1 DESCRI PTI ON BONDI NG W RE FOR SEM CONDUCTOR DEVI CES 5Techni cal Field

[ 0001] The present invention relates to a sem conductor-devi ce bondi ng
wire for connecting an el ectrode on a sem conductor el ement and an external
term nal together. 10 Background Art [00021 Currently, thin wires

(bonding wires) having a wire diameter of 20 to 50 pmor so are popularly
used as bonding wires for connecting an electrode on a 15 sem conduct or

el enent and an external term nal together which is a wiring of a circuit
wiring board (a lead frane, a subsphrmEriEri@Ne or the like). A thernal
conpressi ve bonding technique with the aid of ultrasound is generally
applied to bond bonding wires, and a general - purpose bondi ng device, and a
capillary jig which allows a bonding wire to pass through the interior

thereof 20 for conHB@NMN@Wmaze@omsmptbogpgﬂi@@m)@vméia@ wWre is

heated and nelted by arc heat i1 nputting, a ba s forned by surface
tension, and then the ball is conpressively bonded on an el ectrode of a
sem conductor el enment heated within a range from 150 to 300 C bef or ehand.
Thereaftgr, the bonding wire is di : d to an external |ead by

ul trasound conpressi ve bondi ng. ZSng%%§ipggggntly, technol ogies related to
t he structﬂk@q;naterial and connection 2 for the sem conductor packagi ng

technol ogi €s are rapidly diversified, and for exanple, in a packagi ng

I in additi | y- d P . Fl
Packagi ng) ust ny Broeeah e P R Y Lo orot BBt Bire forr s o
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Scare packaarRoftar EReiel 4 et ARG o abinu AR hr s e ian e

i mproved Ig)r%pétchar acteristic, bonding property, mass productivity,
usability }E‘ﬂ'e | i ke becones requisite. [00041 Introduction of a fine
pitch tﬁ@hni que that a space between adjacent 10 bonding w res becones
narrow has progressed. Thinning, inmprovenment of strength, |oop
controllability, and bonding pr opeéty beco requisite for bonding wires in
accordance with the introducti on oPaERE R i tch techni que. A |oop shape
becones CO@| ei together with the density growh of the sem conductor
packagi ng kol ogies. Aloop height and a wire length 15 (span) of a
bonding wire are baroneters for classification of the |oop shape. In

nost - recent sériEsptuction Wees é@@}dll‘}gh’t’ﬁﬁ%i kavng 4 wos disapdsr okdeHodd a
high 1 oop and a | ow | oop, and, a short span and a |ong span, are m xed

wi t hi n t helneretd are prpwHasivngies anbradiag wives feleeonme ctiogl 41z elestistde on a
contradictory | oop shapes with a bonding wire of one kind, a strict

desi gni g #fmgondteioralempnsand doadiengaliarmingl sezsher aihich 06085diring of So
far, 4N-group gold having a high purity (purity > 99.99 % by weight) is
used as a fetrenitavirofig hoauhbi kgdiirame, hreubstierte @ tappoovke Stkebnghh and a
bondi ng property, a tiny anmount of alloy elenments are prepared. Recently, a
25 gol d al theynvalreenwirehsiae poniding tfchdiNy(gpuwiilt theai@itofgltidsatindris gddetdlise

el ement concentration is increased to |l ess than or equal to 1 % becones

i nto practagglied & heed bondidewites, hnfroyendrbbpoepoabbdndiyigafevicdhanded part .
The strength can be inproved and the reliability can be controlled by

adj usti ng tdmelikinggandichhdlaens dohdaid anvofo pasadHroyghlthednterasidgedrbef gol d.
Conversely, alloying may cause deterioration of a bonding property and

i ncrenertd fofr cannetiest hr€aked. Aleading end of a bonding wire is heated and melted

by arc heat inputting, a ball is formed by surface tension, and then the ball is
compressively bonded on an electrode of a semiconductor element heated
within a range from 150 to 300 °C beforehand. Thereafter, the bonding wire
is directly bonded to an external lead by ultrasound compressive bonding.

25 [0003]

Recently, technologies related to the structure, material and connection



5 resistance, so that it is difficult to conprehensively satisfy various
characteristics requisite for the bonding wires. [00061 Mor eover,
because gold is expensive, other kinds of netals which have a | ow materi al
cost are desired, and bonding wires which have a |ow material 10 cost, have
a good electrical conductivity and are made of copper are created.
According to the copper bonding wires, however, a bonding strength is
reduced due to oxidization of a wire surface, and a wire surface is |likely

to be corrfaaelcwheliconttapstbatiething tackesbhies Biesapalle ditersieas sl that
practical usage of the copper bonding wires is not accelerated. 15 [0007]

Al bondi ngkWhpRS ih A Mc@déghﬁg,aétr%ﬁn%oteﬁﬁﬁol*&%’ﬁ,einaadﬂl&%h%q,fur%ﬁﬂﬁﬁz‘éé6- Even
if materials, such as gold and copper, are changed, alloy elenents are

uni form y Qe @REl Fd, PabofihBoulinb 1638 Al bEWDRIANGEIAL UEHULE 1S
enpl oyed as viewed froma cross sec

ion of a bonding wte. Athin native 20

oxi de fil ”BCEQ(B)({E@!H&ARH&W%&%%W &Qfétﬁga%owﬂiﬂg%agggrrt?ﬁ zi'ﬁeka%a;@ﬁrﬁft o

formed on a wre surface of nding wre in‘some cases, ese ar

in an extrgighys i F’gg%g?m%) YPe E}?aét?é’agféfﬁ%%cﬂ %g}éi‘[:a lb@}{ﬁfnéx%‘ﬁ%l drhtdh R

out ernbst surface. n or vari o needs fequisite

ani ch s i PEP R IR phe AR, I athE Brthbilachlts EriEhalh WERHGo00)

As a technj - ressin ny oxi di zation of a surface of a copper
bondi ng W%Ig&%}ﬁgglé{%ﬁp P?‘ggéfgg}l%l%‘di scl oses a bonding wire in which copper

is covered q@0t4ﬁ1 a noble netal or a corrosion-resistant netal, such as gold,
silver, 5 E) attnum palladium nickel, cobalt, chronme, titanium and the

| i ke. Moreover, . fromthe standpoint of a ball formability and, suppression
of ‘et er1 or at 1S eRoBag RS B telhni diat 4 rsedeEeD st Bscs. a
bonding wire so structured as to have a core  nmai nly conposed of
copper, 13 %?%@PﬁiWE?S&?@?%P% GHEC% ?ﬁ@ﬂoﬁ?sﬁﬁ‘geg@ﬁ@%ﬁﬁb@p%ﬁﬂ?wfof a
nmetal other, 10 than copper, and a cpating |ayer formed on the dissimlar
et al Iaye?trﬁﬂ%tthrrz&%p EACEATRHY-2] DD RIORAEES AP ERATE 18 1P gher

mel ting pojnt than copper. Patent literature 3 discloses a bondipng wre
conpri si ngP@ ¢GRSV Irebe Acsrariange PHpbaeiniardediprp! thmbingmitely wehBiaue | ayer
whi ch cont ai ns metal, having either one of or both of a constituent and a
texture diffleskahansbecasney ermplrctogahitrar withridiecdpnssly, sundhwifitds is a thin
filmhaving a thickness of 0.001 to 0.02 p.m [0010] Varjous gold
bondi ng wi FaBicgRdrcTrmackpemgiechnolngien- e hinay beight prdpowerk lemgthexanyl e,
pat ent Iitgpature 4 discloses a bonding wire 20 conprising a core wire
formed db tepgnl 9f plhoadme wriresareabsymetand for destifingtinatoéthaloaroshidpey an
outer surface of the core wire and forned of a highly-pure Pd or Pd all oy.
Pat ent | it br magtwesendi sertiosrductoboletiaey, anteadiohgyilobpghapegrsechiasea f or med
of hi ghly-ﬁure Au or Au alloy, and a coating material coating an outer
surface of higheloopramda dew doup, faordyedstafrt spghlandoalen®span, P miredywitBah ent
25 literature 6 discloses a bonding wire conprising a core wire forned of

hi ghl y- pur theAinterioAnf aldioyle arttage cohh ondemtat wmiliak scohtdongraalictouy ésopsur f ace
of the core wire and forned of highly-pure Ag or Ag alloy. [00111 It

i s desir abtleapes withea hbhdingheimusstonadvianc adtfich depighthy bee hnd ] afid

hi gh- density packagi ng techni que |ike three-di nensional wring by

sat i sf yizagbdndiogpyrhaensksmtédiar acteri stics such that | oop control is stable
in a bonding process, a bonding property is inproved, defornation of a
bondi ng wi fm0s] the tinme of resin encapsulation is suppressed, and a
long-termreliability of a bonded part is acconplished as wire

characteristi cSo fify, ANDORFHINGLIWIHA I RE aRisS ROPHMGHOR- > @@,é@%l%lweéght) is

Regarding ball bonding, it is inportant to forma ball with a’goo

spheri ci t yugdd b9 thhiBiaf oRabbndi@Bhkonnapdet & ARbAIV: &rsidid £hent

bondi ng strength between the ball "and an el ectrode. Moreover, 1n order to
cope with i . ' ’ r L NpLNG.0fF a i wire,
o Bondi ng 1o R R R e o A Ll SEOBIR Y

part whelseogdanil &gr_e%gllga@uﬂeyio?@&\?@p&ﬂty@%e%??ﬂ&'e 29 ol Byl On 2

circuit wring ar
concentration is increased to less than or equal to 1 % becomes into practical



A surface nature of a wire affects a use performance, and for exanple, 20
nerely creation of a flaw and that of scraping make mass-production
difficult. Adjoining bonding wires may ke electrically short-circuited due
to scraping, and a flaw makes the quality and reliability of a bonding
wire, such as a manufacturing yield of a bonding wire and wre deformation
at the tinme of resin encapsul ation, deteriorated. Moreover, practical use
cannot be 25 acconplished if strict requisitions such that a failure

occur r enceugaireodler ao SBIProeN dhie FafabiHop b A hvhided pRir0C EFhe kreM@PRGad Hen a
ppmorder are not 6 satisfied by further pursuing a stability of

| oop- shapeing®itivelardnghedie fabiifiesad PPEONIraled BROMuBENPRBRGAAY adld thel OW
tenperature. [00141 Such bonding wires with a nmultilayer structure for

sem CO”dUCéd?fcénﬂ%‘ﬁl%n%f‘ A1 GBoRBdned A4 d QY fd)goll'elf aQldnealsdls &lldieHhe hawe not
ac

beconme in practical use. Reformng of a sur e, a high added val ue, and

the |ike bydeidfibiddese 8 boHaLH BrdRrnbhaiiRalcetondiita] BlctaMqiast, 1t is

necessary to conprehensively satisty a productivity of a bonding wire, a

qual ity %hleefsféifgg?f}is%it?ﬂa@ it {8 &rRand Solxgb?&l?éx%iv«g@@a?{s??%ﬁoﬁ%abi lity, and a

| ong-termreli ty at the tine o sem conduct or ‘usage. Patent

Literature.l;. - 97 : i e 2. JP2004- 64033A Pat ent

i tor at or cbragEsics 1Bl B Bhe oA Wi D 762304 1aPatent
Literatur el,g%'o 7]PH04-79240A Patent Literature 6: JPHO4-79242A Di scl osure of
| nventi on rog emto be Solved by the Invention 20 [0015] According to
the conventiongl, bonding. W e (L3, IRACLAVEN,BHL UPLULE LRSI AT 8T
"nonol ayer vvirem), aadiTHoR Bf “df é‘lpfeoy &t ent 1S  ef fectTve 1o |'?r¥)?8ve a
tensile styen

th, . t t f bonded. t. Liability th f., d
the |t ke, T80t Hateyidl i GahiebeRad pREREREDE itamy bt BRis BIERE LSk he 25
s 1 S ST 5 TR LA P 0 0

characteristicg.are . further inmroved in conparison with the nol ayer
wires to | ABIBIUE RekapPeE ORI NEAS RGVEREh APt iag SNBSS Brdiisthg a
hi gh functionality, a.w rfe syrface, can be coated with npobl e metal or an
oxi dat i on- P8 FRPEEZHRMTAPL # SIEQPRFIBEY AR 2 SRIBSPAIACEAS Hiely e be seoded a
copper bonding wire. For gold 5 bonding wires, it is anticipated to

acconpl i SHWhRRePCaEsulgfed Byadesy. r eshoresiiedpepipasont tha rrastical ueageaele with
a netal or an alloy having a high strength. [0016] However, according
to the st uﬁiﬁ HIPER QORAVENWAYeS 15Mot Hecylptaiedt i nvention in consideration of
density rfwt h, mniaturization, and thinning of the 10 sem conduct or
packagi rig Oé)@ﬁamol ogy, it becones clear that the nmultilayer wires have |lots
of follow ng practical problens. [0017] Regarding the multilayer wres,
a flaw, scrapiflgbandinghwitesikia meetirilkesesa frbeaton menodayer supttave. of a

W re because of drawing in a wire manufacturing 15 process and conpl ex | oop
control i nEsenif mapordisnguph eseobd ahdroppem lare chpeged aldoyi sleuwads agea wire
final product or used for connecting a sem conductor elenent. For exanple,
a flaw of anudprmliaritacedayadoadirg wird, mudea grivowenohayersitbnitarens or der
and as a failure exanpl e of scraping, shaved-piece-like scraping is created
in the | enghiphiyed #H vieeteddinonf a arosslsectiayef avbaralingrdré.heA2Bith eagivh of such
scrapi ng becones up to several hundred um The flaw and scraping on a

sur f ace atakeda fllagpshapeidfidhabl @ro@chinltd bayfece whiehe dikdamagad Homlcdat
the strength thereof is reduced, and if a scraped piece contacts adj oi ning
mul til ayer omiarese durfaugfesheidink-weirt ¢HisbihiigecadeeSthdse RGeilimpieddh iagal

probl enms. 25 [0018] The thinner a wire dianeter is, the nore the frequency
of occurreag@effely-thin area (up to several atomic layer level) in an outermost surface.

[0008]
In order to meet various needs requisite for the bonding wires, a bonding
25 wire with a multilayer structure in which a wire surface is coated with

another metal is proposed.



8 failures relating to a flaw and scraping on a surface increases, and it
is not appropriate for fine pitch connection, and such a frequency al so

i ncreases as | oop control becones conpl ex such that a high | oop and a | ow
| oop are mxed, and it is difficult to apply the nultilayer wires to

t hree-di nensi onal 5 connection. The frequency of occurrence of a surface
flawis likely to increase when a low loop is fornmed. |If such failure is
not reduced, the practical application of the nultilayer wires is stil
limited. [@OD9L In addition to such direct failures, indirect failures due
to a flaw and 10 scraping on a wire surface, or reduction of the yield are

al so concer ned\s £@scONauP ol suppfdsamPRfly S&IBRA 1160 @R EFRAlIG tdpdehe m ddl e
stage of manufacturing of rmultilayer wires cannot be detected froma final

product, bpdndTakeriBeptaine iessudt 181i8Kbsed AYEHAUNEVER iPRAIIBES R riQ0P
shape unstable as an internal crack remains. Mreover, a flaw and scraping

created in.dvdeedask 4%c®le tmdtapPoy §rc%m‘@)%iorl-iré‘s%%n&%@t%l}jﬁlc@fésegolﬁt‘EHUQE' a

| oop external appearance test using an optical mcroscope in

Mass- pr ogughak BN St 898 i 94WE ikl r [ clii fi;a, manuf act uri ng
yield evezﬁt houg}ﬁ’ 1g‘)iglr ect c’aultszgiﬂ’ r%e %tt’l %%gh%eﬁgﬁﬁht?ﬁ%é%@gv}bggh ‘scraping are
not ackno g5 -eas .. 20 ..of e 0ofr a surface
flaw and &%gpl né’ gﬁgl %heegt%%%g%’h&t%@bgg?mgﬁ%ggean@f%%géﬁggﬁﬁé{f

none ereof vary erial of a
kin | ; i i Gi : :
ceur oot PEneeleh 8 h AR el Bh R B FIBES % o B0o<FY blihg wittes 1

i o i oo leb R iRas v 4 Sy BB mBhF onfeh ol Sl HEcs ana
i 1o befaue At he i fe ek [t Fess a

and botaucdoa et Bude b (RRC b RALEESF i Pult BRT S flel R 6P sPuetotes.
00211 Wh I [ : d [ ti.l . W he |i it f

the | oop rdy HEEPERSER Ao tibedare! LR o (b EHBIE Brwh atweaG

bendi ng of _the mul t.i.l ayer wire occur.. As the linearity of the |oop
docr eaces, TRl AN ARG e 2Bt oo briiiice MiEhenBE R Pett Wirec o of
a ball bonded garhﬁof the nul tipil@ye#éw' res are a petal-1jke deformation
phenomenon®k§ta hRtnt fsrarepheissioerda. g §1pR CAPPIISKES 8&PE% mat i on
phenomenon is that rqundness is deteriorated as the proximty of the outer
o1 r ount er GREBRST BAHAY |CoPRMEER of §PPPGYs ABE A8) PG T SKIR Lerraw highond Atsea
concavely and convexly, so that a ball is out of an area of an el ectrode
when bondettebl a2y PitBpeene ger baryof & cangapantsmd ajtexivee differantdduct i on
of a bonding strength. The m salignnment phenonenon is that a 15 ball forned
at a | ed@i Hgmetlp efreqnamber and pesiarvetpd cetich is arthn fle having a thigkupsse
axis and the wire is fornmed in a shape like a golf club, and when a
ni sal i gnedoif&PPlite Ob¥hped in fine pitch connection, such a ball may contact
an adjoining ball, resulting in a short-circuiting. The occurrence
f requenci el0d0] t he petal -1i ke deformati on phenonenon and the m sal i gnnment
phenonmenon in 20 the case of the nmultilayer wires tend to increase in
conpari son wi tVaridwes gadeéwfditpevineneldyemuitiiager stesututertpvienbaeaduct i on of
the productivity, so that it is necessary to tighten nmanagenent criteria
for the w psposedi nfoperoepse, Ja3028literature #tdisdosusta bopdiredwideat t he
mul til ayer copper wires have a better effect of 25 del aying oxidi zation
t han t hetnoompayerg €oeprewimw foemedmfthighbhpar: atif @cAuladlogedyd vabheisg
depending on a texture, a structure, a thickness, and the |ike at 10
material coating an outer surface of the core wire and formed of a highly-pure

