1 DESCRI PTI ON SEM CONDUCTOR BONDI NG W RE Technical Field 5 [0001] The
present invention relates to a sem conducf{or bonding wire used for connecting
an el ectrode on a sem conductor device and a wiring of a circuit wiring board
(a lead frame, a substrate, a tape, etc.,) together. 10Background Art [0002]
Recently, thin wires each having a wire dianmeter of 20 to 50 umor so are
popul arly used as sem conductor bonding wires (hereinafter, referred to as
bondi ng wires) for connecting an el eDESOH&TAONa sem conductor device and an
external termnal together. A 15 thermal conpressive bonding technique with
the aid of ultrasound is geneEMICONAPHITER BONHddWbRADI Ng wi res, and a
gener al - pur pose bondi ng device, and a capillary jig which allows a bondi ng
wire to pass through the interior thereof for connection are used. A |eading
end of a bonding wire is heated and nelted by arc heat inputting, a ball is
formed by surface tension, and then tlh@wisalliclils conpressively bonded on an

el ectrode of ﬁ &3 sem conduct or device heated within a range from 150 to 300C
bef or ehand. S THEY! after, the bonding wire is directly bonded to an external

| ead by uItrasou?E conpressive ?onding. [000%% _ Recently, technol ogies
related to the stPURFHFEDVHELRFGASS 19AJREAHERT Brndingrviraisedir semegivgduct or
nmount i ng techggﬁ%gi s are raﬁidl ddi.ver_lﬁifi.ed, nd for exanple, in a nounting
structure technol o%(ff,oniarfegléf’a PYChT PG PeNifng ol Rt ibrineean &l Packagi ng)
2 using a le r ew .configurations, such as BOA (Ball Gid Array) using
a substrate,qgm%%?gﬁﬁvﬁgafaﬁémgg%WﬁImfike and CSP (Chip Scal e Packaging), are
practically used, and a bonding wire which has inproved the | oop
characteristic, the bonding property, the mass productivity, the usability,
etc., beconys requisite. Regarding t ion technology 5 of such a

bondi ng mﬁ?g, in order to directly b%ﬁﬁgggﬁgﬁging wire at two | ocations,

i nmprovement gbog2he bondi ng property of thin wires becones requisite not only
for ball/wedge bonding which is a currently popul ar bondi ng techni que but al so
for wedge/ wedge ReRGiyhiRARRESREH 8fend OFir@GE ' f ' Lanmeter.
[ D004] 10Materials ofﬁan obj ect subf%cted t@g%EMggﬁggg“gr¥ﬁog&ggﬂﬂkﬁgemﬁre are
al so di ver si fuselys safitofiductodbididgNgira Mheeifi ek, GOBrrsi DSt bl ARidesffhrel ect rode
material, in addition to an Al alloy conventionally used, copper is nowin
practical useowmicily dnslevovde @ppieoponaidoridevics @fd Mesdtewal ichGinalVbg@Ryera an Ag
plating, a Pd plating, etc., are applied on a lead frane, and a copper wring
is fornmed &h thernmelgiompsstivt vatlag tahtigpevitethe ajd @nttraacodidlingotrady 4plieok) e net al

el ement like gold or an alloy thereof is often formed on such plating and
wiring. It i$opkbundgigvares.onil mpeove-mihesbondinggieproped & yapdifarpjipehidhng wire and
the reliability of a bonded part depending on the kinds of an object subjected
to be bonded #P¥ha bareingovien tpgastithrevsly thowstiop hereoffor hemsttandpoised. of a
requisition for _a wre bonding technology, it is inportant to forma ball wth
a good spher i€Aing cAL O lprding Margrs %%Feﬁée&@iteq Iheare hepb ingftting) 4 batlas feanédon, and to
acconpli sh absufficient bon ingFftrength at, a bonded part between the ball and
an el ect r ode.”Y MYFEEFEFON A Hepdie Bel icomwranriv ey Pevisr ongn siectepds ohdi ng
tenperatur%Jand.th'nni wire, a bonding strength and a tensile

ng. of a(gondin_ ,
strength af 3@5%?{“8ﬁf$ﬂg?ém§e WIHE A4 TR b lite SQ0 1 keferstendo  Redefdtepondi ng t o
iri . clrcuit. wiri bstrat | i tant. fact . 3
fooos] - P2 e Untal WEN by LR R Reth BTy RBor oY SupiTgFequi si 1 ons,

it is desirag$§ﬁ%g conprehensively satisfy various characteristics such that a
| oop control 1s tacilitated in a bonding process, a joining property to an

el ectrode angyjp9; @ lead is inproved, any 5 excessive wire deformation in a
resin encapsul ation process after bonding is suppressed, and a long-term

reliability of &daenedundliinthid elablhiiye fludbeuBondedigart synder a severe

circunstance are assured. ( So far, 4N-group go igh purity
(purity > 29:8@coMSEH mbsntiRBRhoI88&Ir@Spidly diversified, and for example, in a

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



10 a material of bonding wires. In order to inprove strength and a bondi ng
property, a tiny amount of alloy elenents,are prepared. Recently, a gold alloy
wire with a purity of 2N (purity > 99 % %avi ng an additive el enent
concentration increased up to less than or equal to 1 % has been put into
practical use in order to inprove the reliability of a bonded part. The
strength can be inproved and the reliability can be controlled by adjusting
the 15 ki nd amthetaeadcfomeentw atrifighratnsasuchbd BEAGRaMent Azddedifet olifte,
Conversely, alloying may cause deterioration of a bonding property and
i ncrease of anpadyieddertimsalr thredgie st dABR (ClEp Stdtalackigingg, Ak prabtully uded, and a
conprehensi vely satisfy various characteristics requisites for the bonding
wi res. [ 0008]bopdingmewweich sebauseddnd dop shaexpens, the bosdiheprokdrigigie afasqret al
whi ch have a |ow material cost are desired, and bonding w res nmade of copper
whi ch have a Hreyctidivethi apabdisys tetca bacontss edyubstive Regguog ted @otedioatecmaisiyct i vi ty
are creat ed.,d)?c]g%r ding to the copper bonding wires, however, a bonding
strengt h i s®ddtemageatig wirgeneiics o diestht basd adpndingivire agwoflerstinsand a wir e
surface is likely to b{e: c%n-oded when encapsulated in a resin. These 25 are
the reasons WTPPREYCEEF doadigerrapertyind i prey basemes guisiternesonls farot
accel erat ed. ‘Ig:g/e il ver. bondi ng w res have such advant a%es that silver is
i nexpensi ve R Ge g aighd a U egvlas pareding edinipg ki T ty, and enabl es
bal I formatiQn,i t masphere,. but has such di sadvant ages that the bondi ng
reliability a edégﬁ?%abtogﬁﬁg?%]ﬂﬂ#@t#ér ?F?@ﬁfsﬁ?mﬁd’ F‘%P?ld’@@ﬁﬁ?éri son with Au, and
is likely to %4szected by sultUration of a wire surface. [0009] 5Al |l bonding
wires in praétlc | use so far have a nonol ayer structure. Even if materials,
such as golg an (0] | eents,.are uni formy contained
in a bondi rllgI Wi ?Ic\a/[,%&g%g%g rﬁ%ﬁ%@%%}%?%@ %)ngfcﬁgﬁﬁ%ﬁ%nglfe“rﬂreﬁl?ﬁlé‘f ure as viewed
from a cross ¢sRetid@NaRffof NQirRQRALAG WM LB rat@‘aﬁd@n%&)&ﬁ‘%de\%mg a'l,dlg é]déléaf an

e on' the Pe surface

organic film etc., for protecCting a surface nay or e

of a bondi ng awiAl 81dytos AMBoKARS Sad, dPpbUt n&xk?_?r?ﬁlaéfcgl Js?ﬁfﬁl{c?l% Brela pl’gﬁriate

extrenely-thin region ( up to several atomc layer level) in a t er nost

surface. [O00Ifirefined wifin®r A@sredver, AR Alg pYink QUSRI fIGRHES L eAY LS89, h gt he bondi ng
wires, a bonding wire with a nmultilayer structure in which a wire surface is
coated w th dnokhed anepal witngds QPOSE6h a dbin[sQ8tdle, a tape,BANdhN g finh bes made of
copper which has inexpensive material cost, has a good el ectrical

conduct i vi iy podadicehslunes 1iiakbld bondilhg tenebiiedge fhardionguchgliding add € creat ed,
and for exanple, patent literature 1 is disclosed. According to copper bonding
Wi res, howevainnga KHonthqngitstonmpgivh tiedooditgpioperat et bduding eioxhdihzat i on of a
wire surface, and a 20 wire surface is likely to be corroded when encapsul at ed
in a resin. The¥Etynfa bopdedmad dopradingyn greddndsofihn olsey sutgdetddie bebpped bondi ng
wires is not accelerated. [0012] |la the case of copper bonding wires, when the
| eadi ng end Bfh&ejopdnggige| ted to forma ball, bonding is carried out
whil e a gas toz) glorayed to the leading end of the wire in 25 order to suppress
any oxi di zat - Recently, a nitrogen gas containing 5 vol % of hydrogen is
popularly ysed as an atmpsphere gas at the tine of ball formation of copper 5
bondi ng wiérbes. é‘f‘BE’:ﬁe Slgqggg%‘g’éttoﬁPég@lséﬂoélcff"basﬁg'e brsinededpplpay. ihif meportgntéennect ed
under 5 vol % H2+N2.when connect.ed to.a c er .or copper-alloy |ead frane.

Mbr eover , it%ill_%l 8'rl\fj) é“%(‘)vr“?léidgof)ﬁs lgﬁ‘flg'alfaéﬂltg alcffte‘grs‘érﬂ%lffgét @gﬁﬁlﬁf’fa“l OyRHYRL12+N2 gas
is nore desiy : bgecause such a .gas can suppress any

oxi di zati on olﬁqu%%égpﬁngﬁ%dﬁ%g’gt% mﬁcﬁ’ég #f"ﬂ%tﬁ&?a?fﬁ’l‘i?‘?%a”f WWit]g%bai?lﬁnf] Ae case of
copper bondi §g.\Mdk €Syiolie LA H2+N2 gas i.s standardi zed as a gas
used when copper bon |0ng%qgégderafbe':%aés/gg}.{qc[‘ﬁbiﬁf’pa gondm&ze’gpetngﬁ’ﬁﬁ‘f“ ue of
suppressi ng @i rdibgadih &R0 13,8; Q0 s i ng..W re, patent
literature 1 di%%l oses a{%oﬁdiangnva\nﬂég@fﬁlﬁtlﬁflgﬁ&gggggﬁlgﬁy% aP%%IW\FA?IF a nobl e
metal 10 o Gon@RiRaR) QR RRIISS 30iedBh@he tSHGH 8L 9 cirSlid Wy sRlsRLL nUm

pal | adi um ni ckel, cobal { chr orre% and 1%i tan?ﬁl%ia%blflggl\;gllrl'!,\V‘?lﬁ%%&fsﬁéest andpoi nt
of a ball fonesls Irhiotasi@ctsdppr essi on 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 formed
on the core nenber and nade of a netal other than copper, 15 and a coating

| ayer forned on the dissimlar netal |ayer and made of an



oxi di zation-resi stant nmetal having a higher nelting point than that of copper.
Patent literature 4 discloses a bonding wre conprising a core nmenber mainly
conposed of copper, and an outer skin |ayer which contains a netal, having
either one of or both of a constituent and a texture different fromthe core
menber, and copper, and which is a thin 20 film having a thickness of 0.001 to
0.02 pm [0014] Various gold bonding wires with a nult |ayer structure
have been al s@o@gjoposed. For exanple, patent literature 5 discloses a bonding
wire conprising a core wire formed of highly pure Au or an Au alloy, and a
coating materi al Ascateiohgratthéstiouthetrsagify dubregenceq@sitisus ftéckesiofbldthe core wire
and formed of a highly pure Pd or a Pd alloy. Patent literature 6 discloses a
bondi ng wi re @ompeticsiivaly sitislyrverinisicharficseristick suth thatgrhlogp pantrel iAdacditatehinAu al | oy,

6 and a coating material coating the outer circunference surface of the core
wire and for neadiR pricgtsl iopieeprPrerigrio an ectighle oyl to Pagadig impreved.anir e 7 di scl oses
a bonding wire conprising a core wire fornmed of highly pure Au or an Au all oy,
and a coati RgPNEERE Wale deig?awtwg i} B ESHAePS e S ecRbYdpatBirpcsehe core
wire and formed of highly pure Ag or 5 an Ag alloy. [0015] It is

desirabl e to ¥GFdoRGEHN fq)‘(‘éblhﬁs“tfﬁ e dar ard ettty e thebondsd matt §oder and t he

hi gh-density packagi ng. techni que |i ke three-di nensional wring by

conpr ehensi ve eyefga‘?‘f@%%“ﬁbafg Heharacteristics that |oop control is stable in
a bondi ng pl‘O@?&ﬁ, a bonding 10 property is inproved, any deformation of a
bonding wre the tinme of resin encapsulation is suppressed, and a long-term
reliability of a d art J.s acconplished as wi characteristics of a
bondi ng wi Leof Seub By glkersheAFE0 RN v dr ding B B RG: R 1T o

i mportant t : wWit-h a goeg.. LGl &) i I

formati on, lgn%ﬂtatg?l%t?? gélnlrﬁmg&slu figllOg%?ﬁ(ggﬁ%{)‘%g&%%@%%%&tbﬁb%? mi’t pg)g]ﬁlg{égp%grt
between the baldundhidia) clh8at LR%Repatdlr CRYEhu b BolRAEY who wiRRSuMy R lyover i ng of
a bonding tenperature and thinning of a on(ﬁ ng wire, a bonding strength, a
tensile strengtfty >6490%) hadtf s QS §i8SerAboReROibh AN 1&1RORH HY Wre is
wedge bonded to a wring part on a circuit wiring substrate. 20 [0017]

There is no repartd | $Phdsdeed NATnts BRbHRADNGIMNE W ©AGpIWE the BelfaBlityt dflad¥Bliedst ruct ure
are subjected to mass-production and popul arly used, and the manufacturing

t echnol ogy t hesteoThdiggnpibitcabBeimmstcaahd sibediayidity dan bt benttollddist fdj@sing Mat er i al
desi gning and devel opnent of manufacturing technology are desired in order to
i nprove t hdsZondrasishpeandentiziionofsnelidy elthent pddduc poldi t §onvielselygplilaint ynast abi | i ty,
etc., of bonding wires with a multilaycr structure. 7 Prior Art Docunents

Pat ent Li t er atausegktioNig]) oGFamding prapedy atdineredse o REE:tHZBBOKaRat srihatlif t er at ure
2: JPS63-244660A Patent literature 3: JP2004-6740A Patent literature 4:
JP2007- 12776As Pdfiadtto comprelangively SatisfiProipuy SR g6Rrigiopacaeisited for &e houdieg 6:

JPHO4- 79240A Patent literature 7: JPHO4-79242A

wires.
[0008]

20 Moreover, because gold is expensive, other kinds of metal which have a low
material cost are desired, and bonding wires made of copper 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



Non-patent Literature [0019] Non-patent literature 1: |I. Singh, J.Y.
On, L. Levine, "Enhancing finepitch, high I/O 15 devices w th copper ball

bondi ng", th Proceedi ngs ECTC 2005, 843 to 847 Disclosure of Invention

Probl ens to be Solved by the Invention [0020] 20According to the conventi onal
bonding wires with a nonol ayer structure (hereinafter, referred to as a

nonol ayer wire), addition of an alloy elenent is effective to inprove a

tensil e strenigghiest decaichiengtitiofty, anbendedbpbatmatn ekl abbiphty, theieets etc.,
but it is thought that there is a limt in inprovenent of the characteristics.
Accordi ng to difndvinorgds ther tiv besingirelinbaicymtlathidlay@perstireds Sl iphey phrenei naf t er,
referred to as a multilayer wire), it is anticipated 25 that the

char act eri st i ®@sarnwnfrithtthe and inpkedy edbd affectodrprsil Bioationiof hwirheurfioaol ayer wire to
i nprove an added val ue. Regarding the nultilayer wires bringing about a high

8 functional ilf§9%a wire surface can be coated with a noble netal or an

oxi dation-resistant nmetal to suppress any oxidization of a surface of a copper
bondi ng wiré. Fofllgendingunes ngrasisadgse sotfarilgvat sonalper stirysaired Bven #cconpl i sh an
effect of reducing resin sweecg) by coating a wire surface with a netal or an

al | oy havi ng At SEh g aYJe A0 appeme chppgeh plley demepyarpprifirmty sanieisd as a wire
surface is caat d&/.vith.a tal or an alloy having a high strength, a bonding
strength of dilﬁgf"l’ 1‘3%""’5‘*43%&@??@%/\?@@%i"é’HFme%ﬂﬁY%étﬂF%?éil‘éﬁWeq’%@H] For a

core nmenber mainly, .co sed of at |east, one of, Au and, Ag, when a noble
netal coati ngcr?sﬁé%gﬁ? ‘fq’ﬁg%g%@“[gh"@reéor UNR RS o 9@)‘3’! Ei”torgaé“cefﬁﬁleﬁbﬁeﬁ’r
requi sitions ar, cti%oa%gr c%%@ue%Si?)/x%X satisfie su<%h as .su&ﬁr ession of any
oxi di zat i on, B BERERRG BF S YOS 8 T U PHEE of 2 BRALNS KRS BSOS cates,
encapsul at i ' e I i.nexpensi ve material .cos tc.. [0022]
The | nvent ofebfRidhe By Lo A TR RIS p B Pkl RRE b e on-of
the needs 15 fQr hdi@hsdensification, mniaturization, thinning,etc., of the
sem conductor nounting technique, and it becane clear that nmultilayer wres
having the sypf@ag¢e of a bonding wire coated with Pd still have various
practical problens to be discussed later. [0023] In manufacturing of the
nultilayer wr eSI_nhﬁéVdr'ftQm@etB@d&@%Eéd@Qeﬁ;&%@ifo@ﬂlfél bBndRY RirdDa BBIRES w0 Iy, made of
materials with different mechani cal characteristics, the Pd coating | ayer may
be peel ed and rhetape sFiEsE: RYwHYE b AGeREIEBISIAGI Ml ANNEIhdNGs prbposkde
adhesi veness between the Pd coating | ayer and the core nmenber is insufficient,
peeling andsnm®®&$i ng of the Pd coating |ayer also occur in a w re bondi ng
process perform ng conplex |oop control. Merely a partial elimnation of the
coating | ayer whBohligawisesnadhef @ppeorlacinemsthenpimivberaexipbsed hata ddoe sur f ace of
a bonding wire results in a quality issue, such as progression of oxidization
or reduct i on esftigalisondlichyityp rsprwstys balldbopdip@43d wedge bbmiisgl dict, imrerdacedsanch  di r ect
defect, indirect defect originating frompeeling and m ssing of the coating
| ayer or redd@tFanPisPajneligragire ! i dsslased erAccolingdmeenpashonfios vaxanpl e, it is
difficult to conpletely find a scratch or a scraping once produced in the 5
hal f way of n&ﬁﬁ?‘éﬁ}éﬁhﬂﬂ%gg grengil it feteryraptedilyeds oxidizetien Qfiavgregfuripseoandct  shi pnent .
As t he ski Ialyer has nonuni formt hi ckness and any internal cracks remain in a
wire, fail i & ¢ sutfgy ! @(ei%"lolbe&%)’i}i?ﬁedd"é@’tl CREGUHIIAGSEAE Tefdn, Thetecue thareasans time of
| oop formation OCCﬁI’ 1 Such.def ect _rel?iul ts in reduction of yield in a bonding
process al t hOUgRTAHSA! e5igs &f thE SoRPST MR YASE i 96 &FFIESnd mi ssing of t he
coating Iayerod'hﬁ hardly recogni zed. 10 [0025] In the case of nultilayer
bondi ng w re£ alli ng a Pd coating |ayer which is harder than the core nenber
mai nly conpos e n n ich is.likely.to be brittle, the rate
of occurrence 01(‘:iI n'(t?lﬁeoc%? %@leﬂel rq%%’?gd\g]tl%r }\Qﬁ%n f‘ilﬂes iela%lp 5“4 ek lﬁlﬁit?‘im
MasS- Product kg PLACESRANAaHAS RARL Y Bl UFhIY (PER TGS R Rha bARES HIEr O

25 order to suppress any oxidization. Recently, a nitrogen gas containing 5 vol% of

hydrogen is popularly used as an atmosphere gas at the time of ball formation of copper



15 conparison with the case of nonol ayer wires. Because worn-out of a roll and
a dice during a process of rolling and drawi ng of nultilayer wires is intense,
any scratch is formed on a wire surface, resulting in a quality issue or

i ncrease of a manufacturing cost due to short-lifetinme of the dice. Moreover,
as conplex loop control is performed in a wire bonding process, the internal
wal | of an opening of a capillary is rubbed by the Pd 20 coating | ayer, and

t he repl acenmemindfnzeqeenciatat Ii@ﬁmrétarsmoée@ﬁfaea&@%eﬂ WirERuNakbe®init s the case
of nonol ayer wires, resulting in reduction of the productivity. [0026] Wen a
bal | is formedlbdnly, ahaudtdnhéciylas a vbpper oraoppui-uBfcRadfafe. f IMérebaL lit igut  of
sphericity, concavity and convexity of a ball surface, air bubble in the ball,
or a tiny porsp@Bdimnanmtdralilerasue 1 dmea 5 @dies HyegaBsna@e pesobblehan b Nsuch an

abnormal ball is bonded on an el ectrode, off-centering deformation that a ball
is shifted frgssbedapsecusit ®gasehn suppicssangdidizafordefadnliedfacandhetihi pt baal
deformati on and petal -1i ke deformati on which are exanples of a shape failure

out of sphefifermajiopariie cassof ecvaer bandiog téds. patawadmrseadl soltiutl, 0¥, ganisel ect r ode
surface, which hecones a cause of reduction of a bonding strength, a chip
damage, and APHEFES Feauirdgeive Reprst bandingfeiess areiwied Such initial bondi ng
failure may ﬁrg@g about 5 reduction of the long-termreliability of a ball
bonded part A a high-tenperature and hi gh-hum dity environnment. One factor

has been an effect gflr.esi%ual i mpuriti es and gas conponents in the interior
of an outer |ayef* FFHA"T HEURATEPHE &Y SRUZHINAE aPriceobretorBe bordies virteer | ayer

and the core rdurjng . a mapufacturin r.ocess . of I'tilayer wires. [0027]
10Regar di ng d?regF3 gﬁ iorati locrlllg%?bef gmﬁﬁ%ﬁ ‘?’TV,”Q’F}E‘H’LF@PPWP W%Wéthlai"lﬂ@teiﬂﬁféafof a dice,

i ncrease of,t . ac fr nc capillary, an hape.fajlure at the
orease ol S eRAACRIRRL LSS AL SR BUK SRR SRR LT 2 L

| ayer, no eff@ghdev I I 8GLS ol wa sp far. Regarding
suZh def ect s, ﬁﬁ[ﬁf%}dﬁﬁ%’ l:iH(q:'uI t%iteg%r’ei?:%%%e%%ﬁggﬁrSgﬁg%pﬁ)n Eéi%/gﬁyﬁggl on gf a Ilgttle

anount of W rs@8prRkioRbf kR dfeRiblakisabs ﬁ%gtgr%asopi%?,%&ﬂt ReBhOP] &*15@&95%%? rr:sfl ;5

obvi ous when strict nmanagenent in t rder of '‘ppmis carrie

Mass- pr oduct ivoRdiRg AGE8Sstrubiui®l RAShABERoR dBNRF mRfAPLAP8R JrRGHRr WS NO
practical acconplishnent of the use of the nmultiladyer wres as sem conductor

bondi ng Wi r eslissinilar frie@Mai@@Rd oh BGY Rrd Herdber @XPRGAAI 2Rl Q1RY B S BffpesUCh a
problemin order to realize mass-production of the nultilayer wres and
practical usend hesatiof lay20fo[Q28B] the dissimllir rh@aladyeokidasdde@F ad he present invention
to overcone the foregoing problens of the prior art, and to provide a

sem conduct orxlimtimgsisianteneilibehing e il mdbespdinphaveaentop@tr. peskar mances,
such as suppression of any peeling and m ssing of a coating layer on a wire
surface, inprlisvemerdtdistoses alomiting mawepprisingrp rov enebtr ofinky chabbsebondi ng
property, 25 stabilization of a IooE shape, and extension of a dice lifetine
or a capi | | aryPHce gdeeorierskinilayst whish coitdingeamsl. hevinSeihei ag dfloebd®h obd em [ 0029]
The inventors of the present invention keenly studied about nultilayer wres
in order 5 t&ORUBERGHE 2fer&e SriisEsi figm Precioreanembesrrad cornsd apdiwhichéta thin | s
effective to ke a concentration of hydrogen contained in a bonding wire
appr opri at & ﬁﬁ%?’@ﬁ@%ﬁ‘fh“tkﬁ%gsioﬁg-@%@rosmﬂéﬁ-nd that it is further effective to
control the ﬁ@'}gf}ness of an outer layer or a diffusion |layer, addition of

all oy el enen I'h a core nenber, etc.. [0030] The present invention has

b de b d . th i fi.ndi . d I t he foll ow
been e baseq ob 5ol 5 gHR Dok AL SRS AT AIZ ¢, oo
t of th t i 1,0 i L b i nl d of at
espect of L ngupL oAyl YRG0 sSRIRLL S 5Pue ST PRIRLe TR PhLiSSIRS20, ! @
d i nl f , i . trat. f .hyd t ai ned
and ety comengely Bl sl LOUALSSOREN LA Bl hudsogen comaine

oo O N9 i s RGO ASREL g forkBE oA RERD LML Ao} 1 bR RERLEODCUCT Of

bonding 20 wire of the first aspect, concentration of fﬁogen I's

wi thin a ranggcbécdBhOnd@Odirt Sorfhr R dRESwitd forh QPSR hly pure %%QEQAQQH%Q a third
aspect of the present invention, in the sem conduct%r onding wre of the
first or second aspect, the total concentration of hydrogen is a concentration
of



