
usage of the cogper bondi%ﬁg wPr eé g rlllgt acggﬁéﬁgiegtggu%fe%%%gfb‘é‘ﬂx?(geg case of
copper boRGiNNge Whi@S: wigen the leading end of a wire is nelted to forma
ball, bonding is car%le out while a gas is sprayed to the | eading end of
the wire i[(mog{]S order to suppress any oxidization. Recently, a nitrogen gas
containing 5 vol % of hydrogen is popularly used as an atnosphere gas at the

1, ) | Bl R RS U HoA 5 L RS 0 S et o

di scl oses that a cop i's*connec
to a copp 0, r-all | ead, fr.ame. . Moreqver, it . is reported. in
non- pat en?&ﬁ&[%@gﬁgﬁg E’?Og %fenﬁg%h{%}l%aﬁﬁ‘ﬁﬁu & gt QleﬁBF"‘eofjlé@i {"%}BP@% han an
N2 gas be e chi. as.-can .suppress y. oxidjzation of a ball surface at
the time %?dj acﬁ&gm%}%ﬁﬁﬂgﬁ&ibﬁnﬁﬁg S@é’ééﬂ&fag‘é‘@ﬁéﬁ’aﬁ%ﬁwq?ﬁ the pakandNswadays,
a 5 vol % H2+N2, gas,i s standardized as _a gas. used when copper bonding wres
are used. g‘?ﬁt&% ?\dore%er’dnto @%ﬁ?&%@%}ﬁh Lq?ﬂ%’i“g§’ PRGNGRG toRpErtEEandn of a
surface of_.a.copper bondin ire, patent literature 1 discloses a bonding
Wirein HBH“%%?)@‘?H g ggg{%%o%kngst]&ng@mng agisalie strength at a portion where a

25 bonding wire is subjected to wedge bonding to a wiring part on a circuit wiring substrate

are also important factors.



10 or a corrosion-resistant netal, such as gold, silver, platinum
pal | adi um nickel, cobalt, chrone, and tjtanium Moreover, fromthe
standpoint of a ball formability and suﬁ%ression of any deterioration of a
plating solution, patent literature 3 discloses a bonding wire so
structured as to have a core nenber mainly conposed of copper, a dissimlar
netal |ayer forned on the core nenber and nade of a netal other than
copper, 15(@@& a coating layer fornmed on the dissimlar netal |ayer and
made of anl i zation-resi stant netal havi ng a higher nelting point than
that of copper, Patent literature 4 discloses a bonding wre rising a
core menber methe egﬂﬁﬁ%ﬁwéfhaé 156t the A0TAEAURE BRAMEHUIR] 1h1g fkfﬂé%cbcf ch
contains a metal, having either gne of qor both of a constjtuent and a
texture di FPBPERISPERSAIHY \aBPes Fhemstaristignyck Hishalooreatrahis darilitated in i n 20
filn1having a thickness of 0.001 to 0.02 1.tm 001ﬁ%__ Various gold
bondi ng wi Peling prRcessriciingapepesy ot dlecirona ped {«M—:Jﬁa isdBwprvsposed. For
exanpl e, patent literature 5 discloses a bonding wire conprising a core

wi re for feerEssiti yhe Jelormeioningrresn cpgapailatenn pragrss afterdwniling isreunprassgd,
coating the outer circunference 25 surface of the core wire and forned of a
hi ghl y pur exdrdlopg-ternPegliabilityyof aFzmded paut ot aistabibityeofdhe bonslsd ad ubderdi ng wire
conprising a core wire formed of highly pure Au or an Au alloy, 6 and a
coat i ng natayeicalircomatenempre hssuoadt er ci rcunference surface of the core wire
and formed of highly pure Pt or a Pt alloy. Patent literature 7 discloses a
bondi ng wi K®02bnprising a core wire formed of highly pure Au or an Au

all oy, and a coating material coating the outer circunference surface of

t he core w re Sanfdr, Md¥F-gedp gbldiiaghigy pgh purlty (purity a0 AMYmabdleyis nfa@0¢ bed as |1t
is desirable to cope with the nost-advanced fine dianmeter technique and the
hi gh- densi & ynapaiakatihongiricecies. que otdek® inipree: thenpthsind addondingipagpelty, a tiny
conprehensi vely satisfying such characteristics that | oop control is stable
i n a bondi mgopttof elsy clambasdicgegedr apeeht)y, agoldmiogweds wihy pdefyosfie i on of
a bonding wire at the tinme of resin encapsulation is suppressed, and a

| ong-t er m gelityabpb k4 yha@fnganhdddsd chaidnt tencaseaimplihabadd ag wMdsethan or
characteristics of a bonding wire of mass-production. [0016] Regardi ng bal
bondi ng, i éc}dastd N0k 8én H1@ iherpRdcichialsk inbiddr @ 189esh RO RNability o8t bddaed 15
time of ball formation, and to obtain a sufficient bonding strength at a

bonded parparbetmrenchfit chabt iApdvanuel @6 tdRERIty M ROMRE o]l bPhAQEHQnE OPe
with lowering of a bonding tenperature and thinning of a bonding wire, a

bondi ng 1t kigRaLd theasoh_@é?ﬁﬂa{ign st %11351 gatygbl erfiéift add&T 18 PoRAUI Ik BSeBl alyRRYhh PN

where a bonding wire is wedge bondéd to a wiring part on a Circuit wTing

substrat e. cQc 188 htion of THGIEnd FroPAty SRONErRR Jrah clddaicaPreRiaRONd) RG Wi T €s

with a multilayer structure are sugjected to mass-production and popul arly

used, and fherRmnw @&ﬁﬁ-&ﬁ&gwg@a%%Moﬁm%%terﬁaés RQLisRESD &étb%t:zéﬁ'hghed yet

in the industries. Mteria gning and devel opment of manufacturrng
t echnol ogy,ace desired in order to inprove the 25 mass-production yield,
the productivity, the quality stability, etc., of bonding wires with a
mul tilayerrgghgucture. 7 Prior Art Documents Patent Literatures [0018]
5Pat ent i&era ure 1: JPS62-97360A Patent literature 2: JPS63-244660A

I
it orat (e 5 PRORCTA5INA SPOLhCaRe o vet HRLE eyt TRl o o
literatur emgt:eri’c]llpclz)gtd' érg %%sdfrzc , %@&&1%&1%”\511‘6':‘?! ztng ea(gfu cro}e)per which have a low material
cost and which have a good electrical conductivity are created.  According to the copper
bonding wires, however, a bonding strength is deteriorated due to oxidization of a wire
surface, and a wire surface is likely to be corroded when encapsulated in a resin.  These

25 are the reasons why practical usage of the copper bonding wires is not accelerated. The

silver bonding wires have such advantages that silver is inexpensive than gold, has the



[ 0019] Non-patent literature 1: |I. Singh, J.Y. On, L. Levine,
"Enhancing finepitch, high 1/0 15 devices with copper ball bonding", th
Proceedi ngs ECTC 2005, 843 to 847 Di scl dsure of Invention Problenms to be
Sol ved by the Invention [0020] 20According to the conventional bonding
wires wwth a nonol ayer structure (hereinafter, referred to as a nonol ayer
wire), addition of an alloy elenent is effective to inprove a tensile
strength, P.ﬁtrength of 3 bonded part, a Leliabiljty thereof, etc., but it

i s t hought Mgy clefgicd qoaductivity and;enablasball rpwiondn Apemesphesc behias suchs |
Accordi ng %qﬁépe bon ing wres with a nmultilayer structure (hereinafter,
referred t@s¥yaalages thetithgbendypg wiiabifity 4t hagh fempgratwsa ipslichhupoaria
characteristics are further inproved in conparison with the nonolayer wire
to i nprovetiPadeR Bith A and Rdkahdp g effeeledry selfergieon of o wise birfasgi ng” about a
high 8 functionality, a wre surface can be coated with a noble netal or
an oxi datil®89%ksi stant netal to suppress any oxidi zation of a surface of a
copper bonding wire. For gold bonding wires, it is also anticipated to
acconpl i 8§h an Adf pasingwirpsiusidigar esish faerpa bynobati sigctira rEvesuf f ace with
a netal or an alloy having a high strength. In the case of 5 silver bonding
W res, as maigfipls, gk fngddiagd coptesdramitanged, mBontlenentapraldi fyymhasintgnea! hi gh
strength, a bonding strength of a ball or a bonding wire itself can be

i mproved. p@dRIfing wirdend all eorce empldyer wiraimhylaganposed: of viaved fasta one of
Cu, Au and Ag, when a noble netal coating the surface of the core nenber is
Pd, it is eupeetten ¢febpibaidingpwrear A tin agivereahiendling eh yrgald fifd, ed., such as
suppressi on of any oxidi zation, a bonding property to an el ectrode,

adhesi vengsstetingmsweficapsiyl tetfbaned @stiht wignriacd f Albdidalgyiwird BXRemsdave,
material cost, etc.. [0022] The inventors of the present invention carried
out a testhitrhesomsirderiatd onanéxttehelparttegld (@f oheghaldensiclhgaldl),in an

m niaturization, thinning, etc., of the sem conductor nounting technique,
and it becangnokeasfatdhat nultilayer wires having the surface of a bonding
wire coated wwth Pd still have various practical problens to be discussed

| ater. [0Q28]0]l n manufacturing of the nultilayer wires having a Pd coating
| ayer and a core 20 nenber both made of materials with different mechani cal
characteri sti ¢gordeh® RebtcaAbINEHAHQLisTBY P RNRBERY AR P@&mﬁ?%%'é Siflg
during processing and annealing. |f the adhesiveneSs between the Pd coating
layer and 4:RgltGaeestiRARE N WhidhMSWE LGERRYs oAV iRDa itk Bl NErBhsdahe Pd
coating |layer also occur in a wire bonding process per{ornlng conpl ex | oop
control ;5¥epelyy a partial elimnation of the coating |ayer which causes the
25 core nenber to be exposed at the surface of a bonding wire results in a
quality issue ; I i g i.ci . I . i bondi ng
roperty. o LSOSap AR RU S IHREAHAERAT R Ay ISt halh B’ der ect
originati I: 1.SSi . 1 l.ayer. or redyction of

Vi el'd ar e Bk LBRRLAD: BE e TVRS I SBhab B BBk e FEHGL oRE
conpl et el i - : I 0, n the 5 hal fway of
manuf act unerg or e Sfee SALARIID NEGALPEBE R et At he
Skin 1 ayencARscnRRuNiL LA S50ese, A0chANX kSR AR, CLARKS Leralp, i n @

wre, failures,’ suc cas e tinme
of |oo . j ,..Such defect results .in. reducti of vield in a
bond: no2b WiRRAD, ABHly o BEBRSERhel ERdbadrbdin i o e B hsels 0 of

the coating. ) r_is har recogni zed. .10.[ 0025 In the case of

nul tilayer d%%ﬁﬁajgfgﬁgph%§PW8“ OBgne SatF ‘Féﬁ%?mﬁﬁpch i s harder than the
core nenbﬁﬁ ﬂainly conpos ed of Cu, Au and Ag, and which is likely to be
brittle, t % ate of occurrence of troubles in manufacturing is |arge

during a wire Ss- prqducti Qn process and uccessi ve baondj ng process of
| ar ge nunber B%C?%s" i“APRY 88&’}3&?’1’1?811‘”&?{‘%63 IMEHE A5 NS IER) &R i 1 es.
Because rn-out qf a roll and a dice during a process of rolling and
drawi ng o Orl‘?iuflgfﬂlhgﬂ%am\%if? eaTiFG oty ks gasdhrargdde dbe jeadipg epdal & wirainr e
surface, resulting in a quality issue or increase of a manufacturing cost
due to shoFderie ?‘ﬁ’tgpi"ff?é apY O¥iHEalPR 0. RegSRdL Patitroges gep Apitaivingcoyelont rol s
perfornmed in a wire bonding process, the internal wall of an opening of a
capi | | ar y hydroggp sawppplaly pecdes omtweslienyedsay the, tiramef babeformptierceimonper
frequency of capillary increases in conparison with the case of nonol ayer
wires, resulting in reduction of the productivity. [0026]



When a ball is formed using a nultilayer wire, occurrence of a flat bal
out of sphericity, concavity and conveX|ty of a ball surface, air bubble in

the ball, or atiny pore 25 in the ball Burface, etc., becomes a problem
| f such an abnornmal ball is bonded on an el ectrode, off-centering
deformation that a ball is shifted fromthe center of a wwre and 10
deformed, and elliptical deformation and petal-Iike deformation which are

exanpl es o{) g}Fsha pe fiq | ure out of sphericity occur, so that a bonded part
spreads ouP*BHIHNTEY e diaieal EtcsaivieRcsclonss that paernvewits izeannecied undatdct i on of
a bondi ng strength a chip damage, and a failure in managenent of

manuf act ur Yoo Hstnvhes Q"i“ﬁ?“%‘ﬁcﬁ GogPegr|cgprReralyY krad fgnegh o Moovesdtiist | on of
the long-termreliability of a ball bonded part under a high-tenperature
and hi gh- hi?ﬁP’a‘i’ct‘ylI@ﬁm%e@ﬁmtule%atféa%v@lPﬁ HasNbessns amoreddsizable gianraasidual
inpurities and gas conponents in the interior of an outer layer and in the
vicinity ofesdcause spdhacegasisen gnpress oy outdmatldnagéer bahdirfabeaticbe énrearfibell dur i ng
a manufacturing process of nultilayer wires. [0027] 10Regardi ng

det er i or &t fosmalddn inHbe epsabf egpper balwing wirenf Ndveadays, @ty va%of,+N,diac & | ncr ease
of the replacenent frequency of capillary, and shape failure at the tine of
bal | bondi #igndatdizddritsergssusadow peedopper tandingiveisisnge ofedt he Pd coating | ayer,

no effective action against such defects is known so far. Regardi ng such
defects, ifl00t%] difficult to recognize a problemin evaluation of a little
anount of wires prior to practical usage, but such a problem becones 15

obvi ous when stsd ethrigragenpntssing dnyexddigaionaff aBpideso faaobp&bobingiwird
mass- production process. This has been a minor problemas there is no

practical ptanhipratsfeniedisclodes bhvendisg vafe 1hhﬂudiﬂlédpﬁbla1¥%6at% W8 adoble metal
sem conduct or bonding wires, but from now on ere is an expectation to

over coneosarmtnoaropmﬁbb@mmnamdwchta@ gbRlabiivee, ;ﬂ@eﬁﬁmp ?Qﬂﬁtﬁ&mQﬂc@I doB&lt,
mul tilayer wires and practical use thereof. It i's an Obj ect

of the prededhe,iand efinian. t MoRREE Biden ﬁlt;@tatleﬁ&gpémamrf@%ﬁimt of,dt he prior
art, and to provide a sem conduct or bondi ng wire which accorrpl i shes

lrrproverrerﬁupplfessa@rtmnmeee@mt@%tra@at&%@@{ﬁéﬁlIsatbn@tlte%ﬁre ﬁk&i@&s%nd m ssi ng
of a coating layer on a wire surface, inprovenent of a work property,

| mpr ovenerfon@ingavikadd stRRAMNS: (B HaRes tdre n?e'?nl%r Ay %ﬁﬁg@ﬂ:d%ff c??ée?%o sh ape

and extension of a dice lifetinme or a capillary replacenent et me.

Means for @hﬁﬂﬂgnétﬂleiafél qplln%@ d09e %&reﬂ?&n&&lég?lﬁ%ﬁé oPh nlehf OB{e?tﬁﬁaH \4ent ' on

keenly studied about nultilayer wires in or over come egoi ng

probl emg; R84 oo a?éilfoﬁt?&{ orl {he'd%sﬁ"ﬂtﬁﬁ%été{l%}te? aﬂ@@déofﬁpcem ration of

hydr ogen contained in a bonding wre appropr reover, the inventors

found t hatoxﬁ&lzdﬁ)n 1’é§1§t91?trm&£1f1§19t aehl%f?eig‘x?étft E%bmtl{]teﬁ% ﬂ a?gpgo etp f I,ng ngt er

| ayer or a diffusion [ayer, nber,

etc. . [ 0030 A0The;preRen, qdp %‘&é 00y se&eﬁbg]g%@f?ﬁa?n y%gmtgg%dfo [ egoi ng

fi nd| ng, an errp oys t ng S res nduct or
bondi ng wi, ceordi a GL. O rese i hvent
conpri ses: gp%oa(rhg %edr%%m ngata)ﬁ% y c%hn%’glgaeuas ngneé‘aget] gglgteltgﬁ'yon(‘frfg 05?"°t&ﬂf 2Au and
Ag; an 15 [08 qQre nenber mai nl osed .of Pd,
wher ei n aCt8 }cll)%tﬁ?en(t:g%(g{éﬁtxr?ua t gIrF1°Ie ttf’t?“ﬁlﬁjggcghe @8’35 i PR, a’&%tﬁ’ﬁ@ WF FEIR s
W thin r e from0,0001 mass% [0032] According to a
second gos;%@%‘?“ SHEH, 1C5P%S§8rf|b%92\%a§?ét’in in the sem conductor bonding 20
wire of tm]g 4 Lrst aspect, the total concentration of hydrogen is within a
range fro %] 6001 to 0.004 mass% [0033] Accordi ng to a third aspect of the
pr esent |nven Jr; Ié‘he sen condttllctor ondi n wire of the first or
His 2ol q

second aspect iy Wik WEb R y?try';&rruﬁ@’é‘?thfi‘fé" bger alse eresd on of 25

hydr ogen onta din t e bondslcp wi re neasured by Thermal Desorption
Spect r one aﬁ@% patent i1 te;atute i5closes a bonding wire comprising a core wire formed

of htghiy pure Au or an Au alloy, and a coating material coating the outer circumference
25 surface of the core wire and formed of a highly pure Pd or a Pd alloy. Patent literature 6

discloses a bonding wire comprising a core wire formed of highly pure Au or an Au alloy,



12 [0034] According to a fourth aspect of the present invention, in

t he sem conduct or bondi ng wire accordi n%rto any one of first to third
aspects, in a TDS neasurenent at a tenpetature rising speed of 100 to 300 C
/h, aratio of a concentration of hydrogen, detected within a 5 tenperature
range from 150 to 500 Cin TDS, to the total concentration of hydrogen
detected within a total neasured terrperature range is equal to or larger
than 50 % [003 co d| to a. flf aspe resent

i nventi on, & {drf“f% ng@}ﬁ%ﬁ&tjﬁ%ﬁ e R GREGes oighd SRR of first

to fourth eou has hi ckne bei ng 10 within a range
from0. 01 1§ be.gi %01 a Pt aﬁR&co?%?‘Hé;‘t?%tuéFiﬁ‘f? ﬁse&%@eﬁm&wﬁe present
invention, in the sem conductor bondi ng wire according to any one of first
to fifth aSPRRising 4 sore maredarasd ofdyehly par%lgﬁw Maohien alad g 6PRtBgIRaERdn of Pd
relative to a total concentration of netal elenents being equal to or 15

| ar ger t hatPa808 Hi5l W H sercamigprorsagacedtt te gusg wig apd dermpd (& Ty pure Ag or
According to a seventh aspect of the present invention, the sem conductor
bondi ng i feAgeler-ding to any one of first to sixth aspects further
conprises a diffusion |ayer formed between the outer |ayer and the core
menber andlO94% ng a concentration gradient, 20 wherein the diffusion |ayer
has a thickness of 0.003 to 0.15 | am [0038] According to an eighth
aspect of the Ipisakseinbld tnpe woth, the mosthaslvererddordianger thomdjuegndithe
according to any one of first to seventh aspects, the main constituent of

t he core neEgheendity [Gokagingigchragu liksgherdmmesdied watispbcont@aieheisakelyl east one
of Pd, Ag and Pt 25 as an elenment, and a total concentration of the

el enent s i satisfygngcoick chaadienstics that tdvipreoatrelan gieblerin mbOndidg pocBssirobdhding 3

[ 0039] According to a ninth aspect of the present invention, in the
sem condicproperboidmpgvall rayaletemdtingof obannoweae af thkitimst oftresiei ght h aspect,
the main constituent of the core nmenber is Cu, and the core nenber contains
at | east oaapdulablon iSsupprisedBamdhdldigasmarelabgiteonborfded patt ivyccompsiadt ot al
concentration of the elenments for alloy in a whole wire is wthin a range
from 0. 0004s wige Ohddictersti% of D0kiling wire oAB@-phiodgction. a 10t h aspect of the
present invention, in the sem conductor bonding wire according of the first
aspect, thgoceye nenber is mainly conposed of Cu, and the 10 sem conductor
bonding wire further conprises a concentrated |ayer formed at a surface

si de of the oulephrdidy®dll lﬁﬁ@%ﬁﬁ@hﬁﬁd’l‘ﬁn% foRAShaR iWilel p@aespREiAY ARt Au.

[0041] According to an th aspect of the present invention, in the

sen condyctak oPpAfiRGaiéit, %nél@&é’&%l%uffﬁblédﬂ%oﬁ@hg sBSPRE Lt 2 bdiRcS ?ment rat ed
| ayer has a concentration gradient of at 15 |leaSt either one of Ag and Au,

in a wre giRBBIGE bl LEEhE ORetrdR04 R oreover, AR ©RIE kb eQvith %&eﬁn@%?@m of the
present invention, In the sem conductor bonding wire according to the 10th

aspect, a M@Eﬁ‘?%ﬂaﬁﬂe ohd qjln‘fﬁtl & Q& %}!955 asﬂﬂhfdﬂ'%%h%flgﬁlh@teﬁﬁf@ﬁ&hggﬁt ed

| ayer is wthi ange from?2 o 90 rm Accordi ng-t

L3th aspeciiq ofclhgyiesen o;'tﬂa}{urtk feb&Bborddi: 5REECOBRRUALPRNMN B MaliSn

according to' the aspect conp Ises a si ngl e-netal” lTayer in

the outer |ayer: in%%%ﬂﬂmtﬁ? ording to a 14th aspect of the present
invention, In t m conduct or bondi ng

0 [0017]

There is no report so far that such bonding wires with a multilayer structure are
subjected to mass-production and popularly used, and the manufacturing technology
thereof has not been established yet in the industries. Material designing and
development of manufacturing technology are desired in order to improve the

25 mass-production yield, the productivity, the quality stability, ete., of bonding wires with a

multilayer structure.



25 wire according to the 10th aspect, the outer layer including the
concentrated | ayer has a thickness of 0.02 to 0.4 Rn 14 [0045]

According to a 15th aspect of the presen? invention, in the sem conductor
bonding wire according to the first aspect, the core nenber is mainly
conposed of Cu, the sem conductor bonding wire further conprises an
internedi ate | ayer fonned between the 5 core nenber and the outer |ayer,
and wherein at |least either one of Ag and Au is concentrated in the
internedi ate | ayer. [0046] According to a 16th aspect of the present
invention, in the sem conductor bondin% wire according to the 15th aspect,
the internmediate |ayer has a concEAPFARINKUGERIE ent of at 10 | east either
one of Ag and Au, in a wire diameter direction. [0047] According to a
17t h aspect of the present inventi BAenlhtergfsreseni conduct or bonding wire
accordingnéﬁ g?e 15t h aspect, a maxi mumtotal concentration of Ag and Au in
the inter 18k e |l ayer is within a range from30 to 90 nol % 15 [0048]
According to an 18th aspect of the present invention, in the sem conductor
bondi ng Wi re dédt Hicwjuied : {RBOABTW0Aspect, the internediate |ayer includes
a region where Pd, Cu, and at |east either one of Ag and Au coexist, the
regi on havi ng Pateeblieetiviedt IBP024$0BAt of at |east three of the elenments in
a wre dianeter direction. 20 [0049] According to a 19th aspect of the
present i nventhagt lijeratened: $BH06e7d0A8t or bonding wire according to the 15th
aspect, a total thickness of the outer layer and the internediate |ayer is
wi t hi n a rangdafanplitet@® 4t GPTN0F-1264A0050] 25According to a 20t h aspect of
the present invention, in the sem conductor bonding wire according to 10th
or 15t h aspectPateat istahre SofRidi-7o23can of Pd, Ag and Au is within a 15
range from0.4 to 4 nol % [0051] According to a 21st aspect of the

pr esent 1PnventPatnt lifernttrh@: $EAO4 POt or bonding wire according to 10th or
15t h aspect, a ratio of a total concentration of Ag and Au to a 5
concent r at i on PafenPliterasurad7t WPH0A79B139e from 0. 001 to 0.4. Effect of the

| nventi on [0052] According to a bonding wire with a nultilayer structure,

i mprovenent of both 10 sphericit yWN@&fpachalideramd workability of a wire can
be acconplished. Mreover, stabilization of a conpressive bonded shape at a
bal | bondgdopsgrt can be pronoted. Furthernore, a successive bonding
property after a wire is left in an atnosphere for a long tine can be

I nproved. Sti Nonfpatdnh&feratarepulll SHhENYtdn Gar Rehel "BERKEH, g?ﬂ%{aitéh%@tﬂqy@ a

|l oop linearity or a | eaning characteristic can be I nproved. Al so, the

reliabi L5 tdevichs @ith2opbhdBatl BORARAL W Brodlhi{isH-RuThEK Y3 tHg47 can be
improved. As a result, it becones possible to provide a sophisticated

sem conduct or bonding wire that can cope w th nost-advanced sem conduct or
nount i ng technol ogi es, such as thinning, acconplishnment of a fine dianeter,

acconpl i shnent of a | ong span, aIBQcJ]%%Q'EPH%HH&W of a high reliability. 20
1

Brief Description of Drawi ngs [ 0053 is a diagram show ng a

concent ration profile of aphnding, ¥ §&vir) A AkQEer Taver, a diffusion
| ayer, and a core nenber;

(60207

20 According to the conventional bonding wires with a monolayer structure (hereinafter,

referred to as a monolayer wire), addition of an alloy element is effective to improve a

tensile strength, a strength of a bonded part, a reliability thereof, etc., but it is thought that

there is a limit in improvement of the characteristics. According to the bonding wires

with a multilayer structure (hereinafter, referred to as a multilayer wire), it is anticipated

25 that the characteristics are further improved in comparison with the monolayer wire to

improve an added value. Regarding the multilayer wires bringing about a high



25FIG 2 is a diagram showi ng a concentration profile of a bonding wire
havi ng an outer layer with a surface concentrated | ayer, and a core nenber;
16 FIG 3A is a diagram showi ng a concerftrati on profile of a bonding wire
havi ng an outer layer, an internediate |layer, a core nenber, and having a
single-metal layer; and FIG 3B is a diagram showi ng a concentration
profile of a bonding wire having an outer |ayer, an internedi ate |ayer, and
a core menBJer .and havi.ng concentration gradient 5 in which at |east three
el enents atBchnR H@aB’é’s"‘tsu%B?fecan%e cealed yiithgt rabie mRte! praretitdasienfrensat

Regar di ng sem conduct or bonding wires (hereinafter, referred to as bondi ng
wires), 10“18@1%&131’18?? RYOXFHgING agpracs Kackpeehendisengra dor eoldenber made
of an electrically conductive netal and an outer |ayer fornmed on the core
member andPIRSIIE Wi EoHphalariamicimied tagcepmplishian effeet afaeducingrdsin weep by
suppressi on of any oxidi zation, a wedge bondi ng property or a long-term
bondi ng r efRHBE Rk MHXE SEfacq With avesial dsan abeschavigg ahighisirexitihg Infthapasoufer | ayer
and bondi ng shape failure all occurred at the tinme of wire drawing in a
wire 15 AenPaRIndimeiyirgs ace wiregndacs is coated with aohetalampheloy bopngehighol in a
wi re bondi ng process, etc., becane problens, and the stability or the |ike
of a bal | ®@agihnybeapestwasth efsutfali wiadwnding G055} scBegabdimproned.t i | ayer
wires, in order to conprehensively satisfy various 20 characteristics, such
as to reall0@&l]practical use in a sem conductor manufacturing process where
a defective fraction is managed in a ppmorder, to acconplish

mass- product i dnr stabinhdther bettlgrompasedtdiat [eadt oebf €0fAY attb 28, WREHO! Roes

wires |ike general -purpose gold bonding wires, to stabilize a quality, and
t o i nmpr ovenetaldoatinl ihe sdrfawi sfghofort hiembs tsef, gl edpeRicddefidiNoisyars her eof , the
inventors of the present invention focused on hydrogen 25 contained in
bondi ng 10 cwegrelendvélgumtkfichatich ds suppredi@csf ang oxidizRnCOPGRMY Rbbaty ©f
hydrogen and the distribution thereof are nmanaged hi ghly precisely.