Pd or Pd alloy. Patent literature 5 discloses a bonding wire comprising a core

wire formed of highly-pure Au or Au alloy, and a coating material coating an

outer surface of the core wire and formed of highly-pure Pt or Pt alloy. Patent
25 literature 6 discloses a bonding wire comprising a core wire formed of

highly-pure Au or Au alloy, and a coating material coating an outer surface of



a skin layer or at the proximty of a wire surface. It is inportant to nake
the structure of the multilayer copper wires appropriate. In order to
ensure the sanme workability as that of gold wires, for exanple, it is
necessary to ensure that a wedge bondi ng property, a |oop shape and the

i ke are not deteriorated 5 even after wres are stored for two nonths or
so in a normal atnosphere. This requires inprovenent of a life several ten
times in conparison with the storage |ife of the nonol ayer copper wires, so
that a conghdleiraldive harddfopaid dfilaBhisphralbRhd fNoyat eri al s mainly
conposed of copper. [0024] 10It is an object of the present invention to
provi de a Fgym¢onductor-devi ce bonding wire which can overcone the problens
of the conventional technol ogies, suppress any formation of flaws and

scraping on a [y @e§¥55§%1(:lo%@‘ivi%%‘%ﬁ%@)&%d%rc@ﬂ%%it% tEMBLARE BhigSt ! cs,

such as stabilization of a | bop shape and good ball formation, "I n addition

to conventj, ed s} @a@l@a%@%@&% I itnl%tﬂl&st}ﬁ%/g?}%efn%ioré(?hwrﬁ% Ef‘ §aﬁ§ﬁ}%§ m

[ 0025] In order to overco pro suc aws and scraping on a"wre

20 sur f aGeoh NEIINENI OF 8:o0fo e L ERETHa IOMPOLI G0 KeRRLI 3L ¥gl e hondi ng

wires wwth a ayer structure, a s effectrve
control a e e cifi.c :skin.layer 00 _ The pr.esent
i nvention 1ags%%%é"éed‘ng(?r]% gﬁﬁg%ggi@nlétlﬁl@ P gér((ggdo%flr)llgm ﬁ%woefggbeqn@gg%l&e &%ngs

fol |l owi ng ructures, [0027].. . A bonding wireg for sem co ct devi ces
nccordi ng LB TR st albrionis sRePRReLE™ RleneieRRshaprLset s cor o
menber foryed,of an .electrically-conductive netal; and a . skin.layer forned
on the cor BRsbRER IR R famRThed A6 JUan corsetieTics eht DeBeliE Rt ne cor e
menber, and wherein the 5 nmetal of the skin layer is a face-centered cubic
metal , and®HSPErREHFEGR of <111> orientation in crystalline orientations
<hkl > in a@g&gthwi se direction at a crystal face of a surface of the skin
| ayer ismgL r than or equal to 50% [0028] According to the

sem conduct or -devi ce bonding wire with the foregoin structure according
to the second %@ﬂn%gaﬂ@@ﬁ%éﬁﬁs HADEHEPS RO W@g@é?éi”ﬂb?a‘iooéer cent age
of <111> orientation and <10Q0> orientation in the crystalline orjentations
<hkl > in tHeheIaHEY AR tame ecbalbdounating. enq e abtaiackseiiciont kandinge of the
skin layer is greater than or_equal to 60 % [0029] 15According to the

sem conductidgpngdy belevesmmeinbalhiand an electivder oMeysPHer $0 LU UECARECHHE ng t 0
the third aspect of the present invention, wherein a total percentage of
<111> ori elfvéarins ohadoadgoes temperatare endi thipniaecefia bandingsvel srtardions
<hkl> in the lengthwi se direction at a crystal face of a cross section of

t he cor elfmefrpegth. o tansdlectrength ard thpbike tage 15q04sit20t{0080] where Accor di ng
to the sem conductor-device bonding wire with the foregoing structure

accor di ng bending Wwineris subsgeted towetlhe bpndsento & wieitg ona cdeneviriag
percentage of <111> orientation and <100> orientation in the crystalline
orientatiohsaxhkl > in the wire I engthwi se direction at the crystal face of
the 25 cross section of the core nenber is greater than or equal to 30 %
[0031] 12[0013JAccording to the sem conductor-device bonding wire with the
foregoi ng structure according to the fifth aspect of the present invention,
wher ei n a ratidsoffage rateragea shize adkecs € 0ys pakfogimainte adind fier sxrhpke of the
skin layer in the lengthwi se direction relative to an average size of the

crystal gr aigteBtcricheiod ofur flagened thdxcofsder fipinayma ke b HLp EdduGyivhed i€hédial
direction is greater than or equal to three. [0032]

Adjoining bonding wires may be electrically short-circuited due to seraping,
and a flaw makes the quality and reliability of a bonding wire, such as a
manufacturing yield of a bonding wire and wire deformation at the time of
resin encapsulation, deteriorated. Moreover, practical use cannot be

25 accomplished if strict requisitions such that a failure occurrence rate of a

semiconductor manufacturing process is managed in a ppm order are not



According to the sem conductor-device bonding wwire with the foregoing
structure according to the sixth aspect of the present invention, wherein a
10 percentage of an area of crystal graims where crystalline orientation in
the wire lengthwi se direction at the surface of the skin layer is <111> is
greater than or equal to 30 %relative to a total area of a wire surface.
[ 0033] According to the sem conductor-device bonding wwre with the
foregoing 15 structure according to the seventh aspect of the present
i nventi on, saigiiel By guithbR pe@dsihist 41 enthify éﬂ@o?%’&pb&%_ﬁtrdl andtby AashePne
kind of followi ngs: Pd; Pt; Ru; and Ag. [0034] According to the
sem cond_uc{@gr@qg(gg@d@@@g%@goy@ﬁty W Rt RenpOFYeE N 20 structure according
to the eighth aspect of the present invention, wherein a main constituent
of the corgpgmiber is at | east one kind of follow ngs: Cu; and Au. [0035]
The sem conduct or-device bonding wire with the foregoing structure 25
according to t J : 3 I {4 i.Si ng
i nt er e ate oyl TRy ey o ot d e eRa RS LR Ay Gl RRELS
menber 3 oI B by G S ; TR

5 lfﬁ‘gg a&ﬁéﬁ?%s I?c%l fgar ﬁa@%&%ﬁ?%@ bt AdtS ol O Oéxtl\[%ﬁlggl {lse,

consti tuent r 8 nmai n constituent € COre nenber.

00361 A L. , - ' I, g W | 1.h
[ CoRE MO HNELAET SORCH AR 6 e RROHL R ALl NG,

f or egoi ng structure accordin aspec ese

[ tion, ] hi f th kin, | i.S. W thi f

0,005 1 o 03 UEh o dr LRI e e bn e ar e es bR W B e

f i truct or di h I th t of th t,.
nventi on Furtiier > EeoATE Y tab St FuS) BRAEEES ooy Bl Rb e Ehingi

| ayer and the core nber and i ng,a .concentration.gradi,ent.. [00381
Actor ding PEVERS KESTCSS AP L IR 0 AR A e B DR T Helor ng
structure accordi,ng, to the twelfth aspect of the present invention, wherein
the 15 nii FEBERSERFPEHSa8R t he core nember is Qu and the core menber

contai ns greater than or equal 0 kind of followings: B; Pd; Bi; P; and
Zr at a conce E?tﬁflfﬂihte\m?‘?ﬁ%nfajéé%g%ﬁ% 5 to 300 ppm [00391 According to
the sem condu or-d&\l(i ce bonding wire with the foregoing 20 structure

accordi ng to trephidtcdahin & 04564992 present i nvention, wherein the
mai n constituent of the core nenber is Cu and the core menber contains Pd
at a concent r R GAL Wiltarphue 3 aH0dT d47540 10000 ppm and the main

constituent of the skin layer is Pd or A%é [ 00401 25According to the
seni conduct or -Rretens ditseatiiegt wW T 04 19236Re f or egoi ng :

15 Patent Literature 5: JPH04-79240A

Patent Literature 6: JPHQO4-79242A

Disclosure of Invention
Problem to be Solved by the Invention
20 [0015]

According to the conventional bonding wires with a monolayer structure
(hereinafter, "monolayer wire"), addition of an alloy element is effective to
improve a tensile strength, a strength of a bonded part, a reliability thereof,
and the like, but it is thought that there is a limit in improvement of the

25 characteristics. According to the bonding wires with a multilayer structure

(hereinafter, "multilayer wire"), it is anticipated that the characteristics are



structure according to the fourteenth aspect of the present invention,
wherein 14 the main constituent of the core nenber is Au and the core
menber contains greater than or equal toyone kind of follow ngs: Be; Ca;
Ni; Pd and Pt at a concentration within a range from5 to 8000 ppm 5Effect
of the Invention [0041] The sem conduct or-devi ce bonding wire of the
present invention suppresses any formation of flaws and scraping on a wire
surface, thereby inproving a surface nature. Mreover, the linearity of a
| oop and thgtA&: shpRivelitiy @l LR M&iaM % ﬁ{o%olegiéﬁ-%i‘%gs tdhbhgrdmie,
stabilization of a bonding shape of the sem conductor-device bonding wire
i s promot egyddABvaldeeS Hdgard d Bl 'Q%Qywsvlﬁi%l% ¥ HibAGhh o ali
sem conduct or - devi ce boér%fng%rwﬁ}e vl\lﬁifrﬂga\#ecan1cop1e1 t Iégest séﬁlﬂl%(l)tgﬁactor
packagi ng {echnakog I DRERG. [ Mle]s PEDR- nd
be H&é‘teﬁ”%ﬁ_aﬁgb% mBid1l &P ﬁg}ng% llr?g%g?xggggﬁta?

t hr ee- di nensi onal packagi ng. rie scription o

55 m llw-s? E@S%IF?? 5&??59‘2‘%*%%%?05%?%#%%2% Ertdhtd 9@%@%&%‘ E%Olﬂ%@ggi ati on
Car ryi g GRS Th Gt PERb PR Eo oSl RN ETHRRAREL B Wl hne EPI ARG
Carryi ng Gl thE Thvert "of {65431 Bgat ¢ i3

ronber for BLA ST GA BRECTF ST Y ComaRt PueS Rlbs ine & Beh 3T hBh { or med

on the corfo(gﬁﬁr‘oer and mainly conposed of a 15 face-centered cubic netal
different T the core nenber were studied, and it becane clear that a

wedge bondi ng property can.be inpproved if,an electri | y-condyctive netal
are cont ai ned }iq%w%c@; éFWEW% ip ﬁ)e %t“éﬂ’r?f;t@@ 5y e%t%aﬁgi%@%\'ﬁ?%t 1gyention
formation of a flaw,. scraping and tgg like on a wire syrface 5,{?% wre
drawi ng i nThCARSLEREINR; QARSI BTN e SN RSB BRI 0l i n a

w re bondi ng progess becones a p ob{ em . and the stabi Iité of a _loop shape

i s i nsufii SBHERAREPANACcARBEI s ERgloghE hesomigs sleprgthat fke gpuekkdayes nvent i on
studi ed bonding wires 10 with a nultilayer_ structure which can cope with
new needs Vites tsveilots plofgplowdng pepctiealiitrblesms.ch connection and in

t hr ee- di nepsi onal connection, and which can acconplish i nprovenent of a
yield in d 1 g of athin wire, and found that controlling of a texture of
a specific skin layer is effective. In particular, the inventors of the
present i nventRegarfioeg teeimsrtidases vatrieana fhamy, sbrapingasditdedike Rreolkelyotof ar |
between a texture of a surface of nultilayer wres and the usability of
bondi ng wi Pe&rmagtion ardififa efmwirhbestorskafidrawyng ihe wondhagufacopdngy, the
| oop controllability and the |i ke can be conprehensively inproved by

cont r ol | iSngregespenil fcompdey dtopl ¢omeolom emtizd bondinkhreoser whehe mmightyers of
the present invention found out that controlling of a conbination 20 of the
t ext ure of witeeissided dsay erirafidat patdwft drheseddoe comndiging s sbnriedretucedf ecti ve.
[ 00451 That is, it is necessary that such a bonding wire nust conprise
a core nenblemdrdr ndtbr ekaarple) £ ol wire sadduct ey orebed aanthige Peoovd ayer
formed on the core nenber and mainly conposed of a face-centered cubic

met al di f f ecebinidm selert hed aepefaiiRirbexanwiené sorai el taviclaniees-likgual to
50 % of crystalline orientations <hkl> in the lengthwi se direction at a
crystal fas@apingdissieheBinthelnlgbewsdd dirkeyet of & dkilaye AGGRY, GinfddtHe0 such
a bonding wire, a superior effect of suppressing any formation of flaws and
scCr api N@eokkrst Wof @ushkEAGEN BBeWbinBs Wt NG etdll BuMiFed IRNUTEE B4k NhdPr ocess
and by conplex |loop control in a wire bonding process can be acconpli shed.

scraping on a surface make a loop shape unstable, a multilayer wire is
damaged so that the strength thereof is reduced, and if a scraped piece
contacts adjoining multilayer wires, it causes short-circuiting, resulting in
practical problems.

25 [0018]

The thinner a wire diameter is, the more the frequency of occurrence of



5 [ 00461 If a constituent of the skin layer is a face-centered cubic
netal, there is no yield drop at the tine of working, and the workability
is good, resulting in facilitation of adaptation to conpl ex working,
bending and the like in wire drawing and | oop controlling. 10 [0047] As
greater than or equal to 50 % of the crystalline orientations <hkl> in the
| engt hwi se direction of a bonding wire is <111> a set of characteristics,
such as the surface strength of the skin layer, a workability, a bending

tol erabi | i ty11308 réReidd d6ea mw@n@%@ra@ﬁé Iosatri tmtfac@ﬁtaa@ééss Bndi 8y hapeously
can 15 be inproved, and as a result, any formation of flaws and scraping on

a Wre surfacepsaite 6 EHQEJE%Sc%gmeIﬂgn <Add 200K LERE QLR étjlfs? RS eases as

f ace-cent ered cubrc nmet al nost dense drrectron and 1 f such <111>

orientati OIE)% %Fit%‘?'b'e@&&m@gcb gﬁél?s&éﬂ thetay gfgho Xaﬁp]td]%qﬁéep abé %ﬂ%ﬁ, IOfS

t he surface to I ncrease nore, strengt

e”hanced’.{tﬁ&ﬁﬁ'cﬁ? It'téﬁaﬁ OrmlPag,:%k%vl%Qs ﬁ&’[e@% égl?tﬂ'gathe

tolerability agains beco i'gh, t oughness can

be al SO aniAESdn | he,p cgtaegta%%c@h chDE oF L LR OL GILAL LONR, Ll ce

crystalline orren ations’i an or equa

effect of s re for t aws and scra whre surface
can be accBiBliSh PO%H&?% . eyl Te APERSRLRR, A Siadicths
orientations {s ea n or e uaI %, an effect of suppressing any
formation OPPeE tgﬁthét ?‘ﬁ@t 5V%d?9§h% &ornatron of any scraping
and fIaM/ﬁgﬂg?e reduced at a Iong span in which a wire length is greater
than or eq o 5 mm Mre preferably, if it is greater than or equal to
70 % an effe of ,.suppr ess any, fornatr n of . flaws i s fu her ipproved,
and for mat i on 1 fiﬂ@ PR andredt S ABHRE e R %ectst%b?-eeéea 8 arwlt e case
of 5 formation, of a Iom/Ioogarn mhuf a I%geﬁher(g for exa %‘ | ess

t han or ]@qﬁ%@ptféﬁ BB 20V HE SARERE o PRERY Wik Ol are %%%Geaﬁrnrr d.f 900481
According to th adétrlayer W res, because, { he skrn | ayer and the core
menber ar e®¥HY ay i PEAPIELPRYS ¢aarrdsin the middle depeefy easy 1o
separately 10 control a texture of the skin layer covering a wire surface.
Cont r ol | i ngresfuippiarng olasaltilayen mares epnuntihegietactgddeomsa gétﬂ pfoduct, but
characteristic inprovement. It is thus different fromtexture controlling
in the casBabe thedhidmesaof arekin eyl wyerewiandsmakecologpridape wikdabisnas ayer
wres, it is possible to manage a texture of a whole wire and a crystalline
ori ent at i oAn iptarnid craskdiepiaiosl t Mayegverc arftawiand scexpimaecrohtashiny thor badhmi ty
of the surface separately fromthe interior of the wire. Accordingly, a

uni que sichefe ldar archeotclalselydb hehdetatdedi hagegh vi loes eixtermedaibpedrdmre test
controlling a texture of the skin layer of the nultilayer wires, and
managenent usioigedre opfical mexpecopeanch alaseyabdlitbiine soage nt%mdtnfailurea resule
cross section in the case of the nonol ayer wires cannot be applied. 20

[ 00491 1 fedungidrotfad npendecthages pfeld tidr thodgk 0zt onnexitrela tdmsshipst he
crystalline orientations <hkl> in the |l engthwi se direction at the crystal
face of theigunffhee aafl dchepislg darel myteickindwicdmidecadihan or equal to 60 %

di spersion in | oop heights can be reduced, and controlling of the stability
of a | oop E¥02®|f ast operation 25 speed becones easy. In a normal wire
connecting process, a bonding wire passing through an aperture of a

capillargo i s shhg a@qe@nt@ot:@m-ttr%m@aﬂ@@urfaé@ﬂauﬁhnaecmﬂth%dout and
pul i ng-back. This is a notion that the bonding wire is pulled out and

pul | ed bathehoaemeﬁxhé?e%E vﬁﬁf bRIRE S 46ha Qdri SRS atmttegtefnbldtl tHEFORIS.
Specific effects of individu 11> and <100> orientations and

correl ati opotshengpat %ﬁ‘ﬂte%l%a@{?}e & eal vele Octamléﬁce'f?e(#t@f&ghh tmaéa,se droop 5
hei ght is stabilized as sliding resistance between t bonding wre and

the capill gry xﬂtﬁtﬂ%‘?dffgsgﬂ:eﬁ oﬂe%tﬁ@f o MR GF 'c?hlg)a?k%‘?lrwtt?t Healsk iofgnt Ne

slidability and th It is ef tive to suppress any

crystal | i n, of ehai,ans, of gtgs shABnEAtyANg: £IA0COR atgkautﬁr@aktut@e

total percentage of < orrenta ons it

greater 4: r o] ffe i

hei ght a‘% g‘%ﬁ%r s&r‘r;ﬁjgls s£r%sggwé Stﬁal% Qaat!lefe% sfllfmq %%%Etr (Jé% lgl?ag J&(%gg of 3
nm can be cco hed ef er abl it r.than or e %
gooq of 1 SoroBR 4 M Hnd PR ek 5%(5%&% GRS 1 W3 BinatitiPtarif ng
span in which a wire length is greater than or equal to 5 nm Moreover, as
an effect acconplished by increasing the percentage of 15 the <111> and
<100> orientations, unevenness of a filmthickness in a working after
formation of the filmand in a thermal treatnent process can be suppressed,
nakrng the thrckness of the skin Iayer unrfornt [0050] | f the totaI