25 hydrogen contained in the bonding wire neasured by Thernal Desorption
Spectronetry (TDS). 12 [0034] Accorgling to a fourth aspect of the
present invention, in the sem conductor bonding wire according to any one of
first to third aspects, in a TDS neasurenent at a tenperature 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
hydr ogen det esiledowirighnnerizl t@tiag theeasuciedmienpe satate of thange vwis aggual to or
| arger than 50 % [0035] According to a fifth aspect of the present
i nvention, i nfotrhal fdinghbonoeiBtor Pheligi nfatwitligeraocdrdiichgestoboadipgone of first to
fourth aspects, the outer |ayer has a thickness being 10 within a range from
0.01 to 0.2 pwmpfigingeicore wire ippeedrod highlytrored s onanih vadlopend afodting nptasigbnt
invention, in the sem conductor bonding wire according to any one of first to
fifth aspect scoaiing thheutemermicsgpee surkice eighoerraaie ayl Rroghddmhbapironsef Pd
relative to a total concentration of netal elenents being equal to or 15
| ar ger t han®8® 4B has a t hi ckness of 0.003 to 0.08 pm [0037] Accordi ng
to a seventh aspect of the present invention, the sem conductor bonding wire
according to [Qﬂf/)s]one of first to sixth aspects further conprises a diffusion
menber and havi ng a

| ayer forned between t outer |layer and,the core,

coxcent ration grgg? ‘éfﬁt"gﬁ%@ %%W&ﬁ eﬁ%t'ﬁqvﬁ?ﬁgiﬂﬁﬁiaﬁk‘?ﬁ teflpaaug zI‘flﬁitkt?kness of
0.003 to 0.15.pm 038] . Accor.di tp an.eighth ect of the present
Cnventi one 1 BRSPS Rl B B kS o T vt to

sevent h aspects,.,t Ln.const| nt_ of . 1h [e er 1s Cu or Au, and the
core nenber agggylggg%cg{?c h%a(g%ﬁ%lg%@% q%?}’ecog?dﬁg?tgb amaarﬁ)%&ngﬁg) 8 %nong "&ment, and

atotal co adt i o [ LEATRIME! of S thin a range
fromO0. 01 trl gﬂgglgrrcgtﬁl&/fl%p%veﬁ%&g%l%ﬂgmcﬁ&lf:ggélg?nﬁgég IE%)ata nlﬁ{%ﬂrgsé%mect of the
present inveni, RN 14C ) b N i - one of
I rat to o gt b e S b RN SR, O the
core menber %@N&ié‘dﬂ&ra@t@ﬁﬂti@@@ftqwﬁ@in?fwn@oqf1r§§b~pr3€hcti§1.and P as an 5 elenent for
all oy, and a total concentration of the elenents for alloy in a whole wire is
w thin a rangeofgjom 0. 0001 to 0.05 nol % [0040] According to a 10th
aspect of the present invention, in the sem conductor bonding wre according
of the first asp8egardihfBalClasheingEirempbiSani®i fohiy a Bahpas edoql sphkticitgackht he 10
sem conductor bonding wire further conprises a concentrated |ayer forned at a
surface sidé tofe ¢iell dutreticl, ayero doredh € orffidemibngflisg sticegb tat ®bdlded pone of Ag and
Au. [0041] According to an 11th aspect of the present invention, in the
sem conduct orbebessditlregballianéammdedrodé.ngMbwotanen dlichtoaspewith lavkengofwent r at ed

| ayer has a concentration gradient of at 15 | east either one of Ag and Au, in
a wire di anettndigp feagrerasne apbpping of a boabebw e agondnasticpeth, apsletstrofeth.he
present invention, in the sem conductor bonding wire according to the 10th
aspect, a corféertr? BEMSIFESS 2 pRtign Whsre g hpuinipyire Buralge Boed frreviEiBapaher at ed
layer is within a range from20 to 90 nol % 20 [0043] According to a 13th
aspect of the* PiHY &S HEHS on, the seni conductor bonding wire according to
the 10th asBighgr urther conprises a Pd single-netal layer in the outer |ayer.
[ 0044] AccordPiylto a 14th aspect of the present invention in the

m con r in : . . .
sem conduct o bo'ilgere % 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, etc., 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 1En. 14 [0045]

According to a 15th aspect of the present invention, in the sem conductor
bonding wire according to the first aspect, the core nenber is mainly conposed
of Cu, the sem conductor bonding wre further conprises an internedi ate | ayer
formed between the 5 core nenber and the outer |ayer, and wherein at |east
either one of Ag and Au is concentrated in the internediate |ayer. [0046]
According to a 16th aspect of the present invention, in the sem conductor
bondi ng wire according to the 15t h Fappacthoctlnents nt er nedi ate | ayer has a
concentration gradient of at 10 | east either one of Ag and Au, in a wire

di aneter direction. [0047] Accdhrtthhigiterguas 17t h aspect of the present
invention, in the sem conductor bonding wire according to the 15th aspect, a
maxi mum t ot al [%8bHcent ration of Ag and Au in the intermediate layer is within
range from 30 to 90 nol % 15 [ 0048 According to an 18th aspect of the
present invénti ohdehtiitepErede i 3rid8e%r bonding wire according to the 16th
aspect, the inteEnediape | ayer includes a region where Pd, Cu, and at | east
ei ther one of Ag gﬁﬁlﬁﬂmﬁﬁé¥?%¥?4¥ﬁ@“wegion having a concentration gradient of
at least three of_the el emen i.n wre dianmeter direction. 20 [0049]
According to a 1BWWQ§§E@@g%Oh%PR%6%#@%ent invention, in the sem conductor
bondi ng wire accgr,ding to th h ect, a total thickness of the outer

| ayer and the in %%ﬁé f%?§4r§§%§&?%fﬁ§ghin a range from0.02 to 0.5 urn

[ 0050] 25Accordi pg. thlﬁﬁﬂ- the present invention, in the
sem conduct or bon%fn%uayégsaécorgﬁ%a&%o 10th or 15th aspect, a total

concentrat iygn of : : 4SSkt hin a 15 range fromO0.4 to 4 nmol %

[ 0051] Acc%?%?#ﬁﬁ?%gg' éksg%%%gt of the present invention, in the

sem conduct or bopgdiNGoMdh,e 7angaudicdgh 40 10th or 15th aspect, a ratio of a
total concentration of Ag and Au to a 5 concentration of Pd is within a range
from0.001 to 0.4. Effect of the | RugRLkRN {:P@RE] According to a bonding wire
with a nultilayer structure, inprovenent of both 10 sphericity of a ball and
wor kabi lity ¢boi@jw re can be acconplished. Moreover, stabilization of a
conpressi ve bonded shape at a ball bonded part can be pronoted. Furthernore, a
successi ve bondi Ngu-patapéitdrytu@fit erSigghni.veohs.. 1Rbie,| BoRihcRRSRE! Bef 0 a | ong
time can be inproved. Still further, a pull strength can be inproved. Yet
further, alfdeycdsiwitampper balt bendirggith Pepcehig CICEAIN Bk c4cansdpe | nproved. Al so,
the reliability in a 15 high-tenperature and high-hum dity test can be
inmproved. As a result, it becones possible to provide a sophisticated

sem conductor bonding wire that can cope wi th nost-advanced sem conduct or
mount i ng technol ogi es, such as t hilhsslasge cdbvompini shment of a fine

di anet er, acconpl i shnent of a_|ong span, and acconplishnent of a high
reliability. 20 Brief Descri ptibimsdp bppakrphigpsthp bosgjon FIG 1 is a diagram
showi ng a co @ﬁﬁ}ration profile of a bonding wire having an outer |ayer, a

di ffusion Ia@ ,Jand a core nenber; 25FIG 2 is a diagram showi ng a

concentratjon profil.e of .a bonding wire having an outer |layer with a surface
concent r at %(8 | gy‘\&)?rdg‘ﬁgo téle Sgl}vgn%%{)@}n’chng wires w?th a monolayer stru?:/ture (hereinafter,

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

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



16 FIG 3A is a diagramshowi ng a concentration profile of a bonding wre
having an outer layer, an internediate |ayer, a core nenber, and having a
single-nmetal layer; and FIG 3B is a diagram showi ng a concentration profile
of a bonding wire having an outer layer, an internmedi ate |layer, and a core
menber and having a concentration gradient 5 in which at |east three el enents
are m xed. Best Modde for Carrying Qut the Invention [0054] Regarding

seni conduct orfubaivdiling awrireesrfidvene bolafatedrwith BfoBle8daltod aasxi DARdiIBgktamk r es) , 10
eval uati on was made for wi res each conprising a core nmenber nade of an

el ectrical | y rogndostripwes mptaidiarion afa auheroflaayprer bardimdvian tHaeeq@r e nmenber and
mai nl y conposed of Pd. As a result, it was found that suppression of any

oxi di zati on, t@ndgyérehdrisilngapicippied toyacormplish en gfftce bimethand) ragn seddpali | i ty was

i mproved, but peeling and m ssing of an outer |ayer and bondi ng shape failure
al | occurred @itingfevir yuafags wikh @ medt avinrgoy havangni igh $Sngrnufabe eusé oy pr ocess
and at the tinme of conplex |oop control in a wire bonding process, etc.,
becanme pr obP eHES bapdng Waess ppbvite syrfage istcheted Wide a ofetah ol dllop bmdiigaghighape was

i nsufficient. EOOSS] S%gardin mul tilayer wires, in order to conprehensively
satisfy vari olj&esp abpadagttenedof 8 ball eiichpndiss pireieelf pandepmprovekal use in a
seniconductorogﬁiufacturing process where a defective fraction is managed in a
ppm or der, td onplish mass-production stability better than that of
currently used nol ayer wires. like general - purpose gold bonding wires, to
stabilize a qualr??rf,co AT S FREY ot “pg’s‘iﬁe‘ﬂclaﬂie?%o’&er%%ﬁu(%d £8i Whepiagtleand a
productivity reof . .the dnventors of the present inventi.on focused on

hydr ogen 25 élrtl)é?n g?%eng tlfer%ugl%cﬁd)?ﬁlge C\R/fer%%n,lbeéf‘f&p % ﬁ%‘a‘pf"ﬁ%ﬂreﬂmf’%‘lsé’fq‘ ective if the
concentrati . : .stri.bution thereof are.managed highly
precisely.lﬁgﬁg §§%§ﬁﬁ %§$%%?m%%%s%y%%?%%ﬁigmépfgg??$%3§8%¥?%ﬁ“’ Ythe hydr ogen
concentrati ony cl-h&d : | L1 S0 found that the

t hi ckness and t hg&s%e?ﬁ%%&g? b %I%Qgﬁ@gf;aﬁ aygb’,na\ﬁggg%l? I gﬁj %?ng%laellp%t?ﬂa | enent
into the outepst)eyer or a core nenber, and normalization of a wire

manuf acturi ng process, etc., are effective. 5 [0056] According to a

sem conduct ofodzendi ng wire having a core nenber which is mainly conposed of at
| east one of Cu, Au and Ag, and an outer |ayer formed on the core nenber and
made of Pd, if the itencendfitad predenOhvdnyidh 04881 bl aesWAQbBsi M AR nlof tdinkisn @ range
fromO0.0001 to 0.008 nass% the sphericity of a ball, the surface

char act eri i ifg high dehgfietibn heioameizgiodthimng, theoivas kabbdndhdtod owtink I €

manuf acturi ng process and the quality originating from del aying of progression
of oxi di zat i tashzinee, anrpit becedhe cear thitaultiloydy wireo taidtid e hyfaandf Lis@dpgrfier mance can
be i nproved sinultaneously. "The core nenber mainly conposed of at |east one
of Cu, Au and°agswighoP¢ gdbunesaricys practhrbpmiline to leatitcaisad higgrt he f or egoi ng

el enents, and for exanple, the elenents having its/their 15 concentration
within a ranf¥28ual to or larger than 50 mol % If the core nember is Cu, Au
or Ag, connectiaon of wi.re using a conventional wre bonding apparatus is
easy, and a conpPREKBREFYVENS i thamiitiaver visesjetiag a6 comig laver e doee used as t he
core nmenber, Pr fq&)blg if the core nenber is Cu, the cost of material is

i nexpensi v ,nﬁﬂﬁe% Tinade qf spptgsiplserth Befersriragchinigpd Fhagagterislicssip Br eediad, so t at
it is nost ekjg%tiv%. ﬁrgnu}he standgoiny of 20 managenent of_hydrogen
concent r at i onY Y Fdstled piphhsrons RisRe JuierprrStHagdanpealing o r E ttenber is cu.

[ 0057] i e foregoi ng range, of hydrogen. congentration, if
hydrogen is gg%?‘gglﬁ%g)ewe%gheaﬁ? OgH ia}’eégﬁ%&’e ngﬁfle@%@b’é 1SHECE PEdREuse of an
effect of su | 0x1.di ion of Cu at the tinme of arc discharging,
an ef f ect ofg?%g?%bgﬁaﬂ?%%a%%ﬁ%#&%%%%(g]ﬂén6§T$%g%%n%wogﬁﬁﬁ?%§?ﬁﬁg any
formati on of i oEavi Ly at  a. ' of .t all. 18 ¢ be
acconplished?&?ﬁa{%gﬁg%ﬁggn?%%%V%ﬁdg?ngggﬁgmgggmﬁggg ﬁ“%%?hﬁhﬁﬂﬁsgﬂsre

produced 4y grBaenberso bk Bﬂ:‘osém #RNAR%Qf agp}gchgtgggf %@ﬁﬁs ipgﬁgﬁﬁgisﬁs%u‘%{?l e, and

t he bondi ng strength thereof is reduced. If concentration is

within a ran@q;raﬁg;@mog-o@Qﬁaizat%n%r(?%cméoboﬁdi%hllo bending property is further
inproved as any formation of a 5 pit-like tiny oPe in a side face of a bal

i s suppressed, and the possibility of breaking of wire at the tinme of
fast-speed wire draw ng i s reduced, thereby inproving the productivity. Mre
preferably, if the concentration is within a range from 0.0001 to 0.002 mass%
any wire breaking defects at the tinme of fast-speed wire drawi ng can be

suppressed, thereby inproving the productivity. If the concentration is within
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20 increases, if the concentration is within the foregoing ranges, the
replacement lifetime of a capillary is exdended, and an effect of inproving
the production efficiency in a nmounting process can be acconplished. [0058] It
is verified that the reason why managenent of hydrogen concentration is
effective 25 is bound up with a structure that the core nenber is coated with
athin Pd film The use performance of a nonolayer wire nmainly conposed of Cu,
Au or Ag is n®@24lnproved at all 19 even if hydrogen is controlled, but

oxi di zation, sulfuration, and contam nation of a wire surface becone dom nant.
Mor eover, accor dithiflditonnosish dirent deficeteisdingt défoct oogipusedronf pdeblng itd i s difficult
to control a concentration of hydrogen to be a | ow concentration in

mass- pr oduct i BisSInapidhesating fayerive redoslivart yetd onaled mhydrodgemeins. nkmaged, a wire
5 workability, a ball bandi ng proPerty etc., are not inproved. [0059] A
thin Pd out errayirit isehiffedt Grropplstelififdassragh o asemping gnesiprestubgd ipltiet i ng or t he
li ke often Hgs di fferent behavior fromthe known physicality of a bul k of
Pd. It ist E&ﬁﬁyf’ pnuigcliriag of pitlavgr wresy redgrerriivrpdugishipgmenti dsthd m and
absorption tQ%%ﬁof glso dL%fer.fron118 thpsezgf the bulk. In general, it is
known that a PH AYF 85 TORUHOSNRCHSE AF GRY W Gerks TaBEBIH MER faildessan absor b

hydr ogen equ to | arger ,than 9 times as nuch_as the volume of Pd.

Accor di ng toas'tll Flheasttﬁl:j %0‘15%1%%Sﬁfl%‘?m’Ibggfg%mhg\ﬁle@tetﬁ‘? tpp atlogp %?SPFWQ‘SPCB‘F- hy¢ftogen and
an adequate 3 hereof . differ.fromthose known in the case of a

bul k of Pd aﬁ%%&a@%%tgg%%g?%g f §§€]gr11§a|[)%ndtlr}%r°(§§s %’%‘8“%%8@‘?3% GHEBEY he out er

| ayer, the grgai i: . the Lce.defect density, etc., differ from

t hose of a bdﬁﬁﬂx%h y Fgggﬁ&%gﬁggﬁ%rg#%%%“ﬁ%ﬁg%afo%ﬁmg'nanufacturing process
of the bondpngomhres. [0060] When sites where hydrogen is present are
classified, such sites can be classified as the Pd outer |layer, the proximty
of the boundary hehyegeot A HRYESonkid, i TGN core
menber, and the outernost surface ofgg%gﬁﬁgfﬁgﬁvff%fhéﬁﬁﬁny, f%%£%%ncentration
of hydrogen chmita qremeMbihgaild cOUb&IedloBYarAd fmdofd ef WhioheSlkelysoBE Of hydrogen
inthis site are vaporized when the bonding wire 1s nelted at "'the tinme of

el ectrical dibsichathgeste afndbeatenet bxedublf irshabiflch#ing g loak bufi@f d®dfrk on by the
vapori zation can be expected. Hydrogen contained in the interface in the
vicinity of tives-bodudianyprdsetswedn sRbessive badigy prb@yess |agdnihier eowResmgnNber and in
a diffusion |layer affects the adhesiveness between the outer |ayer and the
core nenbel? cambationaghgherajeort nefiblger wicspeBédang vatm-bheof a261] tidwedied wire
processi ng and occunence of any defects |ike scratches. Wen the core nenber
is Cu, a tinyuambuprocess otiplinggehdewmeaif madiiliyer @ireslisiwetstyangférech & t he
stability at the tine of |oop formation, and indirectly affects an oxygen
content in CEOMSH ORIV SHEGE reHBiRESA iRYRlBT Issudpalincreasy of ogemifatsioeked i n t he
out er nost su%face of . ,bonging,mjre is 5 little, but an effect of stabilizing
a | oop shape %8al SB%“‘@%S‘&@IO ¢hegideer hdlogqveh Apcompderdeemeoatrelfis gerfgrned Bur f ace i s
reduced. hbte.t@gt.the out ey npst urfafe means re ion.having a depth of 2
nin from the "4PPatiae P“f’&%ﬁl‘? infergal wall aF sngpeping 53 caprtis iebrd Putledd of

hydr ogen s . be managed in the unit of 10 taotal concentration of hydrogen
cont ai ned {Ekﬁr)llélézgiﬁﬁ?atyﬂ’ 3‘9%56 bﬁpp&g?memgrfq‘i‘eg?y ?"?Caf’@a“é( PEEAFS 1B SARBHISP AT B Meof

hydr ogen cont.al | .Pd outer .| ayer., t roximty of the boundary

bet ween t he gﬁ%g?ngﬁg%Pgﬁﬁgﬁﬁﬁhg%FgeééﬁﬂgPF%F58%8§PEYnenber, and the wire

out er nost sui&ﬁgf. As expl ai ned above, as hydrogen is contained in respective
sites, an effect of conprehensively inproving the use perfornmance can be

acconpl i shed, i twhs 06315 Ahnea & » \CENt, At ydrogen in
the unit of total cbnceﬁtratioﬁ%ﬁ%g?gggggsw$$gﬁg?ﬁgﬁgggﬁggggkgﬁ8 anal ysi s of

hydrogen conggititial L@RavifjRas WRRAL oA hall RE QLA nUbBRGL H:"a1, 27 1Rl phydr ogen
contained in a nul'tilayer wire has a high analysis precision, ant Ts

practical . 2q 8062balBikfacd, stcf, bA®ule a pRBIEONGLALE &t hidrRd) bl dnRden st ained in a
multilayer wire is one neasured froma bonding wwre after a certain period has

el apsed si nceleittle@Ntdhaghp defgnatioh thes a B isflsh@dd FhatmeNaRr bf o RiBWd 1 | ayer wire
is left in an atnosphere, the concentration of hydrogen contained in the
multilayer wire has a little variation with tine. In general, bonding wres
are stocked in a plastic container called a spool case, and protected from 25
any adhesion of particles fromexternal air. In a normal stock condition in
whi ch the bonding wires are retained in the spool case, it is verified that a
change in the 21 concentration of hydrogen is little up to a period of about
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10 certain mass is neasured, and an hydrogen content represented by mass% of
hydrogen contai ned per a total mass is tgken as such hydrogen concentration.