Mor eover, anrel@tidét, atibesivenedito AR eBeapbllegd MeinCaM 4 R atiRblytiRe RN OFB R rial
concentration, the inventors of the present 1 nvention also found that the

t hi ckness camdetche structure of an outer layer, addition of an alloy el enent
into the outer layer or a core nenber, and normalization of a wire

manuf act urfooxpe]pr ocess, etc., are effective. 5 [0056] According to a
sem conduct or bonding wire having a core nenber which is mainly conposed of
at |east one The @lenOts B AserAMlcBfloPRld b@¥aksthiQEHR gfz{gio NG (RfRqrener

and made of Pd, if the concentration of hydrogen in a wireils wthin

a range1f rfomith A8 daflof, RIS B %R, tHHﬁir%PQl@r, ioﬂh@éeﬂi)co?dt?&!n! moldifpeSur f ace
f d d Ifrty in a Wer e

characteristic 10 thereof becone good, arid the worka

manuf act u rtédﬁﬁiq@té,%@ﬁﬁb&ﬁgletc%r Hle?fn'uItMa er@?x %}Eg tl{er sﬁl@ag@ J()j‘(a% fé(ﬂgﬁ]?%/wire

progression of oxidization are i nproved, so bot h producti vi ahd use
per f or manegae @il d FAVE Yot i td er mainly
conposed of at |east 1one of ]%J, Au&g%lyggﬁméé??%g%%g%ﬁ?{épa core nenber
cont ai ni ngoéjg? foregoing el enents, and for exanple, the el enents having
its/their 15 Concentration within a range equal to or larger than 50 nol %

1 e, £or e TSSOl ofMe B e SORNSELLEY B BTSSR 5.

conventional wre aratus is e

(1 the tortiRrBaR B R PR e R R RS e Pagrgime

of tect 1 ve e By BRetL S EhschPr 388 dud AR b bRk cliabSnt rati on
he b f lish i f is _Cu. [0057

Regar ai ng W HS FBFSBEITS Lingbe Ry e B e SRR B MU R ety | s

cont ai ned by equal | arger than 0.0Q01 nmass% . because of an effect of
suppr essi %é'%%n%ﬁ%%]gé E%a[t’ing i a@ﬁ Oggurina WifeRoNgdrecess BURIMIRGg, an

ef fect of inBr_o ing the sg\gerlcity .of a ball and of suppressing any

for mat i on“YPPIE* doH GnRkgl Q4GHCER2 partial gligniting ofitbe ematinadaysamhichxgusea thepe
acconpl jshed. |f the concentration exceeds 0.008 nass% air bubbles are
produced PRI o Bpetnosed e siikse obp bandips daig rpats ibe qudisy insns sadl e,
and the bonding strength thereof is reduced. Preferably, if the

concent r aff BiReiession ehexdgatiamefaedwgivnefedonding poorsed. mass% a bal | bondi ng
property is further inproved as any formation of a



5 pit-like tiny hole in a side face of a ball is suppressed, and the
possibility of breaking of wire at the &ine of fast-speed wire drawing is
reduced, thereby inproving the productivity. Mre preferably, if the
concentration is within a range from 0.0001 to 0.002 nmass% any wre
breaki ng defects at the tinme of fast-speed wire drawi ng can be suppressed,
thereby inproving the productivity. If the concentration is within the

f or egoi ng @@QQ s, 10 reduction of strength due to peeling of the Pd outer
| ayer and ogging of a wre drawing dice due to cutting scraps are

suppressed, resul.ting in inprovenent. of a wre-draw ng speed. As the

wor n-out of tHh& agfﬁl&gg it%s%ch%Fﬁtégg%t=éﬁ‘fgrqch@g¥|3‘ftfoé‘tgi%n% ropreeng ang s

extended, the. quality bhecones stgbLe, nd the production efficiency is

i mpr oved. WF‘%@? thse E’F%\%Y?‘, orjredychan 8%%’@5%"%1? é{gp FeTs ohpeEmSa Fenge from
0. 0001 to 0.001 nmass%. in the case 15 of extremely thin wires having a wire
di anet er of*A8RGI I iGFulf lecompletely fmdasraigh e scepingiicsipreduced in the

acconpl i sh t of a fine dianeter, the yield is inproved by reducing any

Wi ro br e aki Wt ey achsmeih i lsuercvingsiat yhei tine of praduct ishiprened Anythe
increasing.the wire-drawing speed. Wth respect to a problemin which an
openi ng i sSKt ByEfs inAnyB M ckegss kit andinteredl srackeremmin inonwandat!tres,

repl acenent frequency of a capillary 20 increases, if the concentration is
within theSUeh ﬂ@gﬁ Gy s#Rg devng brad dephadteneirthe Kirfeatfilonp fofmaiaapiclit ardych s
extended, and an effect of inproving the production efficiency in a

mount i ng pledecé sesubiain tsduciion ofyicl Singrhondd@s8pedss altimugbrhf cadat huateldtoe r eason
why managenent of hydrogen concentration is effective 25 is bound up with a
struct ur e WViapedirg apdpessimmdlighe stingddyedistiardly aedolghined®d fil m The use
performance of a nonolayer wire mainly conposed of Cu, Au or Ag is not

i mprovedCd023)l 19 even if hydrogen is controlled, but oxidization

sul furation, and contam nation of a wire surface becone dom nant. Moreover,
accordi ng to fhmtislayer! miltibyenpomding wveplosed 0Pd Behtinitlayes wiidhfiks Gilder t 0
control a concentration of hydrogen to be a | ow concentration in

mass- pr odubérn e cosnderebennadifilytdomposad eNCoakn ami Qf, dmdviggen liksly@maged, a
wire 5 workability, a ball bonding property, etc., are not inproved. [0059]
A thin Pd oiitierthd aygest deonm@de oftrblislesiurhanga @i 00Rdé 8giMi 4 @Y plating or
the like often has a different behavior fromthe known physicality of a

bul k of Pdnasktproductibopghtsstahdts shibi@ssod bitidind prodss BY B @aambd of WP, t hi n

filmand absorption thereof also differ from 10 those of the bulk. In

gener al 15 idomparikohomih titahs@oRdol4RY wiRksa Bbdadsh@sbb @b rAYE Qgen RRsor ption
and can absorb hydrogen equal to or |arger than 900 tines as nuch as the

vol une of difing Ageedeth Skolidgtan® dbdiNg B mRutiSer WA¥E s in'fé?i‘é\@,\éﬁ]g/ SCIEQﬁ igol ubi ity
of hydrogen and an adequate concentration t'hereof differ fromthose known

in the cagem@fd e DuHirk s@Iffac%gre@!nltiagm 298a1RY ko i?x&tegge%ﬁaﬁﬁ%h?ﬁctﬁ‘ﬁge&gte oct

conposition of the outer |ayer, the grain dianeter, 15t atti

density, efy el fi RFind ‘ - R
depends. on & NG act uri g BT ocess St the B G hT o, T 60Go el % yner
sites whenadyiagaholss RRERBha M & A Q{J%Et%wyfaggﬁpﬁgigglgogggpﬂgeeg% en the

classified as the Pd outer layer, the pr

outer | e . . ber nd the outer. t
surfac e%(;? Bgﬂ{t;ggﬁ%‘%}h%ﬂ\%h? é%@ﬁ\%?l%eqtuﬁga’c%ﬁ%glr%w{%gﬁse%fm ﬁgy‘HP%“g% it “egﬁtﬁﬁi ned

in the Pd t IS..0f . of rogen in this site are
vapori zed Cm%e@%%@%ﬁ i ﬁ% lémﬁ?}g{g 1@'}%@#{181285&1@%%&%% ‘of electrical

di schar ge,o@%@ﬂ an effect of stabilizing ball formation by the vaporization
can be ex;gec d. Hydrogen contained in the interface in the vicinity of the

boundary bet Qut er | ayer d the core nenber _.and.jn a diffusion
| ayer a?‘/f ects t 3%g)&ﬂggfo\}@ﬁgggm%ét%ggﬁy?rh@r%lﬁc«%?m?rﬁff8 agﬁgbatlL%”t@ére member ,
whi ch has mj.or effect to peelin t,.th 20 ti of wir rocessi ng and
occurrenc g&a@%&a’t%ycoag%\/étg {20d CpRExLy rog? %ﬁ% §L.“%W?eﬁr E)ng)‘i% Bt %‘Wrﬁ tiny Reie ° a

tiny a nt .. of drogen contained in Cu directly affects the stability at
the tin® & thé’SB%’fnac?%a?ﬁ% cCORtd %Hﬁaﬁfﬂ@ctﬁ uch B aproral Bilf wdwndehersn in cu,
bringi ng apout ha&deni nﬂ Qlf a ball. Hydrogen adsorbed in the outernost
surface of SSTednaitHgniRPe dporajion thaa baj|is shiftedifase thegrentsr abs pirgiang a | oop
shape can be expected as the sliding resistance of a wire surface is
reduced. Note that the outernost surface neans a region having a depth of 2
nmfromthe surface. [0061] It is desirable that the concentration of

hydr ogen shoul d be managed in the unit of a 10 total concentration of
hydrogen contained in a nultilayer wire. That is, it is a total
concentration of hydrogen contained in the Pd outer |layer, the proximty of

.



21 concentration of hydrogen is little up to a period of about four nonths
in which the bonding wires are left in at nosphere after manufacturing.
Condi tions for preparing neasurenent samnples affect the neasured
concentration of hydrogen, but if, at |east a degreasing process of rinsing
the sanples in acetone with the aid of ultrasound prior to 5 neasurenent is
performed for one mnute or so, dried by cold air, weighed and then used
for neasur f centration. hydrogen.can.be neasured with a precision
suf 1101 ent Chgressaep BRERC R nd R D ARl B BrHan Bheh sraemals h
measur enent, sanpl es necessary for quaptificatjon is equal to or larger than
2 g. Accordi’R§ @f,ur 1y OgﬁﬁEeélﬁ%Y Claky; Odgatﬁ’)})d’l“g Prrt $preads opt dswrledtiedent i on
means that hydroge ontained in _bonding wires with a 10 certain mass is
measur ed, SHHCGATHGHPHGBRS EALERE st eht Bendis sierseth oF nyamsgend o

cont ai ned égr a total mass is taken as such hydrogen concentration. [0063]
There are QHUEAMANAZHRTY QEBenacyEag U r SHBriRitish bengliiesfgdwesmidamaabobon, but
in order to precisely detect a tiny anount of hydrogen concentration in a
thin wir & efyctjod of shelgpefermaglithility o gdhsiliboaded rarmendens bighriempantive amhde

t hrough di ssol utign heat conductivity technique, Thermal Desorption

Spect r onet lﬂiﬁh‘@ﬁ@ﬂ‘gtyrﬁamf@?me@tef Ene dertorchag earDs) effest of residualiimposiiés amdemst hat
if aresult neasured through either one of the dissolution heat

conduct i vi $YROEEMA ke leriqpg anuigr dhienad nghgeicofitylnfdn dgerfacedreoesinrtas i on
explained in the present invention, the relationship with the use

per f or manc@terdfydsand diei oot edmbIihbir2g amedrtifnguirestrocss diiohitiayc edfesi que
makes measurenent relatively easy, but is likely to be effected by foreign
factor |iK€0ptleparati on of measurement sanples. TDS is a techni que of
detecting a concentration of gas desorbed fromsanples while a tenperature
i s bei nd0i ncr dagadingakttrivagicanadvandiag ecdotti@nafhe Higtaoouli ssditd, dier@fse of
information on existence formor the like of a gas as a gas anount can be

i dent i fi edhé reapacemeenfoeyuatay €. cafiflasy, amt shaps feled pshstiak of bisbéeBRnigue, it
is difficult to quantize the concentration of hydrogen, and it is desirable
to quanti Zehdrtrg tc pedigtandiissin®bf thy @ egetihgUs i RgnEefEativbEaldnaRamaRLE havi ng
22 an anal ytical concentrati on known beforehand as a normal sanple. For

quant i zat idefecofis khewhydfogeRegodiagBhdaddfas, ifTe agHE@mech@sBAsHIURGET the
sanme condition with an in-steel gas anal ytical nanagenent sanple JSS CS-id

(hydr ogen evaisistiorloft s anpRM) offigkes f230r kRPadtiddl a8zl $h@L) pHBRET BidoRfes bei ng

used as a calibration sanple, and a 5 concentration of hydrogen acquired

based oms abvag wihee SrithsansRerht Mhs bfRPet fhiascai&out BIQQ%&I)I‘QdUCtkChl s
desirable that the foregoing bonding wire should be a bonding wre having a

ratio of tpaeceSHNCEHM hadticen a MlinboBRMsicAat id fo HGLAGH 8L oW kit ‘
tenperature range from 10 150 tgg500 Cin tﬁé S and ngaguggﬂmgffgw

tenper at unge bf S g 8RG&Ayidés abQBni@ndRQoHnalB!AldsY But Porh NEwIAL Blere is an

concentration of hydrogen detected in an entire neasuring tenperature range

equal to Q!}’c?éﬂt%ﬁo bh&8ome sién aﬁ;ﬁﬂﬁfgﬂi i’i‘;g)raé}]ffo e0fi,E ﬁlagéeﬁﬁl%ld{lét% (%f‘%ﬁ'fper atur e

range, if it is preferably within range froma roomtenperature to 900 C,

substanti%hhumggygﬁaﬂ¥g&9g§@mg%@gﬁﬁagd in the wire can be detected. Wen

t he presence conditions of 15 hydrogen contained in a nultilayer wire are

br oadl yoeliiysged, such conditions can be classified into diffusive hydrogen

and hydroxi de. The diffusive hydrogen is hydrogen that can freely diffuse

within a metal ;i i i.tial m cording to a nultilayer
KRN BT LISt B R MR, Rt

wi re having the cor coat | ayer,

L o AL 05 LU BT e B el o
d | . i b ; rof Ki
comount, o aYARBER, A o kg AR el 5 Pl °

stinul ateg.formation of a ball in an abnormal shape, so thaf it is

dest rabl o 1S W B2 leR okl E TR ey Sk ahball brgies Prastve

hydr ogen is, desorb at relatively | ow tenperature fromthe sanple. Wen
st udy V\%’s SHRYETE ﬁgf‘ ]Pﬂ%g}mb’ﬁ dFrlsion ‘\\%ardé%? ldsiame Ragictrylaryupplacemeniet er of
15to 100.£tn1as measurenment sanples, it is confirned that the diffusive
hydr ogen EEW”H% detected within a tenperature range from 23 150 to 350C
when neasurenent is carried out at a tenperature-rising speed of 100 to 300
C/ h. Conversely, the hydroxide can be detected within a tenperature range
fromb550 to 900 C. If the ratio of the concentration of hydrogen detected
within a tenperature range of 150 to 500 Crelative to a total
concentration of hydrogen detected 5 within an entire neasuring tenperature
range is equal to or larger than 50 % it corresponds to a fact that nost

. o o . o o



heating process, and in addition, it is also requisite to conprehensively
sati sfy bondi ng performances. For nmultilayer wires each conprising the Pd
outer layer and the core nenber of Au, &b or Ag, an appropriate heating
condition for adjusting a concentration of hydrogen obviously differs from
those of the case of the core nenber only or of the 5 case of a Pd wire,
and for exanple, heating for a relatively long tine at a | ow tenperature is
effective. As an exanple, it is possible to preferentially release
excessi ve hydrogen by heating for 10 mnutes to two hours within a
tenperature range of 150 to 300 C, and stabilize a concentration of

hydr ogen contai ned in a whol e Wﬂnﬁif‘l’ra%YmWﬂFeeI.’mbWﬁ he heating process
executed in_.a normal bondi ng-w re nmanufacturing process, because an 10
object is ﬂ@zﬁbrnalize a nmechani cal characteristic, and to ensure a
linearity by renoving any work strains, etc., a tenperature is as high as
400 to 700 C, 9w vl p thie pregentd nedntipn kaend e stutied gboutimdtilgliert wizes intoeddror  of
a heatin% furnace and a heating time is generally several seconds. In

contr ast 2 ‘oreerenrcithyyfoseasiusproblems adjduoumbent thit it heffedhedntraiitaon of
hydrogen in nmultilayer wires is executed at a | ow tenperature and for a

| ong ti me. CoPRRtBGoR pEbydrpgenescataihadsin afbosdiol isstpprapriatmndiMoeovar the be

di scussed | ater. [0066] Regardi ng a concentration of hydrogen contai ned
in nul til apeenteusifewnd that it & foftherifeétheat icvsrdl ohsdidknadsalf vin varRAFEeor 2
concentrati on of hydrogen in the halfway of a manufacturing process and a
concent r atdifnsiof layyg nddjeon bhallyidleméntpincdeet neaibai,kg. Wi re. 20 The

manuf acturi ng process of nmultilayer wires has different requisitions from
t hose of tlhRB3@Ease of nonol ayer wires. For exanple, there are |lots of

probl ens particular to the nultilayer structure, such as the adhesiveness
bet ween 10he olteprdsayenveannidn hhebaamededaieron @B gorugdih@alhY, £4 dfifoys

t hi ckness and texture of the outer layer. In order to conprehensively

over cone shelollomald sfriuras. gr adual decrease technique is effective 25 which
sets the concentration of hydrogen to be relatively high at the tinme of
processi ngoadid sets the concentration of hydrogen to be a | ow concentration
in a final product. 25 Moreover, if it is attenpted to rel ease excessive

hydrogen cont & seedcdnuéto¥béRlind wRBa€oordiR8EEa BFL aGRBCATAS plebdk iR cRtitd ace
scratch and a wire breaking occur. If the concentration of hydrogen is

reduced ste@mpbiyessh@Bre 1BHEHcrRAASHID IS SUEST oF RldsRE vk Tk Pt . J,pregoi ng
concentration range which is fr%n10?%001 fb o?oog nass@?fgggn%%%t%htration

of 5 hyds e@en B f@rRB thOfor@nfechlRl all IQQM‘?# cno@%}eéi be F@,%l?e?(gﬁ g%traﬁt i on of

hydrogen of an internmedi ate product 1s wt ange from to 0.015
mss% a %bﬁ@n@a@érpgﬂﬁtdl'ygeh%pﬁﬁ&e? ?%9%%1&99 id \;/iél'liﬁ aRGLY 1#(%1 ooyl t 11 ayer
wires to nmanage a concentration of hydrogen Bhsed OR & teference di vi ded
into an apRiRRhisAse concentration for bonding and an appropriate
concentration for a process, and such managenent is different fromthe 10
cases of thgogonventional nonolayer wires and netal thin wires for

di fferent "purposes. [0067] It is desirable that the foregoing outer

| houl d ' i.4 bi from0.0l tg 0.2 p.m |f
mal 011 ayer i reRaneng ere Rasist B Be By dfual PRy ibescelrruteBs Pondtes Cor o

15w & o/ Qs BRRa Ao B PR AR Bt v b o DRl YT

such an o o,Nas a thickness within a range fromO0.01 to 0.2 p. m
t he conceg §39%§%§%?‘hydrogen can be stabilized within the foregoing
concentra@hﬁg ranges, resulting in acconplishnent of both good ball shape
and wor kabi |gy, and in enhancenent of the oxidation resistance of the wire
surface. Fro the.st?ndﬁﬁ%pt ofé%¥drq en concentrati on managenent for 20

i nprovi ng pr odtCETPRES 2 Bre Abiliy R‘%er IYERTHYL Valbe sensandyctoribondingect i ve
to preferenti?JL%?controlﬁfégrog%n contained in the Pd outer layer. As a
storage eXAHERGRISHRECH Feistheitetal conggiratipped hydiagen i @conerniigtiornot he
bondi n ire of the present invention, no bonding failure occurs in a wre
con nec?}%%ycﬁf’ gbtahinithe BepchngwHe mpas ey & hpignal dlesoipiom Apettmospiyer e at

a roomtenperature for 60 days. This is a remarkabl e extension of a 25

st orage IEB%%lne because the storage lifetime of the conventional nonol ayer
Cuwireis within seven days. If the thickness of the outer |ayer is equal
to or larger than 0.01 vm 26 it becones easy to stabilize the
concentration of hydrogen, and if the thickness exceeds 0.2 gm a ball is
hardened, and it is anxious that such a hardened ball may damage a chip at
the tine of bonding. Preferably, if the thickness of the outer |ayer is
within a range from0.02 to 0.095 pm in addition to inprovenent of

1 . oy o T 11 [T 1 = o, T T S ' Y 1 N L T -



It is desirable that a bonding wire should have a diffusion |ayer having a
concentration gradi ent between the foregoing outer layer and the core
menber, and the foregoing diffusion |ayé# should have a thickness from
0.003 to 0.015 Rm If a 5 nmultilayer wire having the Pd outer |ayer
covering the surface of the core nmenber of Cu, Au and Ag has a total
concentration of hydrogen contained in a whole wire being wwthin a range
fron10.000&)%2 0. 008 mass% and has the diffusion | ayer having a

concent r at {9 bradient, formed between the outer |ayer and the core nenber,
and having a thickness from0.003 to 0.015 pm it is effective to inprove
the |inearity “fonsEr Bdhpepest elifhe presery im@ntionpn Hiespmicontectal dndgigon

| ayer is a |ayer forned by interdiffiision of a netal (Cu, Au and Ag) of
the core n¥HBarcosHHE Mranyfonerd figtitte thitdappects, The TBISfhersinemenbsterteinperaxpect ed
to suppress any varying of the strength, the rigidity, and the texture of
the core ngHR@eipeed oh MDY E hhostioly acontanohtiomg ypvesrandetatedydiiiagen i n
a direction fromthe Pd outer layer to the core nenber, and to suppress any
peel i ng, Sstapengire emge froor | Yl tei00rTg ifi TAA, tdithe Idalvveranratios bf hixlibgen of
hydrogen in the vicinity of an interface by inproving the adhesi veness of

t he i nt er fdatestdseritden totabmeasuerd tbmpentianchnib & @onleomeigdrthalhst%i s, it can
be understood that the linearity and the stability of a | oop shape are

i nproved d90%8Fe diffusion |ayer honogeni zes the core nenber and inproves

t he adhesi veness of the interface between the outer |ayer and the core
mermber. The r éasomingty atfifeh shiptétugiterprd@nt Ryertichomhe shavenductdiivekmags from
0.003 to 0.15 pmis that the foregoing inprovenent effect is little if the
t hi ckness wise h@sslifthamnd. Q3 f fie: anthuah Westaes, BRAMAIaRE BRI fh¥cknSss being
deteriorated if the thickness exceeds 0.15 Rm Preferably, if the thickness
i's fromi0.wWithih@ réhgk fpdth 0106 0IEIMef fect of acconplishing a good linearity
in along span in which a wire length is equal to or |onger than 5 mm and
of stabili[203q a | oop shape can be obtained. 25 [0070] FIG 1 shows an
illustrative netal -el ement concentration profile in a direction froma 28

W re surface AQe@daQf 8 aBIR8Epctt & thOBreS&RTRen@n, Fn We Eml-AIRLES Qr%aig&gt he

foregoing nultilayer bonding wre. e Wre conprises a core me 1, an

out er | ayewirdaccafiin@eotinkfons b Arst &Y £FL §spe@t@9in"_f{ugoutgr 1%2%}’\% B%tl 3@%2%?; ion

profile of a main constituent A of the outer |ayer a
const i t uenbn&nahtibh6r £OF T EEushen . hS:.9 f d_bet ween
the core ne%bgr i and tﬁ%#ﬁﬁ?@?E?g&%§0%#MPg€Qg?mﬁ?%%kggggﬁgﬁéqﬁ%qgor
def i ni tioNabormbdso fofdak ambaxel of fosNig @eeggnt invention, from the
T as an ‘adhesi

r
st andpoi nt Of perftornmnances, suc eness, a strength, a | ooping
property,[gﬁg}a bondi ng property, or of a productivity, etc., the diffusion
| ayer is a region where a 10 detected concentration of Pd is from 10 to 50

1% This i [ ' h trati
nave a | ow cohContt R anca b arar Ak Fl Mo BTl e SPEEPHATA Rt e
out or | aye ARG ey e o P T S R P S B Bl Bt o0
t o f..Pd. i | .1 I th 0 nol% i.e., the out
Fayer i S ton ' de 8Pl el S purt S pionestisiioparebiisa

concentgati.on.of, Pd.is 5 Dl % [0072 n the present specification,
regardi%g“ggﬁwéhpfg?P%ﬂégﬁgqﬁﬁétgﬁg@F£P59@P$“%&ésﬂﬁ¥fusion | ayer, the core
menber, ebgp, respectively, aratio of a total concentration of netal

el ement s §ﬂng the outer |ayer and the core nenber, which is called
concentrationAraLio, 20 i s, ysed, agﬂla concentration_val ue cal cul ated by
excl udi ng gas”tOHPERINES cizbindspest ofthepresnt inyertion, ke semisowdueiaral
elements, etc., in the vicinity of the surface is used. [0073] Regarding
concent r aPPRfit&AIC P Edingto ppy Opg pffirst tgyseyenth pweetss tha siancnagiseent afike cor e
menber, etc., a technique of analyzing while digging down fromthe surface
of a bondFPG BHNRGTAECH /T Augarst the gPtearemie alyp copltiset {aag we of Rd, Ag ked Por  a
line analysis or a point analysis or the like at a wwre cross section is
ef f ect i 4% s Fthelemgplyard ¢ kil foaeratiagoref the clopenishathe ¢ree negiboutsevithiayer is
thin, but takes lots of tine for neasurenent if the outer layer is too

t hi ck. Thengafioar 0.6t 633 md%t i onal analysis is effective when the outer

| ayer is thick, and has an advantage that checking of a concentration

di stribution at a whole cross section and of reproducibility at several

| ocations is relatively easy, but decreases its precision when the 5 outer
|l ayer is thin. It is possible to carry out measurenent by obliquely
polishing a bonding wire to enlarge the thickness of the diffusion |ayer.
The line analysis is relatively easy at a cross section, but in order to

_________ Y T v S o



30 formation can be inproved. In the case of nmulti-tier bonding with
multiple pins, there are concerns that a_ leaning failure of a bonding wire
being fallen over in the vicinity of a heck part at the tinme of formng a

| oop having a high | oop height occurs. When nultilayer wires conprising a
Cu core nenber and a Pd outer |ayer contain hydrogen, 5 there is a tendency
that the possibility of such |eaning failure increases. Because a neck part
is affecte@ﬁg%{ heat of ball nelting, recrystallized grains of the core
menber bec ough and hydrogen in the Pd outer |ayer or the Cu core
menber diffuses, so that a strength of the interior of a wwre and a

di stribution ﬁccar¢%<@&@n@ra$?%Oﬂhl@é’f?ﬁé%tdﬂ’éﬁnﬁ@ﬁdﬁlt}ﬁ%ﬁfeﬁﬁlc%ﬁué‘ﬁr Rendisguse
such leaning failure. Because at |east one of Al, Sn, Zn, 10 B and P as

al | oy el en¥HE §CGPEkag (q e qnsch AnstdaFishivasaedt<he Bwritceasptitupet of shecaiember and
the texture thereof uniform the |eaning characteristic is inproved. |If the
total conc@ampelis &, aid hachreandralerspelgimgaslepy one 9EALINENZD. BOOAIPRBIY) t he

i nprovenent effect is little, and if it exceeds 0.05 nol% a bonding wire

i s har defredementgertlldyorrdi m@taétcmmgn'atimmfdhe tlemants foraligy in evdioleavitols for a
wedge bonded part decreases. 15 [0075] It is desirable that a bonding
wi re shoul dithaaeangeiréro ol ng0Odmeoltrenber which is mainly conposed of Cu
or Au and which contains at |east one of Pd, Ag and Pt as alloy el enents,
and the co®édiration of the alloy elenents in a whole wire should be
within a range fromO0.05 to 2 nol % According to a nultilayer wire which is
mai nl y conposetcaflinf toQui (ot agect dfabe pretait &lveadog adntheatmoondictatbdndagt one
of Pd, Ag and Pt as alloy elenents in the core nenber being within a range
from 0. 01 wive Acovbdifg obihe fhstaspdrg thRec@heimbeajanaiabve@hipoged MECsund dee of the
core nenber, as the total concentration of hydrogen contained in a whole

W re is 1o deniicorduttanendin©wi® i8Rt cbaplsddQGortastedilingr fehicdhi hisliyacef a
bonded part between a bonding wire and an al um num el ectrode can be

i nproved. &o¢ oftht 86fer RiyeZndtdogtabone hingast elticrhé bf X g add Rugh- t enperat ure and
hi gh-hum dity test (Pressure Cooker Test: PCT) or the like is effective.
Accordi ng foo4g PCT, a bonding wire is heated at 130 C 31 and at 85 %H for
300 to 1000 hours which are typical conditions, and an el ectrical

characteri sti caQbrdandeNE Néh Spe&ngtie 1§se%V§JvUﬁ§cﬁtdm BB Ph&idk@RhdMLT es
conprising a Cu or Au core nmenber and a Pd outer |ayer contain hydrogen,

the reliabyidk E&’co‘i@}{g Q?&quﬁleas?éﬁt aug Boﬁ’ceP @ted ira@f@r ﬁe%»aas&ﬂcm&éubﬂ%raﬁ?ént bl ity
i's IrT‘pr oved as at | east one o g and as al Oy elenments is

cont ai neg l'eébt%ftﬁer%%%tK?%Q%u“ﬁti@hﬁe%d&ﬁé?&%nfeﬁf?&0 05 to 2 nol %is that a
conmpound growt h speed a bonded intertace at the time of heating is

sl owed, an o0&y egi on where the foregoing alloy elenent is concentrated at
the bonded interface functions as a diffusion barrier agai nst hydrogen. |If

the total concenbiati O Oy bieald @Y pRLATRNRIS i BRSHARAGRL ORI, L he

effect of inprovi ng the It excee mol %

a ball is \?ﬁ@ g@c‘?}?(ﬂng%jth@ 165% E%Hgﬁq poqtcgl?t[mﬁ%ﬁ%t By at Eﬁ?o%ﬂemos?gu@é%@%lfﬂ%

Regar di ng e concentration a enents con in the core
menber, i tcou%e; aefdelr gw Qi use a. }’18‘1 u)te%t%%t{l §8d by averagi ng concentration
val ues obtai ne g to o Paf rger an thrés locations of a wire cross
section bm'gghlg}h the above- expl ai ned anal yti cal techni ques, such as EPMA
EDX, and 15 [0076] When the outer layer of a nmultilayer bonding

?;L,e)r 5222?2? ' DO w@e”@ﬁﬁéﬁi hEBRHE RRRESD Gl ﬁiatﬁt%iﬂr%” e
' ' . R
ol at | onatiogonaisBane 18 St B TORTGT ShyaPaeeih iR eh b PUFER Hond! ng

20 wire and the characteristic feature, the explanation was mainly given of
a case in "th the outer | ayer is a single layer, but a hydrogen
concentration managenent is also effective for, a nultilayer bonding wre
conprisi ng at A%4Eng gt | B atRectif lenPEpet Y BtiPRAn Fla'ysétm%th’é”%foﬁ%‘?i@é‘t& r at ed
| ayer. Hereinafter, regarding a bonding wire conprising an outer |ayer and
a concer??r‘atléacqﬁa‘iﬂég to 1ﬁ18Qb43§%tﬁ316ﬁutﬁfMyehbl\ﬁlul@i@gstbﬁa@%teé‘lf%ﬁ%iay@hhaéﬁ‘ two 25
cases: a case in which the concentrated |ayer (referred to as a surface
concent r at@irknespet P.024006k wisd at a wire surface and a case in which the
concentrated layer (referred to as an 32 internediate |layer) is forned
bet ween the core nenber and the outer layer. [0077] First, an
explanation will be given of the surface concentrated layer. It is

desirabl e that a bonding wire should have the core nenber nainly conposed
of Cu, the outer layer 5 formed on the foregoing core nenber and nmainly
corrposed of Pd, and a concentrat ed Iayer for rred at the surface 5| de of the

. T ] o, Y



33 an outer l|ayer including the above-expl ai ned surface concentrated | ayer.
A surface concentrated | ayer 4 containing a main constituent C which
conprises at |east either one of Ag andlgu is present on the surface of an
outer layer 2, and a single-netal layer 5 to be discussed |ater is forned
inside the outer layer 2. 5 [0079] As an elenent to be concentrated is
at |l east either one of Ag and Au, a wedge bondi ng property is highly

i mproved iﬂmﬁ? arison with cases of other elenents. In particular, as an
exanple in rth such an inprovenent effect is remarkable, it is confirned
that a good effect of inproving a wedge bondi ng property in nounting of a
10 QFN (Quad Pheerdipniq addth aspeeicd dhe Ppet dnvenfiony indhel semgicprdistartbpnilinga
probl em can be obtained. In the QFN nounting, because fixing of a | ead part
i s i nsuf fi ¥itemccodsidiontheofirsh aspastli thg aaire enaanhay islrmaiakocomdpasedradt Conthoei ng
weakened is requisite. QFN nmounting is difficult when the outer |ayer of a
mul ti | ayersasgeeiidgtonperding wig furtherteomprises aly intarmeiintedoptrrfasned betwoocissi ve
connectivity is inproved by formng an Ag or Au concentrated 15 | ayer at

t he surf &cerrgirdenipfr aridethoutwer layyerandewbbkinngt leapr attenent of Agrodudui i ty
in QFN nounting. [0080] I n bonding wires having a concentrated | ayer of
at | east etagertraeveindhe iipramediaflayar med at the surface side of the outer

| ayer mai nly conposed of Pd, the foregoing 20 hydrogen concentration
managenent [0Béejomres nore inportant than the case of the outer |ayer having
no concentrated layer. This is because the foregoing concentrated | ayer has
an effect of supprdssiongl@hyspee] €aké pgsaf iyaniagantieei@néxdtericpdingf a
wire so that a concentration of hydrogen contained in a wire in a

manuf act urwitg aqoediag s fhodseasesct and ifedicdRenyaued a@Sn@hﬁh@iﬁém@%x@Hieﬁﬁbﬁa& bal |
formation originating from hydrogen as expl ained 25 above is [ikely to
occur. Nbriesyeftheraeafag agt Aivf 58 wire An&®itdieBigh.t i ny anount of hydrogen,
when the core nenber is mainly conposed of Cu, it is effective to consider
a 34 rel gooemshi p between formation of the concentrated |ayer and hydrogen
concentration managenent. [0081] It is desirable that the foregoing surface

concentrated |ayefdshQu tribespFBast tRE pRscht lehGors Ol telseid@hli@YoXontithgand at

| east either one of Ag and Au. It is defined that a region of the surface

concent r atwile habfling & Re 'l SE BPeddAVIMAGNANE AR RBALAILREh & A APAu ‘ﬁ‘Pth?q ual to
or larger than 10 nol % and has a higher concentration than those o

surroundi Ngfermddib® 1k rbse\s;ﬁhiﬁ%Iiaﬁgeaﬁ-&ﬁ@bcwgbmzogh'y concentrated at equal
to or larger than 10 nol % locally, 1t is possible to control a diffusion
behavi orsafppggipbonded part and bending of a wire at the 10 tine of loop
formation, etc.. It is verified that such an effect of stabilizing a | oop

shape has a highgty;tendengy, %)SF}?&%?F?%Q@%&?{ [3L&5hd AYHE s&gﬁr 3{1@5&%%@@.