T 4 A A oA A NN o Y 2 - ~ oy



a ball bonded part and a shorter dianeter size thereof is greater than or
equal to 1.3 tines is determned as a failure. Even if such a failure
occurs in an unexpected fashion at a | ow occurrence rate, it deteriorates
the productivity of the bonding wire. Preferably, if the total percentage
of <111> and <100> 5 orientations is greater than or equal to 30 % a tiny
petal -1i ke deformation failure that the proximty of the outer
circunference of a ball bonded part deform concavely and convexly can be
suppr essedprdebgschal | bonded part becones close to a true circle and is
stabilized Good roundness is advantageous for reduction of a bonding area,
so that nejpgbatturing 10 managenent in a bonding process is facilitated,
and the productivity in fine pitch connection is also inproved. It is
verified that whensolohiif kGahdP sy AGH R 0dr Gibiabhe Bheally oFehl Refs the
texture of the corrle r(r)e?rﬁer, and ibn rement %? lt‘ﬁtlal ber%ent agleyé))? <é1§(% and
<100> ori eptatdQPS:deN ah &S t i ! at,i < > ] menber
is effecti ve? Ietp‘?%e\’/aeir ?ﬁee%%té’hﬂ*dhs%lsgaaqggsggh rééjpﬁor?gk( %Fd?%eygi[%?ﬁ?%}ge
orientatis . r E. 141G ffect in the
case of tﬁ%%rlr@fna I 23‘8?‘9\%\,,&%@, §;'ut g%ﬁ%ﬁgg{efq%%’g%tgfﬁgéé dlgéﬁr%%%%&caase of the
mul tilayer_w 7. [ is.not conpletely clarified yet, but it is
t hought th%l}tgn'glggecwé%%tﬁ%ﬁigﬁp\#yk%arsgSmarrber significantly affects the
texture of 0@29?” because the skin layer is nelted first, and the core 20
menber is [t én"nelted step by step in ball nelting of the nultilayer wres.
It is verified.that tter .agti and, effe can acconpl i shed when a
ball is in a ! d%iefqtsgf?;algg?nfg%%}'teq %ﬁéﬂugﬁﬁﬁpf vgqﬁesaa%@ mal size

that the ratio,between an iniitial ball dianmeter. and a re dianmeter. is 1.9
LoT2 2 1 s BUAGUYE dAToUBRP gy haRa T ROm ARt mecs RAHapPg. The
deformation at.a ball bonded 25 part can_ be suppressed, thereby inproving
the rou&arﬁé%té.&'h%ﬁéﬁﬁfmmiewh@m%q@rIés‘»éiﬁtt rPRYEREISOR dteriperfederoieat i on
behavi or of a.ball f%ﬁ conpressi v 20 def or r{ggl on and application of

ul t r asoundP ORI ieatteh gircamderanse #f poralb Bpndech Partisl defpmasig ashape
and the texture. of the skin layer is little, but the texture of the core
menber dorﬁ’%if&k)‘? sArepecoacaydly epel gurvesht sgéhat abpiliis arpierpasea of an
orientations in the core nenber is |ess than 15 % the frequency of 5
occur r enceclgstragn Srhem berdesh ompi shaldelaateods, padds aeausedifdilnge liker eases,
and if it is less than 30 % the fre%uency of occurrence of deformation in
a pet al - | i )dushapeolankonding|stigdtbal Tdieapesdlimresnteshenasahon igthat @
failure occasionally. The effect of the texture of the wire on ball

def or matlborli sonmesdhpk adbading atbokasdrois wheymuiatiicallgromined selatng ficsa
different fromthe effect of the texture of 10 the nonolayer wires in many
cases. PreWereabily andfthehweireat &rmped ceatsdggedike<d pol dnl, add&sher 2ent at i ons
in the core nenber is greater than or equal to 50 % a ball with a small

di anet er camsdizyredabal abbendahidi fige shtapecorfectiox popdtea bafllemay doaltdctwidt h a
smal | diameter that the ratio between an initial ball dianmeter and a wire
di armet er i sdjbdirBngdall, Fessltripbives sRortt drddnigign g, THe odcherdirer papdnesss of a
ball| bonded part is inproved, a good ball bondi ng shape can be acquired
even in t hghecpsal-dikeaddfoineapiohgheponnanid oad thé miaalighecintgde eheaioanee

| ess than or equal to 40 pm There is no specific uppernost |imt for the

per cent agetiaf cdsaef thd brulady st sQEL &b &hé10A8e 1M cdPasRHA WRARBE calblbf i f
it is less than or equal to 85 % there is an advantage that controlling at

the tine Oﬁh&&oﬁamyf@@z{ri@éé,ri@_s@l%ﬁﬁ;fﬁﬁrécﬁic%idry@ﬂ thegASMuctiQd1o thati'g\is
e

synergi stic effect by conbi ning texture of the core nenber and the

texture of nth@sski i Highen ﬁ;%n%%%hférﬂ%ﬁ:@rﬁéﬁo? Bhs WK LBREAUSEYockBRr Oves
controlling of a | oop shape an I

stabilization of ball deformation. That is,

it is 25 dggjogabl e that a bonding wire with a nultilayer structure should

have a conposition in which greater than or equal to 50 % of the

crystalline : O i ' 3 - ' i ryst al

fa>c/e of the sﬁ% ¢ éa?légﬁg%ﬁa{thg@gﬁfw g%/delﬁl%l}z@gf?%g} %@f%%&%g%ﬁe{}aﬁ%c@? §<>1/11>
d <10 . NSO Lalbi . . Kl S .

o0 h003 AhSIELL R0 B0 LY BIALNS, AERERAN RS Sikhd Bpde W T e

| engt hwi se Cross secti i edter than

N O T U

stacked-chi p connection that a plurality of chips are stacked together, and
multi-tier bonding that the | oop heights of adjoining bonding wires |largely
vary within a range from60 to 500 umwhich is recently applied to BOA and
CSP. 10 [0052] The expl anation has been given of the action and the
effect of the percentage of specific orientations with reference to

o o - . 5 M



22 stabilized even in the case of a bonding wire thinned so as to have a

di aneter less than or equal to 22 km and it is effective for reduction of
any formation of flaws and scraping. Acgording to a thin bonding wire
having a wire diameter |ess than or equal to 22 km due to increnment of
strain by wire drawing or the 5 |ike, an area of crystalline orientations
which are difficult to neasure increases, so that an area where a | oop
characteristic cannot be precisely grasped only through the percentage of
the <111> grkEnlalh @%ititRetdISxIBRTWI APk B eGursd@! | TPe: Bhp&NLAL kORsalicsStHd kely
to increase. Therefore, if the area of crystal grains having the <111>

orientati oftriBrdrB&EHE fn@@l%ilﬁirgzlt B peeivird aFﬁY@ﬁriét%. Seh drBePfy BR-@RP{IRPT 1 at e

ratio (appropriate area ratio) in a ratio (area ratio) relative to the

total areagphe G WHIRYSIY fiR8SF g%ﬁ?%i%@?ﬁc%g:%ﬂé, ?@is%e?&u‘é‘rgﬂtgx{s%bg even

in the case of thin wies. The reason why t earatiors t to

greater than,qf w%ggélboﬁﬁixgég%%?ﬂ;e%t)g%ﬁlgt}@ Shap¥ afrﬂrt'?ﬁtli‘i]?@af% ﬂ&! Y8 A ted

scrapi ng cannot be“suppre ase " when fine pi connection is 15

car 1 ed ulyaiphAg: GRANAINA M BBty 5, 0L B Sl LSS A NRR.RL equal to

22 kmif the area ratio is l'ess than even grea an or equal
to 50 % of ryst i ri.entatdons_i s <slll> Preferably, if. ar ea
ratio is g?}el%?r e(%u%’(ﬁeasﬁkﬂ&{rl%gaﬁlaeln%{a 2%418% % * 1n‘f‘lylie Or'atr oh Cg?lpfafé\% Vg]rjfhht rapi ng
even when & re di aneter of

hi n;-wi ith i | h | k
i s connect® E'{%!%BHE# (ir’tgtrhvﬁ\: I%aloflg%'%\;.er VBP R LSy %\%F@%S?Fg?ﬁge%bég%fii E)Oi ;8 "

greater than or. equal t. % an_.effect of suppressing any formation of

fl aws and %%VQ%PHSS?%qqﬁ?gﬁgrnﬁﬁﬂgﬁ é@agygﬁopﬁﬁgﬁg(gﬁggp%ﬁ thin wires with
a dianeterk&ﬁ@ﬁ than or equal to 18 km and it is advantages for fine pitch
connecti on a dianmeter less than or equal to 40 km 25 [00541 If a
bonding wire with a | tilayer structure has a conposition in which_ 23
greater ];gnhan ﬁ& 1%6{}&%” D§(§K@/&’6?39€1‘W§f’ﬁﬁlPﬁéoé’FP‘é]r@Pé% PIRICORHKLLONT ¢ e

| engt hwi se, direction at, a crystal face of surface of the skin layer is
<111> and 8% pgdﬂ(raeﬁagﬁéép Parenefhe pyek mSg@fgiih@ WogRBtenrs) of an
average size of a.crystal grain_ in the surface of the skin layer in the

| engt hwi setedPpelogien ssppissianselrmatirroeiiaye asidecranirgeen ajwiresarface,
circunferential direction is greater than or equal to three, the linearity
of the bon¥ithgcsamplishimpgovaaenryoheharssiprigioeatioh as shalpdizatipnofedoophen
the bonding wire is pushed out fromthe aperture in the |eading end of the
capillary %mpq gng gepdhaBdermphioneim afditiar th eonsapioraldasic failure as the
bonding wire falls down and is bent because of 10 friction with the

i nt er nalldveltdragtenisiecscapi | | ary, and a bonding failure as the bonding wire
grows down occur, resulting in reduction of a yield. In order to suppress
such failures and to inprove the loop linearity, the inventors of the
present invention found that it is effective if the aspect ratio of the
crystal grain at the surfaceMdartshfer SolvinigahherPicblémcr eased. |f the aspect
ratio is 15 increased, crystal grains long in the wire | engthw se direction
formfibroli®26éxture, and it is advantageous for reducing a residual strain
in the bonding wire at the tinme of |oop formati on and defornati on

di sper si on t hdneaider kb ovbroasppedbletisi Sudls agfieaieind Bampdhs egualyiteo three,
an effect of inproving the loop linearity can be sufficiently acconplished.

Pr ef er alloysuifhed, e dspeetiors af tie heesddt Gheaitsn khanlyostudddBboddnki whesa good
|l oop linearity can be acquired at a long span in which a wire dianeter is

| ess than atitheguakitll@yadbstuiitang, andifdend Gt it sftbomgeto §IRR010! t8QUaL ot 0 5
mm More preferably, if the aspect ratio is greater than or equal to ten, an
effect of hrpe@YVicRE®;d heydroop linearity at a super long span in which a wire
| ength is greater than or equal to 7 mmcan be enhanced. 25 [00551 The

f ace- cent efrr@ggubi ¢ nmetal which is a main constituent of the skin 24 |ayer
is anetal different fromthe electrically-conductive netal which is a main
constituent of Henbe [ '

shoul d have aép%??g%%hg% |npr%%?%%qfﬁgI%%%%?%g&g?ggggggﬁgéﬂﬁﬂgﬂggﬁg|Eb wre
and be ej:f i ssi.n oxi di zation of the bonding wire. Mre
5 speci?%c§§ﬁ§¥ﬂag?£B@#Bﬁégéﬁk?ggﬁggAg are candi dates of such a netal, and
at | east oRﬁ)@gnd of followings: Pd; Pt; Ru; and Ag is desirable fromthe
st andpoi nt 2 ractical utility and cost performance. Note that a nmain
constituent in the enbodi nent neans an el ement having a concentration
greater than or equal to 50 nol % Pd has advant ages that adhesi veness to an
encapsul ation resin



10 and bondi ng property to an el ectrode are sufficient and quality
managenent i s easy. Pt nmakes stabilization of a ball shape relatively easy.
Ruis a hard netal, facilitates formatigp of a dense film and has a

rel atively inexpensive material cost. Rh has a good oxidization resistance
and the |ike, but has an expensive material cost, so that a future

exam nation thereof like thinning is 15 anticipated. Ag is a soft material,
makes suppression of any formation of flaws, fornmed by drawing of a wire

formed with t h@b§ﬁﬂil@1g| AR IfoP 8l Ak &Rt tor &4 AbdY el rERY o @@%ﬂ@?ﬁggm of

i nexpensive material cost, so that it is appropriate for cost- asl| zed

sem COndUcﬁ}%ﬁres[eﬂpﬁﬁfen%g)ﬂ?}mf)ﬁseéitaé e RhELSLRRb Gnl DBE ﬁ{'lhe skin layer

shoul d be a pure netal nainly ‘conposed of at |east one kind of follow ngs:

Pd; Pt; a : SR . \ i S .
el ectri caln%;?@c%cﬁgltr}f(rz%l ve #gﬁgﬁééﬁq?g{l%gl Sslél;{?r%g ééryg)?ﬁ%%g %{i%}gé; %&#e gﬁ@ei‘ tanlds
advant ageoys.: Wsele)Vi i dj 1O i din

roper ty 1 il e IRE AR E Rt OB ERL h E5hARSE i B, ¢ | ¢
an advan f_d.Rcr [ t.he tensile strength and the el astic nogul us,
resul ti ntgaﬁgl%té;lu%flﬁ?l ééss%i?%l’ll ot 15r?yfav%ercgngeelfe ret 7 OIF %ﬂ atn:‘)lie‘r’l PPHETsPE 85in 25
encapsul ation. Note that. a pure,.netal in the odi nent ans that.a | ayer
havi ng a 06gg%ﬁ??%??%ﬁ”b?%%%ﬁ&ﬁpﬁﬁﬁmg?méaﬁgﬁ<§§R§§nﬁﬁﬁ WSS PR ¢t a
part of the skin, |layer., or .the erage .concentration of the skin |ayer

ot her t han® &¥AtF %’ﬁ O 3 sréies %fa%]reegj‘g’érlal’?ifaﬁ %’Fat‘?ﬁfgﬂar’t%" W%&P‘%O %n al | oy
nmeans one ﬁ)%% taining at | east one kind of followngs: Pd; Pt; and Ru at a
concent r at i8] greater than or equal to 50 nol % [0057] Cu, Au, and Ag
are candi dates, for_the electri.cally-conductive netal of .the cgre nenber,
and from the SYSAYHGEHC ‘h?f% S&P&&?mé‘aqtou‘ﬁﬁmcworﬁdeng ylaw%ﬁhl%?qrﬁa@mgo t he
core nenber should be nainly, conposed of at | east one kind of follow ngs:
Cu: and BuStrest g fcserding tpahe soeontheerachior the pregead 1pvepisen.cvheraingal
conductivity, and rel ativel y-good handl eability such that ball formation is
easy if sptigbBesientage efitbilg gasntatiomand iiP0gforntptiosrindbesnystallinas a
hi gh oxi di zation resistance, does not require a shield gas at the tinme of
bal | 15 foviariagipnsiatekly \gdbe laagdrwmseidredsismaat Gre cawstaaé’a@e pethef suydmeti ng,
and is easy to ensure the bonding property. Ag has a good conductivity, but
i s slightl§f defskigdayen is gteatdrthodr anpauepl tobd Hat it is necessary to nake
the manufacturing techni que appropriate. Conversely, Cu and Au have an
advant age k09201 t hose are time-proven nmaterials for the nonol ayer bondi ng
wires. 20 [00581 If the core nmenber is fornmed of an alloy mainly
conposedbof amMabeding toalhleyseonndudtitee devical hontdirg evirs wath ady fneggmg N sone
cases for thinning or inprovenent of the bonding reliability because the
wire strengfrhciigeiatcoehisgdo tha thhe caset of thidprdGenalihwmntiod, vwhekiaa al | oy
contains at |east one 25 kind of followings: B; Pd; Bi; and Pwthin a
range frontdal pe@@tpgnof €1d >t @ishisiat aedetlbOoforidreg abendinngevdry etadhidet he

el astic nodul us thereof increase, 26 resulting in acconplishnment of an

ef fect of oripnoaiong ¢hiel> inndrrlehytiakise dipagigpanaupyital Badeafal cxe@s | N order
to enhance such additive action, the inventors of the present invention
verified taation gadd @ké eedmbbi hgiesténeudd bebgrhl 10014 e case of the Cu
nonol ayer wires can be acconplished if it is 5 applied to the multilayer

wi res hay fm3ohe core nmenber mainly conposed of Cu. That is, if the core
menber is formed of a Cu alloy containing B, Pd, Bi, and P therein within a

range from5 t@cc%@@in%pt@thterh"erﬁ%bﬂdﬁé’%?fdeiv%e”@dﬂﬁiﬁg%@%% tRE f@leghBASt one
kind of followings: Pd; Pt; and Ru, and the percentage of the <1Jg.1>

ori ent ati 08§ ukflidehfctFHakab lthe%?@tﬁeﬁp%# BPshe P Bnt @ﬁéé}&ﬁ&% WSRO W se

direction at the crystal face o e surface of the skin [ayer 1s greater
than or eqyalcchPa0Pe1aR & - j LN | ot % ong span
is furt herHer?ﬁancg;ég(.) T]hllais %éﬁ%géﬂ%hgﬁg%pi %zla%rlﬂt% &iolrn%ﬁéa%{ée (ix%g%agggé due to
t he synergig¢ 0 - j rd ions are
controll edbgﬁgi‘{tge Sc%?{%% er&ggﬁiﬁ\égéﬁ}?‘bﬁlg&etﬁg&éﬁﬁ%és Qlllée%lg’%{c és?l fa%%F 91