[ 0063] There are several techniques for nmeasurenent of hydrogen
concentration, but in order to precisely detect a tiny anmount of hydrogen
concentration in a thin wre, it is 15 confirned that quantitative neasurenent
can be nmade through dissolution heat conductivity techni que, Ther mal

Desor pti on Sp&fermsaeind ylliphed défnafdion and efaiike defbonatisn WHGh areaix@mpleb bfd S
confirmed that if a result neasured through either one of the dissolution heat
conducti vity thepmiileraeuior snipgcitsoosint ki thata tvadgipadfsplydirapgeinnctnaedd r at i on
explained in the present invention, the relationship with the use performance
can be sati sfiugdce, Vhish decomss & cange hibduction dircbdndimgtseoteti, gubipriakes:, meks ur enent
relatively e§5¥, but is likely to be effected by foreign factor I|ike

prepar ati on oflHEasUrEgRREN §hvprudacturpps Puchanitialdiendine &ilofe miptleingiahgpta
concentratign &)f .gnas fieﬁgr bed fromsanples while a tenperature is being

i ncreased, ArgYYrHEY A DatRrage it abbbaliyndedgurtandst shigf tenpgrairrenidon on

exi stence forlm Oérqt:,iﬁﬁ |i ke of a gas_as a gas ampunt can be identified froma
tenperat ure. By AHERLeyEOURgHy SPRE BFtof s Deenaayiiies b residual imprieiaadiges t o
guanti ze the Soncent rl.lz]arﬂ{eont of gdr ogﬁn, ang. ilt i.s desjirable to quantize the
concentration of hydrogen T vy “ho e P T 40 Bt YRplieCifavitagace potwegn thgnal yt i cal
concentratio f.or ehan S .a.nornmal s | e. For .quantization of the
hydr ogen con(r:bél%??aggrl %ﬁ,tl?eéée%?%%gP ri%asmﬁ%{léaecfglﬁlgé’focfﬁé)fg‘ﬁ‘ﬂaayc%w&?%i on with an
i n-steel gas [@@hyti cal managenent sanple JSS GS-1d (hydrogen nmass: 1.6 nass
ppm nade by Japan Iron and Steel Federation being used as a calibration

sanpl e, andpa 5 RENRGEMN ddddPRioqf g%?g n,.an. acgui red nmass
spectrum strengt hgg\%)asﬁguseé.Oﬁlgggzwqmgg?%&?@dggﬁla eg?fﬁaa Iget’ He F61% goi ng

bondi ng wi r & iheplcknl SedoRgiondaiers HaviO LA IR uale JrBEy faRGENGI 8Ll on of

hydrogen that is detected within a tenperature range from1l 0 500 Cin

the TDS and nt&sdat @chealingtnt TRETeal We@d dodiidamB 88 10fivEA0idn0e30Q sGih rel ative
to the total concentration of hydrogen detect ed in an entire neasurl ng

t enper at ur e rafege idguoah sb Giror Régardges suthadtedd) it% diRegandioghe Reiih & measuring
tenperature range, if it is preferably within a range froma roomtenperature
to 900 C, sulbsstlaatiohal b littieamabinthy diireg griorco pisaticabekaizd) bith@ci peblanebandet ect ed.
When the presence conditions of 15 hydrogen contained in a nultilayer wire are
broadl y di V% @edioussuledn sowhdiendgomsntgatheloedes biygsi fsicedied ntidn dinfbusiowetiby dr ogen and
hydroxi de. The diffusive hydrogen is hydrogen that can freely diffuse within a
met al rmai nl y PESesn Thie dssheen p alincapoblenpsdberdisng mrovtisal mudoiplislyant withe  havi ng
the core nmenber of Cu, Au or Ag coated with the Pd outer layer, it is thought
that mainly OHeCfdhs nEgiaye Wyees semncondyctar bandips gvivearhueframingw oni fibeetihan f or egoi ng
20 use performance. Conversely, the hydroxide is a conpound of hydrogen and a
metal . Hydr oXTRFSEELGREcamE sichGirif etk tarsplizeenpspiptadugtiogtoftlise time of wire
def ormati on, alﬂql of a cr%ck_, .aqd stﬁ?igirr#at es formation of a ball in an abnornal
shape, so t hE"TeYS YUY PAHIE 8¢ BEicRk ai n the hydroxide in a little anmount.
The di ffus;‘.zd"f‘oo% rogen is desorbed at a relatively |low tenperature fromthe
sanpl e. Whén study was nade using the nmultilayer 25 wires each having a wire
di aneter of 15 tp., A measur.ement sanples, .it. is.confjrned that the

di f fusi ve hydr oglglﬁJ‘lgg?ﬂegg?ggtpé%sfédllﬁlﬁ%qtﬁngrtcglﬁ%gltﬁi?rﬁ?cén%%fﬁ mEPHI¥ 150 to 350
C when neasupghent . | i : e uresrising speed of 100 to 300
C/ h. Conver sglﬁy, fﬁle&ﬁ% rvii)dxeiEgi g]%c%tg}rll Cteozil(]:féll?({eﬂc)% \é% \‘?’\AE]{CHiaﬁcoé{lp%gf?gg’f}}éf?‘(ﬁnée“F ange from
550 to 900 GCyr [ : I f ) cted within a
Cemperatre Fangs o a0 Fo S e pe s 0 B e B P o
hydrogen det egtegtRe WinbRveman Joti€nBFAR UM G f - |5 equal to
or larger than 50 % i:p corresoggﬁ"c?g@%o a f%ﬁcﬂtw‘{&ﬁ%%?%ﬂ%gla{n%%ﬁpéé htained in
a bondi ng 3@ stebiSaitph 6f 4 Bofl kfabbl Sl ex BYEH Q@ cellffetiCh aacaf)iﬁgﬂy(?(a:hé:t ggial to or

| arger than 50 % effects of causing a ball shape to have a oo§ sphericity
and of i nproudetigrewor kability at the time of wire manufacturing can be
pronoted. Preferably, if such a ratio is equal to or larger than 70 % any 10
formati on of an abnornmal -shape ball is suppressed when a thin wire having a
wire dianmeter of equal to or less than 20 pmis used, and an effect of

i nproving the sphericity is further enhanced. The tenperature range for
detecting hydrogen depends on a tenperature-rising speed, and there is a
tendency that the tenperature range is shifted to a high-tenperature side if
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20 The manufacturing process of nultilayer wres has different requisitions
fromthose of the case of nonolayer wires,; For exanple, there are lots of

probl ens particular to the nultilayer structure, such as the adhesiveness

bet ween the outer |ayer and the core nmenber, and uniformty of the thickness
and texture of the outer layer. In order to conprehensively overconme such
probl ens, a gradual decrease technique is effective 25 which sets the
concentration of hydrogen to be relatively high at the time of processing and
sets the concentration of hydrogen to be a | ow concentration in a final
product. 25 Moreover, if it isMbhheipSddingtabigase excessive hydrogen
contained in a wire at once, there arc concerns that a surface scratch and a
wire breaking08¥dur. If the concentration of hydrogen is reduced step by step,
such process issues can be elimnated. The foregoi ng concentration range which
is from 0.0001 t&hongogoratdpicserainvorpekeedy stadicdibobt hyldhggenranebdeabl e for
a final product, and if the concentration of hydrogen of an internediate
product is wilfRFHCENS Bhfucsoingmroblonnand Huod o Sharidsefectavest atkea pr oduct i vity
can be obtained. It is peculiar to nultilayer wires to nanage a concentration
of hydrogen tfﬁggﬂtr@f’i’“é’fBé@régf‘érfééta@ieﬂl/F’oPé?JmihﬁB FEAPRPPILGPr iMeieowsrizent rati on for
bondi ng centration for a process, and such managenent is

and an approprjate can ) |
di fferent frdﬂYeflﬁ?gs *%8“@%%&133?“% tetvriarenten e thiskissssfian ofier Bseramd metal thin

wres for di&%ﬁ&g@Hﬁ%yr8§§es. 9067L . It is gesirable that the foregoing
outer |ayer SHOUTE PavE GUPRPTANGYE MG i H09% MEMEY: $ifom 0. 01 to 0.2 um If a
mul til ayer mﬁ@@mwaving the Pd outer |ayer covering the surface of the core
menber of Cu,” Au"and Ag has a total concentration of hydrogen contained in a
15 whol e wi;pe bei WL n,0. 0001. to 0. 00 ss%. and if such an
out er Iayeﬁéhas gm?%?%ﬁﬁgg%ﬁ&§ﬁ%?%m%&%ghﬁg%fpﬁw?%5§3m§%ng3§“ﬁﬂfmp &S
concentrati onpohnbyels 99&m£an be stabilized within the foregoing concentration
ranges, resulting in acconplishnent of both good ball shape and workability,
and i n enhangegmpt of the oxidation resistance of the wire surface. Fromthe
st andpoi nt of hydrogen concentrati on managenent for 20 inproving productivity
and a stability aberaighi@ctsfbdndingOire dcbortiBg & 4 B&E AkEet bPHRLAREGHE %E;}tﬁ) l'y control
hydrogen contained in the Pd outer |ayer. As a storage exanple o ondi ng
wires, it iscoopfijesmadrd hahberatG0y imighséDoftalRaAAFMRD NG By dhd Af&nPr esent

i nvention, no bonding failure occurs in a wire connecting procesSs even if such
a bondi ng W ratei kytrdbimedmnaie @tamephened ahind doagsddeTper atdiéieateq 60 days.
This is a remarkabl e extension of a 25 storage lifetinme because the storage
lifetine of theenmivent hoheden vorahalien vOuwlewireisivethind 4 hige Banemodays. | f the

t hi ckness of the outer layer is equal to or larger than 0.01 um 26 it
becones easy 088 swati-l i ze the concentration of hydrogen, and if the thickness
exceeds 0.2 pm__a ball is hardened, and it is anxious that such a hardened
bal | may damé§E2h cli p at the tine of bonding. Preferably, if the thickness
of the outer layer is within a range fromO0.02 to 0.095 pm in addition to

i nprovenent of oX{COEEMEIA 2seend essete! the msEnt imAdEI M e semieonguttocmding
increased,(yhich,'s ffectiye for | owtenperature bonding, etc.. [0068]

In the foragdihg! ﬁ]ﬁtﬁgﬁi Rgglathe totpl qorceyiatiqn b hydrpgaris withiag taeeiou %éoca
concentratiop @6mﬁd r | ative to a total concentration of netal elenents equal
to or Iarger(%'an BY® ol % shoul d have a thickness from0.003 to 0.08 gm If a
mul til ayer mhkﬁapaving the Pd outer |ayer 10 covering the surface of the core
menber of Cu, and Ag has a total concentration of hydrogen contained in a
whol e wire bein Bl : 0001 to. 0.008 mass% and if a region
(high-concentragvgﬁhggq?gyé??g %%%ﬁg% m%%ﬁ%éﬁ??ﬁ#ﬂ%ﬁ”ﬁ@“ﬁa&¥§vg?%@@%to a tota
concentratio;0ts ' { rger. than 80 nol % has a
hi cknese fromes: G657t of 6e 08 bhe o ThP b Ro bl P AEL g R Bl Be

concent r at gdhydlodel@odiBin¥d @i thd tohd Rk \&tirégnéa%rfe@ﬁfrfg&m% I@%be'n@{?s cErﬁzheJ}b I's brings
about effects of suppressing any oxidization and any brittl e behavior of a
neck part in(ti®. vicinity of a ball and affected by heat, thereby inproving a
pull strength, and reducing the possibility of the neck part being danaged at
the time of lowloop fon-nation. It is confirnmed that the high-concentration
Pd | ayer having a concentration of Pd equal to or larger than 80 nol % has a
hydrogen 20 thi ckening effect which distributes a | arge anount of hydrogen.
Even if the total concentration of hydrogen contained in a whole wire is | ow,
as the high-concentration Pd | ayer is nmanaged, hydrogen at a | ow concentration
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wire surface to a core nenber (to the center of a wire dianeter) in the
foregoing nmultilayer bonding wire. The mh&e conprises a core nenber 1, an
outer layer 2, and a diffusion layer 3, and FIG 1 shows a concentration
profile of a main constituent A of the outer |layer and that of a main
constituent B of the core nenber. The diffusion layer 3 is 5 formed between
the core nenber | and the outer |ayer 2. [0071] According to a definition
for the diffu®ben |ayer in the present invention, fromthe standpoint of

per f or mances, such as an adhesiveness, a strength, a | ooping property, and a
bondi ng property Acoirdiag tean founklbgbiter the predét invehtt, B thd Wsii@AdhdYondifig @ 1 €gi ON
where a 10 detected concentration of Pd is from10 to 50 nol % This s because
t he diffusi orwirascesrding tsaghona of Grscenhirddspedts, (eDPS aRBsuidv@t & o tenp&aneent ration
of Pd and have a different role fromthat of the outer |layer and that of the
core nenber. morgespwaiof 160 hAdAdarl, abetordenohdatraisher hdyen, dndiddhansos e nmenber
corresponds to a part where a detected concentration of Pd is equal to or

| ar ger t han?’3empaspiogge rings front B to A0@TC InalRf, td e taleghoentrafon af bulifgae from 15 a
part where the total detected concentration of Pd is 50 nol % [0072] In
the present ssEeief Wethim agatal mesguredtanepeative emes itenem ¢ entlargbréhaniOsh. | ayer, the

di ffusion Iay8 the core nenber, etc., respectively, a ratio of a total
concentrati on retal el enents form ng the outer layer and the core nenber
which is called goncentratign rati 20 is used, and a concentration val ue

cal cul ated by ex F“i?bﬁﬁ‘r\%to %H’i?éﬂgth? Breseif piendioncn thy seicopgluctor bonging S,

non- net al elqﬁgp%&h Etﬁ' in‘th_vi inity of &he surface is used, [0073]
Regar di ng conesnicr S8l 4nang o st igfoyiiaspiicetie puriayerhaea didkness eiRg | ayer, the
core nenber, LG . .a technique.qf analyzing while digging down fromthe
surface of ‘a 1%%&?ﬁ6g5 mﬁﬁ#g%?ﬂaémhepth direction by sputtering or the Iike,
or aline anqbyﬁis or a point analysis or the like at a wire cross section is
effective. The former technique is effective when the 99 outer layer is thin,

but takes |ots OfcdotdiRe Jo%rsiﬂﬁgs%%t%@%réséntErﬂ/%x\}\tﬁogt e é%@{onk&ﬁtéroo%néihi ck. The

| atter cross-sectional analysis i1s ective h the outer Tayer 'S thi ck,

and has an aduankag@nk Rﬁény%ﬂ@8#1:*11@&0Qiff‘th%sﬁ%@@ﬁﬁ@l:ierclﬁltt&%eg5%gi'i(jnq}ﬁn‘lngg. at a whol e

cross section and of reproducibility at 'several locations s reldtively easy,
but decr easesoideStrio8 ot Bd atiB & b€ concOitaBbn bOYEE! dSndnRilRinglehudl & fOSSi bl e to
carry out neasurenent by obliquely polishing a bonding wire to enlarge the

t hi ckness of larke tidinf3hwsdi@rhab ayedknesiR€cbdNR @MY Si s 1s relatively easy at a
cross section, but in order to inprove the precision of analysis, it s

ef fective to[@B&tease an analysis interval of the line analysis or to carry
out the point analysis by narrow ng down a target to a region in the vicinity
of an interface Awrerdngll0 agbestheapicoof thepdesi imechtiofahasendaakydtbtahdiagpar at us
used for such concentration analysis, Electron Probe Mcro Analysis (EPMR)

t echni que, En@iegyconfispragl vae of firslyto aptl appicss fuERXpohpidenk diisioAlnyer El ect ron
Spectroscopy analysis (AES), Transm ssion Electron Mcroscope (TEM technique,
etc., can bef%Bﬁﬁg@H@@1ﬁﬁBgﬁﬁ@ﬂﬁﬁﬁﬁﬁwa@@QﬁmﬁﬁgwﬂdMNﬁsﬁC@S@mmgbngmammm
resolution is high, it is effective for concentration analysis for the 15
out er nost thicieldghoMifugen Byvdps 2 fhtkopysop8EP3 . Brimhe | i ke of an average
conposition, &%SLS possible to dissolve a wire froma surface pail step by
step in an aé r the like, and to obtain a conposition of the dissolved part
froma concentr io_.containﬁ in a solution. [0074] It is desirable that a
bondi ng wire shatfi“gH/e 2p FE™ @ﬂ@qﬂﬁ%ﬁﬁm%%ﬁHY%mB%ﬁ%8§é8“GPW§@mCU and al so
containing a . O f A, Sn, and P, and _have a total c¢oncentration
of alloy el e%r%rlr%lgeI ?%ﬁﬁr%&%@}ng t(\)/mm}yemﬁé)?ﬁ&st % TR $rrh s BB RS HEY i’%fhﬁ 0.05
nol % Accor dj et kayer . re which |s i.nly .conmpos of .. has a

t ot al concen??ggﬁgﬁgdgﬁgfkﬁggggt%%%"% “ ?agﬁfggﬂ?sélgﬁgy ‘ggdépi%ﬁlﬁlenents
bei ng wit hig [ A6 | 0:0. )1.% ..and _has the Pd outer |ayer
covering '?2 hogasgalﬂlr f acet’g]£l @ﬂ]ogalgg%mﬁr%ﬁgé)?%eg% 1 e(htes ”ﬁ%etcglicé.‘% Cnﬁ’gﬁlcsév F i on of
hydrogen contgidgénionid, Wl wire is within a range from0.0001 to 0.008
mass% a | eaning characteristic that is a defective node at the tine of

hi gh-1oop 30 formation can be inproved. In the ease of multi-tier bonding
with multiple pins, there are concerns that a leaning failure of a bonding
wire being fallen over in the vicinity of a neck part at the time of formng a
| oop having a high | oop height occurs. When nultilayer wires conprising a Cu
core nmenber and a Pd outer |ayer contain hydrogen, 5 there is a tendency that
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PCT) or the like is effective. According to a PCT, a bonding wire is heated at
130 C 31 and at 85 %H for 300 to 1000 Reurs which are typical conditions,

and an electrical characteristic or a bonding strength is eval uated. Wen

mul tilayer wires conprising a Cu or Au core nenber and a Pd outer |ayer
contain hydrogen, the reliability nmay decrease through a PCT. The reason why
the reliability is inproved as at | east one of Pd, 5 Ag and Pt as all oy

el ements is cootgined in the core nmenber within a range from0.05 to 2 mol %is
that a conpound growth speed at a bonded interface at the time of heating is
sl owed, and a regicandinwherenihthesjeor Egiod preseal ihoyitial, éirbnkemisocioacenintiaged at t he
bonded interface functions as a diffusion barrier against hydrogen. |If the
total concentwiat acomdof t¢ ey aklodyirseloengitit &pecs, themsintchiastit@nti0B theodo?% t he ef f ect

of inproving the reliability is little, 10 and if it exceeds 2 nol% a ball is
har dened and merohir s Grayndide denragathentontans at lepst onf ott'dni. @y, B RedBirtdiong t he
concentration analysis of elenments contained in the core nenber, it is
preferabl e forlemet Hrobduandaciqisl pagetiptiayeithydagertolie ditriaembalesdraiés obt ai ned
at equal to or larger than three | ocations of a wire cross section through the
above- expl ai n&dinpEnge frem 0-QOBL Hrf-Gueel”such as EPMA, EDX, and AES. 15 [0076]
When the outer |ayer of a nultilayer bonding wire containing hydrogen at the

f or egoi ng cond®titiration of hydr ogen conprises at |east two Iayers it is

possi ble to inprqv arrou functignalities, such. a bon erty, and a
| oop shape. Regagﬁhh “%“t%‘%trdﬁﬁﬁ?EEBEtdEEH@WH@~%@ﬁ%%ﬂt?& Waﬁ drogen in

a mul tilayer bondi e chara terlstl featu xplanatlon

nas i niy gt engrireaslls 'y Mt R ehe T dhuF o SR éﬂt“yer but 2
nyt ogen CaRORIN R IRORESTE DL AbERSILREHS) bRl By} hager Donding

wire conpri'si
concent rat ed t&y&thedd?etgry?@atnh%rmrﬁg%r tgwm?erta&@@rpftga e compr' si ng_an out er
| ayer and a concentrated | ayer xpl'anation wilI[” no ‘be separately given on
two 25 cases:jggzigase in which the concentrated | ayer (referred to as a surface
concentrat ed Iayer) is formed at a wire surface and a case in which the
concentrated | ay@kcdrdifh & dned th Rp@$ ofe prddent &R/@{tfaiﬁchﬂﬁeeseln?e\éﬁdldctdr%oﬁcﬁ’:tg'fed

bet ween the core nenber and the outer Fayer 77) First, an explanation
wi Il be givenyigd aceh@ingus ﬁﬁqethd@meﬂteroah@dtrtta&eyer hla ab@cd&&hm@daetetttwm a
bondi ng wire shoul d have the core nenber mainly conposed of Cu, the outer

| ayer 5 f origdeasosithichenefcdnegeai ng, i@andrdadibeas: dweciomai nly conposed of Pd, and a
concentrated |layer formed at the surface side of the foregoing outer |ayer and
cont ai ni ng at[0044st either one of Ag and Au, and have a total concentration of
hydrogen contained in a whole wire being wthin a range from 0. 0001 to 0.008
mass% As fornath@hﬂ@ﬁgQUtthmme@mfﬂamedaﬁay@nﬁ%sumﬁeemﬁ@mﬁmémﬂma&ed | ayer) of
at | east either one of and Au at the surface side of 10 the outer layer and
a hydrogen cdrreeawrrdmgé@rtwdﬁergerﬁéhtacamcenmimuohgdat antoufesmep §wiase ef he obtain a
good wedge bondrng property even froma bonding wire which was stocked for a
long tine. Foenekdnst Byt Wibinggmacd iyt W0 mel¥uccessi ve bonding property
when t he fore 0i ng bonding wires stocked for three nonths are bonded i s good
and a puII“Qt %ﬁ%th (second puII strength) in the vrcrnrty of a wedge bonded
part maintains a hrdh value t han 8096re|at|ve

i ) é? IS e ual tr g h
to a value prior ACFTEPSRGE ”ﬁlfécﬂ ’Sﬁ’“ﬁﬂl é‘i‘]’re’f“té(&‘e € SHEEREPS B BOIHESYTS s

ted t t h. d d
oxygen. 1 omRE i aB e eofRi<S S TR SRR G e GUR E an be el d

at substantrgb jpconstant even i f a wireis stocked for a long tine, thereby
mai nt ai ni ng d netal diffusion at the tinme of wedge bondi ng. The foregoing

surface 20 Conce@tto@ttﬁgd PHEE S PR AIREh R BRT Ll BB by er | Thi s

i s because the surface”concen er an € outer have Tots of
common f unchi OSacciithyas N BinAhAR rﬂue%ve@ Ia gﬁeﬂﬁcl‘ﬁ&ﬁhgﬁtelc@X&htré@d dobiped as a
region froma part he co entratro I's equal to of larger than 50
mol % to a squégﬁﬁs$ﬂp&ﬁbo FhG 2 shows an illustrative netal -el enent
concentration profile in a direction froma wire surface to a core member (to
the center of a wire dianeter) in a bonding wire having 33 an outer |ayer

i ncl udi ng the above-expl ai ned surface concentrated | ayer. A surface
concentrated |layer 4 containing a nmain constituent C which conprises at |east
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 |ayer 2.
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I n bonding wires having a concentrated |ayer of at |east either one of Ag and
Au formed at the surface side of the outgr layer mainly conposed of Pd, the
foregoi ng 20 hydrogen concentrati on managenent becones nore inportant than the
case of the outer layer having no concentrated |ayer. This is because the
foregoi ng concentrated | ayer has an effect of suppressing any rel easing of
hydrogen to the exterior of a wire so that a concentrati on of hydrogen
contained in [@#dire in a manufacturing process increases and a problem such as
deterioration of ball formation originating fromhydrogen as expl ai ned 25
above is likely tocadiagto a Vbhesper of hepadat iftenfidrS &l fheGanicoMiicRl Bodidd Ny
anount of hydrogen, when the core nenber is mainly conposed of Cu, it is
effective to vonscwelingto 8¢ fiet atpeansi erbetavden if enimkt canpeatd e waRcent r at ed
| ayer and hydrogen concentrati on managenent. [00811 It is desirable that the

f or egoi ng surseac@ndehe énodiag wite Rather caohpiskdarbietermaciatofayear Hrisal hetvaaltht | on
alloy of Pd and at | east either one of Ag and Au. It is defined that a region
of the surf&cercoweent mt 8y dugrdeydrsad wagkionathiass mgha endentratidninf Ag or
Au equal to or larger than 10 nol % and has a hi gher concentration than those
of surroundi fgacentried in te piemedige]dyerm region is highly concentrated at equal
to or larger than 10 nol % locally, it is possible to control a diffusion
behavi or at d°BtHded part and bending of a wire at the 10 tinme of |oop
formation, etc.. S verjfied th?t such an effect of sta a |l oop

It i ilizin
shape has a hi gheF*YERAETCAPTh HPEHE @8ﬁ§@ﬂ¥ﬂ8?@ﬂm+%véﬁm?ﬁ%WQWW”@ﬁggégngle-neta
region. Preferably, ,if the foregoj .concentrated | ayer is.not an
| bermet al |1 CVEoHBHE DAE |a0esroh TR ORI e e iapal Buat pe
stabilized i.f..a bendin nale i.s large like the case of short span. 15
[0082] It ngggg%gg ?gci%gfg?%3933??5%%m%%%6%ﬁ§Fﬁted | ayer should have a
concentratioqgﬁh?dient of at least either one of Ag and Au. The concentration
gradi ent makes a“second pull strength in wedge bondi ng enhanced, so that a

yield at the ti ”Rc&;rdiﬁggo%ahtﬂﬂg&io@gle%%&nﬁ{ exiétgﬂgg\éﬁés&l}?é&t}u@& vofRhPVement

effect is effective in both cases o A a in particufar, an
effect of inciRagkaEing (S8 250 aRtcl 4 Sk BRGE P eGRIRSBH 9PEE aldwBdge bonding in
QFN mounting. It is expected that because the surface concentrated | ayer has a
concent r at i OAn@adiRdayeriidwEBIQHR g @OmWOLD 98] Oy havi ng substantial |y
constant concentration, an effect of pronoting |large plastic deformation of a
w re requi nedof4«i wedge bonding and interdiffusion at a bonding interface is
hi gh. Wen inclination of 25 a concentration gradient in a wire dianmeter
direction i s equakcoardingto dndlgerpichaithd fresmt Mvgeion lin titeseméondfcioe Gbndifg
increasing a second pull strength in QFN nounting is further 35 enhanced.
Preferably, i¥ireagedrdingéd ihndbthaspecs thequalmaimtalnydr arcyeles 4 fegion3therndtdCper 1 pm

it is confirmed that an effect of increasing a second pull strength in QFN
mounting is HiRght lbetethseonanféeding fusponstabe eelomdiing 2 concentfaior giadiepranot ed.