single-netal region.” Prefera oregoi ng concen l'ayer =i s not
i nt 1.6 ' l,ut i i h b

atabi | | od oy erorfREROHESoRttnlungl hemiRuishd R0k Bhoriles b BFRERERE R %1

onaan s ol A Eale ARLCodTAL 1 AYEIARE HOREENNLALES (AXEh- MR bl ee

concentration gradi ent of "at®1Teast either oite o

concentr at j, 9 di ent kes.a second || ,.strength in wedge bondi ng
enhanced,zégg?ﬂégmég@ﬁﬁagﬁg%SP%%WPFQ%H@#mé%FﬁQILnDunting further inproves.
Such anzqubgﬁenent effect is effective in both cases of BGA and 20 CSP,
but in particular, an effect of increasing a second pull strength becones

hi gher in wedge baondi ng i N mounting. ,lt is expected, that becauyse the
surface conce%tcrc‘élrt%é‘ﬁg tlog\/]@?h ??:‘dig%é]g‘h@@%t"rt Hpiesiey r“g CSAPICOPAULINRAEon wi t h
an alloy having substantially constant concentration, an effect of
pronDting'W%ﬁagmﬁﬁ%%Fﬁge&g?ﬁﬁﬂﬁ%ﬁﬁﬁ“%ﬂnﬁﬁﬁf%%E&%&WFY@ﬂmFWﬁt&%ﬂﬁﬁmﬁéﬁﬁing
and inter iffusiogﬁat a b?ndin interface is high. Wien inclination of 25 a
concent r at F¥H VIR gniram i} Yetod) 2pBY er direction is equal to or |arger
than 10 mol %9 per 1 i.tm an effect of increasing a second pull strength in
QFN nountﬂHBS]s further 35 enhanced. Preferably, if such inclination is
equal to or larger _than 30 nmol % per 1 pm it is confirmed that an effect of
i ncreastfg a $EEHRENEIAI 208 pprgtd thapremnt Rygntiomdn the samigendecentymding
interdiffusion at _a bonding interface is pronoted. [0083] 5It is desirable
that the Pdr¢enserhng it ilhor hSthhepestirdetwbemesuiratigoof 5, Apend Avfinwghin a



concentrated | ayer should be within a range from 20 to 90 nol %

Accordingly, an effect of reducing any variation in a |oop shape in the
case of long span and of inproving a bodAding property of a thin wire is
accel erated. Wen a wire surface is all covered by Pd, a failure (Winkled
Loop) beconmes a probl em which produces stair-like winkles at the 10 tine
of loop formation under a condition of long span that is equal to or |onger
than 4 mm This is %ecaus(}a friction between Pd, which is hard, and an

i nt er nal mgmgeg?mgl éb?FFiﬁy i ncreases and slidatility beconmes poor. The
reason why the concentration of Pd at the outernost surface is |ess than 90
nol % i.e.ﬂmélkotal concentration of Ag and Au is equal to or larger than
10 mol % is that loop control is inproved in the case of |long span, and in
15 parti cul ar AccRelinbiove lskiipastrmd sharessiat murentiop iif thie semisonducsfirbeodingel y

i nproved. Moreover, as the total concentration of Ag and Au in the

out er nost Wiie ferweding ta Hih oo hitbnspest adatiages totad cortentratidreofetiald Aotwos | ar ger
than 10 nol % a wedge bondi ng property can be inproved even in the case of
thin wiré aeenigtian wi Pé idvdhmetagrngsf fr@0 O tCOver sel y, when t he
concentration of Pd is less than 20 nol% i.e., when the total 20
concentration of Ag and Au is equal to or larger than 80 nol % a non-nelted
part is left inside a ball, so that a shear strength of a ball bonded part
is reduced. Preferably, as the c@fieenifitat reonttdn Pd is within a range from
30 to 80 nmol % a better effect of suppressing any Winkled Loop failure in
the case dPOEXtrenely thin wire having a wire di aneter of equal to or
smal l er than 18 pm can be acconplished. 25 [0084] It is desirable that a Pd

singl e-netal lAayerdighouw nbmgpriesenh aimstileet MRcRyd, @hplod¥@ent c?®oWi th the
surface concentrated layer. That is, it is desirable that a sem conductor

bondi ng 104 speiidiguifa Hag\viad ek a9iie oTaRRLY cafBictkYorsQNERes edviefcoGl, the outer
| ayer fornmed on the core nmenber and mainly conposed of Pd, have a tota

concent r atstabilintioh yds 0@8PresH Birided slildgye%t whall Soﬂﬂeﬁzvaﬁ%iaﬁ‘ e Widnhtt8y.2 range
fromO0.0001 to 0.008 nass% have the concentrated |ayer of at |east

ei ther onertheAgord/Wsudbesdive bBBdiaH hiRRRy 3REE, Rire iR AN LE LI RAYEE &Jhdl ve
the Pd single-netal |ayer insi&ég?ﬁgﬁoﬁter Ia;gr. Acpordfng yfegal OE ndi ng
with a goafneahedd isipkdve@nd Wil tkild:td b1 SichBnvah baRhbid¥ai syaabled, The Pd
single-nmetal layer is, in consideration of restriction Iike an error in

concent r atipeR; RBARHE MR Rfing @hdiSqb:aRRaY | ce L oo P £qual to
or |arger tﬂgﬁ 97§€%1It ngdeéirggﬁgn?ﬁg?gF éﬁgg I%%gg%%%ﬂgﬁﬂ¥%g”bd

si ngl e- MBtabh-dedyRrarSRAHA ﬂig%@ggg%a{ cdn%d fp{&%f:e%fﬂgﬁﬁﬁkt%\éagmefm

exanple, ina wre structure a wre surface towar e tntefior of a

W T, SUChoRSbRYBIAIE d SpRXRIRL] Ltk ABcLDBoA oL A FaReenLTaked | aver,

the Pd singl e-net ayer, usi on yer, an cote menber

in this or - f.5: Pd. sj - .layer is barrier
function 5$££3%%?g§§%ﬁé§§ﬁ§84? ﬁ%ﬁ@ﬁ“ﬁ€m§%£§+%Pﬂﬁ&ﬁkwg“%é%%QFW$ﬂﬂa@Eurface
di rection. o ] ricngs about effects.of s ressi ng any
segregatiggzgﬁe%%&%#ggaéﬂﬁﬁﬁggﬂgﬁ8f3%?uﬁ¥?%ﬁ?§@Fgﬂ?agﬁawﬁgggﬂp8 ul't, arc
dischargiqgkjﬁﬁ?tabilized, t hereby enabling ball formation with a good
sphericity. E& ‘he outer layer utilizes the synergetic effect brought by
the Ag ga Au concentrated 20 | ayer at a surface, the Pd single-netal |ayer
i nsi de e outer |layer, and a hydrogen concentrati on rmanagenent, even under
a severe condition in which a&%i?iﬁbalL i S ggnded using a thin wire, the
sphericity of a ball bonded pdfte! IFEHRENAIHRYVING of sizes can be

i nproved. &g ?articular, an i nprovenent effect of acconplishing a good
sphericit& & the case of a large ball deformation where the dianeter of a
ball to be bongg.is three 25 times as nuch as a wire dianeter is

remar kabl e. ThE™ PdS 8 IRgHE0 sRavne pgyreengroerriodls ofsuaiddicetive hidng o

exanple, it is effective that the Ag or Au concentrated |ayer at a 37
surface nﬁPﬁTgﬁﬁ%agl ElapgnthdRcPE s1sarey of a wire stocked for a |ong
tinme, which also stabilizes arc discharging and stabilizes a |arge bal

def or mefd on. O 2ds aduigraapplovwinge comeenpatien prgiite efet ondingeire Bidug eh have a
thi ckness within a range fromO0.005 to 0.1 tim |If the thickness is equal
to or thi REF laypiayith a0ugecs gppcertimtaddregyoindg @f¢ extbesn be obt ai ned 5
sufficiently, and if it exceeds 0.1 p.m nelting of Pd which is a

hi gh-nel ting netal becones unstable at the time of ball formation, and a
bal |l bonded shape |ike a petal becones a problem [0086] It is desirable
that the thickness of the outer layer with the surface concentrated | ayer
10 should be within a range from0.02 to 0.4 ttm Accordingly, in addition
to i nprovenent of a wedge bonding property and a second pull strength after

. o o



Next, an explanation wll be given of an internediate layer. It is
desirable that a 25 bonding wire should have the core nenber nmainly
conposed of Cu, the outer layer formed df the core nenber and mainly
conposed of Pd, and an internediate |ayer 38 between the core nenber and
the outer |ayer and conposed of at |east either one of Ag and Au, and have
a total concentration of hydrogen contained in a whole wire being within a
range fron10.0qg} to 0.008 mass% As formation of the internediate |ayer
bet ween t he coil& MAbRAI2gHM thee e egncerfjationgrofie of aherdieg Wishaving avf ~ Ag
and Au is 5 conbined together with a hydrogen concentrati on nmanagenent, a
bal | bondi fgepleriednt ptaumediale lpsnd erge wienbes pad kevdng apinglehoelgl yereand used
is inmproved. For exanple, it is confirmed that, in the case of a bal
bonded part wHdHe3B ked §isgagoibayitneinegntvitios pseftle kéd bbuding wine hapimghs i s
used, formation of internal air bubbles in a ball is suppressed, and an
initial sheder lgygredginterandiat lendindg coed inalpbé dnyl hamibgra canbiéngiatibw giadichy
environment 10 are inproved. This is because of, as a role of the internal
concent r & wdvligly etrleast Hechelements firgroixiedn of suppressing any intrusion of
hydr ogen, oxygen, etc., in an internal direction, of preventing hydrogen in
Cu frombeing a solid solution substance, and of suppressing any diffusion
of Cu atons in the core nmenber in a surface direction, formation of air
bubbl es when a ball is curBektddieictior Oydyiogeny tleXygenionetc., i S suppressed.
15 [0088] As the el enent concentrated in the internediate |ayer is at
| east one [®05#g and Au, a bonding property at a ball or at a bunp can be

i mproved in conparison with other elenments. As a specific exanple in which
such an i npr ovemeRiingdehtcindustor BERNka®I€s (HeteinaSteg QBkireRstoating M@é@.ge
bondi ng property on a bunp in reverse bonding nmounting is 20 inproved. It

i's a prablestdatias wabtade fdratiees@hcidedbipisinga 0otk therastr Whidk 6 Bebeakafy for a
while on a heating stage after the bunp is forned, so that a wedge "bondi ng

property Ofndudiiindtsl £ia a8 dutdh dyREfdried ONRIR do2@MbbNadi0h ialy Renfkfbor
schenmes. The internedi ate | ayer has an effect of reducing formation of a Cu

oxi de filnpdn & brawitStHvhagRnd Bt bljphestof of WY Oxi8fzaB4E GRS ¥%09{ﬂﬂ€i ng and

the productivity thereof in reverse bonding nounting are 2§ i nproved. Note
that reversepignshNendsertod@n Alifakidy R idptARd i form
wedge bon in% on §'bﬁ%p. 39 [ 08§] ﬁ& ﬁegardihgtgg&ﬁﬁgggggggﬁg?pﬁte

i nter medi afiferl |88 and §Mn§§haipgtf£%1fr@flﬁo&§mqgfa{ ﬁﬁ@%n?éof@vi?@@ﬂa%gﬁﬂ\g Wi a total
e g or

concentration of the concentrate enent belng equal to ar ger $han 20

mol % at 15 NeaQHE @il AYBEesS iag@aﬁpgtiﬁ}e.otflaﬁ?ﬁ%&% O&{;G?]‘ﬁrol ﬁ]iféj@ire AN

ause a
5 necessary concentration to effective eve t he ore90|ndn% ?ggéf
function r L S J i ele .l ] t r._larger than 20
ol % {00501 T e PHans T aard R e B g B S B it Pave
concentr atj,qiisgkadi ent of at |east either one of Ag and Au. The
concentration gradient in the concentrated |ayer 10 inproves a | eaning
characteri§§%§ in reverse bonding nounting. A leaning failure is a
phenoneno% t awre falls over at an upstanding part in the vicinity of
a ball bonded t., and..because the | ength of the upstanding part is |onger
t han those ofR%g%ﬁ%gIﬁgﬁgb?ﬁgng%ﬁ%ﬂ%%lEﬁmpggéF?gvﬁgﬁa? g VABURt i ng, a
Ieaningzé%kjﬁgg,n§ Ilkfl¥tto gccur..gﬂe aof the.reasons of such failure is
that noAuNtFor M PECH JETAR [ FAE S Rt HRLUSCAR @ SPIRIBAUdfem P IREULIng IPFESEt  of
heat to tﬁ@a¥§st ding. part at the tinme of ball fornafion. Conversely, as
the int er VEGT af SIEYETTIHEEN 45 BRREEH T APPBP ETali EFIMPISH BEREPISER Wi t h a
case in which.a,concentration is substantially constant, the recrystallized
texture aﬁ&%pégiba‘iﬁ%ﬂtﬁm thal of yrreptheussgnanndnisy Wiras ke genssalawmsse Beldt are
uniform so é@at,:t IS igpected_that an effect of suppressing any |eaning
failure i POPEPEMEESHORAHeRoiRtibRhand & iBpratiefercldip digvanaobthaywirepand a
inclination of the concentration gradient is equal to or larger than 20
mol % per PY?FIOUCPWéy thereobdha givenipecq! thaprepnt sbteaiipre peurdemdivaiigen if it is
equal to or larger than 60 nol % per 1 inn, an effect of suppressing any
| eani ng%% &Pn@ed dnhonskng Wesved foyngobatit isteffieetivias theaioheentiation ofleydmegennum
total concentration of Ag and Au in the 25 internedi ate | ayer shoul d be
within a radde dstohrao thereobawohamazathighli medisely. anMapprepin atler tpar anet er
wi ndow i n wedge bonding on a bunp extends, so that it becones 40 possible
to carry out bonding within a range with a low load and a | ow ul trasound
out put, thereby inproving the bonding yield in reverse bonding. Utrasound
vi bration of wedge bonding on a bunp with a further conpl ex shape can be
reduced, so that it becomes possible to suppress any bending of a wire.
This is because an effect of pronoting a 5 large plastic deformation
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It is desirable that the |l ocation of the internediate | ayer should be
between the outer |ayer and the core nenber. This |ocation inproves the
barrier function of suppressing 15 any At erdi f f usi on of hydr ogen and Cu.
FIG 3 shows an illustrative netal -el ement concentration profile in a
direction froma wire surface to a core nenber (to the center of a wire
dianeter) in a bonding wire having an outer layer with an internedi ate

| ayer. Fornmed bet en an er 2 and a core nmenber 1 is an

i nt er medi aP"@MOK/dFeC 8\%91%11@ @éi SDECDFOTEHLOR e TSR tia% RffFdes at

| east either one of Ag and Au. G. 3A1s 20 for a case in which a

si ngl e- met lawelltalyéiﬂsoeow {hribe Hickngsy 4 thestaiciuaichrR Ovigy Byereadditien ¢iaa 3B i s
for a case in which a concentration gradient region 8 where at |east three
el ement s aHEyrilsat alﬁo preegtitlayen of peorempesnbrsdindmeraljzaros of 4 pog3)

According to the bonding wire structure, the outer layer, the internedi ate
| ayer, andn@5ﬁ?%eH@bW@cﬁﬁnﬁ@rmﬁﬁﬁéﬁﬂ@sent in this order, and the
internediate |ayer is forned instead of a Pd-Cu di f f usi on | ayer that is a
di ffusi oft J08@r of the core menber and the outer layer. 41 Arequisite

el ement to be concentrated is at |east either one of Ag and Au, and ot her
el ements are dtechalasg toai seheeondneonborfdihgamtte Geving b costmeatbharavhiclt ismmediyat e

| ayers when Au is concentrated are classified into follow ng three kinds:
(1) a concemipoatd ot deadorentt (Of, ABdndid;, And ar( @)tenlagarfoemid at thewogr adi ent  of
Au and Cu, and (3) a concentration gradient of 5 three elenents which are
Au, Pd andm@uberandinsadded Pdaifltle donatnttabien bOhwlyogengnaoncdantviratis withgraadi ent
should be a solid solution alloy forned by interdiffusion. The structure of
t he i nt er nedgafrem|CajEn thaH08tmdsefasthe apleeriaity I h bbb, th8jurfdcochaxangdie, if the
internediate layer is constituted by plural conmbinations: (1) + (2), (1) +
(3), ando(thiredf fodpnrt godd, antihe Workebitng: dairbetanefirgingipsodesty dddehe raitpved,
and a high effect of inproving the productivity of 10 reverse bonding is

obt ai ned. dhgn&mEErdns déleyiag of pdafessias ef bxidwhiiehatehpanegantihated el ement is
Ag. [0094] That is, 1t is desirable that the foregoing internedi ate

| ayer shouh8diveyanée d@esfoemm:erc@glb@nnpffovea sin@AGheRistyne€rhedddee Mkmber and Au
and a concentration gradient of at 15 | east three elenents including Pd and

Cu. Accor dinfigil Weondhok@bbf AUddst Sitel UL, Aul A cdheigintly toof cote BRhlbespeci al |y
in reverse bonding can be enhanced. An exanple of the coexistence region of

t he concentohadihifR 1 BBy MmddN, 88d ?dr%ﬂ@ﬂﬁ%}ﬁ: 12 eleontPiBSits/their

recrystallization of a part which is affected by heat and which is present

in the VvkCioRbdiraBhbn ¥ifdd & rdnge %M [ PSSIEer Aah38indY. | BiHQBAL Igellnﬁer'@ @Jﬁeas ed.
20 [ 0095] It is desirablle that a thickness which is a total of

outer |ayeky @pﬂgt&%}é&%@o@‘%%@é &si cf%y ?&wén%ﬂagwlﬁ% b\Mut;hlﬂg Qplﬁai hal gseeafsf QHEI %.eOZ

to 0.5 )1m he thickness Is e to or thicker t 0. 02
f
or €goi ”gsc%fg%ﬁ&fen&fv 'réf%ﬁgﬂz &%ﬁd%&%ﬁ@?{;% Ckn@&'bé‘ﬁlel%%%FMex’ ”P[é% IﬁBl;’e

bondi ng i talne ess 1I's equa or t

than 0.5 i if h{@ co m@mlaéﬁl 1ls ?&) tgr%q G 151&5(}?611?91](\/6: aan&%&faq%ﬁmh%gttheal’g hip may

be danaged e time

concentr at f [ t diate layer
6, a tot aIdL@:EriI eﬁéé‘ksg%%?’ cests%ﬁ ngtt és }é}%x “’“e%Hb‘? Flmr?tté??rtél é)t? etrgf%ayer 6 is
<205 S L LS e B SRR P,
in a Iom#te%ggratﬁre bondi ng condltlon in reverse bonding can be enhanced.
More pref éP # the thickness is 5 within a range from0.13 to 0.3 pm
in an over-Bgﬂg type reverse bonding in which any chip danage is feared at
the tine dp ndi ng, a high effect of increasing a wedge bonding strength

on a bunp can pe aobtained. [.0096] ding a total thickness of the outer
'ayer and the! ﬂeﬁ%@%h?gq‘8%4*3%é%ngsﬁggsfc{iagenocronf@“faﬁ@negﬁl RERbaCOBEheen o
boundary ere a toég concentration of Ag and Ay is 20 mol % or a boundary
where a colcEnerigor degrthpy?. PQ%@MW&@C%@OW ‘éﬁ%@%‘?ﬂ?ﬁ%ﬁmﬁéw he wire
center is selected as a boundary. Wen the maxi num concentration of Ag and
Au is | 6w, Oxh‘éié%tioﬁé?flcuoéft thqyame of é’icr%ﬁihaltgé*& ay effest ot improymedhs sphereitoek er
layer. It is difficult to set a boundary between the outer |ayer and the

i nt er nedi dtad agpé pumreingriey e wrdionion e sgmnl@ae i f afradeadong enghef theball
conpletely separate fromeach other. Instead, it is verified that a total

t hi ckness of the outer layer and the internediate | ayer is an advant ageous
baroneter for a correlation with a bondi ng perfornmance. [0097] As expl ai ned
above, regarding a region where Ag, Au is concentrated, two exanples, 20
the surface concentrated layer in the vicinity of a wire surface and the
|nterned|ate Iayer betmeen the core nenber and t he outer Iayer wer e

o Y T 1



[0098] That is, it is desirable that a sem conductor bonding wire should
have at | east either the surface concentyated |layer and the internedi ate

| ayer, the outer layer, and the core nenber, and have a total concentration
of Pd, Ag and Au being within a range fromO0.4 to 5 4 nmol% If such a
concentration is within this range, an effect of sinultaneously
acconplishing a good sphericity of a ball bonded part, inprovenent of a

shear strength, and reductjon of Al splash ca obt ai ned der a fine
di anet er c@%ﬂ’é’é’ﬁ%ﬂp 1°%0 gfiﬂi‘ﬁ' CORFerdfsiign ﬁxq@gﬁg'Bﬁiﬂ’& toPrcf’ﬁr ti“r}i’g CSAIC are

bl asted out arouynd the outer circunferential part of a pall nded_ part
when a har Brogyg 1F§H3‘Bﬁn3&ééatéhe %{ﬁpwn%%ﬁ%r&{ﬂﬁ@a@%e%%%ﬁu@éwgle, H}‘ﬁ@?g@%ﬂ% 10 by
Al spl ash becones a cause of electrical short-circuiting failure when

cont act i ngSEaEE theset b seryeed. pdrreterabinl the soracrirationip8Ehiohrange §P8t ur bed. As
Pd, Ag and Au contained in the outer |ayer, the concentrated |ayer, and the
i nt er medi a?-800lalpd}0W massifg, pdall beading suIpedy sofuthFompsensdtag gee ormatigyota t he
tinme of ball curing so that a Cu-Pd-Au alloy and a Pd-Ag-Cu alloy are
formed, &ndit-Hke pay hlg impdidadagsrod adel insuppressednantt the peesillityg fbseakmeerft ace,
an advant ageous effect of inproving a ball bonding property is obtained. It
i s conti nuede ehde tir ofdestoncet wise dravpng tsiredicad, thedeby smprasidgphopotiiaivityf

di ffusion are nuch pronoted in the tnultilayer bonding wires of the present
i nvent i on Maw prgferdiay, stnht aceceotyaitanis mathésa Fange froan@ 06 letoi I Ermesitarey | ayer
rather than bonding wires with a nonol ayer structure. If the foregoing
concent r at won biskisgulafectsait dre tine gefasttdpaed Gird dnotitg ctihiee @@ pfaselgdicripyef f ect
is easily obtained, and if it exceeds 4 nol% a ball is hardened and there
are concermgprohiag tle whdyetiviy,  bié tldasvagadradibn isheithinnie icdotndianges, Pr ef er abl vy,
if the foregoing concentration is within a range fromO0.5 to 3 nol %

ef f ect s 10f rededioniofgtréigtls phawipeaiins of the Rdoeasilaygr and dvgdiegnpes atrdrleavdagdi ng
strength under a fine dianeter connection of 40 pm are enhanced. Mbre

pr ef er abl ydice fud foeuttipegaiph grecapseet atehiting & idprovenivnnofa wavgeawihgm 0.7 to
2.7 nmol % a higher effect of inproving a productivity under a tine dianeter
connect i onspeéd.40Apheiveorhilbint bethe dltkad NpPresselidindAROR etime of ke diSe Rexisnakd e

that the foregoing total concentration of Pd, Ag and Au should be within a

range fromh@ qdalttp bécotids%abdd)dn@tHeddrbucBoh B el Rinihevddot &urte@ncentrati on
of Ag and Au relative to a concentration of Pd should be within a range

from 0. 001pbRrdbigif the cOnRnEMNGERWitlid § Fankdtiogh RODEPIASEN! R8ss8s if AdHAW / Pd
is within the foregoing range, an effect of inproving a high-tenperature

bondi ng e e@e%inief)fythﬁmir%tvi%"@ﬁ@ma%tér%‘f‘éﬁ’ml ¢ &r 1&Sthad M€ m which is
hi gh-tenperature bonding reliability corresponds to suppression of any

deteri or at jegisidd fof JDMBIRAmSAT GG difinB8a ki HelRlis ik Rbv&K A RUSeind §ny C Whi ch
is a higher tenperature than that 1 n existing acceleration tests for 1500
hours. Regg{di | at i i ! f?ﬁﬂ%l habi i ,+h addition
to the for eg%:b?%k?’egg‘%g%fs r \%d ?ﬁip&%ldgtslglé%go t éﬁgﬁ{f? lb?glglbé%%sx%%g@

concentrat \?ge-ld?a)(ﬁﬁ% (s);ﬁc%g :E Eﬁtﬂ RERLIR ﬁ%ﬁlelnai}ﬂ%l}jlcl% ﬂ?oﬁéﬁ\’xﬁgﬁ% Qf(%g&f it N€

pr esent i nvention at a‘correlation wt e concentr fon ratio R

represent %Iﬁﬁléﬁgﬁé\%h{aﬁ%tér %Bgfércg\%ﬁ %ﬁ(ﬁtﬁl&ﬁé}%a&%n{ ﬁ‘ecﬁjegg)g %lf % ?ap?ﬁ‘a

conveni ent. I'S I'S Decause econe sofll I'on subst ances

S0 TR IR SRS e 08 Ry, B S 8,

t hi cknesse respecti | vary depending .on.the.definition for a
ayer i nt erpaRe SRBRGYL St B RS 4R e O RN BB r R B B on
ratio Rre fesenteg as %$g+ﬁ%)/Pd is effective has not been conpletely
clarified §8F%S K" PHER g “nmonment, a possibility is 20 thought that
Ag+Au andl§8 gytually affect to interdiffusion at a bonded part or
brittlenesd s iginating fromgrowh of a particular intennetallic conpound
i ke ternary ﬁg@tenhgifec S. In the cases of Ag nd Au, an interdiffusion
speed with Al VAT HEh BTG A745Om HARY YRS HPFM O BELrO8EN S caRiTalon B eiteptiye
Au- Al based. internetallic conpound are fast .in conmparison with the case of
Pd, so tAdf b} E&W&ﬁ asfrupiyTs [Galdap YT ANARR Icqabidalite & HEB REAHN od hepsag 25
and Au is high. Mreover, it is thought that because a void is produced by
foxati on OFCrETHaRGS of 3 raenalHice MiRERAN]Y OPERSbUHeL: LA R ngh aRoref djallhased
intermetal lic conpound 45 or an Au-Pd-Al based internetallic conmpound, a
bondi ng strength is reduced. [0101] If the concentration ratio R
represented as (Ag+Au)/Pd is within an appropriate range which is from
0.001 to 0.4, an effect of inproving a high-tenperature bonding 5
reliability is obtained. Mass-production of nultilayer bonding w res having
a fairly thin Ag, Au concentrated | ayer where Ris less than 0.001 is

e



| ayer or the internediate | ayer, and a processing/ heating step of
controlling respective structures of the outer |ayer, the surface
concentrated |layer, the internedi ate Ia;}%r, the diffusion layer, and the
core nmenber. In order to control respective conpositions and 20 respective
t hi cknesses of the outer layer, the surface concentrated | ayer, the
internmedi ate | ayer, and the core nenber, in the foregoing step of formng
the outer |aye he surfac oncentrated | agyer, and the internediate
ayer . 1 PEhE PRy FoHTIea OB A LUHD SR SaTaRInEoD GRPUSTL | on at
an initial sﬁggg of formng the outer |layer, the surface concentrated

| ayer, andS4'H& 13- | Mrspovengeequdipgo meapishasvists maipkycenipgersl of
formng the outer |ayer, the surface concentrated | ayer, 46 and the

i nt er nedi atePd dyis MIBERTE Reogtiphacancertration of bydrogenivde adpw opheanitagon irapor
deposition, etc.. Regarding plating, manufacturing is enabled through both
el ect r ol yt ingssprradyhigiaand avemdithe eorskytrtionsif Aydngen isnnaraged averof
electrolytic plating, a so- called strike plating or flash plating, a

pl ati ng gpwedkabidity adpll haadian pewhdsiciemes soMitpnoved. under | ayer is good. 5

Sol utions used for nonelectrolytic plating are classified into a

substit util85¢lype and a reduction type, and when a filmto be formed is
thin, nerely substitutive type plating is sufficient, but when a filmto be
formed is thickthin Pd peteefafectoivel vothpenffaccmiaddudingonrd ypplathgbi thg ikt ep by
step after substitutive type plating. Nonelectrolytic plating uses sinple
appar at us esftaprhas hdifférke bebasiomfemd shaiorosvit physichtgofalbatit sfatdy t ilcisphaighng. 10
[ 0104] In a step of formng a filmthrough plating, hydrogen produced
in a platithgt thobaltbidity efthytiheephatherfg thinl filin o1l a5Byprieftiereolf Alsb Aefe Wopt

| ayer, and as a result, a concentration of hydrogen initially contained in
a mul ti llaythosevafitiee bry. bk deingfal, if 18 kabeg thi@bhPdiatiophad bilg, habBLAUSArdp¥Ar ogen is
likely to be produced in the vicinity of the surface of a bonding wire, 15
such hydr adenptisn khkednyabkerbigdiogen pgshl kdof BRePHaBVOD BVRE as MREBRQYSE, 1N

el ectrolytic plating, it is possible to stably control the concentration or
the |ike ofolwié HfIBd.VeAasediag &nth Miih ipal duyer 4Vler, 0RUCOE, iHR sbRBIIRVLERydreY&r » SO
that if conditions at a manufacturing step, such as processing, %ea i ng,

etc., aftemdfahlafduatd@ncetraBbe (HIREHT PIRRTIRIM HRLE kndvn 1rSthE BARIU Pk &a]Y O
control a concentration of hydrogen contained in a final product. 20 [0105]