I f a bongi i e\ | .tilayer .structure enploys osition in
whi on o1 SoeEhfidh b Felhy R T E R Re R D B GOTRIT ne
orientatiomgél]lkl > in the lengthwi se direction at the crystal face of the
surface of skin layer is greater than or equal to 50 % the nmain
constituent of the skin layer is 20 Pd or Ag, the main constituent of the
core menber is Cu, and the core nenber contains Pd at a concentration
within a range from5 to 10000 ppm it is easy to conprehensively satisfy
suppression of any formation of flaws and scraping and stabilization of a
| oop shape and a | oop height or stabilization of conpressive bondi ng shape

e



25 process in manufacturing of wires, because of a synergic action of
maki ng a change in the Pd concentration uniformand noderate as Pd in the
core 97 menber and Pd, Ag in the skin hayer interdiffuse one another in
the vicinity of the interface between the core nenber and the skin |layer, a
good action of reducing peeling and scraping of the proximty of a top
surface of a |oop and an action of reducing dispersion in shapes, such as
fall-down of a Ioop and 5 bending thereof, can be acconplished. Such
concentration Lhapdiegit @bieedibieil@oPabyRBIVONAINAQ iR WilletiUtoraksifga neck
part where heat at the tine of ball nelting affects, thus effectiveto
stabilize 490pNelaB%infes PhIkRG 4 sheeh B BTHEARLE Ayt dd) Gy KdketR & aTRITDET
and the Pd skin Igyer,lﬂéking df (lﬁ?ﬁ th Pd,” Ag na?ﬁgecéné non&%?%o?h1mhen
a ball is geltgd @,b . - %%&r- he core
menber contal ns % ,an e?#%Sfﬁﬁﬁ?%ﬁﬁgfﬁgb?ﬁgﬁgﬁﬁggq%%%gh%é ﬁgﬁg%d part to
be a true g s JaSs ' r.cli ; i,Q0:.C ined in
nf_{;e'#ﬁ‘gll}\’%lélefdllg?&?(g?ggam@gqg a% Ak, hBE B3 &ﬁ%%g@%%%‘l g?%lél ?PE}%

the core reater than or -equal oregoi ng
effects are. werifi.ed, ef e . ik it .4 ter. t r al to 200
oo such Sk S LR A PLOL R i terhelod R R LARSenBRAE i D

t he upperqg%%ﬂuth}mgf the Pd concentration, if it is less than or equal to
10000 ppnl(ény 8h|p damage due to hardening of a ball can be suppressed,
and prefergﬁ;% if it is less than or equal to 8000 ppm an effect of
suppressin g ; chip damage is further enhanced, and it is advantageous for
fine pitch conpecti.on. [ 00601 In the .casg of .an A | 1oy, if nore
than b equal GOUHBERResPREIRdutoRRe Vg i Bvife vathfbs flaesine,
concentration within a.ran from5 to 80 ppm the sane effects can be
acconpl i sh&gusgeiaee B%g%‘éﬂ?‘%@s@ﬁ%ﬁ’ggﬁ E’EﬁﬁanF PRy Whetstn s, it is
desirable that the core nenber shquld be forned of an 25 Au all oy

cont ai nilngP‘?ﬁS’?EtEtg’?an it agﬁh%ﬁec’-’ﬂ’ét fa 2k hgre geystelinengriepgtiogign the at a
concentration within a range from5 to 8000 ppm. the skin |ayer should be
28 mai nly WEifplsBEtBiseAire s abhe xudacHeL tha plon lager 1spglilet is sisateu, and
the percentage of the <111> orientations in the crystalline orientations
<hkl > in tHED ehed i ©e3@ve wdetive tap tobl aepalsl witecBI@ce: he surface of the
skin | ayer shoyld be greater than or equal to 50 % 5 [00611 Accordi ng
to the strié®Bde of the bonding wires with a nultilayer structure, if an
intermedi ate netal |ayer conposed of different constituent fromthe nain
constituent ofA¢chedigig te theysemigendedtar-deviceHwrsbng wizebeth the frregeimg

bet ween the skin layer and the core nenber, it becones nore effective 10 to
cont r ol Whetroehwealceorbngrtp éhe abveanh afpeachef shké préseyéinvairticn,iwhbedawse
crystalline orientations in a base |ayer may affect formation of the skin

| ayer, andmiainicenstetwtrituwdltize ehpylayercenat iadstomedtialdldfdelloringst Bi BosRih t he
internediate nmetal |ayer formed on the core nenber rather than to contro
crystal |l i nenddigent ati ons of the core nenber. More specifically, the sane
face-centered 15 cubic netal as the netal of the skin layer is desirable
for the inf#)34ddi ate netal layer. In particular, it is nore preferable that
the lattice constant of the netal of the internediate netal |ayer should be
simlar to theAtdtdingetocihisdeaiticond utthe dewtial baidihpeviskiwith aye forepRG21
20That is, it is desirable that a bonding wwire with a nmultilayer structure

shoul d havetradtireteemingtte theleddh fhayglechVbf ehe Egemmﬁs@@tim, Whéhidih @r ent
constituent fromthe main constituent of the skin |layer and that of the

core nmenbem AR donklifledtofRhe 6 nkeiMaeR diheasddie kawesf RNdwiRes: TA&ind
menber. As an effect of adding the internediate netal |ayer, a peel
strength wlich is a 25 baroneter of the bonding strength of a wedge bonded
part can be inproved as the adhesiveness between the skin |ayer and the
core nenbe[pdgs]i nproved. A 29

The semiconductor-device bonding wire with the foregoing structure
25 according to the ninth aspect of the present invention further comprising an

intermediate metal layer formed between the skin layer and the core member



sinpl e techni que of nmeasuring a pull strength in the vicinity of a wedge
bonded part can be used as a substitute for neasurenent of the peel
strength. Accordingly, the peel strengthscan be increased by causing the
intermedi ate netal |ayer to intervene. The constituent of the internediate
metal |ayer 5 should be sel ected based on the conbi nation of the
constituent of the skin layer and that of the core nenber, the foregoing
netal constituents are preferable, and in particular, Au, Pd, or Pt is nore

pr ef er abl eandebarpREed 6f abliffereMi@BnbAtucRb RALHOM aPh céﬂﬁzﬁﬁhﬁ JFens kkiyents
of the skin |ayer and the core nmenber, respectively, is Cu, if the main

const i t uentayak serkbOmhi %ﬂ@%h@oﬂ%@hoﬂe%%ﬁlﬂeﬁ* Au, Tt Ts advant ageous
for controll'ing of the crystalline orientations of the skin | ayer, and the
respective[@megsi veness at interfaces anong skin layer/internediate

| ayer/core nenber are relatively good. Mreover, when the combination of

t he mai n const f +IBPe vel y,
is Pd/Au, if t &Jld? {]%@otr%ltse[h% %%I?d%%gggegﬁ d?%%lﬁ%e%gl ate mEa eFo%?g rglls Pt ,

€ 1's adapt agenu SebOLaifRbLAL g L LRe crYSLA 6. BLGen ‘g;g'g%pﬁ gnd for

maki ng the conpos Ion o he’s er an

0,008 o 003BeeRTH: thp Rih Ckﬁ?i@éﬁ%ﬁ PR RIS O b O ogoing

crystalllnﬁ) 7!entatlons of the skin layer, and it facilitates

conpr ehensiv ati sfaction of requisite characteristics, such as the
bondi ng proper and.the | oop, cont f.t t hickness _is greater
Chan of equal T4F 6616635”@%0?05 Pycont boLAR L b ke L chness LS
crystalllne ori,ent atj.on skin.|,.ayer can.be acco shed, 25 and if
it exceeds?f° ﬁd tohfé)ﬁo%ﬁ thoffSIf’éM:)af Ph%a%%s&%I%Yeratﬂ%%ﬁh%é%mmg a
remar kabl e Chl e |like cracking may .be caused at the_tinge of

30 bondifgdit %@a ayer "&%ﬁ%ﬁ%ﬂ the SKRalaFaT akAdbs core piranit wnd BYEMY s
within a range from.0.01 éo 0.15 um it becones possible to stably forma

| oop with &°¢ %?Fﬁ@@“PBé%a ¥&be 5 without reducing a speed in a conplex | oop
control. N?&ggﬁreferably if it iswthinarange from0.020 to 0.1 um
this facil s acquisition of a stable filmquality such that the
processing effjiciency of a filmformation process can be increased while
packagi ng’ t he Aeeabilitierip e semeichpdartay deivice. bnooss iz mith e firegkingss of
the internediate netal layer is within a ran e from0.005 to 0.2 um this
faci | it at estreeftrediacprdngfiothe twelish alsbpeteofghieareaeniony eotionheiskem thayer

t he adhesi veness of the interface with the core nenber is inproved, and it
becomes oywiiblcensidtuuperihe korompnelxe: sdpu eodtthel corPmedmbabbyntaids i t is
within a range from0.01 to 0.1 um this facilitates ensuring of the

uni f or mi t ygightof théne of efymal tu aknkasl ahibllohengs g oddicBLiRiand Thet eof . [ 00661
An interface between the skin |ayer and the core nenber is a part where a
total of té&ecetetiedwiinoentarege omob t6 B80elpet ri cal | y- conductive netal of
the skin layer is 50 nmol % Accordingly, the skin |layer of the present
invention [G03B) a surface froma part where the total of the detected
concentration of the electrically-conductive netal of the skin layer is 50
nmol % i.e., isAeopdirg whigkesdohieobdteordevidecdelingveide 4H0E €RE FaeikmeOf the
el ectrically-conductive netal of the skin layer is greater than or equal to

50 nol %20 996 édurdddeoidingesithabhertbdiath ddiRce by shabldet ohie@nEial | WheRfint he
present invention should include ones that an angular difference of the

crystal | i nehOfiBAleBhb@uentbfitBEabld thdr@bdihe d:@@aﬂmﬂe%lglnﬁ@zﬁbbpeommﬁ@e
bonding wire is within 15 degree. In general, when a crystalline

orientati oRdidt Reddlehitfiti wiiHiQ i fibd ﬁofnos 45 %OOt)fiﬁ'hﬂ ' mlt}fl@ hyshal s have

angul ar differences in sone neasure, and a slight angular difference is
caused dependitngean o XRCLkIERRL idPlihAde, i ncl uding 5 how to prepare a
sanpl e and how to neasure the“crystalline orientations. Wen the angul ar
di fferencefjigmgp thin 15 degree, characteristics of individual crystalline
orientations are possessed and the degree of thelr i nfluences to various

charact ey sti g affEr PN DL A GEM U IRRREEY Wit thE Fkeoh3RP81

structure according to the fourteenth aspect of the present invention, wherein



10Regarding the texture of a surface of a thin wire with a wire dianeter of
25 lirn or so, it is not well known so far, and there are few reports for,
in particular, the texture of an outermpgt surface of thin multilayer
wires. In order to precisely nmeasure the texture of a bonding wire which is
relatively soft and is a netal wwre wwth a small dianmeter, an advanced
measurenent 15 technique is requisite. [0069] Regar di ng how to neasure
a texture, an electron back scattering pattern (hereinafter, EBSP)

techni que tlacsnlihYoHenalanRas] tharoRentsebk PRCAY SR thel BrANVARLAIEMS LS
narrowi ng down a measurenent-target area into a tiny part, 20 an or

acqui ring LRfaQ6ABHA:0Br QRUANtPHLERIRELS ﬁ%&ﬂﬁgﬁ%;ﬁ%aﬁgﬁ?@w& Bt%t a

measurenent of a texture through the EBSP techniq exture of a surface
Or a CrosscaRehtoRid! WA ML £39 dBBoRAsUred precisely with a
sufficient reprodu%:i bility ev%gge\t,\%ougﬁ t he ggﬁ%ﬁhg wire is a thin object.
According to this measurenent technique, it is possible to measure
distributions of 25 crystalline orientations of tiny crystal grains in a
submi cron order and those of cr | i ' .ations of a wre surface

hi ghly precisely with a good r)éﬁg)ftrﬁ’ca)(J t?éi@gﬁlqutvg%@%ar ding a fine texture of

t he bondin ife. [0070] According to the EBSP techni que, in general,
when CO_I’lca}ElhldtQﬂll_ s and convexities of a sanple and a curved face thereof are
preci sely.  HowderSiriBaturERaN et ¥ U PE FHETRaBRFOHP At &)

hi ghl y-preci se _nmeasur epent and al ysi s. become possible. Mre specifically,
a bondi ng WHREEPES ?&%g'ggﬁa%o%Pgﬂéw%tm oHePyE gﬂdl WILe| S Ig Ry ttﬁ???%ﬁ’he
vicinity of the.cent er‘fof t he bong}I n'g wire iT. measur ed through the EBSP

t echni que. "RRYYMEE A W IHe R B Rentlaaryh the lnearty ghadoep andebener eof in
the circynferenti direction is less th or equal to 50 %of the wire

di anet erl%\APtlaﬁ?%t‘We‘%lcl@ﬂ? Seighisage 1%@1’%5/\)1’ Zguﬂ‘iheé&qréfﬁt@éﬂh@tm ak#s, and a
size in the |l engthw se direction js |less than or equal to 100 11M

measur em::ngmé(#21 cﬁhé‘%fféi&ﬁ SpEl eydevicy dending wike sronaelsi éw.a
Preferably, i '(t;/ge size in the circunferential direction is less than or
equal to 1%¥PSHehdhere tsnproxides theaishdy Tanetioml seinyisonduethe dewingt hmiddng
direction is Ie}sl_scé]tshan or egﬁtf]fa]{ﬂtto 40 um q7]|a time 1rgeq_ui reghf o]lrgp neasur ement
can be redW&&EIWNIEsEAR CHRP T eHarenaighanvelor pacbhagmigedenbasivgmmatch
efficiency. %0.071] Infordegﬁ)tso ];arry out gi hl y;ipreci se neasurenent through
t he EBSP 28 thiomuigre finpadtals @ Jangasrea, whildhreadubensmwaslipeckaging. tine is
limted, it is desirable that nore than or equal to three areas should be
measur eddand average information in consideration of dispersion should be
obtained. It is preferable to sel ect measurenent-target areas in such a way
t hat measurenent -t arget ar easBdef Retcropoh af Ixawtings di fferent areas in the
25 circunferential direction can be neasured. [0072] 33 For exanpl e,
when a bontiO4glwire with a wire dianeter of 25 p.mis subjected to
nmeasurenent, the bonding wire fixed on a plane so as not to change a wire
direction as rii¢h Jashpos anldlBSPanusate ntemeasuiteienbotdingeliar@arat a tine
is set to be a size of 8 p.min the circunferential direction around 5 the
Wire axis dinshetesi 28 paf) BRhpMmiultilder gagithnk $€n diré£eticabed thkeeAr eas
separately flr om one anot her by greater than or equal to 1 mmare neasured,
and t heroaygeageidisaiol®iedOn @RsNaE ahidrife0kiifAlatdPPS o Ind)he wire
surface can be acquired. However, the neasurenent-target areas, and how to
sel ect the measurenent-target area are not limted to the foregoing ones,
and it is 10 desirable to nake those appropriate in consideration of a
measurement device, a Wi BesCORbihPTRR,Lut LKETAAFRL Wen the
crystalline orientations of the core meEmber are subjected to neasurenent,
measur enenfooe@n be carried out through both of a vertical cross 15 section
in jthgat I en]gt [Wr\;@:e di rec(;}ﬁonlﬁof the w reb!())r&at parllaél I EI cr;s; sect ont! n the
vicinity o o) ARt £ : S& ection.
Preferably, a po%cdl sﬁg%ssu%‘%oacg\%% %ée)&é%quﬁrlen cgngb(eg%gél %LOB?%,&W&

o pad RINRN) hA8 Lofi8an S0LL%cHBED A BLOSPAR TIPS LRAIE, DY o,

mechani cal poli'shi'ng, 't 1s°desira o renpv S
to reduce fhetal and a skin layer formed on the core member and mainly composed of a



20 residual strain on the polished surface. [0074] I n anal ysis of the
measurenment result through the DBSP techni que, when an anal ysis software
installed in the device is used, the forggoing area ratio of the area of a
crystal grain in each orientation relative to the neasured 25 area of the
wire surface or a ratio of each crystalline orientation with a total area
of crystal grains or a total area where crystalline orientations can be 34
identified in the neasured areas being as a parent popul ation can be

cal cul at edfac@c@hgég@?i B ek QF diGRhSH ﬁ%h{‘ﬂl@&r@rﬁ@m%fer @veg"é%é%%g‘leldi, QR4 it

orientation may a crystal grain or a tiny area In a par a crystal

ent ay be'a ! | i rystal
can be o AT ar A P Rerd SR T RFLE by oy raR he A9EA e cunt erenti a
et i on- LAy condyTBIHLASLYL gk ey BOTAL 090 W8, of aLhGERLSTAN

i nvention, ormn ayer “on e’surface o

nmenber, a WO K t.hernal.. treat pent step. of tralling the structures
of the skl BMEdriB B Fo TR, f - PEng ARl (L oer® T Ene
like, re pt?cti.yelly ar e re%uisite. 0t0761 . Exanﬁl es of howto formthe
skin | ay8r O ThE At edLe 81 et e UrEHHRIOGF e 2P 4D SRR I0A 08P GRSt ti on,
melting, and the |ike. In plating, electralytic 15 platin n

nonel ect r ofy# iwc}“biﬂ%?‘?]ﬁ?& Q?Qﬁest?eb%fgmqseadpg‘gﬁﬁ%’alaélldyt%eéit@&brtgl@@id]@OBISQ@Pﬁg has
a fast plati.n eed, and can acquire a good adhesiveness with a base.