[ 0083] It is desirable that the Pd concentration in the outernost surface
of the surfacéleadisentirthe demensian vrolitgetyedigEtidi n a range from 20 to 90 ol %
Accor di ngl an effect of reducing any variation in a |oop shape in the case
of |ong spé%{g%@]of i nprovi ng a bondi ng property of a thin wire is

accelerated. Wen a wire s%rface ia all covered by Pd, a failure (Winkled
Loop) beconmes a ProBiRmOM; Ehasprdalibeereaiimverioenips R «edugorbrading ti me of

| oop formation under. a condition of | span that is equal_ to or | onger than
4 nm This i Beesdgey F??%?ﬁﬁ“béﬁmﬁgﬁc ?SWWW%QW?i%ﬁé? heinEmaelidtat er na
wal | of a capj)lary.,lncreases slidability becones poor. The reason why the
concentratioﬁag wﬁﬁﬁ% aﬁﬁgzéﬂngﬂﬁgbjéﬁ?face is less than 90 nol % i.e., a

t ot al concen%&gﬁﬁon of Ag and Au is equal to or larger than 10 niol%is that

| oop control 'Is inproved in the case of |long span, and in 15 particular, the

above: expl g ned Nenithed L R9PhRk bitie ol BEIVEl e LIRSt MR REVET 2

the total concentratio e out efnost surface o

concent rat ed yiaVREorlSg &CT0th Or Peh RIHA! 2 b1 QlnckRf 068 oiflhﬁ,ﬁg]agd ARhkind, yedge
bondi ng property can Ee I nproved even in the case of thin wre having a wire
di aneter of 20 tun. Conversely, when the concentration of Pd is |less than 20
nol % i.e., when the total 20 concentration of Ag and Au is equal to or |arger
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 concentration of
Pd is wwthin a range from30 to 80 nol% a better effect of suppressing any
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5 concentrated |l ayer of at |east either one of Ag and Au at the surface side
of the outer layer, and have the Pd single-metal |ayer inside the outer |ayer.
Accordi ngly, ball bonding with a good sphericity and with little size
variability is enabled. The Pd single-netal |layer is, in consideration of
restriction like an error in concentration nmeasurenent, a region having a
concentration of Pd equal to or larger than 97 % It is desirable that the 10
| ocati on of tihegeRtbnsoAgd eniehal | ayer shoul d be adjacent to the concentrated
| ayer. For exanple, in a wire structure froma wire surface toward the
interior of g004ife, such a structure is exenplified as the Ag or Au
concentrated | ayer, the Pd single-netal |ayer, the Pd-Cu diffusion |ayer, and
the core nmenber Ancarding toor et aspf@O0BhE pibbeht invbieionf intesettosdeg @onkial | ayer is
a banier function of suppressing any diffusion of Cu of the core nenber in a
surface di r ectirorscorting th&0th petSth expetti ontibof ngsl abhoatiraadi etA sa@fAwsioppr essi ng
any segregation of Cu at a surface and any oxidization, and as a result, are
di schar gi ng%iengnlpianof &d is witen epgefrabl0.0g 8K formation with a good
sphericity. As the outer layer utilizes the synergetic effect brought by the
Ag or Au concentrated 20 |l ayer at a surface, the Pd single-netal |ayer inside
the outer layer, and a hydrogen concentrati on managenent, even under a severe
condition in which a tiny ball is Béledhesvaygios thin wire, the sphericity of
a ball bondeﬁ @g@t and the stability of sizes can be inproved. In particular,
an i nprovene ? fect of acconplishing a good sphericity in the case of a
| arge ball deforpation th{e Ihe.dianeteﬁ.gf a ball to be bondﬁgﬁis three 25
O RRETE Y IR P STRY REB P IS E Bl iemgnte! Rl | ayer

tinmes as much as’ & oW Peld;
alone is i . or e le, it is effective that the Ag or Au
concentratgg%Fgégﬁﬁgﬁa%ﬂﬂga“?ﬂﬁﬁgggmﬁﬁvﬁ?%W%?aﬁxﬂg%ggﬁbo [HE®pr operty of a
w re stocked (2B ' - R {4 ar ¢ di.schar gi ng and
stabilizes aS%gﬁgguﬁgﬁgC%@ﬁ%ﬁﬁ%ﬁ#ﬁ%ﬂ%kég?éag@%&#@%f%a{%ﬁgepﬁgxﬁg'single-neta

| ayer shoul d fiaNgn@:d RiskAesS b%cﬁ%ﬂ}oﬁm@% 88 LMok 1?10&% alfn(?osﬁléé‘e %%?]aéc%lfgcggeb o

thi ckness is equal to or thicker an 0005 pm the foregol effe

obt ai ned 5 suffd@h80thpteveandsi fdlﬁlex?é?&?gl%n haPBR infRdveb NGyl whi ch s a
hi gh-nmelting netal beconmes unstable at the tinme of ball formation, and a bal

bonded shape lddpkic@itpet alcakieg R RsRS QARIbE MhpbOQB61a1dd tHeSe1ABSiy @kl € that the

t hi ckness of the outer layer wwth the surface concentrated | ayer 10 shoul d be
wi t hi n a rangehfteoperuf2int Gigh-Mintidhy A8 ¢t s iagkdved.i Naad@idli enet@ndspr ovenrent  of
a wedge bondi ng property and a second pull strength alter a | ong-term storage,
a producti vi pyssinetoarsedondpistidated tsereiegitducion b&ddgnmivnthitngn abide vafh whi ch are the
effects of the outer layer with the surface concentrated layer, it is also
possi bl e to siothidvamsdsghiporiduptoomeurgingadchndogich, nghps operingy accahblidhniest t he
effect of the outer layer with a managed 15 concentration of hydrogen. If the
t hi ckness of of hEnadip@ptet, asremplighmesgtiel 2 loeg sprn.tanil edaomptittamrenOo dhighm
acconpl i shnment of the foregoing effects is facilitated, and if such a

t hi ckness ex&@HEND. 4 pm a ball is hardened and it is of a concern that a
chip may be danaged at the tinme of bonding. Preferably, if the thickness of

t he outer ?ﬁyer is wthin arange from0.03 to 0.3 pm a second pull strength
at low tenperature in QFN nountjng.can be 20 _increased. Mre preferably, if it
iswithin a range from0.04 to 8? EDESRIIPUPn T QEBYINEY f ect of i nproving a bal
bondi ng stre %9 and a second pull strength at the tine of |owtenperature
bonding in QE& ﬁbunting can be obtai ned. [0087] Next, an expl anation

w |l be given ofgan internediate |ayer. |f IS si.rable that, a. .25 bonding wre
shoul d have the}ggﬁ%kgéﬁ%ﬁ¥n%§WWﬁvl53%%%@%%1%?g@ﬂfaﬁﬂgﬁﬁﬁvé?h?ﬁyﬁw'forned on
the core nenpggrﬁggi&gg?ﬁgﬁaﬁgﬁgﬁégqmﬁg Pd,..and an internediate |layer 38

bet ween the core me outerrPaer and conposed of at |east either

ahol o vi T bai ng i1 o e BB Aot B o MU S e b e o 01

whol e wire being wthin a range m rmati on of
the inter medpabaj@¥%eih LEHNREBNINBELTL RIS ANd,Lhe outer layer of at |east
either one of Ag and Au is 5 conbi ned together W th a hydr ogen concentration
managenent, a ball bonding property when a bonding wire stocked for a | ong
time is used is inproved. For exanple, it is confirnmed that, in the case of a
bal | bonded part where the foregoing bonding wire stocked for four nonths is
used, formation of internal air bubbles in a ball is suppressed, and an
initial shear strength and a bonding reliability under a high-humdity
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5 necessary concentration to effectively devel op the foregoing barrier
function requisite for the internediate lgyer is equal to or larger than 20
nol % [ 0090] It is desirable that the internedi ate | ayer should have a
concentration gradient of at |east either one of Ag and Au. The concentration
gradient in the concentrated |ayer 10 inproves a |l eaning characteristic in
reverse bonding nounting. A leaning failure is a phenonenon that a wire falls
over at an upstamding ipatiagiamh shb@ingiaChiichiyatdh paridada Héﬁﬂ‘iqu/h@@aﬁ\ting and because
the length of the upstanding part is |onger than those of nornmal nounting
schenmes in rewadrsgyehanditdighcdivn Mdyen g co@ e, Bgl RaidgWstheleSmbthKeyay; d0@ occur. One
of the reasons of such failure is that nonuniformrecrystallized textures are
fornmed due to 15F&h 38fif edipgiofm sheaing b @oidestraips paifitk ¢¥g: Hoadihg airehikeng kare of bal |
formati on. Conversely, as the internediate | ayer has a concentration gradient,
i n conpari sorcuirtdyen ag agemediawmiyeh aml conceatmbatindhavig swhstnantidragrhdiegonst ant ,
the recrystallized texture and residual strain of the upstanding part affected
by heat ar eSufivhéshmt leas thrpaglerpents we eopdct ed that an effect of suppressing any
| eaning failure in reverse bonding nounting is obtained. If the average 20
inclination of the concentration gradient is equal to or larger than 20 nol %
per 1 um the foregoing effect can be obtained. Preferably, if it is equal to
or larger than 60 nol % per 1B§sh]Modniosfraring Ot dahpieessi ng any | eaning failure
can be inprovsﬁS [0091] It is desirable that the maxi mumtotal concentration
of Ag and Au P%4%he 25 intermedi at e | ayer should be within a range from30 to
90 nol % Accordipgly,. an appropriate paraneter w ndow in dge bondi ng on a
bunp ext ends, soﬂ?%%@“%?mngﬁwgg‘“%%ﬂ%&@?? g mbﬁ%@?d8b¥ﬁﬁgﬁﬂgﬁﬁe%&thin a
range with | l o an |l ow ul trasound out put,. thereby inproving the

bondi ng yié?dwgﬁﬁ¥gégﬁgggﬁgﬁdvﬁﬁ?M%f?wgg%ﬂ%%“§FBF%??&H“%P¥Wk§§%“ Adi ng on a
D oy e bRl SATPLE%, SRR, G of IS e R Wi haly BRRRIGRL PO D &

to suppress any bending of a wre: iSi's becausé an effec ting a 5

ar ge pl ast | QehQBL 0L CAUELS LI MRIIE, PORILRG, AL DLELL Tusi on at 2

bonding interface is high as the Int Iatel ayer has a oncentt at i on

gradient in fiﬁé’ﬂéﬂ&bﬁé)lbn@ﬁlt%ﬂ Hoh@mg%ﬁ&ﬂ%{ﬁsgﬁp}o@é(&ﬁauﬂ?e¥$1{ggana st At al ly

constant concentration. t he maxi num'concentration o Ag an uils equal to

or |arger thamte3QysRindbotdies apEAQLRAI BRI 8IBtinebf 96t daahA8 . Qikai ned, and
if it is equal to or larger than 90 nol% a 10 non-nelted portion remains

i nsi de a babImanstrctubiag p@cab et atshd@Rgsttonihlea 1&%Idomb@m1d@d;ir@%ﬁdiﬂﬁ%&@§,68-

[ 0092] It is desirable that the |ocation of the internediate |ayer should
be between t k. dutase jrahlens, andthihebitior @ thelifeer a balhbendioeaipcomnsi mproves t he
barrier function of suppressing 15 any interdiffusion of hydrogen and Cu. FIG
3 shows an i lihwéiceat.i ve netal - el enent concentration profile in a direction
froma wire surface to a core nenber (to the center of a wire dianeter) in a
bondi ng wire[#&ing an outer layer with an intermedi ate | ayer. Formed between
an outer layer 2 and_a core nenber 1 is an internediate |ayer 6 nmainly
conposed of a makegrdne muliiivenvissnprordasto comprehgntivedy satiefy verieusof Ag and Au.
FIG 3Ais_20 for a case in which a single-nmetal layer 5 is present in the

i nt er medi at® PUPLFIHCS, Sid apfogealyy pragtisad Psein @ SBICPRIVEIRT BN ERGBHEEMCE | on

gr adi ent regi?§‘8(¥hete it | east three elenents are mxed is present in the

i nt er medi at e TSP dECifQepapn 1s managoddp 4 PAMHEIdo AHREDBEHUNAY WRIUetiat r uct ur e,
the outer l|ayer.. the internmedi ate |ayer, and 25 t core nenber are present in
this order, §ﬁéﬂl€>h‘ée%?ﬁﬁ}%‘} {lFéta‘?qjaYP*éeW‘ay%?‘{fi“%mﬂ%F%H@%qﬁ@tgs%aldwpg%ﬂl@ di f f usi on
| ayer that i di ffusjon,layer of the core nenber.and the_outer layer. 41 A
requisite e|g%%%%i%gg%g’%%ﬁk%ﬁf?%#&&nﬁg”gwﬁﬁgﬁ§?§%PFﬂ@?méﬁégﬁ¥W%@”ﬁ 8 Au, and
ot her el enen : . ' I of Pd and ..lllustrative intermedi ate
| ayers when EOd?ét%é trgl(lzéé%tqftg? 1213&2?18 Og{lllgg SRR hcin(%)l ?u(%f’({ QPGS r ee ki nds: (1)
a concentrafi qradi - - 2 - ' .qradi ent of Au and
Qs and (3 SRaReRR B Elirtt 1Al aliEh e GRRTRE ERLARL AL Al Bd Bnd
Cu. It is degjdablgt ' - [ . e ould be a

Soi i d sol Ut T o oI BB b e MR bRt e

i ntennedi ate | ayer has at |east one of (1) to (3). For exanple, if the
internmediate | ayer is constituted by plural conbinations: (1) + (2), (1) +
(3), and (1) + (2) + (3), the foregoing barrier effect is further inproved,
and a high effect of inproving the productivity of 10 reverse bonding is
obt ai ned. The same is true of the case in which the concentrated elenent is
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25 a ball is hardened and it is of a concern that a chip may be danaged at the
time of bonding. In FIG 3 that exenplifies a concentration profile when the
outer layer 2 has 42 the internmediate layer 6, a total thickness of the outer
| ayer 2 and the internediate layer 6 is indicated by an arrow 7. Preferably,

if the thickness is within a range fromO0.07 to 0.4 um a ball bonding
strength and a second pull strength in a | owtenperature bonding condition in
rever se bondipignetarifteive ohiaal etthe Malk@zep eafcestalby, thd thvénies bhthekhass is 5 within
arange fromO0.13 to 0.3 pm in an over-hang type reverse bonding in which any
chi p damage iisvdungaur dsb fabind thet thé tixkodss bahitie stguctiae b ghouet faged adaitidnndaeasi ng a
wedge bonding strength on a bunp can be obtai ned. [0096] Regarding a total

t hi ckness of dlhgclomtarintb dlyartainyet dra coreteemieedisad eodnalistioanta wivat of 10 t he
core nenber, between a boundary where a total concentration of Ag and Au is 20
nmol % or a boundafaptunhe pwoesscthoentifeativon of Pd is 50 nol % one which is closer
to the wire center is selected as a boundary. Wen the maxi num concentrati on
of Ag and Ab [P45dlow, nost part of the intermediate layer is included in the
outer layer. It is difficult to set _a boundary between the outer |ayer and the
i nt er medi at e | ay8FCrdiBgiohwmstoatergibanding Wirs hiwing & ¢piempBper vavd it gia letely
separate fromeach other. Instead, it is verified that a total thickness of

the outer | ay8MPaitd of HdoashensrHEdi At 8 A8 and #soue layey rped@blie °Har onet er for a
correlation with a bondjn er.formance.. [0097] As.ex i ned .above, regarding a
regi on where “A"gmflbeﬁﬁ“(ﬁgadc?cfﬁg B’n‘f PgeaFeniaig 82@%‘}5‘?%’& m ﬁgk@ﬁé’v g $ Y acongent r atg ed
| ayer in the vicinit a.w.re surface,and the i.nt,ermedi ate | ayer between the
co?e nenber é%%ﬁ#ﬁ@l%8@%#@Pﬁ@épﬁﬁ%@&ﬁg&ﬁﬁgﬂxggéb@ﬂhggp m@ﬁé%@“%¥ﬁfhe sur f ace
concentr at i r pedi | aye .are t f comon
features sﬁgﬁhﬁﬁﬁﬁe?ﬁgw%ﬁﬁﬁ%g@%ﬁ%ﬁgﬁﬁhgplfﬁgggg#%gﬁﬁﬁgaﬁéé%g%éﬁgﬂgﬁ?&? | ayer
is Cu and Pd Jn%ﬁj%%ﬁéﬁﬁ ld%flayi %Qf ﬁrﬁﬁe&%‘%‘? DLBh&s a?%]ﬁﬁgﬁmed,' & (At ph@ast either one
e C ose

of Ag and Au. I nclusion concentration of t el enents 1n a whole wire

affects a_ balgodfendiy8d REORSHENancd cRORANBHVELLiARA by, “Bleore méRbd:0098]
That is, it is desirable that a sem conductor bonding W re should have at

| east either hdiflySbnpde®oCONuSYnE 3 €6 APRIA2REERENdsRE BETBHealb e | ayer, the
outer layer, and the core nenber, and have a total concentration of Pd, Ag and
Au bei ng W t hiofitairig2RgRrdob ifeRibnsCand fér dXBInfte, thé cletelhts BavgQneanéir ation is
within this range, an effect of sinultaneously acconplishing a good sphericity
of a ball hondecnpaich,withipi evghentl 0br Arghean 58 tnoengt Hiheantk madieis @n of Al

spl ash can be obtai ned under a fine dianmeter connection of 50 um Al splash is
a phenonmenon AthatAghkoraegioplods v veint aapwenidbrbheirobdrelingcippouint Breesyt ardla part of
a ball bonded part when a hard ball is bonded on an Al el ectrode. Because Al

bl ast ed out Xompyehaisivepblabhithsgonbdso thatitoaebeofsedisdbe siremembéror Prefarabdui t i ng
failure when contacting adjoining bonded part, fine dianeter connection is

di st urbed. Adf g corpgeaivgr Ak e Biacest ABaatenal iniaexmgneye, pryevdization by 8dent r at ed

| ayer, and the internediate |ayer of a wire becone solid solution substances
in Cu at the WfSEYBTCapEF FUPTRFHgsodel it atoskeltegtysd- Aiprathe sipndivint &1 Pd- Ag- Cu al | oy
are formed, and as Pd, Ag and Au praonote diffusion at a bonding 15 interface,
an advant a@%dﬁ%la%ﬁf“?e@&?fIﬁfgfqgf%bi:%\??lﬁ’g"“%“aﬂéqqesﬁéﬁﬁﬁi%’@b%i‘%ﬁ@ﬂli}mﬁikf i ned. It is
confirmed that for ion of such particular alloys, and pronotion of diffusion
are much profB¥¥ ISt he tnultilayer bonding wires of the present invention
havi ng the SiBQﬁﬁe concentrated | ayer and the internedi ate |ayer rather than
bonding wire h a nonol ayer structure. |If the foregoing concentration is
equal to or larg ! Lol % 1 h for I ng.eff LS, .easil. bt ai ned,
and if it exceedgg%fwr}r%%]%g ﬁgefb%gﬁ Paflée Cﬁg‘%gg%%i %g%&ﬂ?%%}f éﬁgrrg&%})lgg%}u%ée hat a
chip may be 1 j f ' : f er S or egoi ng
concentratioggi mﬂ%ﬁﬁﬁhgqpéﬁggxgﬁgggﬁgggggc§¥%5$§§pg¥¥%%%§&g§hieducing Al

spl ash and z@foxicﬁlz_cdﬁ&@éf; AYa3nd QW6 5@&@&@&&}@3&, 9&&@&&9&@4&&%&% ggﬁ@;?ﬁtey%fai ne

di aneter connection of 40 um are enhanced.” More preferably, | foregoi ng
concentrat i OMaj Sndr biiBisthg@ny 8R88HEd AR Rridkak® cRit) alPled@in@edt @RI baaf f ect  of

i mproving a productivity under a fine dianmetéer connection of 40 umis further
obt ai ned. 44 [0099] It is desirable that the foregoing total
concentration of Pd, Ag and Au should be within a range from0.4 to 4 nol %
and a ratio Rindicating the total concentration of Ag and Au relative to a
concentration of Pd should be within a range fromO0.001 to 0.4. As 5 a
concentration ratio R represented as (Agt Au)/Pd is wthin the foregoing
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25 and Au is high. Mreover, it is thought that because a void is produced by
formation of a particular internetallic ggnpound, such as an Ag-Pd-Al based
intennetallic conpound 45 or an Au-Pd-Al based intennetallic conpound, 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

obt ai ned. Massnpe acugiblidnrd.of If Mdlchhdeayaion kocrdd YOS hashdvbubgleaadeai rly thin Ag,
Au concentrated |ayer where Ris less than 0.001 is difficult, and there are
concer ns t hatprodeehingtbatl eropbat diteushepelnda $bimigd pedt badoives tnstabge, mreidbckehdifg R exceeds
0.4. Preferably, if Ris within a range fromO0.002 to 0.3, establishnent of a
mass- pr oduct i iengtediereof Bggduedd. f drefemiyytihte surctetvdoe orddm & snedirdmyer or an
internal concentrated layer is facilitated, and 10 a bonding reliability is

i mproved whi chVG0d t¢)BeeH wrss¥gs bal pundingprapsite OO thrs improvidbisanp foshetiraabify, if Ris
within a range fromO0.01 to 0.25, a productivity is inproved due to

si npl i fi cat Pot-Bfe tHyhalsdr asidaficagl phadlde sressed oditigpontipility, of frrgkiag Bbndi ng
reliability is further inmproved which is good at 185 C for up to_ 2500 hours.
[0102] 15Requi&s §télke time ﬁ%ﬁ’lsa??filﬂlf%a‘i”ﬁé‘SHSMF‘FIQI‘Wbryé@PWmtgH& HPESHEREY.

i nvention are a st f formng the outer |ayer_on t su ce of the core
menber, and t 8m§ﬁ§$3@§1£@ﬁ8@ PUHIRE 15 %) aﬁ%g?ﬁ@“pﬁﬂﬁ}ﬁﬁéé BASFGEY  and a
rocessi ng/ heating.step.o ntrol li.ng respect,ive structures af the outer
ey St ng i ARl Rl B kst BR bl DE ared ohvEBu st asi on

| ayer, and thl £e ] &%&&Mvhn qf cr tot%QntroL e&g%ctive congositions and 20
PO e o