I'n vapor dgpesi @h@afth@hwc%@adth,@td@%@&érﬁﬁbsit%mltﬁéo&%%&@ﬂﬂhg%rDaih @ﬁm%lté?ti ng,
p

or vacuum deposition, and chem cal adsorption I1Ike asma can ’

e used.
As all techoiauRletdceddisty,leYPalifBOnhhNRIASrathl, ,afllnkfhxr@ E@E&Yﬁ%iﬁ@éﬂioins
requi si te, and it is not necessary to concern abou algl y surrace

cont am natdefeh@lonta\Bard B g FbBSL Bgthe%%n%l@l%%}es.’: or a stage where plating
or deposition is perforned, a technique o ormng a film 47 with a target
w re di amgpegpiand a technique of formng a filmon a core nmenber with a

|l arge wire dianeter and of drawing a wire several times up to a target wire
diameter are kptd) &t egt " : he, f Ll mformation at a
final wire diamnet eSr, ng%llﬁ;ﬁggltogr@?% ) e%ggﬁiet% ;asé%gg%ggélgﬁ% ,S C%‘t]g% ,CI%%SF éeds&fsnpl e,
and in the I.nati: wth.the |att filmformtion and wire
dr awi ng, i1t1&1|3§8% {ggftnfc@{eémﬁ%a%%% g\?lécy\%oﬁl “S%Hg"s" %W/eee 3@%0%& 1\%(3@[{?5%6 f m and

t he cor " ific exa es of respectivye.for.mtion chni ques are a

§0 I'i[i? €r1 th§9§r% Ilfl%n&)er anr(mhe outem\}\(isfgpr? Cgﬁagpléilpg 8115‘7ti MZB]P gttgﬁg

t echni que of successive sweepi hg a

solutiontgnée%g%. f'IIr(rimwithacore gpr havi n target wire giarreter
bei ng used, "of 4 techn ‘l%’ee“&f”“é‘}“ﬁﬂil%gl% df‘?ﬁt%r a%%g%&ﬁ%ﬂﬁ esf, JO1RF ©
electrolytic or nonelectrol ytic plati 10,solution and of drawing a wire
to obt ai ntllg&f%ﬁ%fn s te&f%\‘%’?@f?cprg‘i’b@‘}g bRBHINE SYITFeS 7 e&at {hﬁé‘“éelﬁff ace
concentrated, | ayer .and t he internediate | r, a technjique of successivel
f orni ng ¢ REBIRL ISPl @ i fiie: 6L pip aiang SHE dhrosios yﬁ%ﬁg‘@maﬁa&wan be

internediate | ayer, and a tech i.qtie of formng the outer |ayer, of

processi n§ B e,HnyO%’Hﬁoﬁﬁﬁ“Teaﬁlhf KgnieHacsitha sy fd dht bandary bsjegenor t he
i nter rregfj te |ayer can be used. An in-line successive plating can be
exenpl i #1 & Yerfaxqr@pd die soramenger sl isarBffusiay lyer affestsdpe adhesivieaesag, and a
step of plating the surface concentrated |ayer. A formation order is
reversed BEMYRSBMNG HEerdayer 48d thegweemembes avhichykas aangor eléect it packingptathe | ayer .
In the case of the surface concentrated |ayer, the order becones as
follows: formation of the outer 90 | ayer, and formation of the surface
concentrated layer. In the case of the internediate | ayer, the order
beconmes as follows: formation of the internediate |ayer, and fornmation of
the outer layer. It is not necessary that a formation step of the outer

| ayer and a formation step of the surface concentrated | ayer are

_____________ g, . . o o



5 [0108] In the processing step after the outer |ayer, the surface
concentrated layer or the internediate |l ayer are formed, mll rolling,

swagi ng, dice wire drawing, etc., are séfected and per formed dependi ng on a
purpose. As a process speed, a pressurization ratio, a dice surface
reduction ratio, etc., indirectly affect a processed conposition,
transposition, 10 inperfection of crystal grain boundary, etc., it is
possible to change the conceptration and distribution of hydrogen contained
in a w re.mﬂe@gﬁ%@ﬁ){?%sﬂ%a 09?9’6?‘5@@%351’ efeelf fike paatche. st rsrthe eorgnd
adhesiveness@gf the outer layer. [0109] The heating step is one of
processes BFPEELS & f 0% aMeHY ofavemase rniainedin of disgdlysgieets tisstaivlinagr | as
ot her purposes of heating, elimnation of a work strain, control of a
recryst al | irgdieiipysionnaion, aay tisliretht afffctsanrmsyBameaignt sher duingtigsabiont
control of the surface concentrated layer or the internediate |ayer, and
for mati on BFrdemee of 4 balki dhydregearndpnsbed @l thooitaporst surface off @ Yondisg itireiis
difficult to satisfy all of those functions through one-tine heating, it is
product i Peliftle, hsanicHectiod sigbilizngrddos dpae ateby cipscdvethalslitingeesisthfceaf 20
wre is just heated, conprehensive devel opnent of the foregoing functions
is difficul wirewdacevpradused aiNvtethahiheaticomostrsngadd mepns aegied hadhg anl y once
at a final wire dianeter in normal wire manufacturing is just applied as it
is, it is @Hptf ofcuhm froon thekserfaceconcent rati on of hydrogen appropriate and to
inprove a quality and a manufacturing yield. This is because in the hal fway
of rollingt6flldrawing a nmultilayer wire containing excessive 25 hydrogen,
an adhesi veness between the outer |ayer and the core nenber is reduced and
the outer | ayétisidssipbtd tha, thacwicestrstionf@thedioges sicalCheghanard iR e @lthfias
reduced due to a 49 wire-breaking failure. Hence, it is inportant to
control 1a tialcagen@ationrqidydiogee corlais@eich maltldywewiet CThataf, ihgatibap. [ 0110]
In particular, in the case of nultilayer wires conprising the Pd outer

llayer and doeerfirafitin ofhiydrégenConeinsdih @ie PDsuttMeyddhe EShimlt¥ethe HolfdMY Or Ag
surface concentrated | ayer or internediate |ayer, and the Cu core nenber,

| owt enperigtwited theatitenBybiSan@fth@edrt ienger, NB&Edr8 thelier, Al UL WBObuRfn Gt
concentration of hydrogen. Even at a |l ow tenperature, as diffusive hydrogen

cont ai ned RXEes SiALhYIdiSed 2P0k |8 HyH0R8 & Whiathediih ré?,ﬁ«@&%_%it@s%%ﬁé&%
possible to make a total concentration of hydrogen contained 1n a whol e

nul ti | ayercoipréhehSvaRRMARIVIRS Be u&sjf)é}fd?ﬁ‘éh&_ &b He'&kéor{uﬂfs%ed mg devB@r s of

the present invention figured out fromtheir study at diffusive hydrogen

anong seyahaagh Wl QueshifahHef Hﬂﬂ&?&inﬂﬁ‘i’hé thit MO{apE(ﬂ&géét?ﬂiowl dBYRE fm%ﬁ €
[ tatime W a

nost affects a use perfornmance. I's desirable to adjus

tenper at Urige Q@ﬁ(gjﬂ;iﬁ’t’iotflaﬁﬂyﬁs B{a]?}gﬁ%%eh%hgé?l@raﬁgn @%&ﬁﬁ?ﬂt Jisfoppnded

condition for adjustment” of t ncentrati on usive hydrogen. It is

desirabl e fhatanbest ﬁngoét% c?)bﬁglgﬁﬁlg glrﬂllgﬁyér%ﬁé iuysgzl dl%gfﬁ%%ﬁﬁl%f@%%%ﬁg, for a

long tine is effective to rogen-contain surface
t her eof , %ﬂ@ig‘@%ctliéai,“e action to a conposition, a strength, and

el ongation, etc., of a bonding wire, so that it is advantageous to
facilitat 20g@igagerrent of other processes. As a heating technique,

batch-typ eating using a heating furnace is convenient. Such batch-type
heati ng,4s ha Led out 1n the.conventi.onal nonglayer .20 wire

manuf ac%(ll))r i nghg% }égée;gg{lé ie‘,-oenr? grr%éﬁho\?oo Ry dogsy ﬁorg?if‘?ffﬂla% ]iHBﬁﬂ%?r%’h &ACHE"S or

bondi ng w.r i s .successj.ve anneal i ng, of heating,a wre while successivel
movi ng t ha v SOMEY PTG wiGATER 3 A PRrPS Mo CERBORPe Il MOREITRE 1 hi &
reason, ittj S cbe(ﬁg Ehat g tgﬁlﬂ@era‘t ure, time, a cheni;a of heating for the
purpose of SaPTEFNERE © 6 152 BBHUAHT M4t BACThI MANSHEK i CNCeBHPR Rbse of

normal heati,ng. I n a heatin tnosphere, it is effective 25 to heat a wire
while all nge%ﬁoqtﬂggﬁl\;begﬁglag@mﬁr%gasmhtg? VaRatiqngvitlh Bige; nl graeralr nace.
Accor di nglbé’d‘it becor_resvg%asi ble to suppress any oxidizatjon of a wre
surface. “BBURBMEGYEFC st G REEES fRytdaerfalled appesd cpspeandapratectedifivnpossi bl e
to pronpte regl?e]el [ n% of hydrogen by adjusting a vacuum degree to be equal
to or |e%dnyAARFsErrIppgicleadron extgmalaint Inardrig! stagineoaditiog inmdieh theter t he
outer layer and the surface concentrated |ayer or the internediate |ayer
are for medongngadies ap wtaupyl ia thaypeat sase ibisces§ed thatlp thangevethiey dr ogen, 5

i nprovenent of the productivity of wire drawing work is facilitated.
Furthernore, it is effective to adjust a concentration of hydrogen step by
step through several -tines heating. [0111] It is difficult to satisfy
all requisite characteristics of a bonding wire by nmerely the foregoing

| ow-t enperature heating mainly for the purpose of adjustnment of a hydrogen
10 concentration. Heating for the purpose of control of a recrystallized

o " o S T ) - o o o Y



5As processing and heating are conbined to control the progress |evel of
diffusion, it is possible to control a b?yer t hi ckness, a texture, and a
structure to a desired level. A work hiStory prior to heating relates to a
conposition or the like at respective interfaces of the outer |ayer, the
surface concentrated | ayer, the internediate |ayer, and the core nenber,
and al so affects a diffusion behavior in heating. Depending on in which
work 10 stage.heabl ' e espect.i we, ¢ osition, respective
t hi cknesses, 6t c.. @?h%ﬁ%gﬁ ﬁg;ftt?%u& {é)ra eélftedrotfagﬂﬁ?glgén%ﬁ%@n‘f}?l }F | ayer,

i nternmedi afg | i ffusion.|layer change. .As an exanple, according to
a bondi ng %m&}dgr?%ﬁ{r%%ﬂ\e\gegp fri%aarl} piietisle re%a%ﬁ B’W'é%gb‘gn%f Q%‘Fﬁ%‘?'%i IRgPieRETRdi at e

anneal i n bei n rocessed, of draw ng, the re, and of performn
Fincah aoBheefoRg) U bd SRR i Ghuth Bl s bt leat ap.

wi t hout 15d&i ni.er medi at e _anneal hngdﬁ’i’ilt is confirmed that respective

conposi ti onE ERGEPELFELR WETEIAE SRSt NGitcigra diBibsaidpf ph@semdgrioriger , t he
diffusion |layer, the surface_ concentrated |ayer, and the internpediate |ayer
change. POTIBPraH Wé’egf&gﬁe fOX ROF PVRYS BF ShIRBY hy ol s waighed andcbee uspdnber
mai nly con[]éosed of Cu, 20 it is confirned that a good ball bonding property
can be accORPIPLRERCRUOL AonceatRiEng hydieaditiaptheimeagaed vath a precisionsuiicienbr ni ng
a ball in a bonding process is a pure N2 gas or 5vol %l yi-N2 gas. According
to this boRdMhYCERERNFRERR Biisgapiegrials if hexpenef weasyrameent vimplasnécassanad of
Svol %1, 1-N2 gas _which is a standard gas, a running cost can be reduced,

t her eby priShB¥ang§eproncs eeual tuedarger thanig aysicowlingls thogmeantpitios of0114] 52
Next, an explanation will be given of exanples of the present invention.
[0115] hysgogen w! Hgtnaesea] igvetioa nivsng thaghwrpgen @uatairkd iobordinphiich withs, a

hi ghly pure material having a purity of equal to or larger than about 99.99
nmass% wal G§Eald mess inmestiednenthan IfydapgbnRanteot represenitdby hayst ofihgtirdgenor  Ag
which was a material for a surface concentrated |ayer or an internediate

| ayer havisgtaneduer & {otdfmasg dsatiakeroasowuch hydregert trame@itidnmass% wer e pr epar ed.
In a step of nelting the core nenber, an appropriate anmount of all oy

el ement wd80&@dded. [0116] 10A thin wire thinned to a certain wire dianeter
was used as the core nmenber, and the Pd outer |ayer and the surface
concentrat ed [Tagwrarosevetaétachniquessdi abasukayan odhydabedeasicetidibgrbene of Au
and Ag were fornmed on the wre surface by electrolytic plating,

nonel ect r eirgarite ppicatiynigiecon tivapapudegdstiogom cordehativniiguehiafwitQimi ng t he
outer layer at a final wire dianmeter and a technique of form ng the outer

| ayer, theosfimfakibatcprogntvamessutdnddyer bomatherbpihahivelitah@ciayer with a
certain wire dianeter, and of thinning the wire to a final wre dianeter by
drawi ng wepedwfiplty edhnigos, Terehl€3dso@tvhiSpe@tahdtROhs Rt ReRREH & as

nonel ectrol ytic plating solution, plating solutions cormmercially avail abl e

for a senifimf)detct ot PO PDSEAREES USRI nARAGSO b @M diBeMeR GNRL 185 1&5n apor
deposition. Regarding an order of filmforrnation, an order of formation of

the outer heatyendanigitotechRiqho bFRDEQH withid PRNSUET RERo %ﬁ@éﬁ%ﬁ&@&;ﬂ%ﬁﬁ% and
an order of formation of the internediate | ayer ‘and of fornmation ‘of the

outer | ayef theeiecadaptfbn, As rOeeHdRHp \@itlh%tﬂsélgfg?(hﬁ{%mc@céﬁ %@Esfaggf?é@ ngy3t ep,

etc., were added between ffinnation of the ou ayer an ormation of the

sur f acezw ane@nt kat &Q}dh@ﬂ(ﬁ{teéﬁnigﬁkﬁnﬁl@s%éggﬁje%ﬁt {eBYiREL eg fﬂhﬂg Ii ;)Iﬁfgﬁbga(:h

having a dianmeter of from 0.02 0 5 mMmmor so were pre e e and,

respecti V@ff%té@gf %rgi%ﬁ?&t&fqm@‘;{r@%a?%gﬁl ! n%és%%ﬁ\%ﬁt P31 t o is%ggc%h%lﬂg]ﬁ etc.,

the wires were drawn to a fin I anmet er Ich™was from p. m

ond, event ety (Ao RERL DV SOOI, AP DR LIG, 0,801 L0 o0
L S e N e

subjected to dice wre draw n ero

Derf or maq ot R EPEHERs BPPLLSq AT SOES AT GIRbVED 4 e

EARRRE Lo T T R O N G A AR S
i vel y heat | thin wi Nle.the wire, | ssively swept, and

ol therong AR | halute uf elhdefiuhlon Shivafaty S RLBGERE TP a6as. The

bat ch-type 10 annealing had a main purpose of adjustnment of a concentration
of hydrogen and of formation of a diffusion |ayer, and heating was
performed for 10 mnutes to two hours within a tenperature range from 150
to 300 C. The successive annealing was set to be in a tenperature range
from300 to 700 C, and a wire sweeping speed was set to be within a range
from10 to 500 mi mn. Together with a tenperature distribution, the 15

- . — g,



25 di aneter were annealed in a successive manner. [0118] 54 For
nmeasurenent of a hydrogen concentration,,two schemes: an inactive gas

di ssol ution heat conductivity technique”and TDS were utilized. Regarding
measur enent apparatuses used, RH402 made by LECO was used for the forner

i nactive gas dissolution heat conductivity technique, and M 100- QA-M or

M 201- QA- TDM whi ch was a 5 quadrupol e mass spectroneter nmade by ANELVA was

df . i | d with
4520 10 Rl T8 MR Sy EBOERILAEL o0, Sl SROeR s, I P, .
cppar at e WSy ROl TR LIRS e S AP PR &
hyd i ined th i
NI e O T M E O R A R LG

the concentration of . diffusive hydrogen, and, a concentration of hydrogen
det ect ed a‘ina‘ge %Eéﬂap%? gtoatagﬁléiegﬁf%@tpg%%@@s% asf ?%"t%’éaltm&?éﬂ‘@@ i3 on of
hydrogen.. A rate of e.concentratjon. of hydrogen detected at a tenperature
£ om 200 5 §8BUTEp oF B G 8T GO bbSR G A AP FHS ooy SRR IES
obt ai ned. An exhaust speed of a vacuum punp in the 15 neasurenent apparatus
was set to"$58 2400 to 300 liter/min (in N2 gas conversion). [0119]

Dept h anal%ﬁi%;through an AES was utilized for neasurenment of a |ayer

t hi ckness 64 wire surface, and surface analysis and point anal ysis

t hrough an AES, an EPVA, etc., were carried out for observation of an

el enent di st rilbitdesiFrblg that the frresripabershnawing skeyld bap boadige sife lsimgdar y. | n
depth anal ysis through an AES, a wire was sputtered by Ar ions to perform
measur ementatip f hegepesntigiionet hysozearibptas detpatecbwithiom timpsrafusel aege 9 n an

Si 02 conversion. A concentration of alloy elenment in a bonding wire was
measur ed 0t WOdagh0ak in 6P HASkyd insapred dia thinReratuRegsindispepdidid 08 6n3@ht@/at i on
anal ysis of the el enent contained in the core nmenber, an average val ue of
concent r atlicfige ixaitetelcoacenstiar of bydpg@5latgctatiemantehtire théaserihdcatpentisei n a
cross section in a lengthw se direction passing through a wire center

t hr ough arraERVguabie Ebpgehen 5h%AERogasiingstdd entife01@0jriRegapdiange respact | ve
concentration gradients of the surface concentrated | ayer and the

i nt er nedi at & prafgsbly withiam raver fige aobomhemparelurai@t J00PChbulstandaldenitalat i on
gradient was equal to or larger than 30 mol % per 1 jtm it is indicated by
a synbol Avidrodenebutieingd 'ictroent caattealzetegteddi dvitenahe preséme @onditicendfr at ed

| ayer” and "concentration gradient of internmediate layer” in table 3, if
such an laviedagenwastaggdah a trultdiaydravigesre biwaud 14 vided %uah doddssistdanbe 30 nol %
it is indicated by a synbol B, and if such an average was | ess than 10

mol % it idassiiddgabeldifibyveahgyodealanChy{@R1k] TOFarfishreNgdidgen isiydardi ng
wires, a conmercially available automatic wire bonder was used to perform
bal | / wedgehiandifirgly dfoad Vitas dhasimBgdnbtasanlieaaiing f6d. ofscdordink@oRy arc

di schargi ng, was bonded on an electrode filmon a silicon substrate, and

anot her endulgfayeh@ireiht@npaise @ubhREbeot OuWRIGEe PeRdengith merd Qagk hehNi nal .
For a shield gas used for suppressing any oxidization at the time of ball

formati on,is thouyRl 6@ mAUBI HERN v hyaRzcRAL AstRife@oMelatiASMBRLE ISR A PUr e
1\ 12 gas having a purity of equal to or greater than 5N was basically used

except borusgyaibididn@d OfoeBRly tRhARGxids §aTohd @Wl@ﬂﬂ%ﬁﬂé@ﬁ%ﬂé%ﬁ’é%l?d
within a range from0.0003 to 0.005 nB/min. [0122] Al -alloy filnms (an

Al- 1mass Y8y oaidB 8t fal thi¥or 8Mdaidhs @ warBsa O di :time &%it@d’éf&%a@ioh%ﬁk Ness

of 1 jtrn ich were materials of an electrode filmon a silicon substrate
vere used s ORISGIEsRIRE, RARARE, bF 4 B O fi 58 ¥ an
obj ect subjected’ to S\;Nedge f)on |ﬁg“ g\ggpaelg%lb@p%%g&ﬁag&lﬁﬁjge’ g@%\ﬁ”%ﬁ%ﬁ%‘g‘?

hi ck : : i f . : i
(1 okness ksl 4 b eOTTE, W AEy00 AR ESIE A PULERLRPAS! [0
g O g L A9RPRUL o 1 AT IR e 08 ANRGRe Gl S RERGIPSe '

a step 5 e wre W a Wwr

500 .t hi i I i th i i f 22 18 | uat ed.
oot 1 MR MBI QoG B AR A RS 5
W re dianmeter wa ar ric ilyr ccel eration, eval uation, a
e vas oo @R P Bftush iy e on, B el L S5 Hrr Binaere St o ng

speed. Wien the nunber of w re breakage was zero, a renarkably high
productivity was expected so that it is indicated by a double circular mark
inatield "wre drawing workability" in table 2. Wen the nunber of wre
breakage was one or two, it was determ ned that a productivity was good,
which is indicated by a circular mark. Wen the nunber of w re breakage was
within a range fromthree to six, a slight change 10 in a wire draw ng

S T T . o Al



15 range where a ratio of ball dianeter/wire dianmeter was from1l.8 to 2.3
times were picked up, and observed throggh an optical mcroscope or an SEM
and eval uati on was made for three characCteristics: sphericity,

m sal i gnment, and ball surface. In evaluation of sphericity, when the
nunber of produced balls in an abnormal shape was equaI to or great er than
four, it was a failure, which is indicated in a field "sphericity" in table

2 by a 20 r Wien the n er . of abnor nmal - ped bal l one to
Chr e and Won PheCrthiarosse st et o Son hmmanite oping osidotda0ie on
relative t nd W re 0 ater. than three, it

i ndi cat ed 89@0(%) ad ;ﬂg TSELY: ydr‘gﬁ‘g‘hc@ﬁ@ ‘{?ﬂ%ﬁg ngtlnélﬁ%?‘ﬁﬁtf"resrﬁa&e@mﬁal | s
was one to d n the nber of ms nment was_one to three, it
was det er n?%d; 0L ﬁgﬁelt@ ?tgf’%%gctamttoa ?‘ﬂw pehdlgieeist Witbindal use, which
is 25 indicat ed by a circul ar Wien a total nunber of m saljgnnment and
abnor mal sIfAREARIS ¥EAS 156500 &gel%tnaﬁo pidal Oﬁaﬁﬂ“’%ﬁ?%ﬁ)@hogﬁ&éie@@@é so
that it is_indicated by a double 57 circular mark. ]I5

obser vat i®of!t E‘Iﬂaé’%’fltf’é“?f’éc‘:‘@“%Fena?‘i’“}t’f‘ﬁetfﬂ%ﬁe hggyal t(tfl’hli“tgﬁr %@P @/wetre obser ved
through an SEM and when the nunmber of balls having a tiny openin
concavity HHEFSERING &7 {3t thet mosthygdregen capfamed ima bending yire sunpls isdisfsings
equal to or greater than five at the side face, it was a failure, which is
i ndi cat ed BYireecr odEsushpkationis £9palép ar lapappHiaa SOveseffrstsiofcausaie Hball shape t abl e
2. Wen the nunber of balls having rough concavity and convexity was one to
four and widiave pgopdisthsricisy ashof impreiimyotkahiity arfbatimeyf and nonfainng | i ke
a bubble equal to or less than 5 pmwas equal to or greater than five, it

i s indi cated UpprempicianBuifenblief kudhm tatie isi@utibloe largehart HeYeeamas no rough
concavity and convexity but when the nunber of balls having tiny concavity
and con\A@xfwmal\msofwntftbrlnrnaalf?aha}g:é)atlrmmttpnﬂs¢cbwhm thin tviredisvidgterind ned t hat
there was no problemin practical use, which is indicated by a circul ar
mar k i n t hdamatst ef cdibkbto driess thamtr urofis trel) sdhawitfegt dfiinprooneeispheraitg
convexity was equal to or less than one, a ball surface was in a good
shape, so shathdrenhsceddi Cattedpbytiae tmgd furhlegectng hydragendapkndsrortzhe t abl e.

[ 0126] For eval uation of a bonded shape of a conpressively bonded ball,
200 bondediehpbtasireeismechsel uatitheand aestalenat thenthwesnpedereirafgeais spited tca ty of
a shape, an abnormal deformation failure, and a size precision, etc.. Two
ki nds of bidphHteigpanitnessidea¥ titgempd@rust-rigindispasdtiecoabs & p. mand a wire

di aneter of 18 pmwere used. A ball in a normal size that a ratio of
initial 1balobesl ameter/wire dianeter was 1.8 to 2.3 was formed for

eval uati on. Wen the nunber of ball shape failures, such as anisotropy

of f-centered fA edfcantidiien ofhi@loge IRt HMRnaNGh @etaahfal:ﬂuhﬁg ficeéswat | on was
equal to or greater than five, it was determned as a faifure, which is

i ndi cat ed JMltidayer A%Ss. MK ks doRfignéd @Ja@l in %@ﬁpﬂ esaivB cPondedsharetndpy 25 table
2. Wen the nunber of defective ball apes out of true Circle was two to

four, thi soaggydrastodin¥d SRdikef @ HaVOa A BURScerMAgD bRRyRUERET Wherdhoor mal
def ormati on occurred 58 was equal to or greater than oné, inprovenent was

desirabl e dopcORSSOROPRUGDLEG s e%@s&bel&%%lf'ﬂ{eccﬁlttéqaﬁ)‘ éaeégdtggg% @:‘hemar k in

the tabl e, and when no abnhornmal defofmation occurre use,

whi ch '30'1ﬁgiﬁéétﬁ%é31¥ro@es§'aﬁ§ eaadhgg?v eésnwﬁllﬁﬁtatc%pé 1%6111%'[%9 récﬁﬁ%e dgé?aﬁgtgﬂﬁ

defective ball shape was equa ess than one,

i ndi cat ed 0y, @on o@ﬂtéqjﬁﬁnﬂé({tﬁlﬁ gg}/lei%tlf)oh@e#%reggm ?te q[ugljntél7 1e1e 8 arding |ar ge

bal | deformation I s having a

| arge si Zet{x—{'g{z}?ttmggthre ffl?ﬂgef I#éi Oée'n%alg JTO 1%@5%\!1”&1?& Vgllém%t e’beéﬂ §1 3010

3.5, an eva shape~o conpreSS| ve Ywas made

chown 11 7y &R TR TR RL o D PP R Rl i B0 L0128
{emper at ur g %afeba%ﬁ%tﬁ%fqg%t”%aapﬁﬁ%?%fw@ et ﬁxﬁﬁ?waénﬁaﬁ%‘é‘%?eom 45

to 60 p wire dia used. Two ki nds..of one
was bgﬁﬁeﬁﬁﬂ%ﬁﬂ&@ﬁtéﬁf‘ﬁé{@pextf%)aglaﬁ o fleditging bonsss eran braitaihE: o
bondi ng, an %&ﬁot her Was gondl ng wre Elaw such a riod of f}20 days,
wer e used.“PRENES OBAS r‘éCtWézro a§’t’ﬂ§j dpaderigl 1%{@ hdrprpe%qﬁ capd g "élrta?ge of
shear strengths was neasured, and a shear strength per unit area cal cul ated
by using an average val ue of respective areas of ball bonded parts was
used. Wien a shear 20 strength per unit area was |less than 70 MPa, a

bondi ng strength was insufficient, which is indicated by a cross mark in a
field "shear strength” in table 2. Wien a shear strength was within a range
fromequal to or Iarger than 70 NPa and Iess than 90 NPa |rrproverrent of

o N LT I



59 was equal to or larger than 110 MPa, it was good and it is indicated by
a double circular mark in the table. [0129] For evaluation of a damage to a
chip, a ball was bonded on an electrode™film the 5 electrode fil mwas
etched and elimnated, and any damage to an insulation filmor a silicon
chip was observed through an SEM The nunber of el ectrodes observed was
400. When no damage was observed, it is indicated by a double circular mark

i field"chi v in.table. 2. \Wen the nunber of | than 5
om was. oqui BT RE piaddt BT s iR B Radea Vg AR peff S ch 1
i ndi cated b ircul k in the table. 10 t mber,  of k
cqual 1o ol PG n Bl Bl et oo (S Ta G R 456 5ot cat or

than two, i

t s determ ned as an anxious |evel., ich i.s indicated by a
o oo ar R et T o St b et or b eoRistiBe b APIRBIEon B ger

than 20 pmar .a cratere , etc., was equal to or greater than one, it
was det er n‘?ﬁ@'&r‘?ﬁfng V‘QHQV%%? g@@l tglOWﬂfélPF Fage Pﬁ@@&%‘f"éﬁe‘ﬁvﬂé’“&f ¥ thark in
the table. 15 ﬁo%§g¥ A wedge bondin? property. was eval uated based on

t he nunb@r & Chdhd dtitce kg Lor pxararlesirainsion dRsiRiyeiong tipGatidRTdamBeraare ead
el ectrode.. Two kinds of bonding wires, one was in an initial condition in
whi ch st origaediveer Asea cxamaleat inassiglatadreleicniial vosleass aragsivedndrassabiier
was in a condition in which it was |left for 60 days in an anbient

at nospher eheatingford Oraiomies Enfrer bavsy withiner lempsatire Bowd oh§5Wior X9 Wered st ocked
in a clean roomwhile being retained in a spool case. Regarding a bonding
condi t i on, Staniliza & eenseniradion @f prdrogriscositdingst iny wiale owdtilayeriwithuc dn the
non-sticking. A stage tenperature was set to be 160 C which was a | ow

t enper at urleating peees|cspat¢dig sanoail bandingawirh eapafetusihg pheckotewmgsarr es i n
an initial condition, and to be 175 C for the case of the bonding wires

| eft forl0emhjeraysto REMADRG meddiisgl dhiaragteriaee, enévaénsateadlidaarityt yereovwitgTence
frequency of non-stick failure. When the nunber of non-stick failures was
equal to omygr@&tseringan, siexmperturi ipastignesd00 BT O0AE, seluivdidie geisoaltyhat it
is indicated by a cross mark in a field "wedge bondi ng property” in table
2. \Wen t hewsadtbep thbuglothestiedkr éfad haatieg fiwascefand mitehiiestime i genesalliyt i s
indicated by a triangular mark in the table. Wen the nunber of non-stick
fail ures vasemohecondst Wi cortrag@ thediehstpprocass Ifyr @ipatneand thet conserittadbg af ed by
a circular mark in the table. Wen the 5 nunber of non-stick failures was
zero, it vasirahen multdydrivatesds wiacsted bod Rgetehipetinimanids goodtimehi Thei s

i ndi cated by a double circular mark in the table. [0131] In order to
eval uat @sapkiifie@rarhpleobf aich begirzavhigiounrdebgdneufendittg, bondi ng was
carried out at two kinds of wire interval (span): a normal span of 2 nm
and a longosgsin 10 of 5 nm A wire dianeter was set to be 23 VIM Thirty
bondi ng wires were observed through a projector from above, and

m sal i gnment  ®egadR@r 4 d@ABeMREOR o@hﬁ@rﬁ ENEhnMiK@] WasulfRSEr Wirsd ank ofi@l ative to
a straight line interconnecting a ball side and a wedge side was neasured

as a bendidigcli /@l sepdRRy ARnAY A REEnRhi BEBHh B0 dBMUE ks WASvdy2TS than one
wire with either one of the foregoing wire dianeters, it was determ ned as

good, Whi GharduFact®i ig&%b@&& &Rd Qﬁorﬁsegﬁé{hhl%ﬁfﬂygﬁ%gﬁﬁn MBEK- 1 Bddt Bbﬁdig%};)h%pp

. . ‘]
linearity" of table When an average o endi ng level s was equ to or

| ar ger tzbafhetlﬁﬁlﬂﬁcrtl%ﬁ;g brbcd@Sr fhultlhy r\?ﬁres‘é\fgé Qili‘l‘lé-l'&t ?é&%sﬁﬁﬁ%%a@/ tdsd & @RQUl ar
mark in the table. Wien an average of bending | evels was between one and
¢ . 1 . ' e DS . I
00, 1 bR TR YRR,y 0.k ML RGN i C1roul
SCeP, 2 LANRRk gk AOR,UPS. LR R MRLAGR: Sl lE SRS
e e TR AL O B PLENELR B0 B R LY ©f o
order to oBPR Ry USRFER O Gir BReRs e Bl b e PR Bt s
ase o when. t he nunber of
$F F

isite. Jd.n th h i | h qf .2 :
i res ndi LB Renlibel bl FoscBaR Phafehy Bieb o e ek Pt e
o 065 mar REf i3 U asptentgigh O o b o RiBpeTBaiOhaa 1a mGiHer of

defects at the wire length of 2 nmwas fromtw to four and when the nunber
of defects at the wire length of 0.5 mmwas 5 equal to or larger than five,
it was determ ned that inprovenent was requisite, which is indicated by a

triangular mark in the table. Wen the nunber of defects at the wire length
of 2 mMmmwas equal to or |less than one, and when the nunber of defects at a
wire length of 2 mMmwas fromtwo to four, a | oop shape was rel atively good,

T T . T



20 relative ratio (Rt) of first pull strength/wire tensile strength instead
of an absol ute val ue was used. Wen a v éue of Rf was equal to or |arger
than 60 % it was excellent, which is indicated by a double circular mark
inafield "pull strength” in table 2. Wien Rf was equal to or larger than
50 % and less than 60 % it was good, which is indicated by a circular mark
in the table. Wien Rf was equal to or larger than 40 % and | ess than 50 %
25 it was Y robl t the sampl eeded.tq.be treated with
care after g@g‘%&%bf%} lrr%%ggﬁgggggsnleeg%se ¢ Sl}’ggifcﬁ%geé]act%gg‘”}ﬁag “é%twrllea%gﬁ’ﬂf%r mar k
in the table neck st