El ectrol yt’iscmg’i‘f}f‘?‘ﬁ&'can be one-tine process, but can be separated into
thin fil mr%lpating so-called flash plating, and actual plating for making a
film grown é eafter, and those can be carried out through plural steps,

t her eby 20 makj ng (ghe filmaquality stable. A solution used for )

nonel ect r ol yt i“CCpTdnRHY tham ntersigkilg Riespit o1 ndimssstudied bpadingpEesnd a
reduced type, when a filmto be forpned is thin, nerely_substitutjonal

pl at i ng 10sWilia peglseyerstirugiven vehich|canteeppevithmesanpads hke kirigt lopg
effective to performreduced plating after substitutional plating step by
step. Nonefaddtolomyiinepitel kanneetiorand in threpiimessigaal eenndcsionaspndt o carry
out, but requires a nore time than electrolytic technique. 35 [00771

| n vapor dep&di ¢dopccophylsiic ahpaaieonent o yeld in dsawpug veaithyy wilon apidat i ng
or vacuum deposition, or chem cal adsorption |ike plasna G LD can be

appl i ed. Thoad thae cahtrotiiyg of sttexsiredd anspteciaeskini lagenip effécsivef i [Im
formation, and thus 5 having no possibility of surface contam nation by

ri nsi ng. [©P@Zgular, thRegeeniongofthapsdsept ofveeidrofatimgd phat ralgtion, wape
deposition, both of a technique of formng a filmof an

el ect ri dal wys damdlycknwen rsetfal, lattwaehar gatuvd ofea duaiet ef naddilaydreghwkque of
once formng a filmon the core nenber wwith a 10 | arge di aneter and of
drawi ng sugixd vhe @ssbeNey alf bbhihss wireae qui verdiddagigettheivwerkaibdimi eie ar e
effective. In the case of filmformation of the former technique at a final
di anet er, banlihggirupeng, tialRbb tosnbrIRGENBNEndble Lite dainke: &epRafhsivng i n
the case of the latter conmbination of filmformation and wire drawing, it

i s advant ageptseldly dgmEQRRBNbpafifit beyALNAS yVeoessihet Wdefedvle thiel m and 15
the core nenber. Specific exanples of individual formation techniques are a
techni que @fveh@si® dTGha prbbdnOmvantidnfohi @uiithht Boh@bHRlg ¥f & SofhAMRESk

whi | e successively sweeping the wire in an electrolytic plating solution,
and a t eohef e eQf wledithBGkan 1aydP L1 BLAKIMHe Roidien i i@ fhftIRR effective.

el ectrolytic or nonelectrolytic plating solution and of drawing the wre to
acquire a fgoagl wire 20 dianeter. [00791 The final plating technique of
formng the skin layer at the final wire dianeter requires only a thernal

treatment proope @HAS debbdlLORIRE LAML JMRERENLLyird BRI MoBimAl ATRbRS

plating technique of formng a filmon a core nmenper requires a

combi nat | ofhAlyd: PRI oY 66Ty AFAHIE B APA K SoylA0RRER AN 2

t hernal treatnent pr

the core member and mainly composed of a face-centered cubic metal different
25 from the core member, wherein greater than or equal to 50 % of crystalline

orientations <hkl> in the lengthwise direction at a crystal face of a surface of



36 [0080] In a working process after the skin layer is forned, rolling,
swagi ng, dice wire drawing and the |ike are applied selectively and
separately in accordance with purposes. j§ontrolling a work texture,

di sl ocation, defects of a 5 crystalline interface and the |i ke based on a
wor k speed, a pressurization rate, a reduction of dice area and the |ike
affects the texture of the skin |layer and the adhesiveness thereof. [0081]
If a wre is sinply subjected to filmformation, working and heating, 10
crystalli i i Qns;qiiR a t : qNa and
S A A e i SR R i g
elimnatio [y ' i i I ' i |.J i.n..nor mal
wre manuf%h tur ?%é’%p%ggfé’é@é"féi@fﬂ%‘ggta?lﬂa%%ﬁnggﬁ %g‘(r)%égggft%rc %?)g?ndﬁ{}ebecone
unstable b -f ' A Sl kin |Layer
and the-corehoe Bia BERER Al SRS RTRRAIRED SR T B B Ty er
inthe wr ] i.hecti t he distribution of the skin |ayer and
that of a %F#ﬁggh%ﬁ&%gf%%}%i£%£@$$5§§9033 section may becone difficult.
Accordin%I EL beconmes possible to stably control the texture of the skin
| ayer by c%ﬁ% hensi vel y and appropriately conbi ni ng worki ng conditions,
Wre drawing ot BUBBSHONG P/ SBRBI TP A 6T CaHER RUPIS PERUNGHY CpF §ess.
a tenperatur a speed, .a ti nd the,ljke. [0082] . | n pr.ocesses of
ol 11 hg. antieh SRmaT B¢ fimed! WaTgek Andihh ron PG s Eoa Rl HRE gt her el
treatnent prqcess, restoration and recrysfallization progress so that a
recrystal l Psilitagion chadapeatien fg CABP e n WETE M dendrg ped thedi WHey 37
associated with e%§¥ other tq set a final texture of the skin |ayer and
crystallin@?%WW%%ﬁ 1Q9ﬁ§mpﬁ%§38€: In order to direct the crystalline
orientatio&i)oi the skin layer to the <111> orientations, utilization of a
wor k t extPub¥®4(’s more effective. As the process condition of wire draw ng
after formation of a 5 filmis nmade_ appropriate, the orientation_percentage
to the <111> dk§ s¥fiades ghan enpgnel fonky %@%@.e qvetagbine wermritahiope age to
the <111> orientations by wire draw ng varies depending on wire conditions
li ke a conpusienigbhwirefdrectitoy &f agonding wireosderl lPoaset of hearartdrsstics,
orientation percentage of the skin layer to be greater than or equal to 50
% for exasiplbeas the purfetd stoeingth oHthaekiodeger, rewttkalotiky riabendjngat er t han
or equal to 80 % Preferably, when the work rate is set to be greater than
or equal twlembijityaaneéthetikeofhichcrreakiffignlt he asdobiplish sentltheougigraant age
across the whol e bonding wire can be enhanced. [00831 In a thernal

t reat nent> pe onpseved, anidsased tentli vyt torpertiar of flhesmald d&apirgpdmeanyirence or
plural times. The thernmal treatnent process can be classified into

anneal i ng suighte e be shippredsod maThens 11drmadditagiotusfiithg facprosessd cabid a
finish annealing at a final wire dianeter, and it is inportant to apply

t hose annealetalgissehect deatydavdiisepaidifdich Dependiegiaivrisuhiotcfidogess
stage a thermal treatnent is perforned, the final skin layer, diffusion 20
behavi or athagkinihgef abe nhehwaer b rsithnritay etrRed id NReBOfueniRIHe morNd
the like are changed. As an exanple, if process annealing is perforned
during a pagdessedirhgle, PhakiRaotR iMbhBah& dtBMRoleRiBilfth Rt a&N8atié N S
performed at a final wire dianmeter to manufacture a bonding wire, it is

advant agRodsfol OfatidiPAey eNe Wl Aibilibe a84NRS INIRRES Se RSBt M Bt LAY 8hdl S
formed at an interface 25 between the skin |ayer and the core nmenmber in

conpar i Sont i {dhhREOESS He It HBHhahBt LT rﬁ?%@?%ré’é}ﬁﬁéé bPghe <3911 00841
Regardi ng a nethod of thermal treatnent, as thermal "treatnent is perforned
whi | e succgssimelk I F : ' ' b, in a
Flrnace, nore Al hEH M S AE BN A ETREERME P A T Sl 50V
general th r sl : S Ay of .t he
Bondi ng wi FerieryAREFEEupblealBRPERD RARNAHE o B En P LAREL R Dt

ronber s SHREH Loy SRl R A DAl 0GIhL YL ALTAGUSE B, 2 pper atur e

gradi ent an e angin enpe darefin"a rnace c

applied.,.Wen jt..is desirable to suppres y surgace.oxidi zati on of the
bond ng 3 pacn el g Plar PSRBT S e G B PRSI E  nact  ve
gases, sucp as N2 apd Ar, to glgwlinside t.he furnace. .

orniation of scraping 18 further improved, and formation of any scraping and



[ 00851 In a nelting nethod, a casting technique of nelting either the
skin layer or the core nenber is applied, and as a wire is drawn at a thick
dianeter of 10 15 to 100 mmor so afteri4he skin | ayer and the core nenber
are connected together, there are advantages such that the productivity
beconmes good, designing of the alloy constituent of the skin layer is easy
in conparison with plating and vapor deposition, and inprovenent of
characteristics, such as the strength and the bondi ng property, can be

easi |y accogpldsheredRes! ftiaclo%%n RCESHhER %rgﬁéﬂ%ﬁﬁﬁgﬁlé&e‘? tHEhhd of

casting a nelted electrically-c uctive netal aroun core nenber
fact f i oS
ol ' ow oyl haar o o chisae FREEpU, Bah i bR 205 8 TEEH 90 bl Penand
d of i . ' I - ) nmber .
The Iatt ortero s BabaREAfY (o8, SPHRN RIS R Ui naer 1 5
f bl i i) f ti f th trati
e LT LR e e R
kKin layer, If a ti ampunt. of , ¢ r is contained in th ki,n | ayer
ranut act ar GapRor Y e whRTES Toee BrRlad Br Ceottoliide sk Pn &Y o
f f th i.n | : AT i. bl ' h I
Creatmont FBPIdPRFUSPN IO AAPRE G HoPAyRrs Hopet mel ti ng. mot hod. but
if a therng| § eatnent is performed for adjusting the distributions of Cu
in the skitrdd @er, further characteristic inprovenent can be expected.

[ 0086] By using such a lted metal, it becones possihle to ufacture at
least 10 i t hetceBiingHtof vea}tg%af@ﬁﬁféwsagacaw K3l ﬁﬂpﬁmr w”iﬁ@ %S ve
casting. According to such successive casting, .processes are sinplified in
conpar i sonM&herias fpypeg sl rﬁ’@&%%’tticﬁﬁsﬁ%ﬁi%é», itandelatiyel e easabreararatflybe

t hi nned, thereby inproving the productivity. [00871 15Wen bonding is

per f or méd CREIHY aterinee péa@er sleogpigger gpvaimaeivige shalacer e Contaselingwil thy
conposed of copper, a shield gas is requisite for forming a ball, and an N2
gas cont ai fipacHExaRreakefeengs agrod elieeheicharngiryestic snprovesers. odbis a
pure N2 gas is_used. A m xed gas represented by 5%2+N2 is recommended for
t he conventhwndiffenenboirayetexdopperninplins in theameradhe conventiohel case of the
mul til ayer copper wires, a good bonding property can be acquired even if an
i nexpensi vaopatayeRviges | Acagsdihg wotheaonalayennwings,dbst pesmblegormedonggd i n
conparison with the case in which 5%2+N2 that is a standard gas is used.

It is desiadbttere vt whelepuiietandod crywaNheaasestraudrd e igredifacultitan or
equal to 99.95 % That is, a bonding method of causing arc 25 discharging
whi | e spibagurmrtgolt déexRrgaf ohbyvprugi ity @iithictepréfcegrepatretely iam ohe énteaiort o
99.95 %to the leading end of a wire or therearound to forma ball, and 40
of bondi ngof the bakl Uxcoelhphbheainij0088hedvbrienties cadd ofahdihhiltsiager kdyey is
formed between the skin |ayer and the core nenber, the adhesiveness

t her ebet wesiveg@tirddefor rpnvEithg Ahextifefafshenkdn lay@arofi theanuhitlagef onrey as
the main constituent of the core nenber and that of the skin |ayer

i nterdiffusfd namshdaseciontRMd af h 08x@iradindnd Srydfta Bt o Ik tRANST & tdeat s. By
formng the diffusion |layer, the adhesiveness between the skin | ayer and

the core nefReke&Adh DEthdBiVEtthePRshbRGePlwitdiEeSidt BeaySFlial. the time of
| oop control and bondi ng can be suppressed, and by setting the 10
concent rat [oyxogradient, in conparison with a case in which the

el ectrically-conductive netal has a uniformconcentration across the skin

| ayer, wire dqff%ér%éaq_@)e'f@émg? Et&lﬂii 28d 1@ &qeﬁ%&ho@mtm &ivBB I Rhe

formation of a loop which iIs ely to be atffected by conplex plastic

def or mat i opy; L1 BY; G- . e <

or 1 ent at i onaeor he ok PArL AR, RRRLAG B ARIEERE BREoR T ST surtace
equal to 5 Libs a0 erd Ll t f t~0f, Sy £58] - tion
of flaws agg%secé%gi 1%6¥1| {s&J %ll?‘ra? %leg?afnrrglp %@%@e@fefﬁéﬁgﬁég@eﬂﬁoﬁﬁ ?Jhseifl n{glaayer
havi ng t he ] { QN .0 i i r di g trat] radient in
the. di'tfusihoF oy aretd B AR dRRR ST PR 12 s 0O B R AL Al RS “Change
in the qﬁpéhegigecti%p shougd be]?%eﬁter(;han ar.¢e ual to 20d10 nol % per 1
um  Prefar S5 PTG G4V ERFTOTRENVEE QRGSFUPE EOREPS PONIPE YIH an
effect of nutually utilizin hys%palit of .the skin |layer .and that of the
core menbePEHREPERIEN PBATEEEH e For A h i SRPREISSH TR IER gae oD,
deteriorating those. It is preferable that the thickness of the diffusion

| ayer should be within a range from0.002 to 0.2 um This is because if the
25 thickness of the diffusion layer is less than 0.002 um the foregoing
effect is insufficient and is difficult to identify through analysis, and
if it exceeds 0.2



41 p.m there is an undesirable effect to the texture of the skin | ayer
whi ch nmakes stable formation of the crystalline orientations difficult.
Application of a thernmal treatnent is efifgective to control the diffusion
| ayer. As expl ai ned above, by controlling the degree of progression of

di ffusion through a 5 conbination of a thermal treatnent and working, it
becones possible to formthe desired diffusion layer uniformy in the
circunferential direction of a wire or the | engthw se direction thereof.

[00891 Regaidi @Qphh?n§88§§ﬁ& rp%ltlhﬁg RRR! Yahss Af 3 bRiGKimht @SHonBRE Wihat of
the 10 core nenber and the like, a technique of performng analysis while

R R R e N W
anal YS! S apif g 1T QRARCLON BiSLLERLINAT T8 O1BE o5 gLAest LK vhen

the skin Iayer st 00 nuch nmeasur enen

skin Layerobanbligh lhgpAR, LAl 5@5 H&f&%ar SECUARIELS PRI S Bl ect [ ve

when the sk 'St heckldngf f the
fggfssngw%pe %&mafévﬁerazas R S RIS BBl 0P
t t t.

he Soncorth AT PR SIS il AR BB

i ncreasing nes of the i ffusion |ayer e line a
relativelyﬂgbg’pgﬁ?g t& F% O M PRLE S ‘Wxﬂ@ﬂﬂﬁ%%v?%%i %ﬁﬁrove
the precis on og naI , |s effect to n rrow anal |nte val s of
line analy Er%ll‘?)‘btlaﬁ’fonéna ij "erCPBE%%q ‘ﬁ% ‘i/ an area

which is de abl e to observe in the V|C|n|ty an interface

anal ysi s dﬁibé" opigntatiers DothepEaayar FoRresse %01 gau éQ &h ap%QPg}e nicro
anal yzer MA) techni que, .an energy dispersjve x-ra spectroscop ( EDX)

t echni qd@ ‘?Ptélf@éﬁ‘b’g‘lz&ﬁ pdePp holehad e BUTBRYSHAER) W %é ehai e lengt £th i
transn155|on el ectron m croscope (TEM and the |ike can _be applied. In

par ti cul arlesaébardarrguedte Ranmes be Barupliskrebaudeeterid wéﬁ §181e8EE uti on
is high, it is effective for concentration analysis of a thin area of the
out er nost BT e e uAbioed & A gand effrst lef ntplutizang aleiralyeight eanpesi tion or
the like, it is possible to dissolve a bonding wire fromthe outernost
surface stegrobyplathed atna kmaepal) iamthicl aavigailergihhie greatrstihanoer efualte

di ssol ved part froma concentration contained in the solution. According to
t he presend mmveddpmoyveitas an affectinawesgarshetiiat incheasingdbateatdrsagaoctui r ed
t hrough all of the foregoing analysis techniques satisfies the stipul ated
range 1050fha igllpr esémtlO0rvwentitationbutnétemress ef & fdin tinekpessien wionkarg i on
can be acconplished if the concentration acquired through any one of the

f or egoi ng aftal yminsatiec bitiguéinsatd af hehethel steapnleat gdoceangandie t he present
i nvention. Exanples [00901 15An explanation will be given of exanples of

t he presentuppneendd,anak{}Pklthicknds ofale ki ela@drsutidsroondi ng wi res, Cu,
Au, and Ag which were to be used for a core nenber and which had a high
purity of fposafer than or equal to approximately 99.99 % by wei ght were
prepared, and Au, Pt, Pd, Ru, and Rh 20 which had a purity greater than or

equal to 99. 9%f%1b)toﬂ&3';ﬁ'ﬂ&erﬁﬁ§e‘&ﬂ'tﬁ@<%l:@aTn@ bE0isedehftichsSi thd ayer or an
internedi ate netal |ayer were al so prepared. [00921 Wres thinned to a

certain i egysghidmRt @Rt RNYSEAk]18Snahe i Be q@@&m@@%e@k@ﬁtﬂ% ¥ids§ plating,
nonel ectrol ytic plating, vapor deposition, nmelting and 25 the |like were

performed tHeiR08r ARd:.Re thehBt id LRt a8 e&ééf & I@‘% t1914‘ PEdBiRedof f erent
metal layer on a wire surface of the core menbér. A nmethod 43 of forming a

skin Iayersa«,gpl%ggla@@ifawuags O@thsn 1RRGeR ﬂﬁfthé)gb%rxil%?‘d%%l%%hﬂd' jgver at

a certain wre dianmeter and inning awre to a final wre dianeter by

wire draw pge yep %}@@&QEEd SGQMI{%)E%H%I@?% 1?2%??% a%ﬁegﬂgﬁzakl}al% e?&%x&figlr a

sem conduct or application were prepare

nenel ot ob i Rk AR %fe;cg%yd 50 210} ggg;f%}gﬂwe%%o&e@o%%' Ligp-

Wres having a m wer'e prepare

bef or eh ce there gated, b of 05|t|on

ol et ngaéa%?]dn%‘%ﬁ gy | A kR e S Y BB s RS P8P,
final wire anet.er k. str n_ was ved and thernal t r eat ment
w10 per AOPRETR O SIS A Shint Bl é%ﬂ%"?‘fvswgﬂpa%éwwr%l@? nge
from5 to 15 %at last. Dice drawing was perfornmed up to a wire dianmeter of
25 to 200 .Lin as needed, diffusion thermal treatnent was perforned, and
then wire drawi ng was perforned again. The reduction of area of the draw ng
dice was set within a range fromb5 to 15 % per one dice, and those dices
wer e conbi ned