I.
. (3] the concen op s within OTeLgoINgE ranges,
respective thlgine se uter ?ayer, ¥ ReV'sUt Face " eontetat ed | ayer, the

i nt er medi atl@ r]e ﬁBn offas@gnétﬁﬁu&t(a:g)?elglgggﬁ{e@dioﬂte? aﬁ%;f %{Egﬂ@%@g I(’)?r{la ﬁﬂe Qlfawf\n m ng t he

outer |layer, the surface concentr ayer, Iate er, it is

primarily i npeEdRRLo LRfPRAGE shiphGldae 1&5@m%§£&%ﬂélt%f99vfr§1dra%@n§ nitial

stage of formng the outer Tayer, 'the surface concentrated |ayer, and the

i ntermedi ate gyayer As2R A3 offHAAB € Subesedt-86 RIS OFr thOdiBd B axbRRgOUt er

| ayer, the surface concentrated |layer, 46 and the internediate |ayer on the
surface of thie gonig RS stdlLal Bt pguctvaRIcicdepRShbioodl. @lgher Regardi ng

pl ati ng, manufacturing is enabl ed through both electrolytic plating and

nonel ect r ol ytprefeqablgfiff 11g.cohdentriinGashiok r@lge Glomal.§uoil o phat gL, i thecaseal | ed
strike plating or flash plating, a plating speed is fast and an adhesi veness
W t h an underdfayesmdlgthjoedes Havisglautitealisnased efual tonohab éab 1 d Lyt widelplsat i ng are
classified into a substitutive type and a reduction type, and when a filmto
be forned is redhinte forsrcednyplshibettiof afing dianytee thel vadld ngmpvedibyf fedier anybut when a
filmto be formed is thick, it is effective to performreduction type plating
step by step wftealdubdai¢otsyendibe pypgectivitats fagher Nopreveldoriotrgasing thl at i ng uses
sinpl e apparatuses or the like, but needs nore tinme than electrolytic plating.
10 [0104] wirg-grayingspesdof WiGIREPAY tha PiopleimtinMeEgHN PPatingi§ cloggdyiagen pr oduced
in a plating solution or_the plating solution may remain in the outer |ayer,
and as a resdopding T ding dREELE FURCIPIRYY G JerATHERt EHrspcE 8ht saPHBY i n a

mul tilayer wi.re may . be high. In electrolytic plating, because hydrogen is
likely to Bﬁn ‘B?f'&fﬁﬁ%éfgh‘? W“?‘Pﬂ’é"aﬂ}‘?‘blﬁ h‘i‘@g}l ‘g? %[05?581‘@&?‘?%8% ’edeléceHl‘fHH‘ilf\ﬁ/ “&?frae, 15
such hydrogen_is likely to be tr ed in the outer |layer. Mreover, in

ol ect 1ol vt o aplem iy ushetd RS ERBPE R ih oMb i O R rn AR B | on or
the |ike of q%&%gggg%egég%ﬁgquinitiaIIy introduced in the outer |ayer, so
that if conditions at a nma u?acturing step, such as processing, heating, etc.,
after filmf b@@ﬁion are nmade appropriate, it is relatively easy to control a
concentration of "hydrogen contained in a final product. 20 [0105] I n

vapor depositiony igov%ﬂegﬁlm f_'ﬁgﬁ%cglt\iv%naiﬁgﬁlﬁ?ﬂ%fﬁ)%‘&éeﬁrc&ﬂgntreitgﬁ iPleRLA g, or

vacuum deposi tion, and em cal adsorpti I ke plasma CVD can be used. As al

techni ques o8riebslind ubYRfra BQctldeBl A% RFd 18Embdr i IRohQRE WahiaARiniPd HQAUTRd §g. and it
is not necessary to concern about any surface contam nation at the tine of
rinsing. 25 [R4E8JankOsF Bnslckger WHeHRink) @lnipdgedst CREROSE AL rhot SnRevdiar fied, a
technique of formng a film 47 with a target wire dianeter and a techni que of
formng a filmon a core menber with a large wire dianeter and of drawing a
Wre several tines up to a target wire dianeter are both effective. In the
case of the former filmformation at a final wire dianmeter, nmanufacturing,
qual ity managenent, etc., are sinple, and in the case of a conbination 5 with
the latter filmformation and wire drawing, it is effective to inprove an
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techni que of successively formng the outer |layer and the surface concentrated
| ayer or the internediate | ayer, and a tqﬁhni que of form ng the outer |ayer,
of processing a wire, 15 and of form ng the surface concentrated |ayer or the
internedi ate | ayer can be used. An in-line successive plating can be
exenplified as a step of plating the outer |layer, a step of rinsing, and a
step of plating the surface concentrated |ayer A formation order is reversed
bet ween t he sawef ddgdogaciensitatied] bieyedizaoa sulfgatidH, e ®diaafigtibayes whe t he case
of the surface concentrated |ayer, the order becones as follows: formation of
the outer 20 duayperbecandddnonamt i Moreofer! deeoriug iamendORE Rty 1048l chAay&ed | n the
case of the internediate |ayer, the order becones as follows: formation of the
i nt er medi at e ¢fdyleit js daffigulf wrcontadliagnnahtritive of biydegehay be a lobt consenhrefonrigcessary
that a formation step of the outer layer and a formation step of the surface
concent r at ed Npyerodaeteoncaidtey e ths, congrdirationed hydrogeatiepanagedyiarvéredr awi ng st ep,
etc., for inprovenent of an adhesi veness and managenent of a hydrogen 25 gas
concent r at i 8nvekipile adwl dandipgipropstyt ee-ntte nofimofovehe surface concentrated I ayer
or the interqﬁg{ﬁte | ayer, it is effective to utilize diffusion at a heating
step. In the ing step 48 to be discussed later, it is possible to form

desired surface gO@CZ’Ht r at Ied I a%%r, i nternedi ate | ayer and a concentration
gradi ent t her ei n8i¢P&d OHist layer fyded 98 ghesurfaga (@ bppdingwirg bralatingy thoiei t i on

appropriate fqor for ion.of the surface cqncentrated | ayer or. the
i ISllto er Ironedi ate (1%59 7 ﬁ%‘f}'ﬁ@sbe{}%’d‘iﬁg}mt ?%‘T%ﬂ%@‘fgitﬁoé%@”ﬁms%ﬁ Bfougdp after

o o= Bk B SSRGS ™
f d : o i tio
R S e b e 0

conposi tion, a@a&ﬁ«ﬂ%%ﬁ E&rpﬂsorﬂ:@ly&gg&récqﬁﬁ% Qﬂg%t&r tﬁgry &od mfgraghﬁcl?gsﬁﬂgar y, etc.,

it is possible to change the concéntration Istribution o ydr ogen

contai ned i n @ PdA REREERL fahd B 10f ol MR 8Hw I ucture
and adhesi veness of the out cir?é Ioayer. [00109] )Ele'ﬁe hgdgt?’?}}legsogu?g%f?iﬂgﬁ%%f

processes ef faa€tk ¥idqhde 6RBEIQALoRANERPCATET Binh MBsOfnoNds BERMe o}R bERWEYEr . as
ot her purposes of heating, elimnation of a work strain, control of a

recrystal | i zetlog orpesif teditora dj the B coRbosdioNBE BRVuGRlayeh Bk aeh fdibSbbs, control
of the surface concentrated |ayer or the internediate layer, and formation of
t he di ff usil®rhd layies ddfay deraltg @td, M6 thant thoselo€ s bullsa hfidrégen dodcbheuibs to satisfy
all of those functions through one-tinme heating, it is productive if heating

i s perfornmed dseqds at empnifacteeggradessdfmeshonifig i@ wire is just heated,

conpr ehensi ve devel opnent of the foregoing functions is difficult. Wen

wor k- strai n éP4681 nati on annealing carried out only once at a final wire
diameter in normal wire manufacturing is just applied as it is, it is
difficult to mak¥hg dishrderehydiosm isprepgpd pisglnsiAph rushsitecen Andatsdicdmpr ove a
quality and a1 rrad[wfa turing yield. This is because in the halfway of rolling
or drawing a"Mul%GUayRES MemeodBiy af the Rgrndsydssiege themuisy iyeigen thegpreadhesi veness
bet ween th% outcr |ayer anc%'ltrhe core nenber is reduced and the outer layer is
peel ed, a Pbe“ﬁ)ﬁ'r fheegre raendeer And fis gutcaRest surface pp baadingavited MpidY.te a 49

W re-breaking failure. ce, it is inporfant to control a timng, a

t enperat ure, %%“CS%%&E‘&‘? Ogﬁﬁ]?%h cggjigined 18%#&%?‘#‘?{&5’3{@1’1 higheshapms elil ar, in the
case of nulti I conpri si the Pd auter | a a t he Au, Cu, Ag
core menber, ﬁlg(?fxg‘{%lel%{ise%ﬁtmeer ﬂlp(é?’éip%hteﬂgle,&ﬁn%f:‘g ﬂ&eéﬂ%g%g?g@pg%ﬂg’@ rated |ayer or
i nt er nedi at e J.ayer . ber ., L owtenperature heating is
effective as e‘ﬁg%[tl'? %Irﬁibsg%g%é’glgﬂ} ?Jsetf%g{fgs{ggﬁlggggﬁ%goﬁin% | On 1%}’«"—113}9%6?18551’4{%%\,% at a
| ow t enper at Yg .cias Iqﬂ/cfrgékﬁ'clgﬁ'tairﬂ&ﬁj{nqgfgltc%%@énlglkcgee\gciﬁféf gftﬁé M(?\Jnﬁar#%e E.V%Qnel led from

awre, it becones adequately possi concentration of

hydrogen contipicied 1dyl: fd\Walog MbthbdhAY ra d@%fﬁsﬁoaﬂ‘lg%cﬁ%ﬁgcgpfh% %ﬁesiv@?es@ basi s of

this fact, the inventors of the present inventio Igured out fromtheir study
that diffusi yewbyihegee: BB &%}éf@ﬁe%enhﬁég RR9Ehak Qmaﬁar%ﬁs&?dl }%'E%gné ;g did1e
'S

foregoing nultilayer wire nost affects a use performance. esirable to
adjust atime with a tenperature being within a range from 100 to 400 C as a
recommended condition for adjustnent of the concentration of diffusive
hydrogen. It is desirable that a heating 15 tine should be relatively |ong.
Heating for a long tinme is effective to diffuse hydrogen contained in a wire
to a surface thereof, and has little action to a conposition, a strength, and
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5 inprovenent of the productivity of wire drawing work is facilitated.
Furthernore, it is effective to adjust a,goncentrati on of hydrogen step by
step through several -ti nes heati ng. [Ollf? It is difficult to satisfy al
requi site characteristics of a bonding wire by nerely the foregoing

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

conposi tion, tad sdtireprbeeafinganiechanincadf e dsfoat BEd Statdhes. C WkdnQhe Qe t he texture
of the surface concentrated |ayer, and formation of the diffusion |ayer, etc.,
i s al so necessanber isASu, heiay amesnt of hidnegen heatihabin Gutdilestly Mpots Shcts@abiipk: a
tenperature nust be higher than the recrystallization tenperature of a wre,
and t he t enpehatiure ef g forietidupmeigediects affevtsaan bayginrcontattén Endeingding@bsiton i n
order to formthe uniforminternediate | ayer and diffusion | ayer between the
outer |ayer dnelepivg ofabdl métrderzen Sireded i thecutemeal surfgeeof! apending wirags heat i ng
whi | e successively sweeping a wire is productive. Awire is noved and heated
in a funmace®HEUS Ryt & afisphoé piabiliziag 8 kaoptshanssalf paornpesal 4ssherdiging resistacspeed of 10
to 400 mMmn. A honpgeneous heating technique of nmaking the tenperature in the
furnace 20 hohbgeiteltisis s1dugedh e Mofer ot thectmnrgod sefachaierigt 1agioehpdnsa ur e gr adi ent
in the furnagg ﬁa bc elﬁcte . According to the latter technique, for
exanmpl e, a téch fﬁaél R f%°84#€i ng a | ocal tenperature gradient and a

t echni que of[ﬁ@ﬁnging the tenperature in the furnace are effective. As a wire
i s heated whi én i nactive gas, such as N2 or Ar, is allowed to flowin the

timing of 25 b oh o PR Al o e B e b 8RS f ng
wor ki ng and,f.j.Qi [ final.wre.di aneter,.and .t ho can be
selegtgd aggtg%L |g%aa%ﬁgﬁﬁﬁﬁgé%ﬁmn%f%ég&%ngf§Pﬁgflhgg?wﬁdg¥§%§§ssibIe. As

heating is dic\'ﬂﬁaﬁgatioﬂto@h?&g%rn%hnt%fng@ﬁrthé lgd 5@&3%{,8& a}%r%m %fot“h!l%ib&? dlaa er,

elimnation of a work strai etc., can be In a conpll§he , and it

i's effective gevdeMRIcQUR: [h& REHQLIBAGE LT thAcPORGLDG, Mg WI{I-?&& oS
processi ng and heating are conbined to control the progress [|evel of

di ffusion, i tsuifscePOASER)AnddubERN LY Bldrdeh AY@htalnlll GIRERStiveRitlLX! UFLs oAND @
structure to a desired level. A wrk history prior to heating relates to a
conposi ti on evmblfedsikB igbrovesiRClse perfifagtd @Ag 88 a@bmbhige@ul 8 Hedi@yeto t he
surface concentrated | ayer, the internediate |ayer, and the core nenber, and
al so af f ectls nendidf theisinoenthebavi lokrdgan heabt imigef tRpRAtnA@N Mbraeg fomor kK 10
stage heating is executed, respective conposition, respective thicknesses,
etc., of the thdsvakpout drndigyest hydwgtraoaconntenhrcatuedndnayhe tokait er medi at e

| ayer, and diffusion |ayer change. As an exanple, according to a bonding wre
whi ch was maf@fceraivedf hydpaescepsined inpendlolapérvgre nt e highdiayes macigab,i ng whil e
bei ng processed, of drawing the wire, and of performing finish annealing at a
final wre did8#ithEcticaln conparison with a step without 15 internediate
annealing, it _is confirnmed that respective conpositions and respective
concentratioﬁmﬁﬂbdients of the outer layer, the diffusion |ayer, the surface
concentr at Iayer,,ang the intermedi ate | ayer change. [0113] In the ease of
mul ti | ayer “bondi hy Werkhe Gernttion piehydEse FORans 1) asuiiaedisis @, 20 it is
confirmed that a gp_d b@ll.bondiq? pro&ertg_c n be agcogﬁlished when a shield
gas which i s "FAEELTOPARORIMEVEE AHE AGEIIN BETRAINRS FIAPSE] BBSHSTRRNSRESS i s a pure

N2 S5vel. %14 oo ' to.this bondi t echni ,..b [
R i e R Tk e
[ i I ng. t|cal f I til
2 0. oS80 B ENESCmul GE DY BT IBOASERE LBRn T
exanpl es of {henRs @86 e LA cﬁﬂa t'kga&t%laer call déA‘aspoF ‘swﬁf}griof%!:t%d Qrf a bondi ng

h d%ﬁy pure et eria

wire, Cu, Au or Ag which was a avi ng a purlPV‘of equa

to or largef ahPaheabotipa %1(3%3;???%&%)1M§. uﬁxe:lqloi‘rgfis of QSRR §hnicn pePnd Pd 1 or

an outer layer and Au or Ag was a materia or a surface concentrated
llayer or an baidigWeisal@rct@¥lin HR%HA cRe AUV QS (hAAUBANJS @k | arger than 99.9
mass% were prepared. In a step of nelting the core nenber, an appropriate
anount of alloy elenent was added. [0116] 10A thin wire thinned to a certain
wre dianmeter was used as the core nenber, and the Pd outer |ayer and the
surface concentrated |ayer or the internediate | ayer of at |east either one of
Au and Ag were formed on the wire surface by electrolytic plating,

nonel ectrolytic plating, or vapor deposition. A technique of formng the outer

| 4 o1 R T I | L R P
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53 heating was applied so that an elongation rate becane within a range from
5to 20 % The wire drawi ng speed was wi tzhin a range from5 to 200 nimn. As
needed, wires were subjected to dice wire drawing to a wire dianmeter of 30 to
100 pm and diffusion heating was applied, and a wire drawing work was further
perfornmed. 5 [0117] Wre heating of the present invention is classified
into two schenes: batch-type annealing of inserting a thick wire in a heating
furnace to he®pcanfation efdydrapen is liticap $¢ ¥ permdé abdunfpuofmosthcmeslschiaky heating a
thin wire while the wire is successively swept, and either one of heating
schenes or botf%dﬁéé?t”ieﬁ@mé@ﬁl@ﬁﬁ@iﬂ(lép@l‘mé{w meeefactiire. b&uditionsder epaainpeal i ng had
a main purpose of adjustnent of a concentration of hydrogen and of fornation
of a diffusi ORCFYYBFN saRpehEiect ‘ﬁ@lﬂ%@fﬁﬁépﬁ@ﬁ%@ﬂ%w&@g@ﬁ myifest least  wo hour s
within a tenpgrature range. from 150 to 300 C. The successive annealing was set
to be inaté @F%‘E%ﬁ‘%cersg?fdélsﬁ"‘lgél?ﬁ%@@eﬁ 8 argfoncyith Hig 2l afiuitesemdeprnly speed was
set to be vvi5t1Qi N2 1rq\r}]\iql%a l(fro 0 to 500 nm Hi.n T%%ﬁt,her.with a tenperature

di stributiof, " The “I5 Wi FE ogﬁége%fﬂﬁl’élﬁgt&ﬂrﬁjr’ BHEDY Gokbaipasichedenddpprised i ate. For
bot h schenes, .| ler tQ suppress ,a oxi di,zation,, an i nactive gas, such as
N2 or Ar, wasfotrgféa {l%glergnogﬁ nr(r%gif) lg?ﬁlyg%gﬁb%ﬁ“ibﬁé‘?ea%rﬁja ‘%?W‘%‘% “iG@fs adj ust ed
wWithin a ran r ; t0,0,004 nB/m and s . also utilized for

t enper at ur e ggg{e 8 1?#9%9 Ut ngclsegppﬁf)ptnla%%gmé Sspoetyrr\ge(??‘fﬁ”ﬁaﬁ P e
classified i ree: ki nds: 1 prd eal i i afier a plaging | ayer was
20 formed, i T Qb M RE i 95 P Gt R (o %{é’tv\ﬁh%lég%‘%tkaf‘gﬁﬂﬁ £1 ni sh
anneal ing at 1o M el {HRIEH mealthdt RABELASANA RISRRIELE, GONRI ned
appropriately. In the prinmary annealing, Ww re% Wih a wire dranmster of 0.5 to
6 nm were annreadifehabdls elatdNariGh @B g cohREt defleSh, IR 9 |J1g, wires
with a wre dianmeter of 0.06 to 1 %\%\ere annegll eg@%&%‘iaﬁ%@@@?}g&%ﬁmmer, and
in the finiskoaninedpdragotalaidts Wtiles aitch hddibpddonWinfr&icd® di anmeter were anneal ed
in a successive nanner. [0118] 54 For neasurenent of a hydrogen
concentrati onf03\wo schenmes: an inactive gas dissolution heat conductivity
techni que and TDS were utilized. Regardi ng neasurenent apparatuses used,

Rl - 1402 made by TiEGOwwescusedifigres fhenchonarent bhiacidgee cgrsntdiiss Gutiyi on heat
conductivity technique, and M 100- QA-M or M 20l - QA- TDM which was a 5

quadr upol e mREET opwedisebrstast a imdendmt MNFMsemesicersadod ra thineviteattter TDS. When
a concentration_of hydrogen was anal yzed with diffusive hydrogen and hydride
bei ng sepathreyirmedHiabeuapti@t trancaspigaentzan by magphroatudisshgiomabsnl y used.

Regardi ng heating of sanples, a tenperature was risen fromO to 900 C at a
speed of 2000@‘{3&?“\’ WdeRAaEFd brneh Peyrrtion Srgeneid (ke fisase eedktared per

t enper at ur e. is defined.that a concentration 10 of hydrogen detected at a

t enper at ur e frlr[%ﬁ”\ei%o 15 sy 3@&‘ Hedpufdecassed theough gichen pratfithrdisplwips f usi ve
hydr ogen, an concentration of draogen detected at a tenperature from 100
to 900 Cis gea?c%?’bdluc%vdﬁ%’éc’écﬁﬁnlq&‘f ?10'1;1{5'%1:5 i HEBEC ofAvHiogen enceatigmeRedat i on of

hydr ogen det ec .at erature from 150 to 500 Crelative tqQ a_total
cgncegt rati o% 6?91%%'&1} %ﬁéﬁ@vﬁ@e E)EEatthWépd‘.wA CeRMEG m%‘ﬁgéi‘)‘%s‘aﬁs@ﬁcu@ﬂﬁ punp in

conversi on). " EOT TS oo R R Sl R AR it b el o 07
TEASU eMENt Bl ALk GRS S Bl R SHEL AR 0. S 2ge AnalySi s and

poi nt anal ysis through "an AE were carrie P9%bservati on

of an el ementy &llihd DulroOralibk br d@@%%ﬁ%hpﬁg%&zs%hﬁéé%{i}@e}&f&? analjy boundary.