. \Wen Rf | ess than. 62 40. % . r th was ..
hsuf T ci elEre ncnshs o 8uE TR C i P et eBEREHT SRRy o
cross mark i.n . the tabl.e. [0134] For eval uation of el ndi strength,
a1 est! Mo Sy SRR it p o 658 i B BTy o 1 amet o was
set to be 23 pm and a span was . set. to b nm second. pull test wa
carried outT{EYREHOBRCAH %@%8&1@@@%%%@85% to. i‘*?f’lsgﬁisélCBE%‘?““@BO%andge
bonded part than 3/4 wire |length was noved upward|y, and br eakage
strength“oledéo%FBﬁ’tﬂ?fﬁ"g"%Lﬁfgéa\ﬁﬁ'l%%ra@é.‘fs B aifsatra e dndrasan ot &t rengt h
depends on a wire dianeter of a bonding wwre, a | oop shape, a baonding
condi ti on, Ingr@ediate preduet jsythia arepgedrqorEy08? BB bhmapih.|2 Seiergeh e
tensile strength instead of an absol ute val ue was used. Wien Rp was equal
to or | argew BerpRfping. oglt g PRREgEITB R AYST PiepEY Menagg s cgbesairalipn eh i s
indi cated by a double circular mark in a field "peel bonding strength" in
table 2. Vipskomp bagesl euesicrerseakivifled wér an ippropritoseaentrabion foxmdp axd i t
was determ ned as no problem which is indicated by a circular mark in the
tabl e. e Rpropagiceepiasnttagon for agprgesss tand sudibmagagement i dgfferetidronitery it
was determ ned that a failure would occur, which is indicated by a
t ri angull@rcayes & thcanventicuial monyiheer vRpeswad nhadal shinhvanes10r diffetehepepases. a
probl emin mass-production, which is indicated by a cross nmark in the
table. [01®8p7Regarding a | eaning failure (leaning characteristic) which is
a phenonmenon that a 20 wire upstanding part in the vicinity of a ball
bonded part f atfissleombleathwi the farpstiag ditaglaparshowdsapbs driviewtss withindi megd i on i n
which a chip was horizontal, and a | eaning failure was eval uated based on a
maxi mum gafporflOeEnioi? gmp) 1Heividayea wigravirgl the Pdeupatstngvehingtighuifbe:
center of a ball bonded part and a wre upstanding part. Awre |ength was
set to be & thenworamtknitee ofGoet amf Agaaph esalwascanahtidoblieydréenfontaliednin B9
eval uation, sanples each 25 having a maxi mum | oop hei ght of about 400 um
whi ch was whale kiietbehigghithia apane Ror e €6l 0. 008 aihsth ealdgaRichGingAeer WS
smaller than a wire dianeter, It was determ ned 63 that |eaning was good,

and when tihe al(BiRRhRYwIRmh ¥BS gt 808L0.01 RAM2 tidthe tdiReMRBlADEhDGOPA! dan be
inclined, so that it was determ ned that I|eaning was poor. C assification

was nede baggelz«anyvithie (1eceHbRRC@nEdeaUen tdnoed, réRRRIoNE at@inplisBmetadhotithe
nunber of w res having such failures was equal to or greater than three, it

is indi Ca'{/%ﬂvdbﬁdil%hﬁﬂei AAGH RELIABY dd A efhddcemdntof theantRtbnoRaAtBsdEIfitRd I ¢ 10
tabl e 2. en the nunber of wires having such failures was zero, it is

i ndi cat ed Pie 8udREDbl Broph fifeWkAUpORI & ﬂ}ﬂréé{éﬁ_cbﬁ(ggn?ratié/mﬁl@néé%ﬁleﬂyfmer of wres
havi ng such failures was ther eBet ween, It is indicated by a circular mark

in the babheyoliRd 3RkutdviRGha(FHaeyf agﬂg‘ﬁ%ﬁaiﬁﬁ‘iﬂis fbdi®e WBlefranigd for
500 hours under a 10 high-tenperatare and high-humdity env wit ent at

130C with ol %: 5 el I isti.cs of 40
bondi ng w%élgﬁmﬁe)?aéé e\lllg'{oﬁgltﬁl eeg?m %gnfﬂgéﬁ%}é?be%g tggsclta&gg’fe %%ﬁ{g?{l%ﬂvﬁnragg havi ng

an el ectri gal, feSLAIRAES LACKEARRR b eMRad 0u0be hALORE LA LT o Ui res

as much as its ini electrical Tresi c& Was equ to or larger than 30

% it was LRa. fai.lure i i s indicat . field
bt ert ae i ki i 15'c5 ol BEE Sn e SPOREAERIE B
havi ng an gl ectrical_.resistance increased to ual to qr.]arger.than three
e Svas SEEPER b B Fab PERRR T 0B Rlart Bl SRR g

or an.l C havi

i ld b df . i ct i Siti f .
el +abi Eryorage e Sy R eyt R i o R B Sufire s wnen
o ehual CUTGR SPGEFS1 NI HEGECRI AL e T3 ol e 15 268 GAORGH t ho.

per cent age of bonding wires having an el ectrical resistance increased to
equal to or larger than 1.5 tinmes was equal to or larger than 5 A and | ess
than 30 % there was no problemin practical use, so that it is indicated
by a circular mark in the table. Wen the percentage of bonding wres
having an el ectrical resistance increased to equal to or larger than 1.5
times was less than 5 % it was good and it is 25 indicated by a double
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10 evaluation, a load and an ultrasound vibration were set to be slightly

| ower than those in a mass-production cgudition for evaluation of non-stick
failure. When the nunber of non-stick farlures was equal to or |arger than
six, bonding was insufficient, and it is indicated by a cross mark in a
field "reverse bondi ng", "successive bonding property” in table 4. Wen the
nunmber of non-stick failures was three to five, it is indicated by a 15
triangul ar | no k fallures was one
to two, a “WS&"&"A@%F L){% SEa%lﬂ ! ée/@%g%%ra? On%rm rb’gg Enf%é %‘ﬁ&%s edw%oiﬁdr tion
appropri at n the

nunber of gédﬁnﬁ? h9§?§ {LF%W5QﬁWﬁ%S &4%}&??@3 e n@é%ﬁ i shed

which is | ca t ed do r .mark in the t bIe 0138

For “oval uatiiBhaGE égé&ﬁ%d%&aﬁraﬁr G IR g et et s vi et BORY ng,
hook at a osrt on er to e bonded part. than 3/4 of re |l ength
was noved d“ﬁ %FﬁaﬂWHéggtmﬁﬁﬁ?ﬁ“ Oamﬁ?Wb“ﬁﬁ?nﬁ%ﬁzﬁﬁ%ﬂn$F6r a
second p stren h, arelative ratio ( of second pull strength/wre
tensile §t$§ﬁ§@H’ € IRrEASPd ¥k eﬁﬁmﬂgm‘%ﬁﬁ%ﬁm§3m9@08¢nga¥@er than 20 %
a wedge bo&% nﬂ property was good mhrch is indicated by a double circular
mark in a 8%l "reverse bondi ng", "second pull strength" in table 3. 65
When Rp was edual to or |arger than 15 % and | ess than 20 % it was

det erm ned as ‘A hfofopresBigamerimicsnt isslesimlchplenragipndagingdgoacenigiirn pAPE he
table. When Rp was equal to or larger than 10 % and less than 15 % it was
det er ni nedretaiae (ahiptycpreansratigupiometebelpmpnts s e aisierzer thian A A% ieblsat ed
by a triangular mark in the table. Wen Rp was less than 5 10 % there was
a probl em havea thigkeesp fioté PODle G0 pm. sdf 2 hmdtilayerivgre Indtingdhedd bytealayens s
mark in the table. [0139] For evaluation of a first pull strength in the
case of lPespveses hesditaey ddhnewt mombes ahihebu eaths hava ngalaongangadiran®t er  of
20 umand a wire length of 3 nmwere subjected 10 to reverse bondi ng, and
40 sanpl eshygeegensubiagwt dd a wdoheaise being mtithaf a sanga ffilors®.pekigtol). §08amaa%por t i on
of each sanple was pulled upwardly in the vicinity of a ball bonded part.
The f or egoindgf p edgadn (hegh-atricent(d®ion Pdflafdry stvimud LorsentenghhyiRidrelatiensid e
strength was utilized. Wen the value of Rf was equal to or |arger than 60
% it was tekdebientratamdbiinetalelémaitcatingedal & ddulgbethan 8G ulcdys lnmmk in a
field "reverse bonding", "first pull strength" in table 4. 15 Wien Rf was
W thin a réaigecsknom 8G0ako 0.08 ein, ltisr getribhtia@noSd dvogendah 88 soiideanatbdirMfhei t Was
good, and it is indicated by a circular mark in the table. Wen Rf was
equal t asovicinity géthetshefcedd Loomdthgl eiss tTiNbOHRAIbohheT IS ufRessRld ahyno
probl em but sanples after bonding needed to be treated with care in sone
cases, Whi@fidizatidnnideal edttybchatio eNgudoRmattEh khd Vicihiig of abhle andM@gttdd bynas

| ess than 40 % a neck strength was insufficient and an 20 i nprovenent was

requi si t e, heahidgdretSinipiehie @t @dll Bitert 08 SedRIdg the F@d@ﬂnrﬁ@bjfaae 1Rt 404k being
Regarding a | eaning characteristic in the case of reverse bonding

connect i ONdanggéll kethd Pisdcastdb W Io@RfomUW@sh. ONS RIRHrhE Patthé 8EhLActdranbhch a
chip was horizontal, and eval uati on was nmade based on a naxi num gap

(I eani ng gaphy&ata Wﬁ‘%rh @n¥&ittdiealr bl Ruad % aaaﬁgemmh@p%@% L& sRRiRL of a

bal | bonded part and a wire upstanding part. Awre length was set to be 3

nm  and gh htﬁw'ﬁb'rm?ﬁ(aﬂ@(ft vARAPHSSILIRS 2 30de allnput‘f%?‘ hggfoe QM nedktinale tolgp when the

| eani ng gap was smaller than the wire diameter ani ng was goo and when

the |eani rtg)ngé}ﬁra‘(@ﬁ of ﬁ{wﬂ@éentm&uﬁ«:}d%l‘@f'vhﬁ)lg%%% R, afithe %& @tﬂe Occur r ence

i nclined, so that |eaning was I's classifred Int

frequency 19% r zseﬁt'élh%df ﬁ}{drb’rée?l at ”Skv W&g&gﬁ Qt?mpo’a%%rsta%fl)ktfl@trib'ﬂ{e?%? W?eis\ag ﬂHgv orse

or larger than sev i cate y a cross nar

bondi , f I

nae oo (o e HRL ! ?%%t%%*@%fea o, At 0T Rl o2y on °°
t he nunber

inthe kel o fﬁ WfE S et e P abdus o Ty fbges ﬁr&rcﬁn\’gﬂ%‘feﬁatfﬁ@f o ga K
OF
Coan € 4G it B Rl r%s&%]d&tl RO G R Ak SRR o T S

| engt h of t a |l oop height becane 200 to 250 um and eval uati on
was nade dgg%ﬁn%ﬁngw tandard deviation in heights. Evaluation was al so nade
for two kinds of wire diameters: 201,tmand 18 Jim For neasurenent of a
hei ght, an optical mcroscope was used, and neasurenent was made at two

| ocations: in 15 the vicinity of the highest vertex of a | oop, and at the
center of the |oop. Wien the standard deviation in | oop heights was equal
to or larger than 1/2 of the wire dianeter, it was deternmned that a
varyrng |n herghts was Iarge and mhen the standard devratron was Iess t han

. Y 1



Wien a varying was |large at both two |locations, it is indicated by a cross
mark in the 25 table. [0142] 67 Rggardi ng an al um num spl ash
phenonenon in the case of fine dianeter “Connection, evaluation was nade
based on a | evel how nuch al um num were bl asted out around a ball bonded
part in a direction in which ultrasound was applied. Each 200 sanpl es

havi ng undergone fine dianeter connection of 50 vimat a wire dianeter of
20 jun and d@)%] ng 5 undergone fine dianmeter connection of 40 'Amat a wire
di anet er o& 1..imwere used. When the nunber of wires that the | evel of
al um num spl ash. was. not j ceabl e.was. equal ,to or larger than three, an

i npr ovenent \/\Z‘Els\r,d\ga'm%i‘? {h@faaﬂ’ﬂd@ﬁ Wgeglﬁfﬁi%éiw&f‘ %ﬁﬁgﬁia@%l%ﬁ@i nafield
"A splash in fine diapeter connection® in t?ble 4. \VWien the nunber of

wi T es wi t HCHBENEBRBIEAUITREWGRD HIcA0reBgine AWees Biuard e cpre masker #dibe wo and
when t he n%mber, of. 10 wires with noderate alum num bl ast-out was equal to
or great er F¢EIPE&GIEusipR layer shoyjdchived thigkness Fpadyidaie hRldimn Hife tabl e.
When the nunmper of wires with noderate al um num bl ast-out was two to five,
it is indi Batdayenying hevingihald putexlayer eoneringibe surfagsen tharoramender of Cwi r es
wi th noderate alum num bl ast-out was equal to or |ess than one, it was good
and it is fRANEARLEs BYotal Waswtation pEiuydipgarerortaingdtine vehaly wire beinp with) a

For eval uati on of N nounting, 2000 wires were subjected to successive
bondi ng onr2age Somdl- BO0drN 0198 segsateeind duasi theiaftusaen Bretmsingsdenbegatonn t he
nunber of non-stick failures. For the purpose of acceleration evaluation, a
| oad and agradient ymed detvidenshd onendeyes agéthetaordmembeny htd Javingvethidknass t hose
in a mass-production condition for evaluation of 20 non-stick failure. Wen
t he nunberiramh @3-tk aiil srefcivasto émpaivettiee luncalinr ferlovamn] ®i skabilbendi ng
was insufficient, and it is indicated by a cross mark in a field "QFN
mount i nd?9, lobg sleapes sil e difbudinrigycp isopleytnyformel bamtedidfusidhef ateal fGopen  of
non-stick failures was three to five, it is indicated by a triangular mark
i n the tabire Agldihe dvee mentber amaf Pdofiths birek lafye | Gthe sli fi@sonoagertietpwoted o
practicality could be acconplished by making a 25 bonding condition

appr opr i at®ippuehks oty vasyingof detsedndiy, the elistdity] @rd thardctiraof the coabhanbdhen t he
nunber of peeling was zero, a sufficient bonding strength was acconpli shed,
whi ch is lE8négedizeaiced bhyortrdiinphevemesdfardmgekin Ndideoh dhethe[P@ddd For
eval uation of a second pull strength in the case of QFN nounting, a hook
hooki ng a lagano dtec @ré AeAbEYAnE l0RPhrebOardy MRIUGE sBaisle i afrigiddiian fdhdthef a
wire length was 5 noved upwardly, and a breaking strength of a wire was

nmeasur eds vheled aisiriRtibabl BydriRh iR thadHbinit§ bF enaiftwebe iHRSAlEmst rengt h was
utilized. Awire dianeter was set to be 20 um and a wire length was set to

be 3 mm  WagBsiRmcuast BEHALr AR befwded e uteNaferdld We @rBEEBHONGNG, BT Operty
was good, which is indicated by a double circular mark in a field "QFN

mount i ng", can$ReANEsRBY khad tlaN@hRty 4nd thalhiflid: of\NBH, HRipvas: BgH@ edlQ 1Ry
| arger 10 than 30 % and less than 40 % it was determ ned as no problem

which is ingugsh ﬁ@epﬂorﬁoé\einfz%k‘hfyco%ﬁﬁin%& £lA8 kAR e8 1 WS B R c¥BSr ggual to or
Q

| arger than 25 % and | ess than 30 was determ ned that any defects

woul d - occupteh S BHR G238 Dutcd el hnd the B HELEL. P, féagcng"’\ﬂﬂw}%rdiff@sri&i n the
table. When Rp was less than 25 % there was a problemin a nmass-production
st ep, I 1.S.0.ndi : i - 4

Regar di g 2 5 apI DAL F Hiche® ARRTATY 6. 1ok Wb Forcditnd Sl epent
enCaps ot A SHsEE IS AHARIGEL CRIGIAGOMES DR 24 Ble BIRIRLALY S of 185 C

for 1500, ours, Tespectl i

h teristics . - 60 di ' r l.uat ed. . When th
SRR T G TR T e (Gt
Fas: st ance bal a6l O SR BRI FERLSE GiEne b vliveh S P lf e,
whi ch is i,ndi d K i field."high- :

ol fabi i (5o R Glal & ISTRE e R pae e aBu e batar RS et ohaiehy an

el ectri ggl B;I?@l stance increased to equal to or larger than three tines was
equal t Jp rger than 5 % and | ess than 30 % such bonding wires could be

used for an I§$a1lvi ng no ,65 strict reﬂbji sition for aregliability, and it is
i ndi cated by & fri SNGE A TIRERYE mefabs et %‘?nowféﬁ“?’otnﬁéo‘g]@rl%érﬁiﬂrﬁﬁf@noffo%éndi ng
wi res having an electrical resistance increased to equal 69 to or |arger
than three tines was | ess than 5 % and when the percentage of bonding wres
havi ng an el ectrical resistance increased to equal to or larger than 1.5
times was equal to or larger than 10 % and | ess than 30 % there was no
problemin practical use, so that it is indicated by a circular mark in the
tabl e. When the percentage of bonding wires having 5 an el ectri cal

o I A~
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A bonding wire set forth in claiml corresponds to exanples Ito 21, and 51
to 72. A bonding wire set forth in claiqﬁz corresponds to exanples 1 to 10,
14 to 16, 18 to 20, 51 to 57,60 to 67, &nd 69 to 72. A bonding wire set
forth in claim3 corresponds to exanples Ito 21, and 51 to 72. A bonding
wire set forth in claim4 corresponds to 15 exanples 1 to 4,6 to 9, 11 to
17, 19, 20, 51 to 58,60 to 67, and 69 to 72. A bonding wire set forth in

| ai X 1 , A17..19 to 1to 56,61 to 67,
i 1 corgsaghs 49 SUATBLRE 0S8 o bR B Bl
t 12, 14, . nd 2 A. bondi i t forth i | ai 7
cgr res pondgljaﬁ ga%e)z( g?r%ﬁ%%%gmt O%Eiwlrf%gln&’ﬁ?es%og%ggé{beg >,ané’li’11?i3r %Ir g ¥didi ng

i forth i | ai d 20 | 4, 8, 10, 16, d 18.
A bonding GibSoh et & L PR Rt et Bo RHGIE of endipfibgiipentg sfghe | |

and 13. Conparative . ex les.1 to. 7 are results which do not satisfy a
condi 11 on PHORLFT AN D4 G128 BRSNS ol P caremebern T he ditaminioer is
correspond tqi anples 51 to go. A bonding 25 wire set forth in claim11l
cor r esportd$™8 Eé&’% §‘§ cgie gmBy 1 Mdgbnavieglanei%e set forth in claim 12
correspondﬁ)z exanples 52 to 58, and 60. A bonding wire set forth in claim
13 70 corkd gbnds to exanples 51 to 57, and 60. A bonding wire set forth
in claim214 corresponds to exaqples 51 to 58, and 60. A bonding wire set
forth in clai Mor8rdas tossdssingtontir desifhrsian lggertin thrpresgnbionditivg, flomghs et
forth in claim16 corresponds to exanples 61 to 70. A bonding wre set
forth in ciaideemy obesrempnergssuch a&&la%e@igemg;, a6BenBheslaopinghroGoty, anich 70. A
bonding wire set forth in claim 18 corresponds to exanples 61, 63, and 68.
A bondi ng Rendesgwerariyy erpfiapreduntivitt.ete ohe dihsivddayer iexmgpnegh&Rat 0 70. A
bonding wire set forth in claim20 corresponds to exanples 51 to 54, 56 to
64, and 18eldtetergongenvatian afPdvsrieors d0 t6 60 tdvl%n Ghaiirb&busothe difsitdago
exanples 52 to 60, 62 to 64, and 66 to 70. Conparative exanples 51 to 56
are resul tig supll €pongentrasiongangeshy hava®lovormictitorionnf 8 andhive § Sitdht role  Some
of evaluation results for epresentative exanples of individual clains wll
now be exprantied of e D30T 18T el thed ¢fithayee nwinttes. affosxaamph esuddagy Bdwaad 50
to 72 each conprised a core nenber mainly conposed of at |east one of Cu,
Au and Ag,thapdealayoundrthd ayemehdremedr@poddiao apeftadrrof détbaet ofRefmearagr and
mai nl y conposed of Pd, and as a total concentration of hydrogen contai ned
in a whol eflidrieequas toritligar tar 40g@174 den BeQURE 14ver 8.20080A % § ¥oudseqrdhh Ny t o
the present invention, it was confirnmed that both characteristics, such

t hat t héb 20pasiphisare dicttytabiietectbbtdnckstrgRadf@ads 80 Wol®, wor kabi ity is good
withlittle wire breakage at the tine of wwre drawi ng, were satisfied

si nmul t aned08T2}. I n contrast, according to conparative exanples 1, 51, 54
each having a concentration of hydrogen | ess than 0.0001 mass% and

conparative ekxamplpeSe spcificathd, reaRdimOeoRd&irdiadd RAno&eNa e fidtd @ of
hydr ogen exceedi ng 0. 008 nass@bif? magéaiffighlt to sgtisfg both a g&l

shape and igyenith€cdd nwaitealkid. | ﬂeé’pe@ii@*,%@@ﬁ@%ﬂ?ét Wotal MBLE&RYSfion b mi@s confirmed
that, according to conparative exanple 5 having an Au outer Payer,

conpar at i ¢eenenalRiR3hbavkNGyd R Betee lﬁaﬁr&rr,éw JiER @%ﬂga g&eﬁ%g}m‘ rg%gf,

having an N outer |ayer, conparative exanple avin core ne

and a npned @8I artioPRBkeM k81 Whil,B Qﬁ%uﬁ%d&ﬁ/tegxﬁlug%%aa icﬁla}g%ﬁe%ts\f\@ﬁéﬁ]aa% id iy was

i nsufficient. 10151] 5I't was confirne at, to exanples”Ito 10,
14 to 16, I\ﬂ-ﬁ-l,t(g, 2?1_911S,%%nhﬁetﬁ%len@&ﬂg,%tce.s,?i tlﬁen\acig?t to?gmza?suméeci@ u!‘&{ e preferable
exanpl es each having a concentration of hy rog%n eing Wwthin'a range from
0.0001 torgy@94 mass% an effect of suppressing any formation of a tiny

hole at a ball side face was high. More preferably, it was confirnmed that,

di ng t . . 9, 20 51 ta.55 6Q to 65 and 69
o 72 each 10 Kaur g g Edior fab il ity byeh Nt P ek S Range 17 om
0.0001 t % iLit extremely thinwire with a wi

di amoter 8350 nt Gt SRl by e BB TRt Pt Tabonding 1

nd.. 71, each havi concentratjon of hydrogen being

\?vilt LiOnS%]B rwglglegi}é%fdr%éfr]ﬁ RGBT Piterod onthed 2 %Wl&fﬂn@’fw&ra Y‘Fﬁﬁ S5 AY a

wor kabi | i f further extrene thinwre with a wire dianeter of 15 18
pin was c%}ynefilﬁ(rer?ga WigTeg section 1s ﬁgé%ﬂv(i’i nc:;rw? Fmen fachpigye s siccee whenthanpl es
Ito 4,6 to 9, 11 to 17, 19, 20, 51 to 58, 60 to 67,69 to 72, as a ratio of
a concentration of hydrogen detected within a tenperature range from 150 to
500C relative to a total concentration of hydrogen detected wthin a 20
total tenperature range was equal to or larger than 50 %t hrough TDS
nmeasured at a tenperature rising speed of 100 to 300 C h according to the
present invention, it was confirned that a sphericity of a conpressively

o 4 e ~



"72 pmwas confirnmed. [0153] According to the nultilayer wres of
exanples Ito 14, 16, 17, 19 to 21, and 44, as the thickness of the outer

| ayer was within a range from0.01 to 0.2 p.maccording to the 5 present
invention, it was confirmed that a wedge bonding property after a bonding
wire was left in an atnosphere for 60 days was enhanced. In contrast,
according to exanple 18 with the outer |ayer having a thickness exceedi ng

b 250mo® EEAATY PeRity AL TIPSR
LT O S R W e
nccor 119 8 ) B Py TR o ool B2

had a thickness wi.thin ar e.from0.003 to 0.0 .maccordi.n 0 t.he
resent 1 nuaureielal P rafPoGiok HicavRy 58 Rubfefa B RR e Eoe ¢ med.
I n contrast ccording to.exanpl es 13 and 18 havi t.he foregoi.ng thickness
excodi nd BBRech e Wlis ReOHplef ety Amatnaasn Ottt ) RES P eauced.

[ 0155] According to the nulti]ayer w.res. of exanples Ito 11, 13, 14, 16 to
20, as suc]?mor’%@%” Fal ‘ﬁ'i%fg? H tg‘i‘%i“@%f’ Wﬁ%@‘&ﬂw\)ﬁka%){- a%%hﬁ%?ﬁ‘ﬁlﬁﬁ Bn gradi ent
bet ween the, outer | ayer and the core nber and %he di ffusjon | ayer had a
thi ckness IFFLY. S90B3tAFTOSS PECtR BRIdBCHIH P HRPTPHeths PEssiin PhrpaE O, IS a | oop
linearity at a normal wire |l ength which was 2 nmwas inproved. In contrast,
accor di ng HECE¥aseseeasoan amplysiinieg el Rethgiling aaalyvs Palpearryiothths POHIt ckness
exceeding 0.15 min, it was confirnmed that a wedge bonding property was 25
decr eased. APRSFSEYAREE WiRE OV IR HESe 60 axe@en wtho vicity ofpp intgufacerphera 7, 19,
and 20 having the diffusion layer with a thickness fromO0.01 to 0.09 pm a
hi gh ef fl@cebservation isnlspired7 3 Torppraptiviigel #appayalys pedelar buoh dopcantratiemaralysis,a | ong
span at a wire length which was 5 nm and which needed a strict control was
confi r med. El[egtx%ﬁ’rog@b@mmq@alyseﬁ tERS/I Mtechnigyes Engiay ddiseersiex Xl enalgsis 5, 6,

11, and 13, as such wires had 5 the core nenber mainly conposed of Cu and
cont ai ni ng(FAIX) teelutiquendugsr BipctrogripeZinoscBpymmhl Bis (@yfiB)t Fansmowssibn Etastrent r at i on
of alloy-elenent in a whole wire was within a range from0.0001 to 0.05

mol % accorldfiigrgscope ( HEMp tesbminte,iehv.enatibeapplidd. wds patinfliar, reebrdingto AEBeani ng
characteristic was inproved. In contrast, according to exanple 14 having

t he f or egobasgueonaeitesatition iekighddisrgfeoti Gsfomod¥entrationamalysisfforted t hat a
peel bonding strength was 10 decreased. [0157] According to the

mul ti | ayérowenest din egampl dsordoved, fodDispebioandtht8ikead as vedragd comspdaachng e
core nmenber mainly conposed of Cu or Au, and containing at |east one of Pd,
Ag and Pt ,isanskitilbeo dietcddle €wire dnt atirdive phrtatdpdy-sedpamantacidrortielilo) aed enber
was wWithin a range 15 fromO0.01 to 2 nol % according to the present

i nvent i on, olitdinwasmposition pethetdiablvad BST fioel 4 adickhtiationasniaiied oy edolutisn.
contrast, according to exanple 21 having the foregoing concentration
exceedi ng @ompl % it was confirmed that a problemthat the occurrence
frequency of chip damage increased. [0158] 20According to the multil ayer

wires of exanmu geleSiablth@la b@Rlisli@he WhdBS hbadnt bereGaNSARNEREY cORpM of
conposed of Cu, the outer layer fornmed on the core nmenber and mainly

conposegoofy Bsld algeorthiginen et dmtodd 1] @y on, Bonedast hd/8e tétld{j &'ﬁa\a‘é@nt?"itigﬁ of
u an a

the outer layer and containing at |east either one of Ag an

total conmﬁa&gki&{bnﬁn DV HFRIAR: IR ARG JaRy @Al G00ME®. 08880, thin a
range from0.0001 to 0.008 nmass% according to 25 the present invention, it

was confirgeddifdt, A@aend RRNJhRE ] Lo Rse@otCh S Gltbtal YncdBrA@Ys was
good and a succeSsive bonding property 1 the case of’ QN nounting was

of at least one of Al, Sn, Zn, B and P as alloy elements being within a range from 0.0001

to 0.03 moi%, and has the Pd outer layer covering the surface of the core member, as the

25 total concentration of hydrogen contained in a whole wire is within a range from 0.0001

to 0.008 mass%, a leaning characteristic that is a defective mode at the time of high-loop



74 good. In contrast, according to conparative exanples 51, 52 having the
concentrated | ayer but having a concent%ﬁtion of hydrogen out of the
foregoi ng range, conparative exanple 53°having the Rh concentrated | ayer,
and exanmples 61 to 72 having a concentration of hydrogen being within the

f oregoi ng range but having no concentrated 5 layer, it was confirnmed that
the foregoing i nprovenent effect was insufficient. [0159] According to
the multilgyer..wres of exanples,51 to 60, .as the.concentrated | ayer had a
concentr at f%%atéér{ﬂag .“Zbr?t““c?f‘“’f " gb@? Cﬁsr?eOch‘F‘ﬂWéleéﬁ?PdﬁQg ‘ﬁggc‘)‘?"é’ilﬂﬁ P R
present inyention, it s.copnfirnmed that a secand_pull strength in the case
of QFN nou &eicﬁﬁce\ﬂ?assthﬁt(i’v%@lﬁg Tlé"i%‘%ﬁja bon%mgA‘&’f% ‘?:W%S&FB opHdn MR YiFmgy ef awi r es
of exanples(%Z to ag and , as the oncen%ration of Pd at the outernost
surface of "fHPUHEShEE RS nngalogRiaving hhghdoendghtoesis 206190 ol %
according to Hhe resent inventjon, it was confirnmed that any Winkled Loop
failure 15TPHISNCEH Y COMPIEERS & fH581S Memher amdsie dputer Iy gontsimhysegen,
suppressed, In contrast, according tg exanples 51 and 59 having the

concent r &t 6% 1H todendy thifdhe nessiwayof suairlaping &ilage inersases haBe0sd autcdo or
exceeding 90 nmol % no Winkled Loop failure was inproved. Preferably,

accor di ng ?%t ExHRyEERY Bentph bagmelingntpcrstallinsd eeing eftthe poremarabenibedrinme a
range from30 to 80 nol % a high effect of further inproving a Winkled
Loop fai | uiraginard blregsmrin thesl oyterleygr or the (g concdiamgber diffuses, sulhtat hayer wires
of exanples 51 to 57 and 60, as the Pd single-netal |ayer was formed in the
out er | ayefrepgiiypitieintesioe eht waredd kaljstribuiontdfe tovweromtist lilsthekame t her eof
according to the present invention, it was confirned that a | arge 25 bal

def or mat i JWEhderES tvan¢ls g cluse anah Istidbg Gilutey dbchusast Jeastameod AMGSH, @n,
exanpl es 58, 59, because no single-netal |ayer was present in the outer

| ayer, il Basd Benhiloyedneitatmakes e ntehancm chanctstisiperfofic eort aregbebatd wWas
unstable. [0162] According to the nultilayer wires of exanples 51 to 58 and
60, as t heh¢ lixtkadwseoffunifiven,obit leanihgykaradtanitiegs tihgrocahcantheabrad | ayer was
within a range from0.02 to 0.4 pm5 according to the present invention, it
was conf i ravedertfation bbsuchialipy elearrntis s hanodge] b, 1¢ ippepenter: afders 90
days of storage and a bonding property in the case of QFN nounting, and
reduct i on lofle,any i kpceddn® e mwYoea Beainpvirs hebhigéned| 4 pag ousdiNg sthheipnt r ast ,
according to exanple 59, because the outer |ayer had the thiciness

exceedi ng whiéh {3m stichgihasalhandn foradyddaaboadcahiap ddarage. occurred. Preferably,
according to 10 exanples 51, 53 to 57 and 60 havi ng such thickness being
within asrfagpd from0.03 to 0.3 pm a pull strength in the case of QFN
nounting at a |l ow tenperature was i nproved, and nore preferably, according

to exanpl es 51 is B&ifaBleThatartbn@Rhiehayd HBuRLER Y SFORSS; Rt RRmML Bhidnds range
from0.04 to 0.25 itm a high eFfect of further inproving a pull strength

in the casgainly QHNoBRISHANG &6 @l WA EARELA! 14L& o\e@%;ﬁe,nfi' LIEEB): g0l 0163]
asS sucC