15 to adjust introduction of a work strain or the like on a wire surface.
The wire drawing rate was adj usted between 20 to 500 ni mn. [00931 In a
case in which the nelting nmethod was apphi ed, a nmethod of casting a nelted
metal around a core nenber nanufactured beforehand and a nmet hod 20 of
casting a nelted netal in the center of a hollow cylinder manufactured

bef orehand were applied. Thereafter, processes, such as forging, rolling,
and dice drawing, and thermal treatnment were perfornmed to nanufacture a

wire. [0094%411 bond%ﬁ%ﬂr@'a@ﬂ 4 BRETR) dt4:88tdRRke f}?érebf'i% HMoh eSr ﬁfaﬁ Q@etﬁ’lﬁﬁsent
invention, wires 25 were heated while successively drawn. A schene

| nt r oduci ng, 2 3'emRerakibienanadi 8N £iRcal | vaRdeduskhagngt o

tenperature In a 44 ?ur nace were a opte V%OI’ exarrp e, er I’TB.}l treat ment

furnace whjgh %ed@ﬂ" fid€9¢ ﬁq_o%so&ﬂhlté%c@l}la'ﬁe elg d\%\géﬁ&%lt d@ﬂ%sgfovdlg:%lv%g %f%

terrperature Inside a urnace Into t

temper at ur g Gl ihBYLLN. poBLLRUR03.00 p%rggﬁagg GRY1 £ U <ol dd e

t enper at ur €, ure enperat ure,

ST g OB trocrge;nueag oL DA éeﬁgﬁﬁtséa“ci N
oL Fon B ATV B4 ARt B B M B

i nactive gas such as N2, and A 10 wer e used .t S

oxI di zat i ORCORPGRBCAYERY 41 SRS 7R L SHORTE TR BT BROLOPREMERTB002 ¢ o

0. 004 n8/ and .was, used for contyolli erature inside the

f ur nace. ni"f(ioﬁ?ei‘?gc}%?e ef B?Wﬁﬁletarﬂé{ Bagﬁflne 0Qf0 Pat®ed for a case
in which a klnla er .was forned after thermal treatnment was applied to a
wire having Wﬁ@%%fqar%uﬁaonaﬁa hogrding @age Snthed HARLRAWERRal treat ment
was applied once or greater_than or eq tw c efore a process, during
a procedd, MGRagEEmt AN B abomdiégmﬁﬁ%d?g mhé%teﬁ@@ﬁg&%em@gsthwy IRGEE di ng a
work level by rolling and wire drawing after,  the skin |ayer, was forned, it
can be sorP%ﬁh6ﬁﬁn%¥uﬁhﬁﬁ@é9#@m£?@ﬂiMS$RSW§F§Béém@GW5?§§ 1BHYEHOP0 on an
area ratio between a wire at the tinme of filmformation and a final wre

di amet er. ywasturRelwobadl gaeatly flents the sextanmanf sbe oprd membernanpdated in a
table by a letter RL, when the work rate was greater than or equal to 30 %
but |ess tingnemenypf the perdentitgraokdl iy ame <t1981>631“b-13ntat1b§5 teth®erystaling he
work rate was greater than or equal to 70 % but less than 95 % it is

i ndi cat ed ¢rientis thbPeolbheaoretmenb®Bis afettiveen It hevewfikd thaesweds
greater than or equal to 95 % it is indicated in the table by a letter R4.
45 [ 00965 contrélingraferystalioavrentatisus bathe: textruembef dobe nekbnidgayer, it
is necessary to nake a material factor, such as a material quality, a
conposi t i osyff@idrii cfferess the chbeof thkkemoanthyerprivegdsutfladchgs a goudleffest n fil m
formati on condition, a process 5 and thermal treatnent condition, or the

| i ke, appr tipr tadeeof the biileyanpliess. dharashanehpls hoceeapiaglyt derifibfil>
ratio in the lengthwi se direction at a surface of the skin layer, it was
effective ye, bneieasthoulgdt wWabK th@testut® offtikec@r mbnibcalsignifionhtlymffeaans to

| ower the tenperature of a thermal treatnment. As an exanple, when the work

rate i s R2thdtd¥Murd bf & Hatlehathinvelte BREY1d@riipeislaskfitte add thdkbreratio. In
contrast, in a conparative exanple, it was effective to decrease the work

rate ancot eeRehd0kThbheheRbd bigAby R @ bal megﬁngﬂﬂﬁﬁé%ﬁwtﬁa%l Wesa frong
time in order to reduce the <111> ratio. [00971 Regardi ng observation of a

texture of jayMifel ehidf BGSer GEYSE bkl é?f‘éc@%aﬁ'ﬁe%@hﬂp%ﬁe%l@eﬁ'ﬁ%%@f fdn a
through the EBSP technique in a certain area of the skin |ayer of a bonding

wire. Regaﬁehagl eaﬁrg@ieat Ly éaéan@ms W}f%&‘ieé‘ba qm%l ﬁérmgbéﬁ@ thQt Ehé,/??t?{?“d' ng

W res were f|xe on a plane in such a way t a wre directions differed

from one ag ﬁﬂgghr}gﬂ%@&%ﬁéé%& %nd@%{gﬁﬂﬂn%rqgg & Y89 oal88n Rd

rect angul ar area I nc wre axis was set as a measur enent - target

area at a %ME@B%E;‘% ?s%' eng{ ?eh‘i%egﬂre 1k5'dre'ﬂ$n9é{1 'éft%rbeﬂfbé‘ﬂld&lrec“on

and of 10 mnse |on hree ten

apart PP BHE aneE %uﬁﬁ‘w“%ée%feéﬁﬁf i toRifa RRgRe. Sk e
Loxtur e of teRgrisns Rtmarn st ior%fﬁoé@gb%?@w%@gé@i@V%ﬁ%ﬁ%gé%gﬂd?fnga

wire was polished and a work strain at a surface was reduced by chem ca
et ching was used, and crystalline orientations were neasured through the
EBSP t echni que. Regardi ng the cross section, a cross section vertical to
the wire lengthwi se direction was nainly subjected to 5 neasurenent, but a
Cross section paraIIeI to the mnre Iengthmnse dlrectlon and runnlng through

o I o o



[ 00991 An exclusive software (O M analysis or the |ike nade by TSL) was
used 10 for analysis of EBSP neasurenent data. Crystalline orientations at
a nmeasured area were anal yzed, and the pgrcentage of crystal grains in the
<111> and <100> orientations in the neasured orientations was acquired. An
orientation was set with reference to the I engthw se direction of a bonding
wire, and ones having an angul ar difference within 15 degree in individual
15 crystalline orientations were also considered for percentage

acqui si ti oflefoRe@ad \H 8pFBEHShALE AR FRIIN 0d J8APEEEENS 288 Oftid e

crystal grains, two kinds of percentages were acquired: one (hereinafter,

o oa hai nobetibeBRE Bl Rl A LRy BhG the Bkl o cho KR fuyBl 5818 AR o
ea bel arent | ¥ | Lal
ratio) in ‘%&ﬁﬁ%ﬁ%e @gngg?%ﬂ?gag)glglﬁﬁg agfecbs.arif%s oPlo %QEXB?%@@ i ne

orientations ei’ng as a pareén opu ron with

‘ . ' Cabili ; o h
Foceee or A 21PBEAIMLAYES 10knt Sollopbiel ik T FRAMS B8 B SRequdhek it ,

I il | udi . t it t iblet
orostal | PribRithenldrpRo Rt B AR RS Bt oD BRN BbaRRE MR frdoarE ot

talli .orient ati o t.he | | .of liability for. orientati
anatyai s vBLETIRES BRRavhg be sy csporiphf e dtratiafina sl Fitey pe
prepared i i i s desj.rable sel ect .a iterion

anal . fiwares, and it o
in accor da ev\‘?%/ Iai eiﬁﬂé‘\é\?a]i %f?p@fm&ré%ﬁ?ﬁi s tlBﬁﬁB@_s%ﬂé‘F?é’ﬁ%%}%li‘gﬁﬁénd t he
valuey - ookt G Sl tephpRe IReuEye o o dipritatiosis Forahdiajar an B3 AES

was applied for asurenment of a film¢thickness at a wre surface, and
surface an‘é?rs§§f§ggﬁ’élu tﬁﬁlée-"éw&lfefs pdyy dpfé@‘,enﬂzrﬁmmﬁlem@ct pkehavsxdupeef or med
for observation o{ di stributions of elenents |ike concentration of crystal
grai n i nPerieagesolaygr pHeeEpMR Iy spsi sPrslengdy, dohadatlneresntagaof
performed in the depth direction while performng sputtering with Ar ions,
and a dept hlikm anderd 08P wplanfationn ixitbe cevnhyenghems graatardheanremiadhoof
electrically-conductive nmetals in a bonding wire was neasured through I|CP
anal ysi s, P, rpakall anidh psizalddiametdy dee hfod o stallsfomdingabapé.onFof bondi ng
wires, a commercially-available automatic wire bonder was used to perform
bal | / wedgeexsonblengrhen hakll wiab « onatldliamedet daati thp wtib bétveeon aw iyidr ¢

di schargi ng, and bonded to an electrode filmon a silicon substrate, while
anot her enkrlbfliahetoni el amsirs difjrectedstlod weddeisorgicgddn hmndasg) if eheri nal .
A pure N2 gas was mainly used as a shield gas 20 used for suppressing any
oxi di zatlborovadrtels of hrbmllohorbd pdwrisdtiprnved gasod bal hoatengalagdpars bed
within a range from0.001 to 0.01 nB/mn. [01021 An Al-alloy film

(Al- 198i - Ca&paixed éten inAiheDcds%@ of fihapitshicohneesor with enidéctobdasicateeds ode
on a silicon substrate and which had a thickness of 1 25 pin was used as a
bondi ng palekaehan Goryanbel ¥0 uas aThard Refo fpscifiedgpebandi Nait forl iad frame
havi ng an Ag plating (thickness: 2 to 4 pm on a surface 48 thereof was

used. Not epdivahtdgegsiticrg 1therhbaddny opicaRlibys Lo tlad cdie/ NefBereh@cifipge on
a BGA substrate, it was verified that the sane effect as that of the | ead

frame can lkes 86 ior egdubiBiogs SIBeR id 1€ a4 8t 5RMRLE Son {0103 2P RegaL HO
evaluation for flaws, scraping and the like on a wire surface, those were

checked gbhimauaii, @bsRIVIRdopltOfe14119e19*d:QY1 Or appearance of a bonded | oop.
Eval uati on could be nmade including any effects prior to |loop formation,
such as fl@gg1]scraping and the like caused in a wre nmanufacturing
process. A wire dianeter was set to 25 pm Wre lengths 10 were set to be
two kinds: a gepgidlsid fi Rap, .

trapezoi dal Ioo%@m@%e%‘g@e}gm&%ﬁgﬂtﬁ%%# elrgﬁ{fceﬁgicﬁg seel?ﬁkfeg %rggl}%% 250
pm and 1 i i > i : I h proj ector.
Qbservat i 8%9? ggﬁ%ﬁﬁgaﬁéﬁpg %ﬁgﬁﬁgtébﬂgﬁé}f%@%gﬁéégﬁé&gﬁ &gg P‘é%ps, and,

for scrapi g8 AaolBf sRaBE A PYabilithet ot Sh Hebdhndftidh PoThaPRNgEd PaT

havi ng

25 desirable that a bonding wire with a multilayer structure should have a

composition in which greater than or equal to 50 % of the crystalline



15 a higher occurrence frequency, and flaws having a size of greater than
or equal to 10 pm were counted. For |ow | oop evaluation, |ow |l oops having a
target height set to approximtely 65 pmwere formed, and occurrence of
flaws and scraping were observed through the sane fashion. In general, the
| onger the wire length is, or the lower the |oop height is, the nore the
frequency that a 20 wire surface is scratched increases, so that eval uation
beconmes harsh. Wien there were greater than or equal to four scraping and

flaws wer eonehigaakl ehkiblinWhs 16858TWBathdchdh & PEQRLLMWAST HESSTheaRd 1t
is indicated in the table by a cross mark in the table, when the nunber of

scar pi ng Wag QA8 hoet e B4 hRE %ei‘@e&%a%@%§<@il>ﬁ Laws @ &ife9RIdns8n
effect |ike clogging of a capillary was 25 concerned, it was determ ned
that inpro Ltse %?fe‘?ﬁﬁﬁﬁ%s %@F nlktBe !vﬂgé g\ggg%ﬂzx}ége a8 ctigh a8 P¥ods

triangul ar mark, when the nunber of scrapin one to three and there

R e L R R
o0 MDA 0SSR G PELLPERPLS ey 125

determ ned as sta 'S indca dou

circul ar termnati f fla an crapi.ng. mght. be affected.by a
e sonal | g S5 ssBpbie pRUE st ETLT QDL TR0 Fuft AR bR
made by great.er than. o ual .to t obser.vers, .and..r i S. ade Wi th
Bverage | nroriRE Pon i d Baed, SO arSc gk Epefior e Bal BEi 4T 61
wire surface in the case of thin wire, wires with two, kin of wir

G amet or s S99 DadE vt e Bkttt (e B Vi 1y
and trapezpidal |l oops,havi t height set to 70 to 200 um were

f or med, anﬁ*fﬁ%@ﬂﬁéﬁﬁﬁﬁatﬂ&ﬁ%@*ﬁgiggghh kind were observed through a
projector.(%E% sane criteria were adopted 15 for evaluation of flaws and
scrapindp E %1 In order to evaluate the linearity of a bonded | oop,
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10Table 1 and table 2 show exanples of the bonding wire of the present
i nvention and conparative exanples. [01131 54 [Table 1] t'oo EL8 CH 4t1l
1 za | 421 EH 38 LU 48 Z8 14:1 C8 938 LU CH 38 VU 38 48 CU E8

greater than or equal to 50 % of crystalline orientations <hkl> in the
lengthwise direction at a crystal face of a surface of the skin layer is <111> and
a ratio {an aspect ratio of crystal grain diameters) of an average size of a
crystal grain in the surface of the skin layer in the lengthwise direction
5 relative to an average size thereof in the circumferential direction is greater

than or equal to three, the linearity of the bonding wire having undergone loop
formation can be improved. When the bonding wire is pushed out from the
aperture in the leading end of the capillary and is pushed back therein to form
a loop, a curl failure as the bonding wire falls down and is bent because of

10 friction with the internal wall of the capillary, and a bonding failure as the
bonding wire grows down occur, resulting in reduction of a yield. In order to
suppress such failures and to improve the loop linearity, the inventors of the
present invention found that it is effective if the aspect ratio of the crystal
grain at the surface of the skin layer is increased. If the aspect ratio is

15 increased, crystal grains long in the wire lengthwise direction form fibrous
texture, and it is advantageous for reducing a residual strain in the bonding
wire at the time of loop formation and deformation dispersion thereof. If the
aspect ratio 1s greater than or equal to three, an effect of improving the loop
linearity can be sufficiently accomplished. Preferably, if the aspect ratio is

20 greater than or equal to five, a good loop linearity can be acquired at a long
span in which a wire diameter is less than or equal to 25 um and a wire length
1s longer than or equal to 5 mm. More preferably, if the aspect ratio is greater
than or equal to ten, an effect of improving the loop linearity at a super long
span in which a wire length is greater than or equal to 7 mm can be enhanced.

25 [0055]

The face-centered cubic metal which is a main constituent of the skin
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layer is a metal different from the electrically-conductive metal which is a
main constituent of the core member, and it is desirable that such a metal
should have an effect of improving the bonding property of the bonding wire
and be effective for suppressing any oxidization of the bonding wire. More
5 specifically, Pd, Pt, Ru, Rh, and Ag are candidates of such a metal, and at least

one kind of followings: Pd; Pt; Ru; and Ag is desirable from the standpoint of
practical utility and cost performance. Note that a main constituent in the
embodiment means an element having a concentration greater than or equal
to 50 mol%. Pd has advantages that adhesiveness to an encapsulation resin

10 and bonding property to an electrode are sufficient and quality management is
easy. Pt makes stabilization of a ball sha.lpe relatively easy. Ruis a hard
metal, facilitates formation of a dense film, and has a relatively inexpensive
material cost. Rh has a good oxidization resistance and the like, but has an
expensive material cost, so that a future examination thereof like thinning is

15 anticipated. Agis a soft material, makes suppression of any formation of
flaws, formed by drawing of a wire formed with the skin layer beforehand,
relatively easy, and has an inexpensive material cost, so that it is appropriate
for cost-emphasized semiconductors.

[0056]

20 That is, it is preferable that the skin layer should be a pure metal mainly
composed of at least one kind of followings: Pd; Pt; and Ru, or, should be an
alloy mainly composed of such an electrically-conductive metal. Ifthe skin
layer is a pure metal, it is advantageous that improvement of oxidization
resistance and bonding property is relatively easy, and if the skin layer is an

25 alloy, there is an advantage of increasing the tensile strength and the elastic

modulus, resulting in suppression of any wire deformation at the time of resin
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encapsulation. Note that a pure metal in the embodiment means that a layer
having a concentration greater than or equal to 99 mol% is contained in a part
of the skin layer, or the average concentration of the skin layer other than a
diffusion layer is greater than or equal to 80 mol%. An alloy means one

5 containing at least one kind of followings! Pd; Pt; and Ru at a concentration
greater than or equal to 50 mol%.
[0057]

Cu, Au, and Ag are candidates for the electrically-conductive metal of the

core member, and from the standpoint of practical utility, it is desirable that

10 the core member should be mainly composed of at least one kind of followings:
Cu; and Au. Cu has an inexpensive material cost, has a good electrical
conductivity, and relatively-good handleability such that ball formation is easy
if sprayed with a shield gas at the time of ball formation. Au has a high
oxidization resistance, does not require a shield gas at the time of ball

15 formation, has a good deformation behavior at the time of bonding, and is easy
to ensure the bonding property. Ag has a good conductivity, but is slightly
difficult to do wire drawing, so that it is necessary to make the manufacturing
technique appropriate. Conversely, Cu and Au have an advantage that those
are time-proven materials for the monolayer bonding wires.

20 [0058]

If the core member is formed of an alloy mainly composed of an
electrically-conductive metal, there is an advantage in some cases for thinning
or improvement of the bonding reliability because the wire strength is
increased. In the case of the Cu alloy, if such an alloy contains at least one

25 kind of followings: B; Pd; Bi; and P within a range from 5 to 300 ppm, the

tensile strength of the bonding wire and the elastic modulus thereof increase,
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resulting in accomplishment of an effect of improving the linearity at a long
span up to 5-mm or so. In order to enhance such additive action, the
inventors of the present invention verified that a good effect which is
insufficient in the case of the Cu monolayer wires can be accomplished if it is
applied to the multilayer wires having the core member mainly composed of
Cu. That 1s, if the core member is formed of a Cu alloy containing B, Pd, Bi,
and P therein within a range from 5 to 300 ppm, the skin layer is mainly
composed of at least one kind of followings: Pd; Pt; and Ru, and the percentage
of the <111> orientations in the crystalline orientations <hkl> in the
lengthwise direction at the crystal face of the surface of the skin layer is
greater than or equal to 50 %, an effect of improving the linearity at a long
span 18 further enhanced. This is because the linearity may be improved due
to the synergic effect by the skin layer that the crystalline orientations are
controlled and the core member containing the alloy elements.