In depth analysis through an . a wre was ttered by Ar onsnlg_o per fonn
neasur ement  jndredsed kimadlil REhAOIE or3N4b1RE HRfulsitRh R EREMakiSy bl Gal.e 4, J,n an 5i 02

conversion. A concentration of alloy elenent in a bonding wre wasS neasured

through an | GRhabiad =i s @Y a fR@nolk@an RegiRfH AGrdhNL1eaPRGRRL T &y Lhe@Nal ysi s of
the el enment contained in the core nenber, an average val ue of concentrations

acquired a5 egiyals of thiotectbgug ieatdefficilhRrubitite theadatdn@tfon T hdBEQSdSECtion in a
| engt hwi se direction passing through a wire center through an EPMA, an EDX,
and an ABS waslcsigblt.to q&hitipdha 0dncBergaiod bNigydi@spadhg ¥ Calibedtion Bimsit hdmgr adi ent s
of the surface concentrated |ayer and the internediate |ayer, if an average of
the inclination of a concentration gradient was equal to or |arger than 30
mol % per 1 pm it is indicated by a synbol Ain fields 5 "concentration

gradi ent of surface concentrated |ayer"” and "concentration gradi ent of
internediate layer” in table 3, if such an average was equal to or |arger than
10 nmot % and less than 30 nol % it is indicated by a synbol B, and if such an

LA - T | . . L D P | r maAaman A M~ o
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[0122] Al alloy films (an Al -1 mass%bsi -0. 5mass%u film and Al-0.5mass%u film
20 having a thickness of 1 pmwhich weregpaterials of an electrode filmon a
silicon substrate were used as objects to be bonded with a bonding wre.
Conversely, as an object subjected to wedge bonding, a |l ead franme having an Ag
plating (thickness: | to 4 pm fornmed on the surface thereof or a resin
substrate with an el ectrode structure of Au plating/N plating/Cu was used. 25
[0123] Regar dirigakyhenl gicredsiipn kyovaf beforgfond pngnaninplsample} e Fenavbetizatén off r e
breakage in a ste 56 of drawing the wire froma thick wire with a wire

di aneter of SHOhYHEH canqeRirHioni measyEmptavaginade Bidgnibe spmegongion wihren18 n was
eval uated. Regardjng a _sanple length, a wire of 5000 mwas drawn at a tine
that a wire d‘%éFFE{@g apghicalopanggemng pangile S G§-aft (ydw ege matse - AmagyPraval uat i on, a
Wi re was drawn at fast s d twice as much as a pnormal wire 5 draw ng speed.
When t he nunbla?&&)rya}wﬁnZl‘%rﬁg‘f\g*&&é’wgtlﬁﬁ%@a{g used as e RRBTSP WGl B¥¥dducti vity was
expected sorthatiittls i n icated.e% aﬁgouble cir&ular mark in afield "wire
drawi ng wor RabiTfsion of by digpen asqui{y Sased 08 2 asAyurd BPssiPra vBrdsiely¥ehas one or
two, it was qggaknined that a productivity was good, which is indicated by a
circular mark. en the nunber of wire breakage was wthin a range fromthree
to six, a in@@E change 10 in a wire drawing condition was necessary, so that
it is indicatedlﬂy a triangular mark. \Wen the nunber of wire breakage was

equal Lo or oreaiel ki BEUADLARE SR LLGORRRINY: ARA, dekaplaratl on of a

productivity, so that it is indica ~cross mark. [ ~For~observation
of an initi alaiabf théOARGraliNENYdRBL ﬁath@&été@ed%iﬂ?ﬁ ar?émf%}é&%e Y@g@ﬁ-&na 15 range
0

where a ratio of ball dianmeter/wre diameter was from 1. .3 tines were

pi cked up, 18ndoebser el hdIoYgh BBl hiCAkm Pl SHRSEAREREd ANoSEMoo2ed,

eval uati on was made for three characteristics: sphericity, msalignnent, and
bal | surf ace.relfivetyaieitatai @ncafraS@hEhyGiobyh detded it Reerivdhesudis bhoduerd balls
in an abnormal shape was equal to or greater than four, it was a failure,

whi ch i s i ndiresdeedual o ar lhnged than' ¥pfier Redatdiflg tha efitabheadiriby tetp2@nes page, mar K. Waen
t he nunber of abnornmal -shaped balls was one to three and when the nunber of

not i ceabl e misalpigermEntvitoh saalgl ffonpasiot temperetusttb Y80 t@ sabdomnisliygtai r e was

equal to or greater than three, it is indicated by a triangular mark. Wen the
nunber of abrvdivaen eiabed ibtie vdrewas bodrtectad. t Mvlse tandesaherondigomwiber of

m sal i gnment was one to three, it was determned that there is no substanti al
probl em i n priagreensontpned igmmkilavsr wise pisdreadbvetivigyd, suchicpediticns cambk. When a
total nunber of misalignnent and abnornmal shape was equal to or |ess than one,
bal | formati GirstiAed oditud hyReees ang lgfdr%ieca%éﬁdltfywép fgeR is yroger cul ar

mar k. [0125] gqé &%gerv_tion of a_?ide face of an initial ball, thirty
bal I's were oBSEFYRECRTIBHYHILRD SEgt! BRBING SR THEItALEY SFCHAIEL having a tiny
openi ng, concayj.ty and.convexity, pit, 5 etc., equal .to. or rger than 5 um
was equal to' ‘}rﬂﬂayeé&f“é’ﬂ‘a?‘ﬁé Rereotmgpbe: ﬁg%i/‘tiie“f%é:]“é’?te? prigide Iléla i Tlgfiee It which is
i ndi cated by . r rK. I fi.eld "bubble in side face.of ball" in table 2.
en the. numio SO el PE 0 fgtoidt fiirdish Bt 1P EriubRoSuhye Ressoshe <ot our
and when t n b i j Vi onvexit i ke a bubbl e
cqual to of el CLb Al BE S BE RIS AN ERRIE bl TG cat e

by a triangulfJddheldnds8ad O O%E%B:lgﬁgsa\éﬂ%r}tﬁgét%me &Dwﬁé)&@&m%g&g ayity and

convexity but 'when the nunber o aving tiny concavity and c¢onvexity was

Wi thin a rangeatremahieihQabOfimatidn MMaDal B £rBhaGE LRAL 5 BT @i probl em
in practical ugef wﬁfchnisaindfggteg byaa cifbulariégﬁiqéﬂﬁ{ﬁgMggaP%. When t he

nunber of baltd sahhewh g hldByide aNCIave hodRd CRWENITOh MRS el p% | €SS than
one, a ball surface was in a good shape, so that it is indicated by a 15

doubl e ci r culrélktiveByr lswitnpd@uicaiinethe kAEO] When stiBrwR\addatih® heui@afRended
shape of a conpressively bonded ball, 200 bonded balls were observed, and

eval uat i on2hasrenashd Hhoihg a weRhiemcdrioy 19fo @oshaganesncabnanmplks,daf or mati on
failure, and a size precision, etc.. Two kinds of bonding wres having a 20

wi re di anet erconima thahthe difthsive Wy dregahi canmbt éeteddd EBhi miangyeeatuts ethge Aobal | in a
normal size that a ratio of initial ball dianmeter/wire dianmeter was 1.8 to 2.3
was fornmed for evaluation. When the nunber of ball shape failures, such as

ani sotropy off-centered froma true circle defective and petal -1i ke

def ormati on was equal to or greater than five, it was determned as a failure,
which is indicated by a cross mark in a field "conpressive bonded shape” in 25
tabl e 2. When the nunber of defective ball shapes out of true circle was two
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[0127] Regarding large ball deformation, with a wire dianeter being 20 j.tm
anong balls having a large size that a ragio of initial ball diameter/wre
dianeter was 3.0 to 3.5, an evaluation of a bonded shape of conpressively
bonded balls was nmade based on the 10 foregoing determ nation criteria, and
the results were shown in a field "large ball deformation characteristic" in
table 4. [0128] For evaluation of a ball bonding strength, sanples bonded
at a stage temMdgrdbUrewbén mFBuEmsa it tratiedooubald teidpameteaisilgapamdmiWd i N a range
from45 to 60 j.imat a wire dianeter 15 of 23 i.un were used. Two ki nds of
wires, one waX03Chondiongeryily. ehehationgle aarplardeadted fviB ataypperftugmrigedrom

manuf acturing to bondinq, and anot her was a bonding wire having such a period
of 120 days, Werleo¢s¥d. Iithemtip dfgiclconeeraionwbjedressd degcted whiiar test, and an
average of shear strengths was neasured, and a shear strength per unit area
cal cul at ed by*BBFRYAASHAEL By VI teclgfvertes g cpisentzatien of bfdressh Hetbsetied part s
was used. Wyen. a shear 20 strength per unit area was |less than 70 MPa, a
bondi ng st r EngtH? GRS HTESHIRE Véﬁ‘ﬂ’?rag&f‘ﬁ ares g equagiocatas Hpnalevdss mark in a
field "shear stren " in tapble 2. Wen a shear strength was within a range
from equal tdxﬁ?“Pg%gﬁFf?ﬁgﬁtWﬁ“%ﬁgnﬁﬁﬂmpﬁgﬁgPﬁ%mméwg%ﬁ?ﬁmpﬁﬁﬁ% EW%H% of shear
strength was ssibl e by, sli,ght change,in b in ondition, and it is

i ndi cated by Ig%foﬁﬁ%ngﬁf%%] 3 gapes F%uafwg)r{aé% @an%ﬁg)‘h egre(g%&g:?usé’fgraelf@tsﬁa%s within
a 25 range fr ual r..| ar.ger_f han . l.ess than 11 a, there
was no probl é?nrﬂlhﬁeaap gg%&fgfl&u%g%larﬁ‘gmﬁp & igvgriﬁanlg‘f)gaggl eeofH eyOfIa'iN l%nrméﬁ?aﬁ!r\@ﬁ%r k in the

R A R e 1 A P

and it is indicat a do e circu [ For

eval uati on ;9f fpoAnARABIS R0 AnGRhRe bR Q%L}%pfé’@él PoRdesin ARV BE G 0de film the
5 electrode filmwas etched and elimnated, and any danmage to an insul ation

filmor a sildigRfleticfualior®Rs ey a6l it 4 rany SEM: o G MHPEE s@ferighyect r odes
observed was 400. Wien no damage was observed, it is indicated by a double
circul ar mar Ks futhar dnh@dcdd.” ClhiceBi@tRge rargd féraledettink h\ﬂi@geﬂ f@eitsrdaer of cracks

|l ess than 5 pmwas equal to or less than two, it was determ ned as no problem
whi ch i s i nditeapeauteyismecipedlumirtheraida temdchbiethitald @mpdi@uidhencetibehifiadnbar of
cracks equal to or larger than 5 nn and | ess than 20 ] nn was equal to or

gr eat er t han higetemptrawassidteif greremmdatas-ramgapocd bueniesat., whi ch is indi cated by
a triangular mark in the table. Wen the nunber of cracks equal to or |arger
than 20 p. APdPO&]Icratered damage, etc., was equal to or greater than one, it
was determ ned as an anxious |level, which is indicated by a cross mark in the
tabl e. 15 [0130] A concenfmatigaadbydsogediltgelp densads gn avmsnudactiinnategesased on t he
nunber of non-stjck failures when a bonding wire was bonded on a | ead

el ectrode. TWBHRIHIVIES pibHdoRgw ted, in gprstahagulpilsyavireirightafteedadit i on in

whi ch storage after its nuf acturj ng was wi thin seven days, and another was
in a conditi S HYRHF Oﬁqu&’iﬁé cly &¢ pave gluigroeiplation ARY&RsTentV it fissphere 20 at
a roomtenperat ur i

. d.. Bondi : t ocked i cl
whi I'e bei ng. PSP HEINCH YOS Sxesy el M ol B Bomet RUEOHE S on, an
't d,out s sl ght | ed to ] - Sti cki A st
ermer at ur & bttt B bed e GRIERE A PSP e SRR PO R FAUBRERS, ot ng a

failure int \ Ing.wres i,n an initial condition, and to be 175
C for the cars}gdugg&%e%fgﬁ%%%gﬁf%gﬂ%@ ééé\ﬁ {)gl%otn dlfn s Hgﬁal}ffat;l}%gua;@ %6 "bondi ng wires
wer e eval uat QCC g r f; ' f al. en the
nunber of npgfgs% %@%l%tt aﬁhﬁﬁsﬁgsﬁﬁa%_@%gﬁw&g&é}egél} @g[?%é}e{ ﬁgﬁs’ gili%éfagfr’lﬂ npr ovemnent
60 was requi shiyao rd@st Bah difdushe h&&l@%&%% RDeriBr G Q5% TP Keali g?rot:és?.l d "wedge
bondi ng property” in table 2. Wiéen tThe nunber of non-stick fallures was from

three to fivecchbldigsy, iRdijeahest d?¥n ﬁpﬁréﬁx@a’f@é&l%nt%ﬂ%fﬁl@d&)?&l, LARlaBon N the
nunber of non-stick failures was one or two, it was substantially good, and it

i s indicatesl Hoytirg peddessub affectitd. K Addofdigy tb %'@atin@hﬁ(ﬂbeﬁ]ﬁeaﬁﬂ? veaRlon@fiifReN- sti ck
failures was zero, it was determned that a wire storage lifetinme was good,

whi ch i s i ndidegindthgloy aatrdauilelog a OdifeCainateri fMAkdtedfMunti peockabd wofork @dBderthe I N
order to evaluate a linearity of a | oop having undergone bondi ng, bondi ng was
carried out at two kinds of wire interval (span): a normal span of 2 nm and a
|l ong span 10 of 5 nMm A wire dianeter was set to be 23 him Thirty bondi ng

Wi res were observed through a projector from above, and m salignnment of a
portion where a bonding wire was nost distant relative to a straight |ine

i nterconnecting a ball side and a wedge side was neasured as a bending | evel.
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when the nunber of wires having defects in linearity, |oop height, etc., was
equal to or greater than five, it was debgrmned as a problem which is
indicated by a cross mark in a field "loop stability' in table 2. Wen the
nunber of defects at the wire length of 2 ramwas fromtwo to four and when

t he nunber of defects at the wire length of 0.5 mmwas 5 equal to or |arger
than five, it was determ ned that inprovenent was requisite, which is

i ndi cated by keatind progesd. and madéitipm itikelse eghisite fkemptehensivalysatisfpbordafgect s at t he
wire length of 2 nm was equal to or less than one, and when the nunber of
defects at a.Mw®en$6ﬁgtﬁobmuzﬁwﬁﬂwae6&&6@Wmmmn$BWE@@erHyh@méﬂshape was
relatively good, so that it is indicated by a circular mark in the table. Wen
the number ofmebeef Su.dfu o Ag ﬁreanpew@ﬁh heptinggonliBomter piestiagimapnceiraien | ess t han
one, it was determ ned that a | oop shape was stable, which is indicated by a
doubl e ci r cul HrYHEER qbﬁloeﬂé dtféttﬂ féom BiveF @ffthe gree olche erie MEMberonBaroT gy be

i nsufficiengy of esi ve S n interface be en the core nenber and an
outer cir cu%tfcé‘ ?t??g YEFT &%{'ﬁ ’ ? h§cating @,{g,r%[@tgvgiyvﬁeg; (bge gla lgwdgpresategct i on.

[0133] 15For .ev ation of a . Strength, a test was.carried out usi ng
Sampies w th SeBsig a|ASpattr%tf§@% ROTHICH Hette By PSR AR GO T 111 st
n the vicini al |, bonded part

pul | test in ﬁ%@t‘lf? hfor 15‘ mmutev@ot &q%%d{slwq qend @pgtSerlraﬁ%ecpftlﬁ%g?wg% gc?&‘dpart Vs

and pul | ed upwar was carrie

br oken and CLEttabxl eg%ec%m@mht,%%y&%gm SHEEONN SR04 »gbewr ;Ifu g ameter of a

!
bondi ng w re, shape ion ive ratio

(12f) of fi ratea%am%gsr&e nsntamtdlﬁ; $ht aagtfgcttmggpg agapsol ute

val ue was used en a val ue o Rf was to or it was
excel | ent, johipgdat s %o hd?ﬁ'lbﬁvﬁztaq{%‘eohymé’al @%M&tsﬁé EE&’toatﬁlsd'f@rt l‘méaﬁ )f ﬂeﬁhﬂnf ,pul |

strength” in table 2. Wen was equal to or larger than A)an ess than
60 % it vas L9adrk Wik etd, %%ﬂ@b@t@?eﬁ@a@hﬁgﬁa@%%‘b@d GY%JS melmretlttgenteettye Wen Rf
was equal to or |arger than 40 % and | esS than 50 % it was generally no

pr obl em but tdaeses an@l @rongle dednttiorRE a heaiap Gdhnave hhd @Héaﬂnglftinelis daadiyng in sone
cases, which is indicated by a triangular mark in the table. Wen Rf was | ess
than 62 40 %varinenkdst Meogiiastyés héansy bfocesk Entadjuatndnedt thagphoneantofwas
requisite, which is indicated by a cross mark in the table. [0134] For
eval uati on ofhyérogeeiln rdhldyargvist sengiuid ada ot fempersturd ond far aledgemboriled part was
5 carried out. Awre dianeter was set to be 23 12/11, and a span was set to
be 2 mMm Aléééehﬁl@@mpkﬁeéﬁwhh@mcapmﬁédmouﬂbﬁﬁmwhﬁdhm@.hook hooki ng a | oop at
a position closer to a wedge bonded part than 3/4 of a wire | ength was noved
upwar dl y, andY®%r eakage strength of a bonding wire mas measur ed. Because a
second pul | stren th depends on a wire dianeter of bonding wire, a |oop
shape, a bondi ng® Hhtl&t%ﬂtweftétaeon ofhydg@egn sapbrinedin amtédyem)r%ft iseidnd pul |
strength/wre tenS|Ie st%gﬁgth i nstead of ap absolute value was used. \Wen Rp

was equal to SGFCVEiyEpap ?@%@3C%m%€868“BUH’Fﬁﬁ“ﬁ?@%@ﬁﬁvwﬁﬁé good mhlch i's

di db d
Lan o e ﬁ\%ﬁgﬂ%aﬁﬁé%g%cf %?Onﬁ%ttfaa?n tfﬁaﬁ*‘%e Do PRl B 0% ¢ vas
det d. h t abl
hen R vadd auadrRi B b Or el 8 G B SuCH b forhily® 1 ©
det er m ned t Q@x{xho@nto@pt WS eu' FyQgge 0L 61 1$t§mépgl')1g1%§ i3, b angul ar mark

in the table ss th

mass- product i Qi his tf?&k L}u@ s} e}s(tﬁé SV e}t'}@ss%ref%@e%n HRY eﬁ*\%ﬁ tlcﬁilidtt}?ebéo?e [0135]

Regardi ng a | eaning ure eani ng characteri st |c i's a phenonenon

that a 20 W heniRs LANHiReMRABE the hidkiEssWhE teRbtdo Qe @mh@t)terbq%ﬁté part falls on,
a W re upstandi ng part was observed in a direction i n vhich hlp was

hori zontal , ablpRhtRARINGefcaink Wi pAdsterRY abtatfdchasetcRilg @ex%ffécm)én gap
(1 eani ng gap) between a vertical Iine passing through the center of a bal

bonded par 5 avichascwitlicecodPsit:aie dThydakén tode WikRrelyaR@l f MAEnSStpré@sg 3 nun, and
t he nunber of sanples was set to be 50. For |eaning eval uation, sanples each
25 havi ng a maksauhe tbeepnthebgbf hyatogehalic 06 coienwhitth iMasing pséduect hi gh | oop
were prepared. Wien the | eaning gap was snmaller than a wire dianmeter, it was
determned 63 that |eaning was good, and when the | eaning gap was |arger than
that, the upstanding part inclined, so that it was determ ned that |eaning was
poor. O assification was nmade based on the occurrence frequency of |eaning
failure, when the nunber of wires having such failures was equal to or greater
t han three |t |s i ndi cated by a triangul ar nark |n a f|eId 5 "l eani ng
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5 nmono chip type which was a general single-stage chip, and an over-hang type
whi ch was a two-stage stacked | ayer chipghaving a space below the chip. A chip
hei ght was set to be 200 um For eval uation of a successive bondi ng property,
2000 of wires each having a wire dianeter of 20 um were connected, and

eval uati on was made for the nunmber of non-stick failures of wedge bonding on a
bunp. For the purpose of acceleration 10 evaluation, a |oad and an ultrasound
vi brati on werMowetertibit Bertishpightd wlehwwarestinanydrdass ecritainal inasgrepit oghect i on
condition for evaluation of non-stick failure. Wien the nunber of non-stick
failures was tbefaate coeces thaip genface hfaﬁclsimda‘bmhrbﬁ@ng/muﬂ néﬁjhef ¢agcedatiomnd it is
indicated by a cross mark in a field "reverse bonding", "successive bonding
property" in ttapirea is weasedisice bisispercloprogrshissies e teliminagas. wake t hree to five,
it is |nd|cated by a 15 triangular mark in the table. \Wen the nunber of
non-stick f ailPIFERiEs GRISeUHEo Eﬁngwhi%ﬂﬁf%&? PRI TP OOR Buptte e cqeesiipiastied by

maki ng a bon condij.ti riate, chis indicated b circul ar mark
in thg t abl @%@ﬁvéﬁn P‘ﬁ% &nfﬂég PB“%H@BT‘: ?ﬁ’&%& CoEPyratign @ Yf‘f%?%ﬁiaa“bondi ng
trength was .acco d, . whj.ch rcular. mark in the
Sabr 60 Do T iAo SRS shhile e i Q%@é@%%mw gﬁ%ﬁ wgﬁwlv% Sase o

reverse bondi S t|o cl oser part than 3/4
of awire | engﬁﬁe 8btame(k ‘% sgec%gar&f) mu ﬂar"PI(fr erBSr %)a ana ea ncen? ﬂ n(ff a Wire was

measur ed. FOr, g 3ec0 Jagd &-HA }efe%%m@mmm gﬁlgj%%gtﬁ cgé)eeﬁtr&%ﬂ>foa{on§§ gand pull

strength/mnre te e strengt tilT Ze to or |arger
than 20 % a\fﬁgﬁ%p@a@gd ﬁ&nﬁh&?ﬁﬁ% , B0Q6eh A an% 'd?i‘f]dr&ﬁtﬁ%ghﬁé/ a doubl e
circular mark in afie é reverse o Ing", "seco st rengt in table 3.

65 When Rp wassQaddk cé&eﬁﬁona%gﬁﬂaﬁpﬁﬂe%d Y ehih $Ss fop @i@te%g?/ Burbdsevas
determ ned as a no probl which'is indicated by a circular mark in the

tabl e. \WWen Rposvas equal to or Iarger than 10 % and less than 15% it was
determ ned that any defects would occur in sone cases, which is indicated by a
triangul ar mark itis ddgati@hhahe BhepinRRuwasybessulll har Shitthds withietheanyas a
problemin a mass-production step, so that it is indicated by a cross mark in
the table. [(QL39p.0Faro.2ual uatd @ultidferavitd isstngphd Pd siteréngt tovieting fhe sagse of
reverse bondi ng connection, sanples each having a wire dianmeter of 20 umand a
wire | ength off {18 orm menker stifjLe'ot @d Alghas o tatdwensetrdondif hgirogndodtbinedimal es wer e
subj ected to neasurenment of a pull strength that a portion of each sanple was
pul | ed upwdp d¥liplg wire bengy wihiniatrgngofirom GO th oA thagssy, and ifechfaproatgolaper rel ati ve
ratio (RI') of first pull strengthiwire tensile strength was utilized. Wen the
val ue of Rf \Aﬁsaéqﬁapssmﬂma Taageyierm O o 60 oy, thetcomti@tm@lf Whpe@rv@n Pe is
indicated by a double circular mark in a field "reverse bondin "first pul
strength" in “Ef’&bhzéd lethliléh@vﬁq@ﬁmﬂs C%ﬂ%ﬂpﬁr%gﬁs ffawa@g mraaﬁsﬁnéni@%mﬂtt@f Bth ar ger
than 50% and | e an 60 % 00 i s |indicated by circul ar
mrk i the. t21 Bl YRRy %1"13&&311 e Wewafﬂt@érhetwﬁt%%)@t% of B¢s than 50
% there was nor ob] em but | es after. bondi ng needed to be
treated with CAr&” ia%eysgffﬁl?@ﬁsf gdp 'OEﬁyc{%eflﬁa?cc?%aé]c?nwngge?‘}epﬁﬁbuI ar mark in
201 rpr overbrt g W?adwm 3Rt R Bl B el SR MR the tabl 0.