According to the nultilayer wires of exanples 61 to 70, W res each
conpri sed cldhgerQhfd RTBEEnTRIIR ¥f G0 APy @l‘ém@fﬁsgﬂ a wWHdG QHE Shol@¥ELidhgrred on
the core nmenber and mainly conposed of” Pd, and the interned ate fayer

f or med betx‘!&%@%&ﬂ@.(ﬁ%@ lﬂ@l@@erA&Bgdifjé‘?o Q%ﬁﬂg}e@xﬁfe B &Qﬂéigi&‘)dggﬁm%d | east

ei t her one Ag and Au, and a total™20 concentration o cont ai ned

|n 8 wheh e AtRRadh lotliRofd #AGG {7 ATLE: ARG 10D 0%, TRSEMASEEIAING to

the present invention, it was con§|r|ne§ ar streng al |

bonded L& d. 64

Aggosdiﬁgq%%&?%gﬁﬁﬁﬁ¥b?3§e#§ﬁ}?%%g%?%gigg%gg%E%%%?%HQ%Ftgép%ﬂg£fﬁfg}nediate
| 25 i i t .eith f Ag. A
ayer Q@%rﬂﬁccff% GHRLE A &h%rbon x?igfﬁl;%gxlt, Elé) {}J&E&t&l{)ﬁﬁﬁ?tﬁggop I%g{]? S ggﬂa?ﬂn?@gen u

according to tle present Inve _ _ _
pref or abl » A2SlTiE: P8 o Tl SRR Vs mi A reOPE e Bbedetge
| arger t hair 36t SR g et et G 1 FarodF 57 B IeyoRce i Adest o

charactgri,st,i ¢ was nf.irnmed 0165] 5According.to the multil ayer wres of
exanpl €% 6% b%‘é}“gé§ﬁ*ﬁaﬂ@7gﬁ‘§é"’fgﬂaﬂ? 1 Edclélgﬁrﬁ‘k‘}gfﬁﬁsﬂﬁ edrarespgnlenksdicron of
Ag and AuPi thg iﬂ%er diate layer was within a range from 30 to 90 nol %
accor di ng 'fd) ehiredisde pifesting e nfFEHdingo gdS Te a RPndins # keHaheaicd td8SSi ve
bondi ng property by wedge bonding on a bunp in the case of reverse bonding
nmounting was inproved. 10 [0166] According to the nultilayer wres of
exanpl es 61, 63 and 68, as the internediate | ayer had a coexi stence region
of concentration gradients of at |east three elenents: at |east either one
of Ag and Au; Pd; and Cu according to the present invention, it was
confirmed that a first pull strength in the case of reverse bonding



15 [0167] According to the nultilayer wres of exanples 61 to 70, as a
total thickness of the outer |ayer and tRe internediate | ayer was within a
range from0.02 to 0.5 pmaccording to the present invention, it was
confirmed that a second pull strength in the case of reverse bonding
nounting of a nono chip type was inproved. Preferably, according to 20
exanples 62 to 69 having such thickness being wwthin a range fromO0.07 to

0.4 p. hj f i .QVIi | | i h
0.4 P, 2 s LGt SR B RGO hePt SRR Bk FLOSIBRT, I, L1

I 6 65,.66, 6 d 69 havi h j,ck bei i thi.n
era o R S n el R TR ED SRR S B or e,

t he case of, the over-hapg t tacked chip. confirnmed, 25 [0168]
nccor d g F ot e SR TP b S ShRedBars HhRGRIFOTEY and 66 to

70, as 77 _.such wires each conprised at | east .either one of the surface
concent r at %%ff?aé§/§4F°‘&ﬁ§1 AP rf by Feagna B ihayglea,bﬂitﬁés Greyed %ﬁéi@astﬁ@ FRe> core
nmenber, qnd ha&ga total concentratjon of Pd, Ag and Au being within a range
from 0. 4 ° 624745 85 HYSANHE Bsontamed s sers REBRg WHin g Aangeriup 0P to 2
suppressing any Al splash at a ball bonded part in the case of 5 50-Rm
pi t ch conn@et’e shibakscaprmnd gy thppesdat abopdediaiesions pighe Bmephpitvg is1, 53,
54, 56, 58, 59, 62 to 64 and 66 to 70 having such concentration being
within a ranyedfapdmresion phes thefusecirsgalny denen s ¢anceeteska éhefonded pm pi t ch
connection was suppressed, and nore preferably, according to exanples 51,
54, 56, 59int@ce HnslonGs a Eifusiegbaridr FRitsakydrgeeuchf berheahtangeitatiobef ng
within arange fromO0.7 to 2.7 nol% a high effect of further 10
suppr essi ndiealyy plemepisasless than QOS5 g &, die effect phinpiredhe teneledilityns ks,
confirmed. [0169] According to the nult layer wires of exanples 52 to
60, 62 tl® 84l ihndxe®ds 3 nr@%, adall hehdrdemed @it g chiptraty loodmmrged at thotinefofPd, Ag
and Au was within a range fromO0.4 to 4 nol %and the ratio R of a total
concent r at bowingd ARpganithgAhc ceda@nirsteont aatyhs of cloentsraaniaoedof tHedtots was
within a range from0.001 to 0.4, it was confirned that reduction of a
bondi ng stmemgehitcopleteritde sumeracsbedicijmr¢diey oaseiof cdreaitiatgn anlug85 C f or
1500 hours which was a high-tenperature reliability for next-generation
i n-vehi cl eolit@aed Rreglealrtalbl yargaciear itidedodationxafgpives chids beti6 throdgh hé, 66, 68,
69 and 70 each having the concentration ratio R being within a range from
0. 002 to Oatdveaxpaidiagalytdal azhhigtiys, wash SEPMUPEDY, 20QEBours at a 20
tenperature of 185 C, and nore preferably, according to exanples 53 to 58,
60, 63, 1840086, 69 and 70 each having the concentration ratio R being
within a range fromO0.01 to 0.25, a high effect of further inproving a
hi gh-t enper at uygepBGuURG 14y6t bRdmbitlYyed Boddng 59@ Bpulisn@hyRodampearat ure of
185 C was confirmed. [0170] 25[Table 1] 78 Hydrogen concentration Quter
?yeL Thi ckforép@sf @hcéhtratidh bf Hedroged @YRIistPM16RE BvTRIBE! it MBfsible@st Uri ng
echni que

improve various functionalities, such as a bonding property, and a loop shape.
Regarding a relationship between the concentration of hydrogen in a multilayer bonding
20 wire and the characteristic feature, the explanation was mainly given of a case in which
the outer layer is a single layer, but a hydrogen concentration management is also
effective for a multilayer bonding wire comprising at least two layers which are an outer
layer and a concentrated layer. Hereinafter, regarding a bonding wire comprising an
outer layer and a concentrated layer, an explanation will now be separately given on two
25 cases: a case in which the concentrated layer (referred to as a surface concentrated layer)

is formed at a wire surface and a case in which the concentrated layer (referred to as an



( A Nonelectrolysis , B:Electro- lysis , C Vapor deposi- tion ) Hydrogen
concent- ration /mass% Rati o of concen%gation of hydrogen detected through
TDS in range of 150 to 500 C (%9 rola', "~aly, wnsu- tuent La Layer thick-
ness , 'iil, 1 ' Thickness where Pd concent- ration equal to or |arger
thaiiii80%rn

Intermediate layer) is formed between the core member and the outer layer.
[0077]

First, an explanation will be given of the surface concentrated layer. It is desirable
that a bonding wire should have the core member mainly composed of Cu, the outer layer

formed on the foregoing core member and mainly composed of Pd, and a concentrated

(1]

layer formed at the surface side of the foregoing outer layer and containing at least either
one of Ag and Au, and have a total concentration of hydrogen contained in a whole wire
being within a range from 0.0001 to 0.008 mass%. As formation of such concentrated
layer (surface concentrated layer) of at least either one of Ag and Au at the surface side of
10 the outer layer and a hydrogen concentration management are combined, it is possible to
obtain a good wedge bonding property even from a bonding wire which was stocked for a
long time. For example, it is confirmed that a successive bonding property when the
foregoing bonding wires stocked for three months are bonded is good and a pull strength
(second pull strength) in the vicinity of a wedge bonded part maintains a high value which
15 1s equal to or larger than 80 % relative to a value prior to storage. The Ag or Au surface
concentrated layer is expected to suppress any entrance of gas components, such as
hydrogen and oxygen, from a wire surface, so that the concentration of hydrogen can be
held at substantially constant even if a wire is stocked for a long time, thereby
maintaining a good metal diffusion at the time of wedge bonding. The foregoing surface
20 concentrated layer is included in a part of the outer layer.  This is because the surface
concentrated layer and the outer layer have lots of common functions, and as explained
above, the outer layer is defined as a region from a part where the concentration of Pd is
equal to or larger than 50 mol% to a surface.
[0078]
25 FIG. 2 shows an illustrative metal-element concentration profile in a direction from a

wire surface to a core member (to the center of a wire diameter) in a bonding wire having



Mai n consti- tuent Ada Additive el enent nmoi % Exanples 0.0001 60 Pd 0.01
0.001 0.003 Cu - A 2 0.0002 98 Pd O. 0639. 02 0.03 Cu 60.0012 B 0.0003 75

an outer layer including the above-explained surface concentrated layer. A surface
concentrated layer 4 containing a main constituent C which comprises at least either one
of Ag and Au is present on the surface of an outer layer 2, and a single-metal layer 5 to be
discussed later is formed inside the outer layer 2.

5 {0079]

As an element to be concentrated is at least either one of Ag and Au, a wedge
bonding property is highly improved in comparison with cases of other elements. In
particular, as an example in which such an improvement effect is remarkable, it is
confirmed that a good effect of improving a wedge bonding property in mounting of a

10 QFN (Quad Flat Non-lead) structure where a low bonding property is a problem can be
obtained. In the QFN mounting, because fixing of a lead part is insufficient, bonding of
a bonding wire with ultrasound vibration being weakened is requisite. QFN mounting is
difficult when the outer layer of a multilayer bonding wire is Pd which is hard, but in
contrast, a successive connectivity is improved by forming an Ag or Au concentrated

15 layer at the surface side of the outer layer, enabling improvement of productivity in QFN
mounting,.
[0080]

In bonding wires having a concentrated layer of at least either one of Ag and Au

formed at the surface side of the outer layer mainly composed of Pd, the foregoing
20 hydrogen concentration management becomes more important than the case of the outer
layer having no concentrated layer. This is because the foregoing concentrated layer has
an effect of suppressing any releasing of hydrogen to the exterior of a wire so that a
concentration of hydrogen contained in a wire in a manufacturing process increases and a
problem such as deterioration of ball formation originating from hydrogen as explained
25 above is likely to occur.  Moreover, because Cu itself can contain a tiny amount of

hydrogen, when the core member is mainly composed of Cu, it 1s effective to consider a
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relationship between formation of the concentrated layer and hydrogen concentration
management.
[0081]

It is desirable that the foregoing surface concentrated layer should be made of a
solid solution alloy of Pd and at least either one of Ag and Au. It is defined that a region
of the surface concentrated layer is a region having a concentration of Ag or Au equal to
or larger than 10 mol% and has a higher concentration than those of surroundings.  This
is because if a region is highly concentrated at equal to or larger than 10 mol% locally, it
is possible to control a diffusion behavior at a bonded part and bending of a wire at the
time of loop formation, etc.. It is verified that such an effect of stabilizing a loop shape
has a higher tendency in the concentrated layer than in the single-metal region.
Preferably, if the foregoing concentrated layer is not an intermetallic compound but a
solid solution alloy, a loop shape can be stabilized even if a bending angle is large like the
case of short span.

[0082]

It is desirable that the surface concentrated layer should have a concentration
gradient of at least either one of Ag and Au.  The concentration gradient makes a second
pull strength in wedge bonding enhanced, so that a yield at the time of actual mounting
further improves.  Such an improvement effect is effective in both cases of BGA and
CSP, but in particular, an effect of increasing a second pull strength becomes higher in
wedge bonding in QFN mounting. It is expected that because the surface concentrated
layer has a concentration gradient, in comparison with an alloy having substantially
constant concentration, an effect of promoting large plastic deformation of a wire required
for wedge bonding and interdiffusion at a bonding interface is high. When inclination of
a concentration gradient in a wire diameter direction is equal to or larger than 10 mol%

per 1 pm, an effect of increasing a second pull strength in QFN mounting is further



70 Pd 0.04 0.01 0.03 Cu 80.0003 A 7 0.0011 70 Pd 0.08 0.04 0.04 Cu - B 8
0.0018 58 Pd 0.1 0.03 0.05 Cu Pd0.2 B 93

5

enhanced. Preferably, if such inclination is equal to or larger than 30 mol% per I pm, it
is confirmed that an effect of increasing a second pull strength in QFN mounting is high
because interdiffusion at a bonding interface is promoted.
[0083]
5 It is desirable that the Pd concentration in the outermost surface of the surface

concentrated layer should be within a range from 20 to 90 mol%. Accordingly, an effect
of reducing any variation in a loop shape in the case of long span and of improving a
bonding property of a thin wire is accelerated. When a wire surface is all covered by Pd,
a failure (Wrinkled Loop) becomes a problem which produces stair-like wrinkles at the

10 time of loop formation under a condition of long span that is equal to or longer than 4 mm.
This is because a friction between Pd, which is hard, and an intemal wall of a capillary
increases and slidability becomes poor. The reason why the concentration of Pd at the
outermost surface is less than 90 mol%, i.e., a total concentration of Ag and Au is equal to
or larger than 10 mol% is that Joop control is improved in the case of long span, and in

15 particular, the above-explained Wrinkled Loop failure is effectively improved.
Moreover, as the total concentration of Ag and Au in the outermost surface of the
concentrated layer is set to be equal to or larger than 10 mol%, a wedge bonding property
can be improved even in the case of thin wire having a wire diameter of 20 pum.
Conversely, when the concentration of Pd is less than 20 mol%, i.e., when the total

20 concentration of Ag and Au is equal to or larger than 80 mol%, a non-melted part is left
inside a ball, so that a shear strength of a ball bonded part is reduced. Preferably, as the
concentration of Pd is within a range from 30 to 80 mol%, a better effect of suppressing
any Wrinkled Loop failure in the case of extremely thin wire having a wire diameter of
equal to or smaller than 18 um can be accomplished.

25 [0084]

It is desirable that a Pd single-metal layer should be present inside the outer layer
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with the surface concentrated layer. That is, it is desirable that a semiconductor bonding
wire should have the core member mainly composed of Cu, the outer layer formed on the
core member and mainly composed of Pd, have a total concentration of hydrogen
contained in a whole wire being within a range from 0.0001 to 0.008 mass%, have the
concentrated layer of at least either one of Ag and Au at the surface side of the outer layer,
and have the Pd single-metal layer inside the outer layer. Accordingly, ball bonding
with a good sphericity and with little size variability is enabled. The Pd single-metal
layer is, in consideration of restriction like an error in concentration measurement, a
region having a concentration of Pd equal to or larger than 97 %. It is desirable that the
location of the Pd single-metal layer should be adjacent to the concentrated layer. For
example, in a wire structure from a wire surface toward the interior of a wire, such a
structure is exemplified as the Ag or Au concentrated layer, the Pd single-metal layer, the
Pd-Cu diffusion layer, and the core member in this order.
[0085]

Arole of the Pd single-metal layer is a barrier function of suppressing any diffusion
of Cu of the core member in a surface direction. The barrier function brings about
effects of suppressing any segregation of Cu at a surface and any oxidization, and as a

result, arc discharging is stabilized, thereby enabling ball formation with a good sphericity.

As the outer layer utilizes the synergetic effect brought by the Ag.or Au concentrated. .o

layer at a surface, the Pd single-metal layer inside the outer layer, and a hydrogen
concentration management, even under a severe condition in which a tiny ball is bonded
using a thin wire, the sphericity of a ball bonded part and the stability of sizes can be
improved. In particular, an improvement effect of accomplishing a good sphericity in
the case of a large ball deformation where the diameter of a ball to be bonded is three
times as much as a wire diameter is remarkable. The Pd single-metal layer alone is

insufficient and for example, it is effective that the Ag or Au concentrated layer at a
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surface maintains a wedge bonding property of a wire stocked for a long time, which also
stabilizes arc discharging and stabilizes a large ball deformation. It is desirable that the
Pd single-metal layer should have a thickness within a range from 0.005 to 0.1 ym. If
the thickness is equal to or thicker than 0.005 um, the foregoing effect can be obtained
5 sufficiently, and if it exceeds 0.1 um, melting of Pd which is a high-melting metal
becomes unstable at the time of ball formation, and a ball bonded shape like a petal
becomes a problem.
[0086]
It is desirable that the thickness of the outer layer with the surface concentrated layer

10 should be within a range from 0.02 to 0.4 m.  Accordingly, in addition to improvement
of a wedge bonding property and a second pull strength after a long-term storage, a
productivity and a second pull strength in QFN mounting all of which are the effects of
the outer layer with the surface concentrated layer, it is also possible to simultaneously
improve a ball bonding property, which is the effect of the outer layer with a managed

15 concentration of hydrogen. If the thickness of the outer layer is equal to or thicker than
0.02 pm, accomplishment of the foregoing effects is facilitated, and if such a thickness
exceeds 0.4 um, a ball is hardened and it is of a concemn that a chip may be damaged at
the time of bonding. Preferably, if the thickness of the outer layer is within a range from
0.03 to 0.3 pum, a second pull strength at low temperature in QFN mounting can be

20 increased. More preferably, if it s within a range from 0.04 to 0.25 pum, a higher effect
of improving a ball bonding strength and a second pull strength at the time of
low-temperature bonding in QFN mounting can be obtained.
{0087]

Next, an explanation will be given of an intermediate layer. It is desirable that a
25 bonding wire should have the core member mainly composed of Cu, the outer layer

formed on the core member and mainly composed of Pd, and an intermediate layer
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between the core member and the outer layer and composed of at least either one of Ag
and Au, and have a total concentration of hydrogen contained in a whole wire being
within a range from 0.0001 to 0.008 mass%. As formation of the intermediate layer
between the core member and the outer layer of at least either one of Agand Au is

combined together with a hydrogen concentration management, a ball bonding property

o

when a bonding wire stocked for a long time is used is improved. For example, it is
confirmed that, in the case of a ball bonded part where the foregoing bonding wire
stocked for four months is used, formation of internal air bubbles in a ball is suppressed,
and an initial shear strength and a bonding reliability under a hi gh-humidity environment

10 are improved. This is because of, as a role of the internal concentrated layer, the barrier
function of suppressing any intrusion of hydrogen, oxygen, etc., in an internal direction,
of preventing hydrogen in Cu from being a solid solution substance, and of suppressing
any diffusion of Cu atoms in the core member in a surface direction, formation of ajr
bubbles when a ball is cured due to hydrogen, oxygen, etc., is suppressed.

15 [0088]

As the element concentrated in the intermediate Jayer is at least one of Ag and Au, a
bonding property at a ball or at a bump can be improved in comparison with other
elements.  As a specific example in which such an improvement effect is remarkable, it
is confirmed that a wedge bonding property on a bump in reverse bonding mounting is

20 improved. It is a problem that the surface of a bump is oxidized while being left for a
while on a heating stage after the bump is formed, so that a wedge bonding property on a
bump is deteriorated in comparison with normal bonding schemes. The intermediate
layer has an effect of reducing formation of a Cu oxide film on a bump surface, so that the
yield of successive bonding and the productivity thereof in reverse bonding mounting are

25 improved. Note that reverse bonding is to bond a ball on a lead electrode and to perform

wedge bonding on a bump.
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[0089]
Regarding an interface of the intermediate layer, such an interface is defined as a
region having a total concentration of the concentrated element being equal to or larger

than 20 mol% at the outer layer side and at the core member side. This is because a

5 necessary concentration to effectively develop the foregoing barrier function requisite for

10

20

the intermediate layer is equal to or larger than 20 mol%.
(0090}

It is desirable that the intermediate layer should have a concentration gradient of at
least either one of Ag and Au.  The concentration gradient in the concentrated layer
improves a leaning characteristic in reverse bonding mounting. A leaning failure is a
phenomenon that a wire falls over at an upstanding part in the vicinity of a ball bonded
part, and because the length of the upstanding part is longer than those of normal
mounting schemes in reverse bonding mounting, a leaning failure is likely to occur.  One
of the reasons of such failure is that nonuniform recrystallized textures are formed due to
an effect of heat to the upstanding part at the time of ball formation. Conversely, as the
mtermediate layer has a concentration gradient, in comparison with a case in which a
concentration is substantially constant, the recrystallized texture and residual strain of the
upstanding part affected by heat are uniform, so that it is expected that an effect of
suppressing any leaning failure in reverse bonding mounting is obtained. If the average
inclination of the concentration gradient is equal to or larger than 20 mol% per 1 um, the
foregoing effect can be obtained. Preferably, if it is equal to or larger than 60 mol% per
1 pm, an effect of suppressing any leaning failure can be improved.

[0091]

It is desirable that the maximum total concentration of Ag and Au in the

intermediate layer should be within a range from 30 to 90 mol%.  Accordingly, an

appropriate parameter window in wedge bonding on a bump extends, so that it becomes



- A 21 0.0043 42 Pd 0.13 0.07 0.17 Ag Pd2.1 B )arative inples 1 0.00005
95 Pd 0.01 - 0.01 Cu - C 2 0.0082 60 Pd,0.02 0.01

possible to carry out bonding within a range with a low load and a low ultrasound output,
thereby improving the bonding yield in reverse bonding.  Ultrasound vibration of wedge
bonding on a bump with a further complex shape can be reduced, so that it becomes
possible to suppress any bending of a wire. This is because an effect of promoting a

large plastic deformation requisite for wedge bonding and interdiffusion at a bonding

ot

interface is high as the intermediate layer has a concentration gradient in comparison with
the concentrated layer having a substantially constant concentration.  If the maximum
concentration of Ag and Au is equal to or larger than 30 mol%, the foregoing
improvement effect can be obtained, and if it is equal to or larger than 90 mol%, a
10 non-melted portion remains inside a ball, so that a shear strength of a ball bonded part
decreases.
[0092]
It is desirable that the location of the intermediate layer should be between the outer
layer and the core member.  This location improves the barrier function of suppressing
15 any interdiffusion of hydrogen and Cu.  FIG. 3 shows an illustrative metal-element
concentration profile in a direction from a wire surface to a core member (to the center of
a wire diameter) in a bonding wire having an outer layer with an intermediate layer.
Formed between an outer layer 2 and a core member 1 is an intermediate layer 6 mainly
composed of a material D which comprises at least either one of Ag and Au.  FIG 3A s
20 for a case in which a single-metal layer 5 is present in the intermediate layer 6, and FIG.
3B 1s for a case in which a concentration gradient region 8 where at least three elements
are mixed is present in the intermediate layer 6.
[0093]
According to the bonding wire structure, the outer layer, the intermediate layer, and
25 the core member are present in this order, and the intermediate layer is formed instead of

a Pd-Cu diffusion layer that is a diffusion layer of the core member and the outer layer.
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A requisite element to be concentrated is at least either one of Ag and Au, and other
elements are at least either one of Pd and Cu. [llustrative intermediate layers when Au is
concentrated are classified into following three kinds: (1) a concentration gradient of Pd
and Au, (2) a concentration gradient of Au and Cu, and (3) a concentration gradient of

three elements which are Au, Pd and Cu. It is desirable that the foregoing concentration

13

gradient should be a solid solution alloy formed by interdiffusion. The structure of the
intermediate layer has at least one of (1) to (3). For example, if the intermediate layer is
constituted by plural combinations: (1) + (2}, (1) + (3), and (1) + (2) + (3), the foregoing
barrier effect is further improved, and a high effect of improving the productivity of

10 reverse bonding is obtained. The same is true of the case in which the concentrated
element is Ag.
[0094]

That is, it is desirable that the foregoing intermediate layer should have a

coexistence region of at least either one of Ag and Au and a concentration gradient of at
15 least three elements including Pd and Cu.  Accordingly, a fast pull strength in the
vicinity of a ball especially in reverse bonding can be enhanced. An example of the
coexistence region of the concentration gradient of three elements is (3), and as
recrystallization of a part which is affected by heat and which is present in the vicinity of
a ball is suppressed, a fast pull strength is increased.
20 [0095]

It is desirable that a thickness which is a total of the outer layer and the intermediate
layer should be within a range from 0.02 to 0.5 um. If the thickness is equal to or
thicker than 0.02 pm, the foregoing effect of improving a successive bonding property in
reverse bonding is easily obtained, and if the thickness is equal to or thicker than 0.5 pun,

25 a ball is hardened and it is of a concern that a chip may be damaged at the time of

bonding. In FIG 3 that exemplifies a concentration profile when the outer layer 2 has
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[0171]

10

25

[ Table 2] 79 42

the intermediate layer 6, a total thickness of the outer layer 2 and the intermediate layer 6
is indicated by an arrow 7.  Preferably, if the thickness is within a range from 0.07 to 0.4
pm, a ball bonding strength and a second pull strength in a low-temperature bonding
condition in reverse bonding can be enhanced. More preferably, if the thickness is
within a range from 0.13 to 0.3 um, in an over-hang type reverse bonding in which any
chip damage is feared at the time of bonding, a high effect of increasing a wedge bonding
strength on a bump can be obtained.
[0096]

Regarding a total thickness of the outer layer and the intermediate layer and that of
the core member, between a boundary where a total concentration of Ag and Auis 20
mol% or a boundary where a concentration of Pd is 50 mol%, one which is closer to the
wire center is selected as a boundary. When the maximum concentration of Ag and Au
is low, most part of the intermediate layer is included in the outer layer. It is difficult to
set a boundary between the outer layer and the intermediate layer from the standpoint of
its function, and to completely separate from each other.  Instead, it is verified that a
total thickness of the outer layer and the intermediate layer is an advantageous barometer
for a correlation with a bonding performance.
[0097]

As explained above, regarding a region where Ag, Au is concentrated, two examples,
the surface concentrated layer in the vicinity of a wire surface and the intermediate layer
between the core member and the outer layer were explained. In both cases of the
surface concentrated layer and the intermediate layer, there are lots of common features
such that the main component of the core member and the outer layer is Cu and Pd
respectively, and the concentrated element is at least either one of Ag and Au.  The
inclusion concentration of those elements in a whole wire affects a ball bonding property,

a bonding reliability, etc..
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[0098]

That is, it is desirable that a semiconductor bonding wire should have at least either
the surface concentrated layer and the intermediate layer, the outer layer, and the core
member, and have a total concentration of Pd, Ag and Au being within a range from 0.4 to
4mol%. If such a concentration is within this range, an effect of simultaneously
accomplishing a good sphericity of a ball bonded part, improvement of a shear strength,
and reduction of Al splash can be obtained under a fine diameter connection of 50 um.

Al splash is a phenomenon that Al are blasted out around the outer circumferential part of
a ball bonded part when a hard ball is bonded on an Al electrode. Because Al blasted out
by Al splash becomes a cause of electrical short-circuiting failure when contacting
adjoining bonded part, fine diameter connection is disturbed. As Pd, Ag and Au
contained in the outer layer, the concentrated layer, and the intermediate layer of a wire
become solid solution substances in Cu at the time of ball curing so that a Cu-Pd-Au alloy
and a Pd-Ag-Cu alloy are formed, and as Pd, Ag and Au promote diffusion at a bonding
interface, an advantageous effect of improving a ball bonding property is obtained. It is
confirmed that formation of such particular alloys, and promotion of diffusion are much
promoted in the multilayer bonding wires of the present invention having the surface
concentrated layer and the intermediate layer rather than bonding wires with a monolayer
structure.  If the foregoing concentration is equal to or larger than 0.4 mol%, the
foregoing effect is easily obtained, and if it exceeds 4 mol%, a ball is hardened and there
are concerns that a chip may be damaged at the time of bonding.  Preferably, if the
foregoing concentration is within a range from 0.5 to 3 mol%, effects of reducing Al
splash and of increasing a low-temperature bonding strength under a fine diameter
connection of 40 um are enhanced. More preferably, if the foregoing concentration is
within a range from 0.7 to 2.7 mol%, a higher effect of improving a productivity under a

fine diameter connection of 40 um is further obtained.
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[0099]

It is desirable that the foregoing total concentration of Pd, Ag and Au should be
within a range from 0.4 to 4 mol%, and a ratio R indicating the total concentration of Ag
and Au relative to a concentration of Pd should be within a range from 0.001 to 0.4.  As
a concentration ratio R represented as (Ag+Au)/Pd is within the foregoing range, an effect
of improving a high-temperature bonding reliability for next-generation in-vehicle 1Cs.
‘The high-temperature bonding reliability corresponds to suppression of any deterioration
of a bonding strength in heating at, for example, 185 °C which is a higher temperature
than that in existing acceleration tests for 1500 hours. Regarding a correlation with a
bonding reliability, in addition to the foregoing respective thicknesses of the outer layer,
the concentrated layer, and the intermediate layer, the inventors of the present invention
found that a correlation with the concentration ratio R represented as (AgtAu)/Pd is more
important and is effective and convenient. This is because Pd, Ag and Au become solid
solution substances in Cu by melting and solidification at the time of ball formation, the
concentration itself is dominant for a bonding reliability of a ball, and thicknesses of
respective layers vary depending on the definition for a layer interface.

[0100]

The detail of a mechanism that concentration ratio R represented as (Ag+Au)/Pd is
effective has not been completely clarified yet. At the current moment, a possibility is
thought that Ag+Au and Pd mutually affect to interdiffusion at a bonded part or brittleness
originating from growth of a particular intermetallic compound like ternary system affects.
In the cases of Ag and Au, an interdiffusion speed with Al of a bonded part and a growth
speed of an Ag-Al based or Au-Al based intermetallic compound are fast in comparison
with the case of Pd, so that diffusion of Pd is delayed when a total concentration of Ag
and Auis high. Moreover, it is thought that because a void is produced by formation of

a particular intermetallic compound, such as an Ag-Pd-Al based intermetallic compound
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or an Au-Pd-Al based intermetallic compound, a bonding strength is reduced.
[0101]

If the concentration ratio R represented as (Ag+Au)/Pd is within an appropriate
range which is from 0.001 to 0.4, an effect of improving a high-temperature bonding
reliability is obtained. Mass-production of multilayer bonding wires having a fairly thin
Ag, Au concentrated layer where R is less than 0.001 is difficult, and there are concerns
that the high-temperature bonding reliability is reduced if R exceeds 0.4. Preferably, if
R is within a range from 0.002 to 0.3, establishment of a mass-production technology of
forming the surface concentrated layer or an internal concentrated layer is facilitated, and
a bonding reliability is improved which is good at 185 °C for up to 2000 hours. More
preferably, if R is within a range from 0.01 to 0.25, a productivity is improved due to
simplification of a manufacturing process of bonding wires, and a bonding reliability is
further improved which is good at 185 °C for up to 2500 hours.

[0102]

Requisites in manufacturing the bonding wires of the present invention are a step of
forming the outer layer on the surface of the core member, and the surface concentrated
layer or the intermediate layer, and a processing/heating step of controlling respective
structures of the outer layer, the surface concentrated layer, the intermediate layer, the
diffusion layer, and the core member. In order to control respective compositions and
respective thicknesses of the outer layer, the surface concentrated layer, the intermediate
layer, and the core member, in the foregoing step of forming the outer layer, the surface
concentrated layer, and the intermediate layer, it is primarily important to manage a
thickness and a composition at an initial stage of forming the outer layer, the surface
concentrated layer, and the intermediate layer.

[0103]

Examples of a technique of forming the outer layer, the surface concentrated layer,

Y 0)0Q c¢> a) i- (a, t o-0 <



000000000
00000000

ot

10

20

25

1g S (c)(c) 1 v Wdge prof > Ta IP _ C
46

and the intermediate layer on the surface of the core member are plating, vapor deposition,
etc.. Regarding plating, manufacturing is enabled through both electrolytic plating and
nonelectrolytic plating. In the case of electrolytic plating, a so- called strike plating or
flash plating, a plating speed is fast and an adhesiveness with an underlayer is good.
Solutions used for nonelectrolytic plating are classified into a substitutive type and a
reduction type, and when a film to be formed is thin, merely substitutive type plating is
sufficient, but when a film to be formed is thick, it is effective to perform reduction type
plating step by step after substitutive type plating. Nonelectrolytic plating uses simple
apparatuses or the like, but needs more time than electrolytic plating.

[0104}

In a step of forming a film through plating, hydrogen produced in a plating solution
or the plating solution may remain in the outer layer, and as a result, a concentration of
hydrogen initially contained in a multilayer wire may be high. In electrolytic plating,
because hydrogen is likely to be produced in the vicinity of the surface of a bonding wire,
such hydrogen is likely to be trapped in the outer layer. Moreover, in electrolytic plating,
it is possible to stably control the concentration or the like of diffusive hydrogen initially
introduced in the outer layer, so that if conditions at a manufacturing step, such as
processing, heating, etc., after film formation are made appropriate, it is relatively easy to
control a concentration of hydrogen contained in a final product.

[0105]

In vapor deposition, physical adsorption, such as sputtering, ion plating, or vacuum
deposition, and chemical adsorption like plasma CVD can be used.  As all techniques
are dry type, no rinsing after film formation is requisite, and it is not necessary to concern
about any surface contamination at the time of rinsing.