[0059]

If a bonding wire with a multilayer structure employs a composition in
which the percentage of the <111> orientations in the crystalline orientations
<hkl> in the lengthwise direction at the crystal face of the surface of the skin
layer is greater than or equal to 50 %, the main constituent of the skin layer is
Pd or Ag, the main constituent of the core member is Cu, and the core member
contains Pd at a concentration within a range from 5 to 10000 ppm, it is easy
to comprehensively satisfy suppression of any formation of flaws and scraping
and stabilization of a loop shape and a loop height or stabilization of
compressive bonding shape of a ball bonded part. In a thermal treatment
process in manufacturing of wires, because of a synergic action of making a

change in the Pd concentration uniform and moderate as Pd in the core
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member and Pd, Ag in the skin layer interdiffuse one another in the vicinity of
the interface between the core member and the skin layer, a good action of
reducing peeling and scraping of the proximity of a top surface of a loop and an
action of reducing dispersion in shapes, such as fall-down of a loop and
bending thereof, can be accomplished. Such concentration change is effective
to not only a whole wire but also a neck part where heat at the time of ball
melting affects, thus effective to stabilize loop heights. According to the
combination of the Cu core member and the Pd skin layer, mixing of Cu with
Pd, Ag may become nonuniform when a ball is melted and a ball shape may
become abnormal, but as the core member contains Pd, an effect of causing the
shape of a ball bonded part to be a true circle is enhanced. Regarding the Pd
concentration contained in the core member, if it is greater than or equal to 5
ppm, the foregoing effects are verified, and preferably, if it is greater than or
equal to 200 ppm, such an effect of improvement becomes more remarkable.
Regarding the uppermost limit of the Pd concentration, if it is less than or
equal to 10000 ppm, any chip damage due to hardening of a ball can be
suppressed, and preferably, if it is less than or equal to 8000 ppm, an effect of
suppressing any chip damage is further enhanced, and it is advantageous for
fine pitch connection.
[0060]

In the case of an Au alloy, if more than or equal to one kind of Be, Ca, Ni,
Pd, and Pt is contained at a concentration within a range from 5 to 8000 ppm,
the same effects can be accomplished and it becomes easy to ensure a good
linearity. That 1s, it is desirable that the core member should be formed of an
Au alloy containing more than or equal to one kind of Be, Ca, Ni, Pd, and Pt at

a concentration within a range from 5 to 8000 ppm, the skin layer should be
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mainly composed of at least one kind of followings: Pd; Pt; and Ru, and the
percentage of the <111> orientations in the crystalline orientations <hk!> in
the lengthwise direction at the crystal face of the surface of the skin layer
should be greater than or equal to 50 %.

5 [0061]

According to the structure of the bonding wires with a multilayer
structure, if an intermediate metal layer composed of different constituent
from the main constituent of the skin layer and that of the core member is
present between the skin layer and the core member, it becomes more effective

10 to control the crystalline orientations of the skin layer. This is because
crystalline orientations in a base layer may affect formation of the skin layer,
and it is relatively easy to control crystalline orientations in the intermediate
metal layer formed on the core member rather than to control crystalline
orientations of the core member. More specifically, the same face-centered

15 cubic metal as the metal of the skin layer 1s desirable for the intermediate
metal layer. In particular, it is more preferable that the lattice constant of
the metal of the intermediate metal layer should be similar to the lattice
constant of the metal of the skin layer.

[0062]

20 That is, it is desirable that a bonding wire with a multilayer structure
should have an intermediate metal layer which is composed of a different
constituent from the main constituent of the skin layer and that of the core
member and which is present between the skin layer and the core member.
As an effect of adding the intermediate metal layer, a peel strength which is a

25 barometer of the bonding strength of a wedge bonded part can be improved as

the adhesiveness between the skin layer and the core member is improved. A
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sitmple technique of measuring a pull strength in the vicinity of a wedge
bonded part can be used as a substitute for measurement of the peel strength.
Accordingly, the peel strength can be increased by causing the intermediate
metal layer to intervene. The constituent of the intermediate metal layer
should be selected based on the combination of the constituent of the skin
layer and that of the core member, the foregoing metal constituents are
preferable, and in particular, Au, Pd, or Pt is more preferable. More
preferably, when the combination of the main constituents of the skin layer
and the core member, respectively, is Pd/Cu, if the main constituent of the
itermediate metal layer is Au, 1t 1s advantageous for controlling of the
crystalline orientations of the skin layer, and the respective adhesiveness at
interfaces among skin layer/intermediate layer/core member are relatively
good. Moreover, when the combination of the main constituents of the skin
layer and the core member, respectively, is Pd/Au, if the main constituent of
the intermediate metal layer is Pt, it is advantageous for controlling of the
crystalline orientations and for making the composition of the skin layer and
the film thickness thereof uniform.

[0063]

When the thickness of the skin layer is within a range from 0.005 to 0.2
pm, it is advantageous for controlling of the foregoing crystalline orientations
of the skin layer, and it facilitates comprehensive satisfaction of requisite
characteristics, such as the bonding property and the loop controllability. If
the thickness is greater than or equal to 0.005 um, a sufficient effect of
controlling the crystalline orientations of the skin layer can be accomplished,
and if it exceeds 0.2 um, hardening of a ball because of alloying becomes

remarkable, and a chip damage like cracking may be caused at the time of
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bonding.
[0064]
Preferably, if the thickness of the skin layer is within a range from 0.01 to

0.15 pm, it becomes possible to stably form a loop with a desired loop shape

5 without reducing a speed in a complex loop control. More preferably, if it is
within a range from 0.020 to 0.1 um, this facilitates acquisition of a stable film
quality such that the processing efficiency of a film formation process can be
increased while packaging the usability of the bonding wire.
[0065]

10 If the thickness of the intermediate metal layer is within a range from
0.005 to 0.2 pm, this facilitates controlling of the crystalline orientations of the
skin layer, the adhesiveness of the interface with the core member is improved,
and it becomes possible to cope with complex loop control. Preferably, if it is
within a range from 0.01 to 0.1 pm, this facilitates ensuring of the uniformity

15 of the film thickness and the reproducibility thereof.

[0066]

An interface between the skin layer and the core member is a part where
a total of the detected concentration of the electrically-conductive metal of the
skin layer is 50 mol%. Accordingly, the skin layer of the present invention is

20 a surface from a part where the total of the detected concentration of the
electrically-conductive metal of the skin layer is 50 mol%, i.e., is a part where
the total of the detected concentration of the electrically-conductive metal of
the skin layer is greater than or equal to 50 mol%.

[0067]
25 It 1s desirable that the erystalline orientation of the present invention

should include ones that an angular difference of the crystalline orientation
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relative to the lengthwise direction of the bonding wire is within 15 degree.
In general, when a crystalline orientation in a particular direction is focused,
individual crystals have angular differences in some measure, and a slight
angular difference is caused depending on experimental methods including
how to prepare a sample and how to measure the crystalline orientations.
When the angular difference is within 15 degree, characteristics of individual
crystalline orientations are possessed and the degree of their influences to
various characteristics of the bonding wire can be effectively utilized.

[0068]

Regarding the texture of a surface of a thin wire with a wire diameter of
25 pm or so, it 1s not well known so far, and there are few reports for, in
particular, the texture of an outermost surface of thin multilayer wires. In
order to precisely measure the texture of a bonding wire which is relatively
soft and 1s a metal wire with a small diameter, an advanced measurement
technique 1s requisite.

[0069]

Regarding how to measure a texture, an electron back scattering pattern
(hereinafter, EBSP) technique recently developed can be used because it is
advantageous for narrowing down a measurement-target area into a tiny part,
and for acquiring information on an outermost surface only. According to
measurement of a texture through the EBSP technique, a texture of a surface
or a cross section of a bonding wire can be measured precigely with a sufficient
reproducibility even though the bonding wire is a thin object. According to
this measurement technique, it is possible to measure distributions of
crystalline orientations of tiny crystal grains in a submicron order and those of

crystalline orientations of a wire surface highly precisely with a good

.Gt
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reproducibility regarding a fine texture of the bonding wire.
[0070]
According to the EBSP technique, in general, when concavities and

convexities of a sample and a curved face thereof are large, it 1s difficult to

(w1}

measure crystalline orientations highly precisely. However, if measurement

conditions are made appropriate, highly-precise measurement and analysis

become possible. More specifically, a bonding wire is fixed on a plane

straightly, and a flat part in the vicinity of the center of the bonding wire is

measured through the EBSP technique. Regarding a measurement-target

10 area, when a size thereof in the circumiferential direction is less than or equal
to 50 % of the wire diameter with the center in the lengthwise direction being
an axis, and a size in the lengthwise direction is less than or equal to 100 um,
measurement efficiency can be enhanced in addition to the precision.
Preferably, if the size in the circumferential direction is less than or equal to

15 40 % of the wire diameter and the size in the lengthwise direction is less than
or equal to 40 um, a time required for measurement can be reduced, resulting
in further enhancement of the measurement efficiency.
[0071]

In order to carry out highly-precise measurement through the EBSP

20 technigue, because an area which can be measured at a time is limited, it is
desirable that more than or equal to three areas should be measured and
average information in consideration of dispersion should be obtained. Itis
preferable to select measurement-target areas in such a way that
measurement-target areas do not overlap so that different areas in the

25 circumferential direction can be measured.

[0072]
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For example, when a bonding wire with a wire diameter of 25 um is
subjected to measurement, the bonding wire fixed on a plane so as not to
change a wire direction as much as possible is used, a measurement-target
area at a time is set to be a size of 8 pm in the circumferential direction around

5 the wire axis and a size of 30 um in the lengthwise direction, three areas
separately from one another by greater than or equal to 1 mm are measured,
and then average information on crystalline orientations in the wire surface
can be acquired. However, the measurement-target areas, and how to select
the measurement-target area are not limited to the foregoing ones, and it is

10 desirable to make those appropriate in consideration of a measurement device,
a wire condition and the like.
[0073]
When the crystalline orientations of the core member are subjected to
measurement, measurement can be carried out through both of a vertical cross
15 section in the lengthwise direction of the wire or a parallel cross section in the
vicinity of the center of the wire parallel to the lengthwise direction.
Preferably, a polished surface to be acquired can be easily obtained through
the vertical cross section. When a cross section is formed by mechanical
polishing, it is desirable to remove a skin by etching in order to reduce a
20 residual strain on the polished surface.
[0074]

In analysis of the measurement result through the DBSP technique,
when an analysis software installed in the device is used, the foregoing area
ratio of the area of a crystal grain in each orientation relative to the measured

25 area of the wire surface or a ratio of each crystalline orientation with a total

area of crystal grains or a total area where crystalline orientations can be
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identified in the measured areas being as a parent population can be
calculated. A minimum unit for calculating an area of a crystalline
orientation may be a crystal grain or a tiny area in a part of a erystal grain.
Regarding a size of the crystal grain, an average size or the like can be

5 calculated in the lengthwise direction and in the circumferential direction.
[0075]

In manufacturing the bonding wire of the present invention, a step of
forming the skin layer on the surface of the core member, and a
working/thermal treatment step of controlling the structures of the skin layer,

10 the diffusion layer, and the core member, and the like, respectively, are
requisite.
[0076]
Examples of how to form the skin layer on the surface of the core member
are plating, vapor deposition, melting, and the like. In plating, electrolytic
15 plating and nonelectrolytic plating can be applied separately. Electrolytic
plating has a fast plating speed, and can acquire a good adhesiveness with a
base. Electrolytic plating can be one-time process, but can be separated into
thin film plating so-called flash plating, and actual plating for making a film
grown thereafter, and those can be carried out through plural steps, thereby
20 making the film quality stable. A solution used for nonelectrolytic plating
can be classified into a substitutional type and a reduced type, when a film to
be formed is thin, merely substitutional plating is sufficient, but when a film
to be formed is thick, it is effective to perform reduced plating after
substitutional plating step by step. Nonelectrolytic technique needs a simple
25 device, is easy to carry out, but requires a more time than electrolytic

technique.
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[0077]

In vapor deposition, physical adsorption, such as sputtering, ion plating
or vacuum deposition, or chemical adsorption like plasma CVD can be applied.
Those are all dry systems, do not need rinsing after film formation, and thus
having no possibility of surface contamination by rinsing.

[0078]

Regarding at a step of performing plating or vapor deposition, both of a -
technique of forming a film of an electrically-conductive metal at a target wire
diameter and a technique of once forming a film on the core member with a
large diameter and of drawing such wire several times to acquire a target wire
diameter are effective. In the case of film formation of the former technique
at a final diameter, manufacturing, quality management and the like are easy,
and in the case of the latter combination of film formation and wire drawing, it
is advantageous for improvement of the adhesiveness between the film and
the core member. Specific examples of individual formation techniques are a
technique of forming a film on a thin wire with a target wire diameter while
successively sweeping the wire in an electrolytic plating solution, and a
technique of forming a film by soaking a thick wire in an electrolytic or
nonelectrolytic plating solution and of drawing the wire to acquire a final wire
diameter.

[0079]

The final plating technique of forming the skin layer at the final wire
diameter requires only a thermal treatment process after film formation.
Moreover, the thick-diameter plating technique of forming a film on a thick
core member requires a combination of a working process of acquiring a target

wire diameter and a thermal treatment process.
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[0080]

In a working process after the skin layer is formed, rolling, swaging, dice
wire drawing and the like are applied selectively and separately in accordance
with purposes. Controlling a work texture, dislocation, defects of a

5 crystalline interface and the like based on a work speed, a pressurization rate,
a reduction of dice area and the like affects the texture of the skin layer and
the adhesiveness thereof.

[0081]

If a wire is simply subjected to film formation, working and heating,

10 crystalline orientations in a texture at the surface of the skin layer and at the
interior thereof cannot be controlled. When a processing-strain elimination
annealing at a final wire diameter which is applied in normal wire
manufacturing processes is directly applied, loop control may become unstable
because of reduction of the adhesiveness between the skin layer and the core

15 member, and controlling of the uniformity of the skin layer in the wire
lengthwise direction, the distribution of the skin layer and that of a diffuéion
layer at a wire cross section may become difficult. Accordingly, it becomes
possible to stably control the texture of the skin layer by comprehensively and
appropriately combining working conditions, such as a formation condition of

20 the skin layer, reduction of area in a wire drawing process and a speed, a
timing of a thermal treatment process, a temperature, a speed, a time and the
like.

[0082]

In processes of rolling and drawing of wires, a work texture is formed and

25 in a thermal treatment process, restoration and recrystallization progress so

that a recrystallization texture is formed, and those textures are mutually
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associated with each other to set a final texture of the skin layer and
crystalline orientations thereof. In order to direct the crystalline orientations
of the skin layer to the <111> orientations, utilization of a work texture is
more effective. As the process condition of wire drawing after formation of a
5 film is made appropriate, the orientation percentage to the <111> orientations

can be increased. The orientation percentage to the <111> orientations by
wire drawing varies depending on wire conditions like a composition before
working, but in order to set the <111> orientation percentage of the skin layer
to be greater than or equal to 50 %, for example, it is effective to increase the

10 work rate greater than or equal to 80 %. Preferably, when the work rate is
set to be greater than or equal to 95 %, an effect of increasing the <111>
orientation percentage across the whole bonding wire can be enhanced.
[0083]

In a thermal treatment process, it is effective to perform thermal

15 treatment once or plural times. The thermal treatment process can be
classified into annealing right after film formation, annealing during a process,
and a finish annealing at a final wire diameter, and it is important to apply
those annealing selectively and separately. Depending on in which process
stage a thermal treatment is performed, the final skin layer, diffusion

20 behavior at an interface between the skin layer and the core member, and the
like are changed. As an example, if process annealing is performed during a
process after plating, a wire is drawn, and finish annealing is performed at a
final wire diameter to manufacture a bonding wire, it 1s advantageous for
improvement of the adhesiveness as a diffusion layer is formed at an interface

25 between the skin layer and the core member in comparison with a process

without intermediate annealing.
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[0084]

Regarding a method of thermal treatment, as thermal treatment is
performed while successively drawing a wire and a temperature gradient is
set in a furnace, not setting a furnace temperature to be constant which 1s a
general thermal treatment, it becomes easy to do mass production of the
bonding wire of the present invention having the skin layer and the core
member. As specific examples, a method of locally introducing a temperature
gradient and a method of changing a temperature in a furnace can be applied.
When 1t is desirable to suppress any surface oxidization of the bonding wire, it
1s effective to perform heating while causing inactive gases, such as Nz and Ar,
to flow inside the furnace.

[0085]

In a melting method, a casting technique of melting either the skin layer
or the core member is applied, and as a wire is drawn at a thick diameter of 10
to 100 mm or so after the skin layer and the core member are connected
together, there are advantages such that the productivity becomes good,
designing of the alloy constituent of the skin layer is easy in comparison with
plating and vapor deposition, and improvement of characteristics, such as the
strength and the bonding property, can be easily accomplished. Specific
process can be divided into a method of casting a melted
electrically-conductive metal around the core member manufactured
beforehand to form the skin layer and a method of using a hollow cylinder of
an electrically-conductive metal manufactured beforehand and of casting a
melted metal in the hollow part to form the core member. The latter method
of casting the core member in the hollow cylinder is preferable because it

facilitates stable formation of the concentration gradient or the like of the

E6
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main constituent of the core member in the skin layer. If a tiny amount of
copper 1s contained in the skin layer manufactured beforehand, controlling of
the copper concentration at a surface of the skin layer becomes easy. It is
possible to omit a thermal treatment for diffusing Cu in the skin layer in the
melting method, but if a thermal treatment is performed for adjusting the
distributions of Cu in the skin layer, further characteristic improvement can
be expected.

[0086]

By using such a melted metal, it becomes possible to manufacture at least
either one of the core member and the skin layer by successive casting.
According to such successive casting, processes are simplified in comparison
with the foregoing casting method, and a wire diameter can be thinned,
thereby improving the productivity.

[0087]

When bonding is performed using a multilayer copper wire having the
core member mainly composed of copper, a shield gas is requisite for forming a
ball, and an N2 gas containing He at a concentration within a range from 1 to
10 % or a pure Nz gas is used. A mixed gas represented by 5%Ha+N2 is
recommended for the conventional monolayer copper wires. In contrast, in
the case of the multilayer copper wires, a good bonding property can be
acquired even if an inexpensive pure Ny gas is used, so that a running cost can
be reduced in comparison with the case in which 5%Ha+Ns that is a standard
gas 1s used. It is desirable that the purity of the N2 gas should be greater
than or equal to 99.95 %. That is, a bonding method of causing arc
discharging while spraying the N2 gas having the purity of greater than or

equal to 99.95 % to the leading end of a wire or therearound to form a ball, and
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of bonding the ball is desirable.
[0088]

Moreover, if a diffusion layer is formed between the skin layer and the
core member, the adhesiveness therebetween can be improved. The diffusion
layer is an area formed as the main constituent of the core member and that of
the skin layer interdiffuse, and has concentration gradients of such main
constituents. By forming the diffusion layer, the adhesiveness between the
skin layer and the core member can be improved, peeling of the skin layer at
the time of loop control and bonding can be suppressed, and by setting the
concentration gradient, in comparison with a case in which the
electrically-conductive metal has a uniform concentration across the skin layer,
wire deformation can be stabilized in a control at the time of formation of a
loop which is likely to be affected by complex plastic deformation. Moreover,
by increasing the percentage of the <111> orientations of the surface of the
skin layer to be greater than or equal to 50 %, it is verified that an effect of
suppressing any formation of flaws and scraping is further improved if there is
the diffusion layer having the concentration gradient. Regarding the
concentration gradient in the diffusion layer, it is desirable that the level of
concentration change in the depth direction should be greater than or equal to
10 mol% per 1 um. Preferably, if it is greater than or equal to 5 mol% per 0.1
um, an effect of mutually utilizing physicality of the skin layer and that of the
core member different from each other can be anticipated without
deteriorating those. It is preferable that the thickness of the diffusion layer
should be within a range from 0.002 to 0.2 um. This is because if the
thickness of the diffusion layer is less than 0.002 pm, the foregoing effect is

insufficient and is difficult to identify through analysis, and if it exceeds 0.2



3L 39 EL LL 99 991 zS 39 ESi BL 99 99 36 E9 ZL 88 ZS 99 39
EL L5 89 gg 89 L9 38 85 19

10

20

25

41

pm, there is an undesirable effect to the texture of the skin layer which makes
stable formation of the crystalline orientations difficult. Application of a
thermal treatment is effective to control the diffusion layer. As explained
above, by controlling the degree of progression of diffusion through a
combination of a thermal treatment and working, it becomes possible to form
the desired diffusion layer uniformly in the circumferential direction of a wire
or the lengthwise direction thereof.