[0140] Regatdi9g, e1 g&h{éﬂ u?t*ﬂé"bé%&t%{ 2&' CAEQS&)EE %?a%gﬂeoéfboﬁéﬂﬁése. bondi ng

connection, a W re-upst part was observed in ctron 1n"which a chip

was horizont %esamc@mﬁéafmmcemngﬁ%b %\Q%ﬁt%&%@l@ﬁoﬁln‘éam ng gap)

between a vertical |ine 25 pdssing rou e center of ‘bonded part

and a wire upsh@n mglepﬁr:&mfa Wiré orin€AG: @r%@s% 961 i 5 @GR Wi RAA i number
of sanples was 30 was determ ned t 66 when the | eaning gap was

smal | er than ahfaanwpﬁ@e Qﬂaﬁﬂ&h%mpéraﬁ@a@'f&%ﬂ%?s 9ok is ARGnANDBNR: dxh@sibeaid Ng gap was
| arger than the wire dianeter, an upstanding part inclined, so that |eaning
was poor. kb stgageligaihd beeshist ﬂ{thotxé”g%1@&3&3&@5&@)&@1@1@%@%0@9@(&&&&@@ failure,
and when the nunber of failures was equal to or larger than seven, it is

i ndi cat ed by vatlif @ssn d@sK Jftheahidkdcbedfdhe si@srengeiskqudide largdl BaAN0.00um,
characteristic" in table 4. Wien the nunber of failures was four to six, it is
indicated by a triangular mark in the table. Wen the nunber of failures was
one to three, it is indicated by a circular mark in the table. Wen the nunber
of failures was zero, it is indicated by a double circular mark. [0141] 10For
a loop stability in the case of a |ong span, 40 trapezoidal | oops were
connected at a | ong span which had a mnre |l ength of 5 mmso that a Ioop helght
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67 Regardi ng an al um num spl ash phenonenon in the case of finc dianeter
connection, evaluation was made based onsa | 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 dianmeter connection of 50 pm
at a wire dianeter of 20 pm and having 5 undergone fine dianeter connection of
40 pmat a wire dianeter of 18 pmwere used. Wen the nunber of wres that the
| evel of al uni hesamsptaas b shedliza ditc coneehirationand hedyogdn, and ibihe Hagkgess ekbeatis t hree, an
i nprovenent was requisite, which is indicated by a cross nmark in a field "A
spl ash in fine?dinaprptlkis h@fémﬁécfmd@frtg apious At euch a Heleredital nmybmagef chiw res wit h
noti ceabl e al um num bl ast -out was equal to or |ess than two and when the
nunber of 10 %"lieé§“‘i/\$?ftbﬁn4fﬁ%lerpé?féraﬁlbfuﬁm%h’f?@e%ﬂ sty eidg irathinagagge gr eat er

t han si x, is indicated by a triangular mark in the table. Wen the nunber
of wires w t hff%aé??é(t BOX Wi R A Brs i maiay e of grddatign FesipEncs, @ balkbendinigcat ed by
aC|rcuIar i e table e nunber of wires with noderate al um num
bl ast - out tr&aﬁQFm’% lﬁ?eqsg‘gé”\{\hﬁdﬁe five gbm\)ﬁa?mﬁﬁrﬁﬂl%tf?ﬂd’ing S i ndi cated by a
doubl e circul 8r]'ark in thc table. 15 101431 For eval uation of CFN
nmounting, 2000 W'res were subjected to successive bondi ng on an 80-pin QFN

substrate, and e t ai l ures.
For the purpose gr*aljhgg)céeqomrgat erﬁr‘%/Sr\/f'illsu(gts mab?e 1:hatalm‘%{glinp‘a'vcln3’51 Con ntmé%hoﬁa-j vi bration

were set to Q‘é‘%&érﬁ*&%éﬁ J()E&%Emtwplaor?n;e ts,]%me g% S B eg'd‘féhlé%@?rl g‘g@ J)l}l on for

eval uati on of non-stic ure en the er ol non-sti ures was

equal to or | i i cated by
a cross mark I?‘ﬁggﬁ?%kg@% ﬁ%@ONO%ggﬁo:g lwﬁx%ﬁ%g}é@gf{gg@ aw%in[qe g P%tgreﬂ? " in table

4. When t hgonuidiel; i sup@be &tthCdord ﬁbﬁ%%?cwa&u Lo 1ats‘at(§thivcnence'n¥1atk§1 dfnd' cated by
a triangular mark in the table. Wwen the number of non-stick failures was one

to two, a pragtiogad tdnaikedyh 6 whelca6EUIRlgivaeds Ryigdmdh 0goal . @Rneiseg, condi tion
appropriate, which is indicated by a circular mark in the table. Waen t he
nunber of peednt ith @B Aefl0condedtafibn Bd Rpdr) homndl N@nsdnti@figt i Pdasla@eaoapl i shed,
which is 68 indicated by a double circular mark in the table. [0144] For

eval uati on oftolal ®@ecandtiguiimesdl cenghiy being bipel ©as érgd tHIFNOmUYItHang, a hook
hooking a loop at a location closer to a wedge bonded part than 3/4 of a wire
| ength was 5 thokmeds ipwarddB yo 0.8% pgmathb disadbutign sthydrgehcanfve aonvententaia tineasur ed. A
relative ratio (Rp) of pull strength/wire tensile strength was utilized. A
wire di anetlérvigpisy edhe supfagreotadopding aivd allvik pendsehegt bifowsoiseppressingeng mm  When
Rp was equal to or rger than 40 % a wedge bonding property was good, which
i s indicated %}df@tl%wﬁg @Yé’mﬂﬁhehwwf R ek nartin Biedicinml mbath pidaffected Scond pul |
strength" in table 4. Wen |ip was equal to or |arger. 10 than 30 % and | ess
than 40 % i thHaderay g’i‘?’r?ﬁé%la%“ ﬁ@llﬁﬁhoﬂdé?ﬂucwglﬂéﬁd’ois@lilIFYdifélé‘ﬁféfakB‘iﬁ%P“%ﬂ rcul ar

k t he tabl t o and | th 30
o 1t v det BRHR T EES Ol HEPdore by o uaame LD S HORE ISR | { 1 s
indicated b t | Kk t th 25 %
!tﬂelrgawgs ay o%{ Iéﬁ?‘%g? Eggoﬁﬁn%émﬁlﬂg Jgiteei%ﬂl%%?lé f&e\/&ﬂf‘%wﬁﬁ; R ié'fhé)&ealgy a c? 0SS
mark in t h‘%o tﬁl@f{@%ﬁﬁ%@fegt%na d1stpa1€tes§el%aegl{n%gnt of tﬁ%(?r?%%ne {ereéP‘E;Hle?otr el lability of

a bonded part aresin #'e heated at a

tenper at ur e %néeﬁgfat%n 0??1{&5%:?&0&891@%61% %é Qfge ELQH\EJ A4S tlrleelﬁﬁf Sézicglﬁ{aylg]t ﬁ%e

el ectrical characteri st eac Ing Wwres were“eval ua n the

percent age Oflaytx}?ﬁ%d?ﬁ%éﬁ' hfBodbavi Qg)v%ngénﬁgﬁ&f Gitbe LG %fsﬂ%?ed'iﬁﬁ{e%ﬁzﬁ to equal

20 to or larger than tThree tines as much as Its init electrica si st ance

was equal t0 fthelvArdRrfatd1ant @0 tn¥nkss oMBS h@gh%ﬂé&ﬂ%&ﬁ*d e is dfihiGhod S 1 ndi cated
by a cross mark in a field "high-tenperature reliability” in table 4. Wen the

percent age ofihibeRdian®.00B Les ithavkREvaR b@;lng%ddtsﬁymag&ﬂtﬁ&@a drRergased to equal
to or larger than three tines was equal to or |arger than % and | ess than 30

% such bonslisogh ahickess exdeesiengusedné Qap@nvfidophBaton@ vagingdwishfilafdzofd@mui si tion
for areliability, and it is indicated by a triangular mark in the table. Wen
t he percent adecpefarddformlidng wi res having an el ectrical resistance increased to
equal 69 to or larger than three tines was |less than 5 % and when the

per cent age of bonding wires having an electrical resistance increased to equal
to or larger than 1.5 tinmes 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 table. Wen the percentage of bonding wires having 5 an
electrical re5|stance |ncreased to equal to or |arger than 1. 5 tlnes was | ess
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A bonding wire set forth in claim10 corresponds to exanples 51 to 60. A
bonding 25 wire set forth in claim 1l corresponds to exanples 51 to 60. A
bonding wire set forth in claim12 corresponds to exanples 52 to 58, and 60. A
bonding wire set forth in claim13 70 corresponds to exanples 51 to 57, and
60. A bonding wire set forth in claim 14 corresponds to exanples 51 to 58, and
60. A bonding wire set forth in claim15 corresponds to exanples 61 to 70. A
bondi ng wire [986%forth in claim 16 corresponds to exanples 61 to 70. A bondi ng
wire set forth in claim1l7 contsponds to exanples 62, 63, 5 65 to 67, 69, and
70. A bondi ng wi fas detralfloiete bandplaiimsh@ild baveasipibints 16yer exargd es 61, 63, and
68. A bonding wire set forth in claim 19 corresponds to exanples 62 to 70. A
bondi ng wi r e ®asenfrafiqtgradient betivaepbe Eoegotspoitd Syeoing XeemoreaseBiertapd 88, 56 to 64,
and 66 to 70. A bonding wire set forth in claim2l corresponds to exanples 52
to 60, 62 to Breoinaditbsiophyroshods perahicieeseRamP®s t6d.0t 086 Hre results which
do not satisfy g 10 condition in claim1l. [0149] Some of eval uation

resul ts for SrBpHESEMY SR haywedieliptued layer savaning eisiTogs of thecars mempenp! ba,

expl ai ned. 10150 5The ltilayer wires of exanples Ito 21 and 50 to 72 each
colrorpri sed a d%‘t‘ %“]arf%ﬁ%rat%ﬁi Rpgen %tiﬁf)‘c?ééﬁgrfﬂiﬁe“acf’m?’ggi{” "‘o‘ﬁlé"?%‘f‘”r cingyithing Ag, and
an outer |layer farne t urface of the.core nmenper and nmainly conposed of
Pd, and as a ¢ e;}fm%gﬂ@@ntf) :ag)togbrﬁs%ga'ﬁﬁﬁf gﬁéjr’f%@boﬁftl%?ieh A& %‘Pn\cl\%‘gf‘té‘}{w re was
withinar ang%%%cggr?,hr?gxgﬂe%gyt%évete thoe'mox e?lapqgsa%g%l%cc%l%rlﬁé@%&{agg hcgven%z{ tgisjc%gc%,sisl nvention,

it was confir characterrstics, sSuc city of a
ball is good 1 I % SV j t i .re, breakage at the
time of wire ra&?%%?”§%¥gﬁégﬁkg?%%ﬁég?nﬁﬁigﬁ%ggg%éggfﬁmc ﬁ?%%gd?ﬁ%%%ording to

conpar ati Ve ¥ hgs Yhe akrusoft §BCE T ¥1i A& GARCRIMRA & ngcgal g%‘.\g,%%ﬁen | 0ss

than 0.0001 mass% and conparative exanples 2 to 4, 52, an aving a

concent r at i onn@fa hyhe 88 nRXGEEHIPE 08 R8BS0 Thd divBSoifliafdriiCilpbettPosat i sty
both a ball shape and a wire 25 workability Simultaneously. Mreover, it was

confirmed thalpprageay dirgg bothe onRafa tHe\Ri®N A e ©xthR\ RS B8R idmiRuter | ayer,
conparative exanple 53 having a Pt outer |ayer, conparative exanple 56 having
an N outer [lsy®penisoipebatcbmslpanplemett dfaviddgendn Ridirc@la fivaniperd oasd a

nonol ayer copper wire without an outer layer, a wire workability was

i nsuf fici ent .layed &bth¢ et tnewsher, awhnb isuppedts hinapecliag epicthienge. | @igieanples thd o 10, 14
to 16, 18 to 20, 51 to 57, 60 to 67, and 69 to 72 which were preferable

exanpl es edé hnbresni digrikution ntlentrogat irothe gicinity of agererbed ngmpraviigtha range from
0.0001 to 0.004 nmass% an effect of suppressing any formation of a tiny hole
at a ball si dehfsheaespasthhinitifacybeteeprtbé evtaipyer aid thagere ownfbier mddattifat |
according to exanples Ito 8, 14 to 16, 19, 20, 51 to 55, 60 to 65, and 69 to
72 each 10 ha#¢P RgUaderstind dht Fistingsito ind el pajlity Bbeileny sharehraimprevangethe r om 0. 0001
to 0.002 mass%. a workability of an extrenely thin wire with a wire dianeter
of 23 gm was Cil??ﬁf%\}@é?}' hompegea e g PG McH bexarpIBY ves theadhesiyepessigthes) to 54, 61
to 64, and 71 each having a concentration of hydrggen being within a range
from 0.0001 t'B° %ﬁdﬁhﬁﬁgg@$u§r%Vgﬁ“@%F@@FyTﬁmV%pfﬁ%ﬁﬁﬁo%“ﬁgﬁﬁgﬂﬁﬁwpy of a
further ex mely thin wire with a wre dianmeter, of 18 gm was confirmed.
Lonsop b R b s U 3R Biedbeiaf BT, 11%0 17,
19, 20, 51 to ; tQ, 6 9 t0.72,. @ rati o of oncentration of hydrogen
det ect ed wi t e PlsbApaliREes Saed i nPiad 8 St SPEFEIOEN Ea t ot
concentrati OQie%EioQ}/eqriptgg g‘lb%} %%&&gd W 1000 aPl%Per&b? ,?Ijthé t%@%s@%s &y PGS Was
equal to or larger than o%hroud% measured’at  a fenpera urerising
speed of 100 0. i At i I confirnmed
that a spherﬁ%?%@’o‘§%b%%%%$2ggl é%@n%gggggﬁggﬂ%1%ﬁ§§g%#%q?ﬁ@k@ﬁ@én%f a

bondi ng Wi r e 1Wgkthis 3qll fcfor b AREMHE 5 Bim 231 &mamamgm@vsﬁ%e cBh 8¢ sfiably . according
to exanples 2 to 4, 6, 7, 9, 11, 15, 16, 19, 52°to 54, 56, 60, 62 to 65, and
69 to 72 hayijpgroyhe foregoing 25 ratio equal to or larger than 70 % a high
effect of inproving a sphericity of a conpressively bonded ball shape in the
case of a bondi nBIOM v dnhil@stradiveanethlanBh@t c@icertBitioP Provsin @ @ntdtioe@m 4 0153]
According to the nultilayer wires of exanples 1 to 14, 16, 17, 19 to 21, and
71, as the thickness of the outer |layer was within a range from0.01 to 0.2
l.tmaccording to the 5 present invention, it was confirnmed that a wedge
bondi ng property after a bonding wire was |eft in an atnosphere for 60 days
was enhanced. In contrast, according to exanple 18 with the outer |ayer having
a thickness exceeding 0.2 pm a chip damage happened. Preferably, according to

PR ~ A b — P ~ D .
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[ 0154] According to the nultilayer wires of exanples 2 to 12, 14, 16, 17,
20, and 21, as a region where a concentragion of Pd was 80 nol % in the outer
| ayer had a thickness within a range from0.003 to 0.08 pmaccording to the
present invention, an effect of enhancing 15 a pull strength was confirnmed. In
contrast, according to exanples 13 and 18 having the foregoing thickness
exceeding 0.08 pm it was confirned that a |oop stability was reduced. [0155]
Accordi ng to Wheswiare folagpermernles §o dic centang] asirddisroetdr] jn th8fordgbingl6 to 20, as
such 20 wires had the diffusion layer with a concentration gradi ent between
the outer | ayB8rliiler hondingsite. mblirbeire eomebristser aid hersbayn, dreuear Idyad2,and hi ckness
from0.003 to, Q.15 pmaccording to the present invention, a loop linearity at
a normal wi r iR IAvaRAT @ Flls! oy eisentiagpopiodile dfn neromeanatétient Ao dredi ng t o
exanples 12, 21 havin% the diffusion layer with a thickness exceeding 0.15 pm
it was confir%%ﬁiﬁﬁ%Tléh%éﬁ@%mﬁﬁﬁﬂﬂﬁﬁmbgéb@ﬁF?eWﬁﬁﬂ@5 dée ddiasied layRreifer abl y,
according tg xagﬁigs 2.to 9, 1ﬁ5'i4’ éG, 17, 19, and 20 having the diffusion
layer with & PHIFCIGTEES fiesmiconandet b 2pd 6 ovlgs [a%7Ri gh effect of further 73
i nproving a Hagﬂ linearity in the case of a long span at a wire | ength which
was 5 mm and |éh needed a strict control was confirnmed. [0156] According to
the multilayer wyr - e les .2 .5, .6, 11, and 13, as such wres had 5 the
LA SRR e B Al Bveie. £

core nenmber mainly co mAMle sy, zn, B

and P, and t k&%\nﬁ il?tlotf gag&@%&%g;}s&%gpas%{] a@l!xels&&%e%é,%rsrg'&%rtﬁégécﬁcip%%%%ﬁ{ ?"(r{?ﬁfl \é\?ts &tshi n

a range from 0. 0001 t¢ according to’the :
confirnmed t hafonding BRAPLAY LA RGHEAVIBL 4E. WO TirhBE PYEGRs 4L, i&lqg}%er $t. according
g 0. nmol % it was

to exanple 14 having the foregolng @%ncentratlon:%&ceedl

confirnmed tbafetcaePedicehngh BOP Sk BRI WBS101R. JeRL RASEH:s Bitkion layer ACCOr ding
to the multilayer wres of exa&bles 4,08, 10, 16 an 18?e%§%§%%0n&??%5 had t he

core nenber rakwhy coMFRRERE r@ge Cbh Rive Albw 8leERNLRL PN dRbvd £BELANEOf Pd, Ag
and Pt, and the total concentration of alloy-elenent in the core nenber was

wi thin a randeniafafom Qid layeoand thbfthaceentngr t Q1drhe eDh®s&ary faueRhi on, it
was confirmed that a PCT reliability was inproved. In contrast, according to
exanpl e 21 hakd ;deridyer frdrtbgairagenbacentdpatdsan a @xe etk AdectBDEHrerittativyas
confirmed that a problemthat the occurrence frequency of chip damage

i ncreased. [ @1B8js caoAde orldigantherosh hel %miks iheayer laptries repfoneX aspies ibh t o 60, as
such wires had the core nenber mainly conposed of Cu, the outer |ayer forned
on the cor & FenBathemibe ot ddisciaioepesbaiofofPd is Hhdolthe concentrated | ayer

1bl hied at the surface side of the outer |layer and containing at |east either
one of Ag and"®4] and a total concentration of hydrogen contained in a whol e
W re was mﬁthiaﬂg ran%e from.0.0001 to 0.008 nmass% according to 25 the present
invention, it tReomFicrec i Fpn. deetivhernseivalions sbiepaier pvef thadiffusien] ef t f or
90 days was good ccessive b property in the case of QFN nounting

and a s ondin
was 74 good.a$ﬁﬂ§§ﬁF?3§?Fn§gbdﬁﬂﬁﬁ@eyda%Bﬂﬁ%ﬁ@?@@%m@%ﬁﬁﬁ$%@“§ﬂ, 52 having the
concentrat ed rbut having a coneentration of hydrogen out of the foregoing
range, conpaF% |§%f%§%%%$%°@%1ﬁ§%ﬁﬁ %Fﬁ@eﬁﬁn Sﬁgﬁﬁgv'F%HdF%V@WFHQHHﬁ@xaaneS
61 to 72 hayi n 1op ;of rogen being within the foregoing range
it havi ng e el S RESRLLALLE DBl e QLR HnRE bl Piodne s P 5F Bol g
i mprovenment ef feet MR8 .nSidliifl ot O s cording to the nmultilayer
Wi res of exanﬁlés’gl tSkggg&gfﬁ%ﬁﬁ&t%%tég%%%?%%ﬁ?ﬁ@%ﬁ“%ﬁ% &oncent rati on
gradi ent of ajpskeast one of Ag and Au according to the present invention, it
was confirmed that a second pull strength in the case of QFN nounting was 10

good. [0160] Reg&‘aﬁ%rc@hd%ﬁtrﬁtﬂmtahﬁ%/@fotr k@RS 106 ﬁéfdﬂ%us%?ﬁ{%h%?e R L0 58 and

60, as the concentration of Pd at the outernost surface o e concentr at ed

| ayer was wi tﬂ’emfﬁelaetb.«;iﬁl%hﬁiﬁﬁﬂf&@al&ﬁz@@hiﬂ%ﬁé@g@@&ﬂ{ 6% d QrthS RSN
invention, it was confirmed that any Winkled Loop failure 15 related to a

| oop shapezi withea dasiediaictien boRPuERALr RIS URRIERS 38Mysid & GRY hASsis @ccor di ng
to exanples 51 and 59 having the concentration of Pd at the outernost surface
bei ng | ess t Henik26t awirdoross sextpaedifgti®d mk YormeOreWriquslieeitdeg@pyhaithdr € was

i mproved Preferably, according to exanples 53 to 58 having the concentration
of Pd within a range from30 to 80 nol% a high effect of further inproving a
Wi nkl ed Loop failure was 20 confirnmed. [0161] According to the

mul tilayer wires of exanples 51 to 57 and 60, as the Pd single-netal |ayer was
formed in the outer layer with the concentrated | ayer at the outernost surface
t hereof according to the present invention, it was confirnmed that a |arge



25 ball deformation characteristic became stable. In contrast, according to
exanpl es 58, 59, because no single-netal sghayer was present in the outer |ayer,
it was confirmed that a 75 deformation shape of a |arge ball was unstable.
[0162] According to the nmultilayer wires of exanples 51 to 58 and 60, as the

t hi ckness of the outer layer having the concentrated |ayer was within a range
from0.02 to 0.4 pm5 according to the present invention, it was confirned

t hat both |an@Vé%@nﬁﬁG%tatmb%S@SBBWﬁﬁﬁgﬂpﬁ%p@m@Wﬁampe@ﬂgﬂﬁﬂayytbﬁkstorage and
a bondi ng pr in the case of QFN nountin and reduction of any chip
damage were a ﬁ‘%lr PRt Arelnie suadfegtive e qu&sﬂaye@é é}bfrl‘d pifghas 8n exanpl e 59,
because the outer |ayer had the thickness exceeding i.t was confirmed

that a chip créiﬁﬁaeged Gheckys bk emsriBfgn léraébtroaahgwrhelefm%%me@o 1, 53 to 57
and 60 having su& |ckness berng éh|n a r e from0.03.to 0.3 b a pul
strength in tHEOLY ‘éﬁﬁt W RS EAYORHG ¥ “VQIYIGB %@F%Fﬂrsé’r%%‘”}m &d, and

f bl d h
thi ckness béit n%drrr%%ﬁrghm'a”%ﬁgassﬁ?%%can-esauaxaea@urﬁeerﬁﬁr %r@woﬁ W24 of furt her
| npr .OV' ng a 12&5[1%11}%%? %nggrﬁﬁggth%@uckn S of d%usrc{rq%ij er, nﬁ)e&l‘me gna Osy\s/ 1£ enperature was

confirmed. ayer Wires exanples 61 to

70, as such wifes é}eafgp aCOHRL! IS8t ?m 095 SRR etréa;m lxo&a‘%@gg ipf Cu, the

outer layer forned on the core nember an mai nly osed o and t he

i ntermedi at e Jryee «f aEhed. Q%\A%@ urtérear%@rre 1 smadt?gc% gataeyzgy Emln@yer and

containing at least either one’of Ag and Au, and a centration of

hydrogen contahR&s bl RarfovihOdEvi¥ fafeV\BS: 1¥‘giérh§nm1@‘\/151ﬁﬁﬂ@f A i@ QU to 0.008
mass% according to the present invention, it was confirned that a shear

strengt h ofipabhaldtichendlesedarb ah Bxﬁﬁl‘ﬁﬁzalbipp@aﬁ&k uRdli@fsucif @hcdi@Qtisloarsiy@s good.