[0106]

For a stage where plating or deposition is performed, a technique of forming a film
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with a target wire diameter and a technique of forming a film on a core member with a
large wire diameter and of drawing a wire several times up to a target wire diameter are
both effective. In the case of the former film formation at a final wire diameter,
manufacturing, quality management, etc., are simple, and in the case of a combination
with the latter film formation and wire drawing, it is effective to improve an adhesiveness
between the film and the core member.  Specific examples of respective formation
techniques are a technique of successively sweeping a wire in an electrolytic plating
solution to form a film with a core member having a target wire diameter being used, or a
technique of dipping a thick core member in an electrolytic or nonelectrolytic plating
solution and of drawing a wire to obtain a final wire diameter.

[0107]

For formation of the surface concentrated layer and the intermediate layer, a
technique of successively forming the outer layer and the surface concentrated layer or
the intermediate layer, and a technique of forming the outer layer, of processing a wire,
and of forming the surface concentrated layer or the intermediate layer can be used. An
in-line successive plating can be exemplified as a step of plating the outer layer, a step of
rinsing, and a step of plating the surface concentrated layer. A formation order is
reversed between the surface concentrated layer and the intermediate layer.  In the case
of the surface concentrated layer, the order becomes as follows: formation of the outer
layer, and formation of the surface concentrated layer. In the case of the intermediate
layer, the order becomes as follows: formation of the intermediate layer, and formation of
the outer layer. It is not necessary that a formation step of the outer layer and a
formation step of the surface concentrated layer are continuous, and a heating step, a wire
drawing step, etc., for improvement of an adhesiveness and management of a hydrogen
gas concentration can be added. In the formation of the surface concentrated layer or the

intermediate fayer, it is effective to utilize diffusion at a heating step. In the heating step
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to be discussed later, it is possible to form desired surface concentrated layer, intermediate
layer and a concentration gradient thereinside, but if necessary, selection of a heating
condition appropriate for formation of the surface concentrated layer or the intermediate
layer becomes requisite.

[0108]

In the processing step after the outer layer, the surface concentrated layer or the
intermediate layer are formed, mill rolling, swaging, dice wire drawing, etc., are selected
and performed depending on a purpose.  As a process speed, a pressurization ratio, a
dice surface reduction ratio, etc., indirectly affect a processed composition, transposition,
imperfection of crystal grain boundary, etc., it is possible to change the concentration and
distribution of hydrogen contained in a wire. A concentration of hydrogen also affects
the structure and adhesiveness of the outer layer.

[0109]

The heating step is one of processes effective to control a concentration of hydrogen.
However, as other purposes of heating, elimination of a work strain, control of a
recrystallized composition, adjustment of a mechanical characteristic, control of the
surface concentrated layer or the intermediate layer, and formation of the diffusion layer
have also important roles.  As it is difficult to satisfy all of those functions through
one-time heating, it is productive if heating is performed separately in several times. Ifa
wire 1s just heated, comprehensive development of the foregoing functions is difficult.
When work-strain elimination annealing carried out only once at a final wire diameter in
normal wire manufacturing is just applied as it is, it is difficult to make a concentration of
hydrogen appropriate and to improve a quality and a manufacturing yield. This is
because in the halfway of rolling or drawing a multilayer wire containing excessive
hydrogen, an adhesiveness between the outer layer and the core member is reduced and

the outer layer is peeled, a wire surface is scratched, and a yield is reduced due to a
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wire-breaking failure. Hence, it is important to control a timing, a temperature, a speed,
a time, etc., of heating.
[0110}

In particular, in the case of multilayer wires comprising the Pd outer layer and the
Au, Cu, Ag core member, or the Pd outer layer, the Au or Ag surface concentrated layer or
intermediate layer, and the Cu core member, low-temperature heating is effective as
heating for adjustment of a concentration of hydrogen. Even at a low temperature, as
diffusive hydrogen contained excessively is repelled from a wire, it becomes adequately
possible to make a total concentration of hydrogen contained in a whole multilayer wire
appropriate.  As a basis of this fact, the inventors of the present invention figured out
from their study that diffusive hydrogen among several hydrogen forms contained in the
foregoing multilayer wire most affects a use performance. It is desirable to adjust a time
with a temperature being within a range from 100 to 400 °C as a recommended condition
for adjustment of the concentration of diffusive hydrogen. It is desirable that a heating
time should be relatively long. Heating for a long time is effective to diffuse hydrogen
contained in a wire to a surface thereof, and has little action to a composition, a strength,
and elongation, etc., of a bonding wire, so that it is advantageous to facilitate management
of other processes. As a heating technique, batch-type heating using a heating furnace is
convenient. Such batch-type heating is hardly carried out in the conventional monolayer
wire manufacturing process. General work-strain elimination annealing for bonding
wires 1s successive annealing of heating a wire while successively moving the wire at a
high temperature which is from 300 to 700 °C. For this reason, it is clear that a
temperature, a time, a scheme of heating for the purpose of adjustment of a concentration
of hydrogen differ from those of normal heating. In a heating atmosphere, it is effective
to heat a wire while allowing an inactive gas, such as Nj or Ar, to flow in the furnace.

Accordingly, it becomes possible to suppress any oxidization of a wire surface.
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Moreover, vacuum heating is also effective, and it is possible to promote repelling of
hydrogen by adjusting a vacuum degree to be equal to or less than 0.1 MPa.  As a timing
of heating, annealing right after the outer layer and the surface concentrated layer or the
imtermediate layer are formed is desirable. By eliminating excessive diffusive hydrogen,
improvement of the productivity of wire drawing work is facilitated. Furthermore, it is
effective to adjust a concentration of hydrogen step by step through several-times heating.
[0111]

It is difficult to satisfy all requisite characteristics of a bonding wire by merely the
foregoing low-temperature heating mainly for the purpose of adjustment of a hydrogen
concentration. Heating for the purpose of control of a recrystallized composition,
adjustment of a mechanical characteristic, control of the texture of the surface
concentrated layer, and formation of the diffusion layer, etc., is also necessary,  As
features of this heating, it is requisite that a temperature must be higher than the
recrystallization temperature of a wire, and the temperature must be homogeneous in a
circumference direction in order to form the uniform intermediate layer and diffusion
layer between the outer layer and the core member. Successive annealing of performing
heating while successively sweeping a wire is productive. A wire is moved and heated
1n a furnace having a temperature set to be from 250 to 700 °C at a speed of 10 to 400
m/min. A homogeneous heating technique of making the temperature in the furnace
homogeneous or a heating technique of making a temperature gradient in the furnace can
be selected. According to the latter technique, for example, a technique of introducing a
local temperature gradient and a technique of changing the temperature in the furnace are
effective. As a wire is heated while an inactive gas, such as N; or Ar, is allowed to flow
in the furnace, it is possible to suppress any oxidization of a wire surface. A timing of
high-temperature heating can be divided into annealing during working and finish

annealing at a final wire diameter, and those can be selected and applied. One-time or

f



JO 0 i0

]

10

20

25

0O iv O toa) ctt) c-& o I | 1@ 0000@0

51

several-times heating is possible. As heating is divided into several times, formation of
the diffusion layer, elimination of a work strain, etc., can be individually accomplished,
and it is effective to improve the performance of a bonding wire.

[0112]

As processing and heating are combined to control the progress level of diffusion, it
is possible to control a layer thickness, a texture, and a structure to a desired level. A
work history prior to heating relates to a composition or the like at respective interfaces of
the outer layer, the surface concentrated layer, the intermediate layer, and the core
member, and also affects a diffusion behavior in heating. Depending on in which work
stage heating is executed, respective composition, respective thicknesses, etc., of the final
outer layer, surface concentrated layer, intermediate layer, and diffusion layer change.

As an example, according to a bonding wire which was manufactured from steps of
performing intermediate annealing while being processed, of drawing the wire, and of
performing finish annealing at a final wire diameter, in comparison with a step without
intermediate annealing, it is confirmed that respective compositions and respective
concentration gradients of the outer layer, the diffusion layer, the surface concentrated
layer, and the intermediate layer change.

{0113]

In the case of multilayer bonding wires with a core member mainly composed of Cu,
it is confirmed that a good ball bonding property can be accomplished when a shield gas
which is used at the time of forming a ball in a bonding process is a pure N, gas or
Svol%Hy+N; gas.  According to this bonding technique, by using an inexpensive pure
N» gas instead of 5vol%H»+N, gas which is a standard gas, a running cost can be reduced,
thereby promoting practical use of multilayer wires.

Examples

[0114]
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Next, an explanation will be given of examples of the present invention.
[0115]

As raw materials of a bonding wire, Cu, Au or Ag which was a highly pure material
having a purity of equal to or larger than about 99.99 mass% was used for a core meimber,
and Pd for an outer layer and Au or Ag which was a material for a surface concentrated
layer or an intermediate layer having a purity of equal to or larger than 99.9 mass% were
prepared.  In a step of melting the core member, an appropriate amount of alloy element
was added.

[0116]

A thin wire thinned to a certain wire diameter was used as the core member, and the
Pd outer layer and the surface concentrated layer or the intermediate layer of at least
either one of Au and Ag were formed on the wire surface by electrolytic plating,
nonelectrolytic plating, or vapor deposition. A technique of forming the outer layer at a
final wire diameter and a technique of forming the outer layer, the surface concentrated
layer or the intermediate layer with a certain wire diameter, and of thinning the wire to a
final wire diameter by drawing were applied.  For an electrolytic plating solution and a
nonelectrolytic plating solution, plating solutions commercially available for a
semiconductor purpose were used, and sputtering was applied as vapor deposition.
Regarding an order of film formation, an order of formation of the outer layer and of
formation of the surface concentrated layer, and an order of formation of the intermediate
layer and of formation of the outer layer were adopted.  As needed, a heating step, a wire
drawing step, etc., were added between formation of the outer layer and formation of the
surface concentrated layer or the intermediate layer. Bonding wires each having a
diameter of from 0.023 to 5 mm or so were prepared beforehand, respective wire surfaces
were coated by vapor deposition, plating, etc., the wires were drawn to a final wire

diameter which was from 18 to 30 pm, and eventually, a work strain was eliminated and
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heating was applied so that an elongation rate became within a range from 5 to 20 %.
The wire drawing speed was within a range from 5 to 200 m/min.  As needed, wires
were subjected to dice wire drawing to a wire diameter of 30 to 100 um, and diffusion
heating was applied, and a wire drawing work was further performed.

[0117]

Wire heating of the present invention is classified into two schemes: batch-type
annealing of inserting a thick wire in a heating furnace to heat the wire, and successive
annealing of successively heating a thin wire while the wire is successively swept, and
either one of heating schemes or both heating schemes were utilized. The batch-type
annealing had a main purpose of adjustment of a concentration of hydrogen and of
formation of a diffusion layer, and heating was performed for 10 minutes to two hours
within a temperature range from 150 to 300 °C.  The successive annealing was set to be
in a temperature range from 300 to 700 °C, and a wire sweeping speed was set to be
within a range from 10 to 500 mm/min. Together with a temperature distribution, the
wire sweeping speed or the like was made appropriate.  For both schemes, in order to
suppress any oxidization, an inactive gas, such as N, or Ar, was used as an atmosphere of
heating. A gas flow amount was adjusted within a range from 0.0002 to 0.004 m*/min,
and was also utilized for temperature control in a furnace. A timing of performing
heating was classified into three kinds: primary annealing right after a plating layer was
formed, intermediate annealing during a wire drawing work, and finish annealing at a
final wire diameter, and those heating steps were combined appropriately. In the
primary annealing, wires with a wire diameter of 0.5 to 6 mm were annealed in a batch
scheme, in the intermediate annealing, wires with a wire diameter of 0.06 to 1 mm were
annealed in a successive manner, and in the finish annealing, and wires with a final wire
diameter were annealed in a successive manner.

[0118]
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For measurement of a hydrogen concentration, two schemes: an inactive gas
dissolution heat conductivity technique and TDS were utilized. Regarding measurement
apparatuses used, RH402 made by LECO was used for the former inactive gas dissolution
heat conductivity technique, and M-100-QA-M or M-201-QA-TDM which was a
quadrupole mass spectrometer made by ANELVA was used for the latter TDS. Whena
concentration of hydrogen was analyzed with diffusive hydrogen and hydride being
separated from each other, the latter apparatus was mainly used. Regarding heating of
samples, a temperature was risen from 0 to 900 °C at a speed of 200 °C/h, and an amount
of discharged hydrogen was measured per temperature. It is defined that a concentration
of hydrogen detected at a temperature from 100 to 500 °C corresponds to the
concentration of diffusive hydrogen, and a concentration of hydrogen detected at a
temperature from 100 to 900 °C is a total concentration of hydrogen. A rate of the
concentration of hydrogen detected at a temperature from 100 to 500 °C relative to a total
concentration of hydrogen was obtained. An exhaust speed of a vacuum pump in the
measurement apparatus was set to be 2400 to 300 liter/min (in N, gas conversion),

[0119]

Depth analysis through an AES was utilized for measurement of a layer thickness of
a wire surface, and surface analysis and point analysis through an AES, an EPMA, etc.,
were carried out for observation of an element distribution like concentration at a crystal
grain boundary. In depth analysis through an AES, a wire was sputtered by Arions to
perform measurement in a depth direction, and a unit of depth is indicated in an Si0O,
conversion. A concentration of alloy element in a bonding wire was measured through
an ICP analysis or the like. Regarding the concentration analysis of the element
contained in the core member, an average value of concentrations acquired at equal to or
greater than five locations in a cross section in a lengthwise direction passing through a

wire center through an EPMA, an EDX, and an AES was used.
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[0120]

Regarding respective concentration gradients of the surface concentrated layer and
the intermediate layer, if an average of the inclination of a concentration gradient was
equal to or larger than 30 mol% per 1 um, it is indicated by a symbol A in fields

"concentration gradient of surface concentrated layer” and "concentration gradient of

(w1}

mtermediate layer” in table 3, if such an average was equal to or larger than 10 mol% and
less than 30 mol%, it is indicated by a symbol B, and if such an average was less than 10
mol%, it is indicated by a symbol C.

[0121]

10 For connection of bonding wires, a commercially available automatic wire bonder
was used to perform ball/wedge bonding. A ball was formed at a leading end of a wire
by arc discharging, was bonded on an electrode film on a silicon substrate, and another
end of the wire was subjected to wedge bonding on a lead terminal.  For a shield gas
used for suppressing any oxidization at the time of ball formation, a typical 5vol%H;+N,

15 gas and a pure N» gas were used. A pure Nj gas having a purity of equal to or greater
than 5N was basically used except for evaluation of a ball shape. A gas flow amount
was adjusted within a range from 0.0003 to 0.005 m®/min.

[0122]
Al alloy films (an Al-1mass%Si-0.5mass%Cu film, and Al-0.5mass%Cu film)

20 having a thickness of 1 um which were materials of an electrode film on a silicon
substrate were used as objects to be bonded with a bonding wire. Conversely, as an
object subjected to wedge bonding, a lead frame having an Ag plating (thickness: 1 to 4
pm) formed on the surface thereof or a resin substrate with an electrode structure of Au
plating/Ni plating/Cu was used.

25 [0123]

Regarding the workability of a bonding wire, the number of wire breakage in a step
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of drawing the wire from a thick wire with a wire diameter of 500 pm to a thin wire with
a wire diameter of 22 pum or 18 um was evaluated. Regarding a sample length, a wire of
5000 m was drawn at a time that a wire diameter was 500 pum. For strict failure

acceleration evaluation, a wire was drawn at a fast speed twice as much as a normal wire

n

drawing speed. When the number of wire breakage was zero, a remarkably high
productivity was expected so that it is indicated by a double circular mark in a field "wire
drawing workability" in table 2.  When the number of wire breakage was one or two, it
was determined that a productivity was good, which is indicated by a circular mark.
When the number of wire breakage was within a range from three to six, a slight change
10 in a wire drawing condition was necessary, so that it is indicated by a triangular mark.
When the number of wire breakage was equal to or greater than seven, there were
concerns about deterioration of a productivity, so that it is indicated by a cross mark.
[0124]
For observation of an initial ball shape, twenty balls having a normal size within a
15 range where a ratio of ball diameter/wire diameter was from 1.8 to 2.3 times were picked
up, and observed through an optical microscope or an SEM, and evaluation was made for
three characteristics: sphericity, misalignment, and ball surface. In evaluation of
sphericity, when the number of produced balls in an abnormal shape was equal to or
greater than four, 1t was a failure, which is indicated in a field "sphericity” in table 2 by a
20 cross mark. When the number of abnormal-shaped balls was one to three and when the
number of noticeable misalignment of a ball position relative to a bonding wire was equal
to or greater than three, it is indicated by a triangular mark. When the number of
abnormal-shaped balls was one to three and when the number of misalignment was one to

three, it was determined that there is no substantial problem in practical use, which is

o
4

indicated by a circular mark. When a total number of misalignment and abnormal shape

was equal to or less than one, ball formation was good, so that it is indicated by a double
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circular mark.
[0125]

For observation of a side face of an initial ball, thirty balls were observed through an
SEM, and when the number of balls having a tiny opening, concavity and convexity, pit,
etc., equal to or larger than 5 um was equal to or greater than five at the side face, it was a
failure, which is indicated by a cross mark in a field "bubble in side face of ball" in table 2.
When the number of balls having rough concavity and convexity was one to four and
when the number of balls having tiny concavity and convexity like a bubble equal to or
less than 5 um was equal to or greater than five, it is indicated by a triangular mark in the
table. 'When there was no rough concavity and convexity but when the number of balls
having tiny concavity and convexity was within a range from two to four, it was
determined that there was no problem in practical use, which is indicated by a circular
mark in the table, When the number of balls having tiny concavity and convexity was
equal to or less than one, a ball surface was in a good shape, so that it is indicated by a
double circular mark in the table.

[0126]

For evaluation of a bonded shape of a compressively bonded ball, 200 bonded balls
were observed, and evaluation was made for a sphericity of a shape, an abnormal
deformation failure, and a size precision, etc.. Two kinds of bonding wires having a
wire diameter of 23 pm and a wire diameter of 18 pm were used. A ball in a normal size
that a ratio of initial ball diameter/wire diameter was 1.8 to 2.3 was formed for evaluation.
When the number of ball shape failures, such as anisotropy off-centered from a true circle
defective and petal-like deformation was equal to or greater than five, it was determined
as a failure, which is indicated by a cross mark in a field "compressive bonded shape” in
table 2. When the number of defective ball shapes out of true circle was two to four, this

case was divided into two groups: when the number of abnormal deformation occurred

83
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was equal to or greater than one, improvement was desirable in mass-production, which is
indicated by a triangular mark in the table, and when no abnormal deformation occurred,
it was OK to use, which is indicated by a circular mark in the table. When the number
of defective ball shape was equal to or less than one, it was good and it is indicated by a
double circular mark in the table.

[0127]

Regarding large ball deformation, with a wire diameter being 20 pm, among balls
having a large size that a ratio of initial ball diameter/wire diameter was 3.0 to 3.5, an
evaluation of a bonded shape of compressively bonded balls was made based on the
foregoing determination criteria, and the results were shown in a field "large ball
deformation characteristic” in table 4.

[0128]

For evaluation of a ball bonding strength, samples bonded at a stage temperature of
175 °C so that a ball diameter became within a range from 45 to 60 um at a wire diameter
of 23 jum were used. Two kinds of wires, one was a bonding wire having a period of 30
days from its manufacturing to bonding, and another was a bonding wire having such a
period of 120 days, were used. Twenty balls were subjected to a shear test, and an
average of shear strengths was measured, and a shear strength per unit area calculated by
using an average value of respective areas of ball bonded parts was used. 'When a shear
strength per unit area was less than 70 MPa, a bonding strength was insufficient, which is
indicated by a cross mark in a field "shear strength” in table 2.  When a shear strength
was within a range from equal to or larger than 70 MPa and less than 90 MPa,
improvement of shear strength was possible by slight change in a bonding condition, and
it is indicated by a triangular mark in the table. 'When a shear strength was within a
range from equal to or larger than 90 MPa and less than 110 MPa, there was no problem

in practical use, and it is indicated by a circular mark in the table. 'When a shear strength
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was equal to or larger than 110 MPa, it was good and it is indicated by a double circular
mark in the table.
[0129]

For evaluation of a damage to a chip, a ball was bonded on an electrode film, the
electrode film was etched and eliminated, and any damage to an insulation film or a
silicon chip was observed through an SEM. The number of electrodes observed was 400.
When no damage was observed, it is indicated by a double circular mark in a field "chip
damage” in table 2.  When the number of cracks less than 5 um was equal to or less than
two, it was determined as no problem, which is indicated by a circular mark in the table.
When the number of cracks equal to or larger than 5 pm and less than 20 um was equal to
or greater than two, it was determined as an anxious level, which is indicated by a
triangular mark in the table. When the number of cracks equal to or larger than 20 pm
or a cratered damage, etc., was equal to or greater than one, it was determined as an
anxious level, which is indicated by a cross mark in the table.

[0130]

A wedge bonding property was evaluated based on the number of non-stick failures
when a bonding wire was bonded on a lead electrode. Two kinds of bonding wires, one
was in an initial condition in which storage after its manufacturing was within seven days,
and another was in a condition in which it was left for 60 days in an ambient atmosphere
at a room temperature, were used. Bonding wires were stocked in a clean room while
being retained in a spool case. Regarding a bonding condition, an ultrasound output was
slightly reduced to induce non-sticking. A stage temperature was set to be 160 °C which
was a low temperature for accelerating a failure in the case of the boding wires in an
initial condition, and to be 175 °C for the case of the bonding wires left for 60 days.

2000 bonding wires were evaluated for the occurrence frequency of non-stick failure.

When the number of non-stick failures was equal to or greater than six, an improvement
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was requisite, so that it is indicated by a cross mark in a field "wedge bonding property”
intable 2. When the number of non-stick failures was from three to five, it is indicated
by a triangular mark in the table.  'When the number of non-stick failures was one or two,
it was substantially good, and it is indicated by a circular mark in the table. When the
number of non-stick failures was zero, it was determined that a wire storage lifetime was
good, which is indicated by a double circular mark in the table.
[0131]

In order to evaluate a linearity of a loop having undergone bonding, bonding was

carried out at two kinds of wire interval (span): a normal span of 2 mm, and a long span

10 of Smm. A wire diameter was set to be 23 um. Thirty bonding wires were observed

20

B2

through a projector from above, and misalignment of a portion where a bonding wire was
most distant relative to a straight line interconnecting a ball side and a wedge side was
measured as a bending level. When an average of bending levels was less than one wire
with either one of the foregoing wire diameters, it was determined as good, which is
indicated by a double circular mark in a field "Joop linearity" of table 2. When an
average of bending levels was equal to or larger than two wires, it was a failure, which is
indicated by a triangular mark in the table. When an average of bending levels was
between one and two wires, this was normally no problem, and it is indicated by a
circular mark in the table.

[0132]

For a loop shape stability in a bonding step, a trapezoidai loop was formed at two
kinds of wire length: a general-purpose span of 2 mm and a short span of 0.5 mm, and
500 bonding wires for each kind were observed through a projector, and a linearity of a
bonding wire, and dispersion in loop heights, etc., were checked.  For formation of a
trapezoidal loop at a short wire length of 0.5 mm, in order to avoid any contact with a

chip end, stricter loop control was requisite. In the case of the wire length of 2 mm,
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when the number of wires having defects in linearity, loop height, etc., was equal to or
greater than five, it was determined as a problem, which is indicated by a cross mark in a
field "loop stability" in table 2. When the number of defects at the wire length of 2 mm
was from two to four and when the number of defects at the wire length of 0.5 mm was
equal to or larger than five, it was determined that improvement was requisite, which is
indicated by a triangular mark in the table. When the number of defects at the wire
length of 2 mm was equal to or less than one, and when the number of defects at a wire
length of 2 mm was from two to four, a loop shape was relatively good, so that it is
indicated by a circular mark in the table. When the number of defects at a wire length of
0.5 mm was equal to or less than one, it was determined that a loop shape was stable,
which is indicated by a double circular mark in the table. One of the reasons of defects
may be insufficiency of adhesiveness at an interface between the core member and an
outer circumference part and varying in characteristics at a cross section.

[0133]

For evaluation of a pull strength, a pull test was carried out using samples with a
gencral-purpose span which had a wire length of 2 mm. A first pull test in which a hook
was positioned in the vicinity of a ball bonded part and pulled upwardly was carried out.
It was confinmed that a neck part was broken and cut. Because a first pull strength
depends on a wire diameter of a bonding wire, a loop shape, a bonding condition, etc., a
relative ratio (Rf) of first pull strength/wire tensile strength instead of an absolute value
was used. When a value of Rf was equal to or larger than 60 %, it was excellent, which
is indicated by a double circular mark in a field "pull strength” in table 2.  When Rf was
equal to or larger than 50 % and less than 60 %, it was good, which is indicated bya
circular mark in the table. When Rf was equal to or larger than 40 % and less than 50 %,
it was generally no problem but the sample needed to be treated with care after bonding in

some cases, which is indicated by a triangular mark in the table. When Rf was less than
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40 %, a neck strength was insufficient, and an improvement was requisite, which is
indicated by a cross mark in the table.
[0134]
For evaluation of a peel bonding strength, a pull test for a wedge bonded part was
5 carried out. A wire diameter was set to be 23 um, and a span was set to be 2 mm. A
second pull test was carried out in which a hook hooking a loop at a position closer to a
wedge bonded part than 3/4 of a wire length was moved upwardly, and a breakage
strength of a bonding wire was measured. Because a second pull strength depends on a
wire diameter of a bonding wire, a loop shape, a bonding condition, etc., a relative ratio
10 (Rp) of'second pull strength/wire tensile strength instead of an absolute value was used.
When Rp was equal to or larger than 20 %, a wedge bonding property was good, which is
indicated by a double circular mark in a field "peel bonding strength” in table 2.  When
Rp was equal to or Jarger than 15 % and less than 20 %, it was determined as no problem,
which is indicated by a circular mark in the table.  When Rp was equal to or larger than
15 10 % and less than 15 %, it was determined that a failure would occur, which is indicated
by a triangular mark in the table. When Rp was less than 10 %, there was a problem in
mass-production, which is indicated by a cross mark in the table.
[0135]
Regarding a leaning failure (leaning characteristic) which is a phenomenon that a
20 wire upstanding part in the vicinity of a ball bonded part falls on, a wire upstanding part
was observed in a direction in which a chip was horizontal, and a leaning failure was
evaluated based on a maximum gap (leaning gap) between a vertical line passing through
the center of a ball bonded part and a wire upstanding part. A wire length was set to be 3
min, and the number of samples was set to be 50.  For leaning evaluation, samples each
25 having a maximum loop height of about 400 pm which was a strict high loop were

prepared. When the leaning gap was smaller than a wire diameter, it was determined
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that leaning was good, and when the leaning gap was larger than that, the upstanding part
inclined, so that it was determined that leaning was poor.  Classification was made based
on the occurrence frequency of leaning failure, when the number of wires having such
failures was equal to or greater than three, it is indicated by a triangular mark in a field
"leaning characteristic” in table 2.  When the number of wires having such failures was
Zero, it is indicated by a double circular mark in the table. 'When the number of wires
having such failures was therebetween, it is indicated by a circular mark in the table.
[0136]

In PCT (Pressure Cooker Test), wires were heated for 500 hours under a
high-temperature and high-humidity environment at 130 °C with a humidity of 85 %.
Thereafter, electrical characteristics of 40 bonding wires were evaluated. When the
percentage of bonding wires having an electrical resistance increased to equal to or larger
than three times as much as its initial electrical resistance was equal to or larger than 30 %,
it was a bonding failure, which is indicated by a cross mark in a field "PCT reliability" in
table 2.  When the percentage of bonding wires having an electrical resistance increased
to equal to or larger than three times was equal to or larger than 5 % and less than 30 %,
such bonding wires could be used for an IC having no strict requisition for a reliability,
and it is indicated by a triangular mark in the table. When the percentage of bonding
wires having an electrical resistance increased to equal to or larger than three times was
less than 5 % and when the percentage of bonding wires having an electrical resistance
increased to equal to or larger than 1.5 times was equal to or larger than 5 % and less than
30 %, there was no problem in practical use, so that it is indicated by a circular mark in
the table. When the percentage of bonding wires having an electrical resistance
increased to equal to or farger than 1.5 times was less than 5 %, it was good and it is
indicated by a double circular mark in the table.

[0137]
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For evaluation of a connection through reverse bonding, a ball was bonded on an
electrode film on a silicon substrate to form a bump, the ball was subjected to ball
bonding on a lead electrode, a loop shape was controlled, and another end of a wire was
subjected to wedge bonding on the bump. Two kinds of chip for evaluation were used: a
mono chip type which was a general single-stage chip, and an over-hang type which was
a two-stage stacked layer chip having a space below the chip. A chip height was set to
be 200 um.  For evaluation of a successive bonding property, 2000 of wires each having
a wire diameter of 20 pum were connected, and evaluation was made for the number of
non-stick failures of wedge bonding on a bump. For the purpose of acceleration
evaluation, a load and an ultrasound vibration were set to be slightly lower than those in a
mass-production condition for evaluation of non-stick failure. When the number of
non-stick failures was equal to or larger than six, bonding was insufficient, and it is
indicated by a cross mark in a field "reverse bonding", "successive bonding property"” in
table 4. When the number of non-stick failures was three to five, it is indicated by a
triangular mark in the table. When the number of non-stick failures was one to two, a
practicality could be accomplished by making a bonding condition appropriate, which is
indicated by a circular mark in the table. 'When the number of peeling was zero, a
sufficient bonding strength was accomplished, which is indicated by a double circular
mark in the table.

[0138]

For evaluation of a second pull strength in the case of reverse bonding, a hook at a
position closer to a wedge bonded part than 3/4 of a wire length was moved upwardly,
and a breaking strength of a wire was measured. For a second pull strength, a relative
ratio (Rp) of second pull strength/wire tensile strength was utilized. When Rp was equal
to or larger than 20 %, a wedge bonding property was good, which is indicated by a

double circular mark in a field "reverse bonding", "second pull strength” in table 3.
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When Rp was equal to or larger than 15 % and less than 20 %, it was determined as a no
problem, which is indicated by a circular mark in the table. 'When Rp was equal to or
larger than 10 % and less than 15 %, it was determined that any defects would occur in

some cases, which is indicated by a triangular mark in the table. When Rp was less than

[

10 %, there was a problem in a mass-production step, so that it is indicated by a cross

mark in the table.

[0139]

For evaluation of a first pull strength in the case of reverse bonding connection,
samples each having a wire diameter of 20 pm and a wire length of 3 mm were subjected
10 to reverse bonding, and 40 samples were subjected to measurement of a pull strength that

a portion of each sample was pulled upwardly in the vicinity of a ball bonded part. The
foregoing relative ratio (Rf) of first pull strength/wire tensile strength was utilized.

When the value of Rf was equal to or larger than 60 %, it was excellent and it is indicated
by a double circular mark in a field "reverse bonding”, "first pull strength” in table 4.

15 When Rf was within a range from equal to or larger than 50 % and less than 60 %, it was
good, and it is indicated by a circular mark in the table. When Rf was equal to or larger
than 40 % and less than 50 %, there was normally no problem but samples after bonding
needed to be treated with care in some cases, which is indicated by a triangular mark in
the table. When Rf was less than 40 %, a neck strength was insufficient and an

20 improvement was requisite, which 1s indicated by a cross mark in the table.

[0140]

Regarding a leaning characteristic in the case of reverse bonding connection, a wire
upstanding part was observed in a direction in which a chip was horizontal, and
evaluation was made based on a maximum gap (leaning gap) between a vertical line

25 passing through the center of a ball bonded part and a wire upstanding part. A wire

length was set to be 3 mm, and the number of samples was 300, It was determined that
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when the leaning gap was smaller than the wire diameter, leaning was good, and when the
leaning gap was larger than the wire diameter, an upstanding part inclined, so that leaning
was poor. It is classified into the occurrence frequency of leaning failure, and when the
number of failures was equal to or larger than seven, it is indicated by a cross mark in a
field "reverse bonding”, "leaning characteristic” in table 4. When the number of failures
was four to six, it is indicated by a triangular mark in the table. 'When the number of
failures was one to three, it is indicated by a circular mark in the table. When the
number of failures was zero, it is indicated by a double circular mark.
[0141]

For a loop stability in the case of a long span, 40 trapezoidal loops were connected
at a long span which had a wire length of 5 mm so that a loop height became 200 to 250
um, and evaluation was made based on a standard deviation in heights. Evaluation was
also made for two kinds of wire diameters: 20 um and 18 pm. For measurement of a
height, an optical microscope was used, and measurement was made at two locations: in
the vicinity of the highest vertex of a loop, and at the center of the loop. When the
standard deviation in loop heights was equal to or larger than 1/2 of the wire diameter, it
was determined that a varying in heights was large, and when the standard deviation was
less than 1/2, it was determined that a varying in heights was small and good. Based on
this criteria, when a varying was small at two locations, it was determined that a loop
shape was stable, which is indicated by a double circular mark in a field "Wrinkled Loop
failure by long span” in table 4.  When the number of locations where a varying was
large was one, it was relatively good and it is indicated by a circular mark in the table.
When the number of locations was two, it is indicated by a triangular mark in the table.
When a varying was large at both two locations, it is indicated by a cross mark in the
table.

[0142]
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Regarding an aluminum splash phenomenon in the case of fine diameter connection,
evaluation was made based on a fevel how much aluminum were blasted out around a ball
bonded part in a direction in which ultrasound was applied. Each 200 samples having
undergone fine diameter connection of 50 um at a wire diameter of 20 pm and having
undergone fine diameter connection of 40 um at a wire diameter of 18 pm were used.
When the number of wires that the level of aluminum splash was noticeable was equal to
or larger than three, an improvement was requisite, which is indicated by a cross mark in
a field "Al splash in fine diameter connection” in table 4. When the number of wires
with noticeable aluminum blast-out was equal to or less than two and when the number of
wires with moderate aluminum blast-out was equal to or greater than six, it is indicated by
a triangular mark in the table. When the number of wires with moderate aluminum
blast-out was two to five, it is indicated by a circular mark in the table. When the
number of wires with moderate aluminum blast-out was equal to or less than one, it was
good and it is indicated by a double circular mark in the table.

[0143]

For evaluation of QFN mounting, 2000 wires were subjected to successive bonding
on an 80-pin QFN substrate, and evaluation was made based on the number of non-stick
failures. For the purpose of acceleration evaluation, a load and an ultrasound vibration
were set to be slightly lower than those in 2 mass-production condition for evaluation of
non-stick failure. When the number of non-stick failures was equal to or larger than six,
bonding was insufficient, and it is indicated by a cross mark in a field "QFN mounting",
"successive bonding property” in table 4. When the number of non-stick failures was
three to five, it is indicated by a triangular mark in the table. When the number of
non-stick failures was one to two, a practicality could be accomplished by making a
bonding condition appropriate, which is indicated by a circular mark in the table. When

the number of peeling was zero, a sufficient bonding strength was accomplished, which is
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indicated by a double circular mark in the table.
[0144]

For evaluation of a second pull strength in the case of QFN mounting, a hook
hooking a loop at a location closer to a wedge bonded part than 3/4 of a wire length was
moved upwardly, and a breaking strength of a wire was measured. A relative ratio (Rp)
of pull strength/wire tensile strength was utilized. A wire diameter was set to be 20 um,
and a wire length was set to be 3 mm. When Rp was equal to or larger than 40 %, a
wedge bonding property was good, which is indicated by a double circular mark in a field
"QIN mounting", "second pull strength" in table 4. When Rp was equal to or larger
than 30 % and less than 40 %, it was determined as no problem, which is indicated by a
circular mark in the table. When Rp was equal to or larger than 25 % and less than 30 %,
it was determined that any defects would occur in some cases, and it is indicated by a
triangular mark in the table. When Rp was less than 25 %, there was a problem in a
mass-production step, which is indicated by a cross mark in the table.

[0145]
Regarding a high-temperature reliability of a bonded part, samples encapsulated by

a resin after bonding were heated at a temperature of 185 °C for 1500, 2000, and 2500

hours, respectively, and electrical characteristics of each 60 bonding wires were evaluated,

When the percentage of bonding wires having an electrical resistance increased to equal
to or larger than three times as much as its initial electrical resistance was equal to or
larger than 30 %, it was a bonding failure, which is indicated by a cross mark in a field
"high-temperature reliability” in table 4.  When the percentage of bonding wires having
an electrical resistance increased to equal to or larger than three times was equal to or
larger than 5 % and less than 30 %, such bonding wires could be used for an IC having no
strict requisition for a reliability, and it is indicated by a triangular mark in the table.

When the percentage of bonding wires having an electrical resistance increased to equal

@



10

15

20

@ *4.14-1 | x iv 41x 4E2k) co 0-8-g. 0 0O O
69

to or larger than three times was less than 5 % and when the percentage of bonding wires
having an electrical resistance increased to equal to or larger than 1.5 times was equal to
or larger than 10 % and less than 30 %, there was no problem in practical use, so that it is
indicated by a circular mark in the table. When the percentage of bonding wires having
an electrical resistance increased to equal to or larger than 1.5 times was less than 10 %, it
was good and it is indicated by a double circular mark in the table.
[0146]

Tables 1 to 4 show evaluation results of semiconductor devices to which bonding
wires of the present invention were connected and comparative examples.
[0147]

A bonding wire set forth in claim 1 corresponds to examples 1 to 21, and 51 to 72.
A bonding wire set forth in claim 2 corresponds to examples 1 to 10, 14 to 16, 18 to 20,
5110 57, 60 t0 67, and 69 to 72. A bonding wire set forth in claim 3 cotresponds to
examples 1 to 21, and 51 to 72. A bonding wire set forth in claim 4 corresponds to
examples 1to 4, 6to 9, 11 to 17, 19, 20, 51 to 58, 60 to 67, and 69 to 72. A bonding
wire set forth in claim 5 corresponds to examples 1 to 14, 16, 17, 19 to 21, 51 to 56, 61 to
67, and 69 to 71. A bonding wire set forth in claim 6 corresponds to examples 2 to 12,
14, 16,17, 20, and 21. A bonding wire set forth in claim 7 corresponds to examples 1 to
11,13, 14,16 t0 20,71, and 72. A bonding wire set forth in claim 8 corresponds to
examples 4, 8, 10, 16, and 18. A bonding wire set forth in claim 9 corresponds to
examples 2, 5, 6, 11, and 13.  Comparative examples | to 7 are results which do not
satisfy a condition in claim 1.
[0148]

A bonding wire set forth in claim 10 corresponds to examples 51 to 60. A bonding
wire set forth in claim 11 corresponds to examples 51 to 60. A bonding wire set forth in

claim 12 corresponds to examples 52 to 58, and 60. A bonding wire set forth in ¢laim 13
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corresponds to examples 51 to 57, and 60. A bonding wire set forth in claim 14
corresponds to examples 51 to 58, and 60. A bonding wire set forth in claim 15
corresponds to examples 61 to 70. A bonding wire set forth in claim 16 corresponds to
examples 61 to 70. A bonding wire set forth in claim 17 corresponds to examples 62, 63,

5 6510 67,69, and 70. A bonding wire set forth in claim 18 corresponds to examples 61,
63, and 68. A bonding wire set forth in claim 19 corresponds to examples 62 to 70. A
bonding wire set forth in claim 20 corresponds to examples 51 to 54, 56 to 64, and 66 to
70. A bonding wire set forth in claim 21 corresponds to examples 52 to 60, 62 to 64,
and 66 to 70. Comparative examples 51 to 56 are results which do not satisfy a

10 condition in claim 1.
[0149]
Some of evaluation results for representative examples of individual claims will

now be explained.
[0150]

15 The multilayer wires of examples 1 to 21 and 50 to 72 each comprised a core
member mainly composed of at least one of Cu, Au and Ag, and an outer layer formed on
the surface of the core member and mainly composed of Pd, and as a total concentration
of hydrogen contained in a whole wire was within a range from 0.0001 to 0.008 mass%
according to the present invention, it was confirmed that both characteristics, such that the

20 sphericity of a ball is good and a wire workability is good with little wire breakage at the
time of wire drawing, were satisfied simultaneously. In contrast, according to
comparative examples 1, 51, 54 each having a concentration of hydrogen less than 0.0001
mass% and comparative examples 2 to 4, 52, and 55 each having a concentration of
hydrogen exceeding 0.008 mass%, it was difficult to satisfy both a ball shape and a wire

25 workability simultaneously. Moreover, it was confirmed that, according to comparative

example 5 having an Au outer layer, comparative example 53 having a Pt outer layer,
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comparative example 56 having an Ni outer layer, comparative example 6 having a Pt
core member, and a monolayer copper wire without an outer layer, a wire workability was
msufficient.

[0151]

It was confirmed that, according to examples 1 to 10, 14 to 16, 18 to 20, 51 to 57, 60
to 67, and 69 to 72 which were preferable examples each having a concentration of
hydrogen being within a range from 0.0001 to 0.004 mass%, an effect of suppressing any
formation of a tiny hole at a ball side face was high. More preferably, it was confirmed
that, according to examples 1 to 8, 14 to 16, 19, 20, 51 to 55, 60 t0 65, and 69 to 72 each
having a concentration of hydrogen being within a range from 0.0001 to 0.002 mass%, a
workability of an extremely thin wire with a wire diameter of 23 pm was improved, and
according to examples 1 to 6, 14, 19, 51 to 54, 61 to 64, and 71 each having a
concentration of hydrogen being within a range from 0.0001 to 0.001 mass%, a high
effect of improving a workability of a further extremely thin wire with a wire diameter of
18 um was confirmed.

[0152]

Regarding the multilayer wires of examples 1 to 4, 6 10 9, 11 t0 17, 19, 20, 51 to 58,
60 to 67, 69 to 72, as a ratio of a concentration of hydrogen detected within a temperature
range from 150 to 500 °C relative to a total concentration of hydrogen detected within a
total temperature range was equal to or larger than 50 % through TDS measured at a
temperature rising speed of 100 to 300 °C/h according to the present invention, it was
confirmed that a sphericity of a compressively bonded ball shape in the case of a bonding
wire with a wire diameter of 23 yum was improved. Preferably, according to examples 2
to4,6,7,9,11, 15, 16, 19, 52 to 54, 56, 60, 62 to 65, and 69 to 72 having the foregoing
ratio equal to or larger than 70 %, a high effect of improving a sphericity of a

compressively bonded ball shape in the case of a bonding wire with a wire diameter of 18

1
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um was confirmed.
[0153]

According to the multilayer wires of examples 1 to 14, 16, 17, 19 to 21, and 71, as
the thickness of the outer layer was within a range from 0.01 to 0.2 um according to the

present invention, it was confirmed that a wedge bonding property after a bonding wire

o

was left in an atmosphere for 60 days was enhanced. In contrast, according to example
18 with the outer layer having a thickness exceeding 0.2 jun, a chip damage happened.
Preferably, according to examples 2,4 to 7, 9, 10, 14, 16, 19, 20, 71, and 72 each having
the outer layer with a thickness being within a range from 0.02 to 0.095 pun, it was

10 confirmed that a shear strength at a ball bonded part was enhanced.
[0154]

According to the multilayer wires of examples 2 to 12, 14, 16, 17,20, and 21, as a

region where a concentration of Pd was 80 mol% in the outer layer had a thickness within
a range from 0.003 to 0.08 um according to the present invention, an effect of enhancing

15 a pull strength was confirmed. In contrast, according to examples 13 and 18 having the
foregoing thickness exceeding 0.08 wum, it was confirmed that a loop stability was
reduced.
[0155]

According to the multilayer wires of examples 1 to 11, 13, 14, 16 to 20, as such

20 wires had the diffusion layer with a concentration gradient between the outer layer and the
core member and the diffusion layer had a thickness from 0.003 to 0.15 pum according to
the present invention, a loop linearity at a normal wire length which was 2 mm was
improved. In contrast, according to examples 12, 21 having the diffusion layer with a
thickness exceeding 0.15 um, it was confirmed that a wedge bonding property was

25 decreased. Preferably, according to examples 2 to 9, 11, 14, 16, 17, 19, and 20 having

the diffusion layer with a thickness from 0.01 to 0.09 pum, a high effect of further
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improving a loop linearity in the case of a long span at a wire length which was 5 mm and
which needed a strict control was confirmed.
[0156]

According to the multilayer wires of examples 2, 5, 6, 11, and 13, as such wires had
the core member mainly composed of Cu and containing at least one of Al, Sn, Zn, B and
P, and the total concentration of alloy-element in a whole wire was within a range from
0.0001 to 0.05 mol% according to the present invention, it was confirmed that a leaning
characteristic was improved. In contrast, according to example 14 having the foregoing
concentration exceeding 0.05 mol%, it was confirmed that a peel bonding strength was
decreased.

[0157]

According to the multilayer wires of examples 4, 8, 10, 16 and 18, as such wires had
the core member mainly composed of Cu or Au, and containing at least one of Pd, Ag and
Pt, and the total concentration of alloy-element in the core member was within a range
from 0.01 to 2 mol% according to the present invention, it was confirmed that a PCT
reliability was improved. In contrast, according to example 21 having the foregoing
concentration exceeding 2 mol%, it was confirmed that a problem that the occurrence
frequency of chip damage increased.

[0158]

According to the multilayer wires of examples 51 to 60, as such wires had the core
member mainly composed of Cu, the outer layer formed on the core member and mainly
composed of Pd, and the concentrated layer formed at the surface side of the outer layer
and containing at least either one of Ag and Au, and a total concentration of hydrogen
contained in a whole wire was within a range from 0.0001 to 0.008 mass% according to
the present invention, it was confirmed that a second bonding property of a wire left for

90 days was good and a successive bonding property in the case of QFN mounting was

01 @
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good. In contrast, according to comparative examples 51, 52 having the concentrated
layer but having a concentration of hydrogen out of the foregoing range, comparative
example 53 having the Rh concentrated layer, and examples 61 to 72 having a
concentration of hydrogen being within the foregoing range but having no concentrated
layer, it was confirmed that the foregoing improvement effect was insufficient.

[0159]

According to the multilayer wires of examples 51 to 60, as the concentrated layer
had a concentration gradient of at least one of Ag and Au according to the present
invention, it was confirmed that a second pull strength in the case of QFN mounting was
good.

[0160]

According to the multilayer wires of examples 52 to 58 and 60, as the concentration
of Pd at the outermost surface of the concentrated layer was within a range from 20 to 90
mol% according to the present invention, it was confirmed that any Wrinkled Loop failure
related to a loop shape in the case of a long span was suppressed.  In contrast, according
to examples 51 and 59 having the concentration of Pd at the outermost surface being less
than 20 mol% or exceeding 90 mol%, no Wrinkled Loop failure was improved.
Preferably, according to examples 53 to 58 having the concentration of Pd within a range
from 30 to 80 mol%, a high effect of further improving a Wrinkled Loop failure was
confirmed.

[0161]

According to the multilayer wires of examples 51 to 57 and 60, as the Pd
single-metal layer was formed in the outer layer with the concentrated layer at the
outermost surface thereof according to the present invention, it was confirmed that a large
ball deformation characteristic became stable. In contrast, according to examples 58, 59,

because no single-metal layer was present in the outer layer, it was confirmed that a
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deformation shape of a large ball was unstable.
[0162]

According to the multilayer wires of examples 51 to 58 and 60, as the thickness of
the outer layer having the concentrated layer was within a range from 0.02 to 0.4 pm
according to the present invention, it was confirmed that both improvement of a wedge
bonding property after 90 days of storage and a bonding property in the case of QFN
mounting, and reduction of any chip damage were accomplished simultaneously. In
contrast, according to example 59, because the outer layer had the thickness exceeding
0.4 um, it was confirmed that a chip damage occurred.  Preferably, according to
examples 51, 53 to 57 and 60 having such thickness being within a range from 0.03 to 0.3
rm, a pull strength in the case of QFN mounting at a low temperature was improved, and
more preferably, according to examples 51, 54 to 56 and 60 having such thickness being
within a range from 0.04 to 0.25 pm, a high effect of further improving a pull strength in
the case of QFN mounting at a low temperature was confirmed.

[0163]

According to the multilayer wires of examples 61 to 70, as such wires each
comprised the core member mainly composed of Cu, the outer layer formed on the core
member and mainly composed of Pd, and the intermediate layer formed between the core
member and the outer layer and containing at least either one of Ag and Au, and a total
concentration of hydrogen contained in a whole wire was within a range from 0.0001 to
0.008 mass% according to the present invention, it was confirmed that a shear strength of
a ball bonded part formed by a wire left for 120 days was good.

[0164]

According to the multilayer wires of examples 61 to 70, as the intermediate layer

had a concentration gradient of at least either one of Ag and Au according to the present

invention, it was confirmed that a leaning characteristic in the case of reverse bonding

@ |



10

20

25

|l @ 040 1 0 x iiglam(tiomrc 'Da --get0000 m 4t1l/1p
0 0(c)(c) 1 @TO--1 @ | iL @ i(c)

mounting was improved. Preferably, according to examples 61 to 67, 69 and 70 having
an average inclination of the concentration gradient per 1 pum being equal to or larger than
20 mol%, a high effect of further improving a leaning characteristic was confirmed.
[0165]

According to the multilayer wires of examples 62, 63, 65 to 67, 69 and 70, as a
maximum total concentration of Ag and Au in the intermediate layer was within a range
from 30 to 90 mol% according to the present invention, it was confirmed that a successive
bonding property by wedge bonding on a bump in the case of reverse bonding mounting
was improved.

[0166]

According to the multilayer wires of examples 61, 63 and 68, as the intermediate
layer had a coexistence region of concentration gradients of at least three elements: at
least either one of Ag and Au; Pd; and Cu according to the present invention, it was
confirmed that a first pull strength in the case of reverse bonding mounting was improved.
{0167]

According to the multilayer wires of examples 61 to 70, as a total thickness of the
outer layer and the intermediate layer was within a range from 0.02 to 0.5 pum according
to the present invention, it was confirmed that a second pull strength in the case of reverse
bonding mounting of a mono chip type was improved. Preferably, according to
examples 62 to 69 having such thickness being within a range from 0.07 to 0.4 pm, a high
effect of further improving a second pull strength in the case of the mono chip type was
confirmed. More preferably, according to examples 63, 65, 66, 68 and 69 having such
thickness being within a range from 0.13 to 0.30 um, a high effect of improving a second
pull strength in the case of the over-hang type stacked chip was confirmed.

[0168]

According to the multilayer wires of examples 51 to 54, 56 to 64 and 66 to 70, as
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such wires each comprised at least either one of the surface concentrated layer or the
intermediate layer, the outer layer, and the core member, and had a total concentration of
Pd, Ag and Au being within a range from 0.4 to 4 mol% according to the present
invention, an effect of suppressing any Al splash at a ball bonded part in the case of
50-pm pitch connection was confirmed.  Preferably, according to examples 51, 53, 54,
56, 58, 59, 62 to 64 and 66 to 70 having such concentration being within a range from 0.5
to 3 mol%, any Al splash in the case of 40-um pitch connection was suppressed, and more
preferably, according to examples 51, 54, 56, 59, 62 to 64, 66, 67, 69 and 70 having such
concentration being within a range from 0.7 to 2.7 mol%, a high effect of further
suppressing any Al splash in the case of 40-um pitch connection was confirmed.

[0169]

According to the multilayer wires of examples 52 to 60, 62 to 64 and 66 to 70, as the
foregoing total concentration of Pd, Ag and Au was within a range from 0.4 to 4 mol%
and the ratio R of a total concentration of Ag and Au relative to the concentration of Pd
was within a range from 0.001 to 0.4, it was confirmed that reduction of a bonding
strength could be suppressed in the case of heating at 185 °C for 1500 hours which was a
high-temperature reliability for next-generation in-vehicle ICs.  Preferably, according to
examples 52 to 60, 63, 64, 66, 68, 69 and 70 each having the concentration ratio R being
within a range from 0.002 to 0.3, a bonding reliability was good up to 2000 hours at a
temperature of 185 °C, and more preferably, according to examples 53 to 58, 60, 63, 64,
66, 69 and 70 each having the concentration ratio R being within a range from 0.01 to
0.25, a high effect of further improving a high-temperature bonding reliability up to 2500
hours at a temperature of 185 °C was confirmed.

{0170]

[Table 1]
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1] 0.0001 60 Bd | 0.01 0.001 0.003 | Cu = A
21 0.0002 88 Pd | 0.06 0.02 0.03 Cu |B0.0012 B
3{ 0.0003 15 Pd 0.1 0.03 0.05 Cu - B
41 0.0005 75 Pd | 005 0.01 0.06 Cu_|Pd0.021 B
5] 0.0005 48 Pd | 0.03 0.01 0.01 Cu | POOY B
6] 0.0008 70 Pd | 0.04 0.01 0.03 Cu_ [B0.0003 A
71 0.0011 70 Pd | 008 0.04 0.04 Cu = B
8] 00018 58 Pd 0.4 0.03 0.05 Cu | Pd0.2 B
% 9] 00022 92 Pd | 008 0.02 0.08 Cu - B
o | 10} 0.0039 45 Pd | 0.093 0.03 0.11 Cu_| Ag0.01 B
£ {11} 0.0042 72 Pd | 0.15 0.06 0.07 Cu | PC.ON B
% [12[ 0.0062 53 Pd | 012 004 | 016 | Cu | - B
W 143] 0.0078 65 Pd | 0.19 0.09 0.14 Cu | Zn0.0% B
14| 0.0006 56 Pd | 005 0.01 0.05 Cu_{AID.O55 B
15 0.0012 73 Pd |0.008 0 0.002 | Au {AI0.O35 C
18] 0.0018 80 Pd | 0.04 0.01 0.02 Au | Ag0.02 B
17| 0.0042 53 Pd [0008] 0.03 0.08 Au = B
18| 0.0022 41 Pd | 0.22 0.09 012 Au | P10 B
18| 0.0005 76 Pd | 002 | 0.002 0.04 Ag | Pd1.8 C
20| 0.0018 55 Pd | 0.09 0.04 0.09 Ag - A
21] 0.0043 42 Pd | 8.13 0.07 0.17 Ag | Pd2.1 B
1] 0.00005 95 Pd | 0.01 = 0.01 Cu = C
2,02 00082 60 Pd | 0.02 0.01 0.01 Cu - B
®E| 3] 0.009 55 Pd | 02 | 005 | 012 | Au - B
gg 41 0.0085 38 Pd | 0.18 0.07 0.08 Ag = B
gag 5| 0.0005 75 Au 0.1 0.02 0.05 Cu - B
] 6] 0.0005 55 Pd 0.2 0.05 0.11 Pt = A
71 0.0004 - ~ = = - Cu - -

[0171]

[Table 2]
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[Table 3]
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Description of Reference Numerals

[0174]

1 Core

2 Outer layer

3 Diffusion layer

4 Surface concentrated layer

5 Single-metal layer in outer layer

6  Intermediate layer

7 Total thickness of outer layer and intermediate layer
8  Concentration gradient where at least three elements are mixed
A Main constituent of outer layer

B Main constituent of core member

C  Main constituent of surface concentrated layer

D Main constituent of intermediate layer

169

| a

I HL IL



1z9 Sg 179 Eg sai dwex3 SO dwexa onwedwoo 84 Description of Reference
Nunmeral s [0174] 1Core 2CQuter |ayer S 3Dffusion |ayer 4Surface concentrated
| ayer 5Single-nmetal |ayer in outer | ayeﬁ"GI nternedi ate | ayer 7Tot al

t hi ckness of outer |ayer and internedi ate |ayer 10 8Concentrati on gradi ent
where at |east three elenents are m xed AMain constituent of outer |ayer B
Mai n constituent of core nenber CMain constituent of surface concentrated

| ayer DMai n constituent of intermedi a&E III@ er 85 CLAIM 1. A

sem conduct or bonding wire conpri sing: 41¥5r e menber mai nly conmposed of at
| east any one of Cu, Au and Ag; 5an outer |ayer forned on the core nenber
and mai nly conposed of Pd, wherein a total concentration of hydrogen

containedinalvm%Iev,vir iswWthin a -
. semiconductor bonding wire comprising:

a core member mainly composed of at least any one of Cu, Au and Ag;
5 an outer layer formed on the core member and mainly composed of Pd,
wherein a total concentration of hydrogen contained in a whole wire is within a

range from 0.0001 to 0.008 mass%.

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

10 concentration of hydrogen is within a range from 0.0001 to 0.004 mass%.

3. The semiconductor bonding wire according to claim 1 or 2, wherein the total
concentration of hydrogen is a concentration of hydrogen contained in the bonding wire

measured by Thermal Desorption Spectrometry (TDS).

4. The semiconductor bonding wire according to any one of claims 1 to 3,
wherein in a TDS measurement at a temperature rising speed of 100 to 300 °C /h, a ratio
of a concentration of hydrogen, detected within a temperature range from 150 to 500 °C
in TDS, to the total concentration of hydrogen detected within a total measured

20 temperature range is equal to or larger than 50 %.

5. The semiconductor bonding wire according to any one of claims 1 to 4,

wherein the outer layer has a thickness being within a range from 0.01 to 0.2 um.

6. The semiconductor bonding wire according to any one of claims 1 to 5,

[Se]
ot

wherein in the outer layer, a region having a concentration of Pd relative to a total



range from0.0001 to 0.008 mass% 2. The sem conductor bonding wire
according to claiml, wherein the total &0 concentration of hydrogen is
within a range from0.0001 to 0.004 mas$é 3. The sem conduct or
bonding wire according to claim1 or 2, wherein the total concentration of
hydrogen is a concentration of hydrogen contained in the bonding wre
nmeasured by Thermal Desorption Spectronetry (TDS). 15 4. The

sem conduct or.__bondi ng Wi, r.e.accordi. n one qf to,3,, wherein
ina TDS n%%&?u‘%@%ﬁt fcte 94 ’g ‘iallg glaggﬁgﬂ@nﬁp ‘gg/fl‘ airkecssof - 5
rati o of ng&e@béatl on of hydr ogen detected within a tenperature range
from 150 tQ) HMDS, to the total concentration of hydrogen detected
within a total neasured 20 tenperature range is equal to or larger than 50
% 5. The sem conductor bonding wire according to any one of clains 1
to 4, wherein the outer r has_a thickness being within a range from
0.01 to 0.2 p.'m 3 BSCWQH‘}S/L@FH*@@H@FG&‘Y&W EHIIGORY enaeEdrmny it d thriYerone
of claims 1 to 5 86 concentration of netal elenents being equal to or

| arger t RasPresising godnEeston tapercfonmed bstwasnghg opisr dayesg apd fhe core memberpne

sem conduct or bonding wre according to any one of clainms 1 to 6, further 5
conpri si ngh&ing F eUSPHftioayssdiendy med bet ween the outer |ayer and the core
menber and having a concentration gradient, wherein the diffusion [ayer has
a thi ckness ofwlgrgoshediffosiosayenhas a thickn@s of 803 énd.ddmduct or bondi ng wre
according to any one of clainms 1 to 7, 10 wherein the main constituent of
the core nenber is Cu or Au, and the core nenber al so contains at |east one
of Pd, Ag and Pt as an elenent, and a total concentration of the elenents
in the core méwbeihf sewitonidnctar bamdjeg fwiommabe@dingato2ampbde of claims9l tdhg

sem conductor bonding wre according to any one of clains 1 to 8, 15

wher ei n 0heh¢rainrthe omst tensehienodf thheoeanenbanb€h drsAQuand dhelcdri enantree anber
contains at |east one of Al, Sn, Zn, B and P as an elenent for alloy, and a
total concemtaiat aickagforehef Bd,ehpnhd Pt as aal dlayeitnaad whotak comaeatrattoonndf then a
range from0.0001 to 0.05 nol % 10. The sem conductor bonding wire
accor di ng ¢lemettaimhi comwheeaber i2@iths conge fremed! ics2 mal%wl y conposed of Cu,
and t he sem conduct or bonding wire further conprises a concentrated

| ayer fornmed at a surface side of the outer |ayer and containing at |east
ei ther one of Ag and Au. 11. The sem conductor bonding wire

according to ol ai ThdGemidadedtr bbedind x@x@cﬂ@@ﬂirﬁ@%eid Ady 6he RAScl@ms 1 to 8,
concentration gradient of at |east elther one of Ag and Au, in a wire

di anet ernsdih@eini the maiiBdonstituentldr thd ReresBEMBANG ALt Oid PRI EeMbECcAREER S N
to claim 10, wherein a concentration of Pd at an outernobst surface of the

concent r atiegkt loay oF AllSSMZNIRaRi P a0ag efewn 28 ARy Mhd m%a%concentratl& of IR
sem conduct or bonding wire according to claim 16 further conprising a Pd

si ngl e- net@émbidy &Sr al1By L8 wAbLSHird BYAthin a range frond 80001 §65h&enduct or
bonding wire according to claim 10, wherein the outer 10 |ayer i ncluding
the concentrated | ayer has a thickness of 0.02 to 0.4 pm 15. The

sem conductor bonding wire according to claim1, wherein the core nmenber is

mai nl'y conposeqd Ofl“hpsqmiconductortbg diﬁ%glél%%@g(gﬁhl lto *e%ﬂ'ln%h@feh{? further

conprises an internedi ate |ayer en the core nenber and the

outer | agyer, %@c&i‘@ﬁ{ ﬁib@r%tm&ﬁ@%nf?g%}%] repes@f Ag and Au is concentrated

in the intenned ate e 8ém conduct or bondi ng wire

according to Cfllmfléemﬁéld @ﬁ?ﬁ)gﬁcﬂné tg]ﬁl ekﬂhﬁ&”@o% L}S"H&%s L:%X]g%nngf%d % d)%? rfl&ﬁ{ydra?t Hon

gradi ent of at elt

direction. surface Sl&g Q%u&’:?m %Io%}l c}ngari]mgg g\féﬁg%ﬁm% lll% %gﬁgﬂlll tO claim 15

wherei n a nmaxi nu con Yer medi at e
| ayer is within a range from30 to 90 nol % 25

11. The semiconductor bonding wire according to claim 10, wherein the
25 concentrated layer has a concentration gradient of at least either one of Ag and Au, in a

wire diameter direction.



88 internediate layer includes a region where Pd, Cu, and at |east either
one of Ag and Au coexist, the region hagi]ing a concentration gradi ent of at
| east three of the elenents in a wire dirameter direction. 519. The

sem conductor bonding wire according to claim15, wherein a total thickness
of the outer layer and the internediate layer is within a range from 0. 02

to 0.5 pm 20. The sem conductor bonding wire according to claim10
or 15, wherein a total 10 concentration of Pd, Ag and Au is within a range
fromO0.4 to 4 nol % 21. The sem conductor bonding wire according to

claim10 or 15, V\/gﬁreinar tio of total concentration of Ag and Au to a
concentrat i onslgf € §elwc?lhqal’1‘?!‘oé g%(gggf ot G840 9. 9??““15100: Wherein  a
concentration of Pd at an outermost surface of the concentrated layer is within a range

from 20 to 90 mol%.

14

13. The semiconductor bonding wire according to claim 10, further comprising a

Pd single-metal layer in the outer layer.

14. The semiconductor bonding wire according to claim 10, wherein the outer

10 layer including the concentrated layer has a thickness of 0.02 to 0.4 pm.

15. The semiconductor bonding wire according to claim 1, wherein the core
member is mainly composed of Cu,
the semiconductor bonding wire further comprises an intermediate layer formed
15 between the core member and the outer layer, and wherein

at least either one of Ag and Au is concentrated in the intermediate layer.

16. The semiconductor bonding wire according to claim 15, wherein the
intermediate layer has a concentration gradient of at least either one of Ag and Au, in a

200 wire diameter direction.

17. The semiconductor bonding wire according to claim 15, wherein a maximum
total concentration of Ag and Au in the intermediate layer is within a range from 30 to 90
mol%.
25

18. The semiconductor bonding wire according to claim 16, wherein the



<

10

38

mtermediate layer includes a region where Pd, Cu, and at least either one of Ag and Au
coexist, the region having a concentration gradient of at least three of the elements in a

wire diameter direction.

19. The semiconductor bonding wire according to claim 15, wherein a total

thickness of the outer layer and the intermediate layer is within a range from 0.02 to 0.5

HIm.

20.  The semiconductor bonding wire according to claim 10 or 15, wherein a total

concentration of Pd, Ag and Au is within a range from 0.4 to 4 mo1%.

21, The semiconductor bonding wire according to claim 10 or 15, wherein a ratio
of a total concentration of Ag and Au to a concentration of Pd is within a range from

0.001 to 0.4.