[ 0164] According to the nultilayer wires of exanples 61 to 70 as the

i nternedi at e Flay@h P2dbehaidron bBRBERPLAY tehnigiqdhapy Dabedive Keas tnsysisher one of
Ag and Au according to the present invention, it was confirnmed that a | eaning
characterrstNﬁﬁﬂnumhmqmaaeg@ﬂﬂmmveSp@mbmmﬂymgbmﬁ&AEﬂynhmmgmmaeEhmnﬁoved
Preferably, according to exanples 61 to 67, 69 and 70 having an average
inclination dYlictdseoredhERNtachniqoncigs e tlenppiper  In ptidvginrrgeediuglo AlBS.or | ar ger
than 20 nol % a high effect of further inproving a | eaning characteristic was
confirmed. [(FeBFe Sagdlorwivignisdigthil ineffeciivapeeongintagoninabraipites 62, 63, 65 to
67, 69 and 70, as a maximumtotal concentration of Ag and Au in the

i nt er medi atld JUiFBPSLHES FEWhi YoEeER 8% TSP Or the kool ysrascerpeRgon. & t he

pr esent |nvent|on it was confirmed that a successive bondi ng property by
wedge bondi ng® BRI Hisqlye & Wise fawe syflageqr s by SR assiitiaidevind 9 mpr oved.
10 [0166] Accordin yer wires of exanples 61, 63 and 68, as
Lhe i n o medi Y G Righ 6E G e S T BRSSO 28 F B Ga ent s of
at | east thraﬁ plenents at least either one of Ag and Au; Pd; and Cu
according to %e present invention, it was confirmed that a first pul

strength in the f3e Tbié \e{tearbo%dmg qullerégoqurn\;e tﬁc S mengPrrn?a\{nqy coql%qs[e(? ?f ckness

According to the A as a

of the outgp d:@ararars@ragmma DheE TR akes. K oD VL B! ANOLEGM 002 Lo

0.5 um according t e pr Edent I nventi on, a second pul
strength in td?%n&;ﬁéran% il YRS é%@%@l?lgwthm%ﬁée“rgon% 0@01”{%%5%61% type was
i nproved. Preferably, according to exanpl es 62 to 69 having such thickness

bei ng wi thi n gecbamngao bR Filkiferis hatnlNoonfhotidddiy ceaf hRGLo@f cohbtntBdn
i nproving a second pull strength in the case of the mbno chip type was

confirmed. Myret Raebes dN1YsSn, Z6CRESH Pk 4Ry Qraitds B8inb Jithhn rab, rBB0.8061 69 havi ng
such thickness being within a range fromO0.13 to 0.30 pm a high effect of

i nprovi ng a seondehddl indsiag eRFdutenldybecotai tod sukface B col@mgmbypPs ted acked
chip was confirnmed. 25 [0168] According to the nultilayer wires of exanples 51
to 54, 56 t a56dtabndcdfration flyd@gen cbhitagied in wvhels weadhwibinprigedroat 0.0@ast ei t her
one of the surface concentrated |ayer or the internediate |ayer, the outer

| ayer, and t hHe (0508 exasdtrhdeaningrtathaedisictior &la dedntenhodkt 4t O tofe RhighAgomnd Au
being within a range from0.4 to 4 nol % according to the present invention, an
effect of suppressing any Al splash at a ball bonded part in the case of 5
50-um pitch connection was confirnmed. Preferably, according to exanples 51,

53, 54, 56, 58, 59, 62 to 64 and 66 to 70 havi ng such concentration being
within a range from0.5 to 3 nol% any A splash in the case of 40-um pitch
connection was suppressed and nor e preferably, accordrng to exanples 51, 54,

™ 7/~ ™ /M Fa¥al b ’r~ A P | — N e . D D T P . " . R P L



15 was within a range from0.001 to 0.4, it was confirned that reduction of a
bondi ng strength could be suppressed in t;je case of heating at 185 C for 1500
hours which was a high-tenperature reliability for next-generation in-vehicle
| Cs. Preferably, according to exanples 52 to 60, 63, 64, 66, 68, 69 and 70
each having the concentration ratio R being wwthin a range from0.002 to 0.3,
a bonding reliability was good up to 2000 hours at a 20 tenperature of 185 C
and nore pr ef @ratilop cambciomdived tlo texanspdiesulGiet wnBig w60,mb8ple ks, B 69 and 70
each having the concentration ratio R being within a range fromO0.01 to 0.25,
a hi gh ef f ectareforicems feta lemnofailvg ofia higlngtveinpleiat faller dyeniditingviciadty athi | i ty up
to 2500 hours at a tenperature of 185 C was confirmed. [0170] 25[Table 1] 78
Hyd ogen conc¥fk pat #déke 1oue efrfomyiag a ep dkvingiebigh doogihkighisicoms. Whei on | ayer /um
Core nenber Menu- facturing technique ( A Nonel ectrolysis , B:Electro- lysis ,
C: Vapor deposhUtiaygiviyes cpperitrehCe enie amber and @iPdmufentiz e Rain hydoizen,
concentrati gnthere is a tendency that the possibility of such leaning failure increases. Because a neck
part is affected by heat of ball melting, recrystallized grains of the core member become
rough and hydrogen in the Pd outer layer or the Cu core member diffuses, so that a
strength of the interior of a wire and a distribution of a texture or the like become
nonuniform, which may cause such leaning failure. Because at least one of Al, Sn, Zn,
10 B and P as alloy elements makes the mechanical characteristic of the core member and
the texture thereof uniform, the leaning characteristic is improved. If the total
concentration of such alloy elements is less than 0.0001 mol%, the improvement effect is
little, and if it exceeds 0.05 mol%, a bonding wire is hardened, a peel bonding strength
which is a strength evaluation for a wedge bonded part decreases.
15 [0075]
It is desirable that a bonding wire should have the foregoing core member which is
mainly composed of Cu or Au and which contains at least one of Pd, Ag and Pt as alloy
elements, and the concentration of the alloy elements in a whole wire should be within a
range from 0.05 to 2 mol%.  According to a multilayer wire which is mainly composed
20 of Cu or Au, has a total concentration of at least one of Pd, Ag and Pt as alloy elements in
the core member being within a range from 0.01 to 2 mol%, and has the Pd outer layer
covering the surface of the core member, as the total concentration of hydrogen contained
in a whole wire is within a range from 0.0001 to 0.008 mass%, the reliability of a bonded
part between a bonding wire and an aluminum electrode can be improved.  For a test of

25 the bonding reliability, a high-temperature and high-humidity test (Pressure Cooker Test:

PCT) or the like is effective.  According to a PCT, a bonding wire is heated at 130 °C



of hydrogen detected through TDS in range of 150 to 500 C (to) "".,;" ""!I
constltuent Ln yer -; thick- ness /pm Thisgkness where Pd concent- ration
equal to or larger than 80%/um Main. consh- Went Additive el ement noi %
Exanples 1 0.0001 60 Pd 0.01 0.001 0.003 Cu

and at 85 %RH for 300 to 1000 hours which are typical conditions, and an electrical

characteristic or a bonding strength is evaluated. When multilayer wires comprising a

Cu or Au core member and a Pd outer layer contain hydrogen, the reliability may

decrease through a PCT. The reason why the reliability is improved as at least one of Pd,

Ag and Pt as alloy elements is contained in the core member within a range from 0.05 to 2

o

mol% is that a compound growth speed at a bonded interface at the time of heating is
slowed, and a region where the foregoing alloy element is concentrated at the bonded
interface functions as a diffusion barrier against hydrogen. I the total concentiration of
the alloy elements is less than 0.05 mol%, the effect of improving the reliability is little,

10 and if it exceeds 2 mol%, a ball is hardened and a chip may be damaged at the time of
bonding. Regarding the concentration analysis of elements contained in the core
member, it is preferable to use a value acquired by averaging concentration values
obtained at equal to or larger than three locations of a wire cross section through the
above-explained analytical techniques, such as EPMA, EDX, and AES.

15 [0076]

When the outer layer of a multilayer bonding wire containing hydrogen at the
foregoing concentration of hydrogen comprises at least two layers, it is possible to
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. Hereinafler, 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 2 0.0002 98 Pd 0.06 0.02 0.03 Cu 60.0012 B 0.0003 75 Pd 0.1 0.03 0.05
Cu- B 4 0.0005 75 Pd 0.05 0.01 0.06 Cugs

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

1

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



Pd0.021 B 5 0.0005 48 Pd 0.03 0.01 0.01 Cu PO.01 B 6 0.0008 70 Pd 0.04 0.01
0.03 Cu 60.0003 A 7 0.0011 70 Pd 0.08 0304 0.04 Cu

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 is effective to consider a



B 8 0.0018 58 Pd 0.1 0.03 0.05 Cu PdO2 B 9 0.0022 92 Pd 0.06 0.02 0.08 Cu -
B 10 0.0039 45 Pd 0.093 0.03 0.11 Cu 34

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

(4474

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

10 time of loop formation, etc.. It is verified that such an effect of stabilizing a loop shape
has & 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.

15 [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 imprevement effect is effective in both cases of BGA and

20 CSP, but in particular, an effect of increasing a second pull strength becomes higher in
wedge bonding in QFN mounting. 1t 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

25 a concentration gradient in a wire diameter direction is equal to or larger than 10 mol%

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



Ag0.01 B 11 0.0042 72 Pd 0.15 0.06 0.07 Cu PO.001 B 12 0.0062 53 Pd 0. 12
0.04 0.16 Cu - B 13 0.0078 65 Pd 0.19 0.9 0.14 Cu

enhanced.  Preferably, if such inclination is equal to or larger than 30 mol% per | um, 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 intermal 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 loop contrel 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 pm.
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,

o

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 concenfration of Pd equal to or larger than 97 %. It is desirable that the
10 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]
15 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
20 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

o
oy

times as much as a wire diameter is remarkable. The Pd single-metal layer alone is

insufficient and for example, it is etfective 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 0.005to 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 wm, 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 um.  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 simultaneousty
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 um, accomplishment of the foregoing effects is facilitated, and if such a thickness
exceeds 0.4 pm, a ball is hardened and it is of a concern 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 is within a range from 0.04 to 0.25 um, 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 Ay, 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 Ag and Au is

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

ot

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 high-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 layer 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. ltis 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 mmproved. Note that reverse bonding is to bond a ball on a lead electrode and to perform

wedge bonding on a bump.



0.0082 60 Pd 0.02 0.01 0.01 Cu - B 3 0.009 55 Pd 0.2 0.05 0.12 Au -

Cu Cc 2
B 0.0085 38 Pd 0.18 0.07 0.08 39

4

[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
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
10 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
15 an effect of heat to the upstanding part at the time of ball formation. Conversely, as the
mntermediate 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
20 inclination of the concentration gradient is equal to or larger than 20 mol% per 1 pm, 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
25 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
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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 & 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

o

large plastic deformation requisite for wedge bonding and interdiffusion at a bonding
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
mmprovement 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 is
20 for a case in which a single-metal layer 5 is present in the intermediate layer 6, and FIG.
3B is 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. Illustrative 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
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
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
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.

[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 pm,
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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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. 1t 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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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
4 mol%. 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 wm.

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 ICs.
‘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 (Ag+Au)/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
concenfration 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 Au is 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.

25 [0103]

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



v 0 0O LA I @I 0 00000000 v | 0 @ @ rcr _ (c) Iv Loop linearity
CE 00000 @0 O 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.

(w1}

Solutions used for nonelectrolytic plating are classified into a substitutive type and a
reduction type, and when a filin 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.

10 [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,

15 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, ete., after film formation are made appropriate, it is relatively easy to
control a concentration of hydrogen contained in a final product.

20 [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.

25 {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 technigue 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

5 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

10 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,

15 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

20 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

25 gas concentration can be added.  In the formation of the surface concentrated layer or the

intermediate layer, 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, fransposition,
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, contro}l 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 is 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 muitilayer 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 is 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 N, 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
intermediate 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 layef, 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
in 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
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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
mtermediate 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%Ha+Ny gas.  According fo this bonding technique, by using an inexpensive pure
Ny gas instead of Svol%Hy+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 member,
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 technigue 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 mun 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 um, 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 § to 200 m/min.  As needed, wires
were subjected to dice wire drawing to a wire diameter of 30 to 100 wm, 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 ! 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]

I
I L
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For measurement of a hydroéen 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
guadrupole mass spectrometer made by ANELVA was used for the lattei TDS. When a
conceniration 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. 1t is defined that a concentration
of hydrogen detected at a temperature from 150 to 500 °C corresponds to ihe
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 150 to 500 °C relative to a tofal
concentration of hydrogen was obtained.  An exhaust speed of a vacuom 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, ete.,
were carried out for observation of an clement distribution like concentration at a crystal
grain boundary. In depth analysis through an AES, a wire was spultered by Ar ions to
perform medsureniént in a depth direction, and a unit of depth is indicated in an 'Si0;
conversion. A concentration of alloy elament in a bonding wire was measured thyough
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 fo 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

ot

intermediate 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 N, 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%S8i-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 pm or 18 pum was evaluated. Regarding a sample length, a wire of
5000 m was drawn at a time that a wire diameter was 500 um.  For strict failure
acceleration evaluation, a wire was drawn at a fast speed twice as much as a normal wire
drawing speed. When the number of wire breakage was zero, a remarkably high
preductivity 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
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
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, it was a failure, which is indicated in a field "sphericity” in table 2 by a
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
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 pm 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 pum 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 um 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
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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 OX 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.

[6127]

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 pm at a wire diameter
of 23 pm 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 ora
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 pum and less than 20 pm 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
of 5mm. A wire diameter was set to be 23 um. Thirty bonding wires were observed
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 "loop 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 trapezoidal 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
general-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.
[t was confirmed 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
i1s 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 wm, 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 secend 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 larger 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 vieinity 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
mm, and the number of samples was set to be 50.  For leaning evaluation, samples each
25 having a maximum loop height of about 400 pim 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 threg, 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 larger than 1.5 times was less than 5 %, it was good and it is
indicated by a double circular mark in the table.

[0137]

LCO
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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
friangular 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
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.
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
mmprovement was requisite, which is 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
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

ot

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]

10 For aloop 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

15 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

20 shape was stable, which is indicated by a double circular mark in a field "Wrinkled Loop
tailure 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

25 table.

[0142]
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Regarding an aluminum splash phenomenon in the case of fine diameter connection,
evaluation was made based on a level 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 um and having
undergone fine diameter connection of 40 um at a wire diameter of 18 pum 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 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 "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

2V
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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
"QFN 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 oceur in some cases, and it is indicated by a
triangular mark in the table. When Rp was less than 25 %, there was a problemina
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

LL
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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
5 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.

10 [0147]

A bonding wire set forth in claim 1 corresponds to examples 1 to 21, and 51 to 72.
Abonding 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 corresponds to
examples I to 21, and 51 to 72. A bonding wire set forth in claim 4 corresponds to

15 examples 1 to 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
07, 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 10 20, 71, and 72. A bonding wire set forth in claim & corresponds to

20 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 1 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

25 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 claim 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 38, 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,
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
condition in claim 1.

[0146]

Some of evaluation results for representative examples of individual claims will
now be explained.
[0150]

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
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 confrast, according to
comparative examples 1, 51, 54 each having a concentration of hydrogen fess 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
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,

Foy
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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
insufficient,

[0151]

It was confirmed that, according to examples 1 to 10, 14 to 16, 18 to 20, 51 to 57, 60

ot

to 67, and 69 to 72 which were preferable exampies cach 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 to 65, and 69 to 72 each
10 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 um 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
15 18 um was confirmed.
[0152]
Regarding the multilayer wires of examples 1 to 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 temperature
range from 150 to 500 °C relative to a total concentration of hydrogen detected within a
20 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 um was improved. Preferably, according to examples 2
t04,6,7,9,11, 15, 16, 19, 52 to 54, 56, 60, 62 to 65, and 69 to 72 having the foregoing
25 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
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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 te 0.2 pumn according to the
present mvention, it was confirmed that a wedge bonding property afier a bonding wire
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 um, 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 Lum, it was
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
a pull strength was confirmed. In contrast, according to examples 13 and 18 having the
foregoing thickness exceeding 0.08 pm, 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
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 um 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 pm, it was confirmed that a wedge bonding property was
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 pm, 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
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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
mvention, 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 um

according to the present invention, it was confirmed that both improvement of a wedge

9

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

10 examples 51, 53 to 57 and 60 having such thickness being within a range from 0.03 to 0.3
pum, 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 jum, a high effect of further improving a pull strength in
the case of QFN mounting at a low temperature was confirmed.

15 [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

20 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
25 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
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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 jun, 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 pm, 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-pum 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,
066, 69 and 70 each having the concentration ratio R being within a range from 0.01 to
0.235, 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 Pd | 001 ] 0001 | 0003 | Cu - A
21 0.0002 98 Pd | 006 | 002 003 | Cu [B0.0012 B
3] 0.0003 75 Pd | 0.1 0.03 005 | Cu - B
4] 0.0005 75 Pd | 005 | 001 006 | Cu |Pd0.021 B
5] 0.0008 48 Pd_| 003 | 001 001 | Cu | P00 B
6] 0.0008 70 Pd | 004 | 001 003 | Cu [B0.0003 A
71 0.0011 70 Pd | 008 ] 004 004 | Cu - B
8] 0.0018 58 Pd | 61 | 003 005 | Cu | Pd0.2 B
® 1 9 00022 92 Pd | 006 | 002 008 | Cu - B
o L10] 0.0039 45 Pd [0.093] 003 0.11_| Cu | Ag0.01 B
£ [11] 00042 72 Pd | 0.15] 0.06 007 | Cu | P0.0OI B
$ [12[ 0.00862 53 Pd | 012] 004 | 016 | Cu | - B
W 113] o.0078 65 Pd | 019 0.09 0.14 | Cu |2Zn0.01 B
14 0.0006 56 Pd_| 005 | 001 005 | Cu |AID055 B
15| 0.0012 73 Pd {0.006] © 0.002 | Au {AI0.035 C
16] 0.0018 80 Pd | 004 | 001 002 | Au | Ag0.02 B
17]_0.0042 53 Pd |0.098] 0.03 008 | Au - B
18] 0.0022 41 Pd | 0221 009 0.12 | Au | P10 B
18] 0.0005 75 Pd | 002 ] 0002 | 004 | Ag | Pdi.8 [
20| 0.0018 55 Pd [ 009 ] 004 0.09 | Ag - A
21| 0.0043 42 Pd | 013 ] 007 017 | Ag | Pd2.1 B
1| 0.00005 95 Pd_| 0.0 - 001 | Cu - c
2, 2] 00082 80 Pd | 002 | 001 001 | Cu - B
®E| 8 0009 55 Pd | 02 | 005 | 012 | Au | - B
SE[ 4] 00085 38 Pd | 0.18 | 0.07 008 | Ag - B
Ex| 5| 00005 75 Au | 0.1 0.02 0.05 | Cu - B
O | 6| 00005 55 Pd | 02 | 005 0.11_| Pt - A
7| _0.0004 - - - - - Cu - -
[0171]

[Table 2]
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Description of Reference Numerals
[0174]
1 Core
2 Outer layer
53 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
10 8  Concentration gradient where at least three elements are mixed
Main constituent of outer layer
Main constituent of core member

Main constituent of surface concentrated layer

g o W

Main constituent of intermediate layer
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CLAIMS

1. A semiconductor bonding wire comprising:

a core member mainly composed of at least any one of Cu, Au and Ag;

14

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.

5]
o

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

wherein in the outer layer, a region having a concentration of Pd relative to a total
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angeJedwo3 84 Description of Reference Ngnerals [01741 1Core 2Quter |ayer 5
3D ffusion | ayer 4Surface concentrated |ayer 5Single-netal |layer in outer
| ayer 6l nternediate | ayer 7Total thickness of outer |ayer and internediate
| ayer 10 8Concentration gradient where at |east three elenents are m xed AMain
constituent of outer layer B Main constituent of core nenber

concentration of metal elements being equal to or larger than 80 mol% has a thickness of

0.003 to 0.08 pm.

7. The semiconductor bonding wire according to any one of claims 1 to 6, further
5 comprising a diffusion layer formed between the outer layer and the core member and
having a concentration gradient,

wherein the diffusion layer has a thickness of 0.003 to 0.15 pm.

8.  The semiconductor bonding wire according to any one of claims 1 to 7,
10 wherein the main constituent of the core member is Cu or Ay, and the core member also
contains at least one of Pd, Ag and Pt as an element, and a total concentration of the

elements in the core member is within a range from 0.01 to 2 mol%.

9. The semiconductor bonding wire according to any one of claims 1 to 8§,
15 wherein the main constituent of the core member is Cu, and the core member contains at
least one of Al, Sn, Zn, B and P as an element for alloy, and a total concentration of the

clements for alloy in a whole wire is within a range from 0.0001 to 0.05 mol%.

10.  The semiconductor bonding wire according to claim 1, wherein
20 the core member is mainly composed of Cu, and
the semiconductor bonding wire further comprises a concentrated layer formed at a

surface side of the outer layer and containing at least either one of Ag and Au.

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 Ay, in a

wire diameter direction.



CMVai n constituent of surface concentrated |ayer D Main constituent of
internedi ate | ayer 85 CLAI M 1. ¢A sem conductor bonding wire
conprising: a core nenber mainly conposed of at |east any one of Cu, Au and
Ag; 5an outer layer fornmed on the core nenber and mainly conposed of Pd,
wherein a total concentration of hydrogen contained in a whole wire is within

a range from0.0001 to 0.008 nmass% 2. The sem conductor bonding wire
according to claim1l, wherein the total 10 concentration of hydrogen is within
a range from0.0001 to 0.004 nmass% 3. The sem conductor bonding wire

accordi ng to clailPn ITher s@uicouvierctel nbanbimgt otiel 2content atclaon o9, pdredgen is a
concentration of hydrogen contained in the bonding wire nmeasured by Ther mal
Desor pti on Sp®atsgaty §f Rdrpep oujgmost surfaee oflibe sewprittrdueyesis yohidiangngd r e
according to fi;;my one of claims 1 to 3, wherein in a TDS measurenent at a
tenperat ure ri¥¥fAYtsPeei”f 100 to 300 C/h, a ratio of a concentration of
hydrogen, detected within a tenperature range from 150 to 500 Cin IDS, to the
total conceftration of hydrogen detected within a total measured 20

tenperature range,is.equal to or larger.than 50 % . .The sem conduct or
bondi ng wire accg%'disﬂ"ﬁ%%’cﬁlﬁ C@ﬁgo%#“g%wgf’ ﬁ%co‘idsl‘f%t°4‘fia%h}e0r g‘i‘rﬁ‘e’f FENRS g2 | ayer
has a thicknggs. bei ng w thin.,a range from0.0l1 to 0.2 um 86 concentration of
metal el enent's D& ng equ%ﬁ T oC8M ?’eé'er t han 80 nol % has a thickness of 0.003
to 0.08 pin. 7. The sem conductor bonding wire according to any one of
claims 1 to 6, further 5 conprising a diffusion |ayer fon-ned between the
outer layer and e r . I centr.at i i wher ei n
the diffusion | agﬂr Iﬁgs&g@ I cLoﬁ?égdigg%&g%%oﬁgﬁ( ‘%1@{“8’% ?}Q%}%&Q ﬂ%{;.Bm‘jrlhe

sem conduct;gr ' ' [ f L 1to 7, 10 wherein

t he main ngg?%%%ﬁgﬁiﬁgéﬁlﬁﬁﬁ%}ﬁa?{géﬁ(&gjégg)rf@;ga?é g%ﬁmﬁlt'he core nmenber al so
contains at |least one of Pd, Ag and Pt as an elenent, and a total
concentration of the elenents in the core nmenber is within a range from 0. 01
to 2 mol % 15.9.ThE he ms@Ri eaRdbGHRE \bp@@hmdmf% e AGMOT divAgehOharnyrone of
claims 1 to 8, 15 wherein the main constituent of the core nenber is Cu, and

t he core nenbeemleoistading cabhpdsedstCogne of Al, Sn, Zn, B and P as an el enent for
all oy, and a total concentration of the elenents for alloy in a whole wire is
within a range ftheme®i0@Ltardo8dind witd Srther compriséOan Tiensdmiccapdudined bondi ng
wire according to claim1l, wherein 20the core nenber is mainly conposed of Cu,
and t Ré bsbyree tedarstrormiso Al thg owvter leye,uant idercoonpri ses a concentrated | ayer
formed at a surface side of the outer |ayer and containing at |east either one
of Ag and Au.  atleasteither opgef 4e s dndronentrfohh theinirmediale dayedi ng to cl ai m 10,
wherein the 25 concentrated | ayer has a concentration gradient of at |east
either one of Ag and Au, in a wire dianeter direction. 87 12. The

sem conduct or bogéji g\ci; wire according to claim10, wherein a concentration of
Pd at an outer oSt SUFf HEUCEIUG e beptitentiaraseriiggeto ickini hi Whareiadlfe from 20

to 90 inolVo. 5 . : : :
intérmediate layer has a concentration gradient of at least either one of Ag and Ay, in a

20 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



13. [he sem conductor bonding wire according to claim 10, further conprising a

Pd single-netal layer in the outer |ayer.gg 14. The sem conduct or
bondi ng wire according to claim 10, wherein the outer 10 | ayer including the
concentrated |l ayer has a thickness of 0.02 to 0.4 trim 15. The

sem conductor bonding wire according to claim1, wherein the core nmenber is
mai nl y conposed of Cu, the sem conductor bonding wire further

conpri ses an infresdiddiayeeintlagera fegiommdiedt® b Enyvaent tiduet dtheconmifies adngy t he
outer layer, and wherein at |east either one of Ag and Au is concentrated in

t he i nt er medi &te&ist, Higeiegion having a g@ceMintion gridzondistient hordifnke viementatcor di ng to
claim 15, wherein the internediate |ayer has a concentration gradient of at

| east either Whedigpetspdiggsomau, in a 20 wire diameter direction. 17. The
sem conductor bonding wire according to claim15, wherein a nmaxi mumtotal
concentration of Ag and Au in the internediate layer is wthin a range from 30
to 90 1m % _25 §§ iﬂtennedi te layer includes a region where Pd, Cu, and at

| east eithe one'of A§ HFHRIUCH RGNS WHE weyliod Rathiiny 1& “EeeEnt rtakl on

dient of af. t.th f the elenents in a wire diameter djrectjon. 519.
T som condablbrebBHIT R hi e S0 AR Gee o ibin RBFL g To0Rs

t hi ckness of the outer layer and the internediate layer is within a range from

0.02 to 0.5 um" 20. The sem conductor bonding wire according to claim
10 or 15, wherein a total 10 concentration of Pd, Ag and Au is within a range
from0.4 to 4 nmol % 21. The sem conductor bonding wire according to claim

10 or 15, wherei Boa iRtskicBhdiiot 8bHin QQ&Q&%{@%&B[&@%_@%%ggw1e‘%ei¥1%t&az

concentration of Pd is wthin a rang rom
10 concentration of Pd, Ag and Au is within a range from 0.4 to 4 mol%.

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.