[0089]

Regarding the concentration analysis of the skin layer, and that of the
core member and the like, a technique of performing analysis while digging
down in the depth direction from the surface of the bonding wire by sputtering
or the like, or a method of performing line analysis or point analysis at a wire
cross section is effective. The former is effective when the skin layer is thin,
but takes a too much time for measurement if the skin layer is thick. The
latter cross-sectional analysis is effective when the skin layer is thick, and has
an advantage that checking of the concentration distribution across the entire
cross section and of the reproducibility at several portions is relatively easy,
but the precision thereof decreases when the skin layer is thin. It is possible
to measure the concentration by polishing a bonding wire obliquely and by
increasing the thickness of the diffusion layer. The line analysis is relatively
easy for a cross section, but when it is desirable to improve the precision of
analysis, it is effective to narrow analysis intervals of line analysis, and to
perform point analysis while focusing on only an area which is desirable to
observe in the vicinity of an interface. As an analysis device for such
concentration analysis, an electron probe micro analyzer (EPMA) technique,

an energy dispersive x-ray spectroscopy (EDX) technique, an auger electron

VS
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spectroscopy (AES) technique, a transmission electron microscope (TEM) and
the like can be applied. In particular, according to the AES technique,
because the spatial resolution is high, it is effective for concentration analysis
of a thin area of the outermost surface. Moreover, for checking of an average
composition or the like, it is possible to dissolve a bonding wire from the
outermost surface step by step in an acid, and to acquire the composition of the
dissolved part from a concentration contained in the solution. According to
the present invention, it is not necessary that the concentration acquired
through all of the foregoing analysis techniques satisfies the stipulated range
of the present invention, but the effect of the present invention can be
accomplished if the concentration acquired through any one of the foregoing
analysis techniques satisfies the stipulated range of the present invention.

Examples
[0090]

An explanation will be given of examples of the present invention.

[0091]

As raw materials for bonding wires, Cu, Au, and Ag which were to be used
for a core member and which had a high purity of greater than or equal to
approximately 99.99 % by weight were prepared, and Au, Pt, Pd, Ru, and Rh
which had a purity greater than or equal to 99.99 % by weight and which were
to be used for a skin layer or an intermediate metal layer were also prepared.
[0092]

Wires thinned to a certain wire diameter were used as a core member,

and electrolytic plating, nonelectrolytic plating, vapor deposition, melting and

25 the like were performed thereon and a thermal treatment was performed to

form a different metal layer on a wire surface of the core member. A method

0
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of forming a skin layer at a final wire diameter and a method of forming a skin
layer at a certain wire diameter and of thinning a wire to a final wire diameter
by wire drawing were adopted. Commercially-available plating solutions for
a semiconductor application were prepared for electrolytic plating and
nonelectrolytic plating, and sputtering was applied as vapor deposition.

Wires having a diameter of approximately 15 to 1500 wum were prepared
beforehand, the wire surface thereof was coated by vapor deposition, plating
and the like, the wires were drawn to 15 to 50 um which were a final wire
diameter, and a work strain was removed and thermal treatment was
performed in such a way that the elongation would be within a range from 5 to
15 % at last. Dice drawing was performed up to a wire diameter of 25 to 200
pum as needed, diffusion thermal treatment was performed, and then wire
drawing was performed again. The reduction of area of the drawing dice was
set within a range from 5 to 15 % per one dice, and those dices were combined
to adjust introduction of a work strain or the like on a wire surface. The wire
drawing rate was adjusted between 20 to 500 m/min.

f0093]

In a case in which the melting method was applied, a method of casting a
melted metal around a core member manufactured beforehand and a method
of casting a melted metal in the center of a hollow cylinder manufactured
beforehand were applied. Thereafter, processes, such as forging, rolling, and
dice drawing, and thermal treatment were performed to manufacture a wire.
[0094]

Regarding thermal treatment for the wires of the present invention, wires
were heated while successively drawn. A scheme of introducing a

temperature gradient locally and a scheme of changing a temperature in a
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furnace were adopted. For example, a thermal treatment furnace which was
modified so as to be able to control and divide a temperature inside a furnace
into three stages was used. As examples of a temperature distribution,
distributions of a high temperature, a middle temperature, and a low
temperature, or a middle temperature, a high temperature, and a low
temperature were acquired from a wire entrance toward a wire exit, and
respective heating times were also managed. In addition to the temperature
distribution, a wire sweeping speed or the like was also made appropriate. In
an atmosphere of the thermal treatment, inactive gases, such as N2 and Ar,
were used to suppress any oxidization. A gas flow rate was adjusted within a
range from 0.0002 to 0.004 m3/min, and was used for controlling a
temperature inside the furnace. A timing of performing thermal treatment
was separated for a case in which a skin layer was formed after thermal
treatment was applied to a wire having undergone drawing, and for a case in
which thermal treatment was applied once or greater than or equal to twice
before a process, during a process, or right after the skin layer was formed.
[0095]

Regarding a work level by rolling and wire drawing after the skin layer
was formed, it can be sorted out by an accumulated work rate calculated based
on an area ratio befween a wire at the time of film formation and a final wire
diameter, When the work rate (%) was less than 30 %, it is indicated in a
table by a letter R1, when the work rate was greater than or equal to 30 % but
less than 70 %, it is indicated in the table by a letter R2, when the work rate
was greater than or equal to 70 % but less than 95 %, it is indicated in the
table by a letter R3, and when the work rate was greater than or equal to 95 %,

1t is indicated in the table by a letter R4.
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[0096]

In order to control a surface texture of the skin layer, it is necessary to
make a material factor, such as a material quality, a composition, a thickness
or the like, and a process factor, such as a film formation condition, a process
and thermal treatment condition, or the like, appropriate. In the examples,
as a scheme of increasing the <111> ratio in the lengthwise direction at a
surface of the skin layer, it was effective to increase the work rate, to make an
initial film thin, and to lower the temperature of a thermal treatment. As an
example, when the work rate is R2 to R4, it is relatively easy to increase the
<111> ratio. In contrast, in a comparative example, it was effective to
decrease the work rate and to perform thermal treatment at a high
temperature or for a long time in order to reduce the <111> ratio.

[0097]

Regarding observation of a texture of a wire surface, crystalline
orientations were measured through the EBSP technique in a certain area of
the skin layer of a bonding wire. Regarding preparation of measurement
samples, three to five bonding wires were fixed on a plane in such a way that
wire directions differed from one another as much as possible. Regarding an
observed area, a rectangular area including a wire axis was set as a
measurement-target area at a time having a size of 5 to 10 wm in the
circumferential direction and of 10 to 50 um in the lengthwise direction.
Three to ten measurement-target areas were selected in such a manner as to
be spaced apart from one another by greater than or equal to 0.5 mm. An
interval of measurement points was set to 0.01 to 0.2 pm.

[0098]

In observation of a texture of the core member, a sample that a cross
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section of a bonding wire was polished and a work strain at a surface was
reduced by chemical etching was used, and crystalline orientations were
measured through the EBSP technique. Regarding the cross section, a cross
section vertical to the wire lengthwise direction was mainly subjected to
measurement, but a cross section parallel to the wire lengthwise direction and
running through a central axis was also measured in consideration of a sample
condition, a reproducibility and the like as needed.
[0099]

An exclusive software (OIM analysis or the like made by TSL) was used
for analysis of EBSP measurement data. Crystalline orientations at a
measured area were analyzed, and the percentage of crystal grains in the
<111> and <100> orientations in the measured orientations was acquired.
An orientation was set with reference to the lengthwise direction of a bonding
wire, and ones having an angular difference within 15 degree in individual
crystalline orientations were also considered for percentage acquisition.
Regarding a calculation method of the percentage of the crystal grains, two
kinds of percentages were acquired: one (hereinafter, area ratio) in each
orientation calculated with a whole area of a measured area being as a parent
population; and the other (hereinafter, orientation ratio) in each orientation
calculated with an area of only crystalline orientations which were able to
identify being as a parent population with reference to a certain level of
reliability in a measured area. In the process of the latter one of acquiring an
orientation ratio, calculation was carried out while excluding a part where it
was not possible to measure crystalline orientations or a part where it was
possible to measure crystalline orientations but the level of reliability for

orientation analysis was low. Regarding the level of reliability, parameters
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may be prepared in analysis softwares, and it is desirable to select a criterion
in accordance with a condition of a sample, a purpose of analysis and the like
using plural kinds of parameters, such as Confidential Index (CI value), and
Image Quality (IQ value).

[0100]

Depth analysis by AES was applied for measurement of a film thickness
at a wire surface, and surface analysis and line analysis by AES, EPMA or the
like were performed for observation of distributions of elements like
concentration of crystal grain interfaces. In the depth analysis by AES,
measurement was performed in the depth direction while performing
spuftering with Ar ions, and a depth unit was displayed in SiOz conversion.
The concentration of electrically-conductive metals in a bonding wire was
measured through ICP analysis, ICP mass analysis or the like.

[0101]

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, and bonded to an electrode film on a
silicon substrate, while another end of the wire was subjected to wedge
bonding on a lead terminal. A pure Ne gas was mainly used as a shield gas
used for suppressing any oxidization at the time of ball formation. A gas flow
rate was adjusted within a range from 0.001 to 0.01 m3min.

[0102]
An Al-alloy film (Al-1%Si-0.5%Cu film, Al-0.5%Cu film) which was a

material of an electrode on a silicon substrate and which had a thickness of 1

25 pm was used as a bonding partner. Conversely, as a partner for wedge

bonding, a lead frame having an Ag plating (thickness: 2 to 4 um) on a surface
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thereof was used. Note that regarding the bonding property to an AwNi/Cu
electrode on a BGA substrate, it was verified that the same effect as that of the
lead frame can be acquired using some of the wire samples.

[0103]

Regarding evaluation for flaws, scraping and the like on a wire surface,
those were checked through observation of the exterior appearance of a
bonded loop. Evaluation could be made including any effects prior to loop
formation, such as flaws, scraping and the like caused in a wire
manufacturing process. A wire diameter was set to 25 um. Wire lengths
were set to be two kinds! a general-purpose span of 2 mm; and a long span of 5
mm, trapezoidal loops were formed with a target height being set to 100 to 250
pm, and 1000 bonding wires for each kind were observed through a projector.
Observation for flaws was made around the external side of a loops, and, for
scraping, made around a neck part in the vicinity of a ball bonded part having
a higher occurrence frequency, and flaws having a size of greater than or equal
to 10 pm were counted. For low-loop evaluation, low loops having a target
height set to approximately 65 pm were formed, and occurrence of flaws and
scraping were observed through the same fashion. In general, the longer the
wire length is, or the lower the loop height is, the more the frequency that a
wire surface is scratched increases, so that evaluation becomes harsh. When
there were greater than or equal to four scraping and flaws were noticeable, it
was determined that a problem was present and it is indicated in the table by
a cross mark in the table, when the number of scarping was one to three hut
there were lots of flaws and a negative effect like clogging of a capillary was
concerned, it was determined that improvement was necessary and it is

indicated in the table by a triangular mark, when the number of scraping was
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one to three and there was no big flaw acknowledged as a problem, it was
determined that a wire surface was relatively good and it is indicated in the
table by a circular mark, and when there was no scraping and no noticeable
flaw, it was determined as stable and it is indicated in the table by a double
circular mark. Determination of flaws and scraping might be affected by a
personal judgment by an observer in some levels, so that evaluation was made
by greater than or equal to two observers, and ranking was made with average
information.

[0104]

For evaluation of flaws and scraping on a wire surface in the case of a
thin wire, wires with two kinds of wire diameters: 22 pm; and 18 um were
prepared. A wire length was set to 2 mm, and trapezoidal loops having a
target height set to 70 to 200 um were formed, and 1000 bonding wires for
each kind were observed through a projector. The same criteria were adopted
for evaluation of flaws and scraping.

[0105]

In order to evaluate the linearity of a bonded loop, bonding was carried
out at three kinds of wire intervals (spans): a normal span of 2 mm; a long
span of 5 mm; and a super long span of 7 mm. A wire diameter was set to 25
pm.  Thirty bonding wires were observed from above through a projector, and
a displacement at a part where a bonding wire was spaced apart at a
maximum relative to a straight line interconnecting a ball bonded part and a
wedge bonded part together was measured as an amount of curvature. When
an average of such amount of curvature was less than a wire diameter of one
wire, it was determined as good and it is indicated in the table by a double

circular mark, when such an average was greater than or equal to wire
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diameters of two wires, it was determined as bad, and it is indicated in the
table by a triangular mark, and when such an average was therebtween, it
would not become a problem in general, and it is indicated in the table by a
circular mark.

5 [01086]

Regarding the stability of a loop shape in a bonding process, thirty
trapezoidal loops were connected at a long span with a wire length of 5 mm so
as to obtain a loop height of 200 to 250 um, and such stability was evaluated
based on a standard deviation of heights. A wire diameter was set to 25 pm.

10 An optical microscope was used for measuring heights, and measurement was
carried out at two locations in the vicinity of the highest part of a loop and at
the center of the loop. When the standard deviation of loop heights was
greater than or equal to 1/2 of the wire diameter, it was determined that
dispersion was large, and when such standard deviation was less than 1/2, it

15 was determined that dispersion was small and good. Determination was
made based on those criteria, when dispersion was small at three locations, it
was determined that a loop shape was stable and it is indicated in the table by
a double circular mark in the table, when the number of locations where
dispersion was large was one, it was determined as relatively good and it is

20 indicated in the table by a circular mark, when such number was two, it is
indicated in the table by a triangular mark, and when dispersion was large at
all of the three locations, it is indicated in the table by a cross mark.

[0107]

In determination of a bonding shape of a compressively-bonded ball part,

25 200 bonded balls were observed, and the roundness, abnormal deformation

failure, and size precision of a shape were evaluated. A wire diameter was
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set to 20 um. Evaluation was made for two kinds of ball sizes: one in which a
ball with a normal size that the ratio between an initial ball and a wire
diameter was 1.9 to 2.2; and the other in which a ball with a smaller diameter
that the ratio was 1.5 to 1.7. When the number of defective ball shapes like
5 anisotropic or petal-like shape out of round was greater than or equal to five, it

was determined as a failure and it is indicated in the table by a cross mark,
when the number of defective ball shapes out of round was two to four, this
case was categorized into two kinds as follow. When the number of abnormal
deformation caused was greater than or equal to one, it was determined that

10 an improvement was requisite for mass production and it is indicated in the
table by a blacked triangular mark, and when there was no abnormatl
deformation, it was determined as usable and it is indicated in the table by a
whitened triangular mark. When the number of defective ball shapes was
less than or equal to one, it was determined as good and it is indicated in the

15 table by a circular mark.
[0108]

A pull test for a wedge bonded part was carried out to evaluate a peel
bonding strength. A wire diameter and a span were set to 25 um, and 2 mm,
respectively. A hook grabbing a loop was moved upwardly at a location near a

20 wedge bonded part more than 3/4 of a wire length, and the breaking strength
of a bonding wire was measured. The pull strength varies depending on the
wire diameter of the bonding wire, a loop shape, a bonding condition and the
like, a relative ratio (Rp) between the pull strength and a wire tensile strength
was acquired instead of an absolute value. When Rp was greater than or

25 equal to 20 %, it was determined that the wedge bonding property was good

and it is indicated in the table by a double circular mark, when greater than or
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equal to 15 % and less than 20 %, it was determined as no problem and it i1s
indicated in the table by a circular mark, when greater than or equal to 10 %
and less than 15 %, it was determined that a problem might occur and it is
indicated in the table by a triangular mark, and when greater than or equal to
5 10 %, there would be a problem in a mass-production process and it is

indicated in the table by a cross mark.
[0109]

In order to evaluate adhesiveness between the skin layer and the core
member at the time of loop formation, loops were observed from above using

10 an optical microscope, and occurrence of peeling of the skin layer was checked.
Using normal loops having a wire diameter of 25 pm at a 3-mm span, 400
loops were observed. The number of peeling was subjected to comparison,
when such number was zero, it was determined as good and it is indicated in
the table by a circular mark, when such number was one to four, it was

15 determined as no problem in general but improvement would become requisite
In some cases, so that it is indicated in the table by a triangular mark, and
when such number was greater than or equal to five, there would be a problem
in a mass-production process, and it is indicated in the table by a cross mark.
[0110]

20 In depth analysis through AES analysis, a diffusion layer having a
concentration gradient between the skin layer and the core member was
confirmed, and when the thickness of the diffusion layer was within a range
from 0.002 to 0.2 pm, a circular mark was put on a field of "diffusion layer" in
table 1.

25 [0111]

Regarding evaluation for any chip damage, a ball was bonded onto an
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electrode film, the electrode film was removed by etching, and any damage to
an insulation film or a silicon chip was observed using an SEM. The number
of electrodes observed was 400. When there was no damage, it is indicated in
the table by a circular mark, when the number of cracks was less than or equal
to two, it was determined as no problem and it is indicated in the table by a
triangular mark, and when the number of cracks was greater than or equal to
three, it was determined as a level requiring a concern, and it is indicated in
the table by a cross mark.
[0112]

Table 1 and table 2 show examples of the bonding wire of the present
invention and comparative examples.

[0113]
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f0115]

The bonding wire according to claim 1 corresponds to examples 1 to 39,
the bonding wire according to claim 2 corresponds to examples 2 to 14, 16, and
18 to 39, the bonding wire according to claim 3 corresponds to examples 1 to 30,
and 33 to 39, the bonding wire according to claim 4 corresponds to examples 1
to 7, 10 to 13, 15 to 17, 19 to 30, and 33 to 39, the bonding wire according to
claim 5 corresponds to examples 1to 9, 12 to 14, 16, 17, 19 to 24, and 26 to 39,
the bonding wire according to claim 6 corresponds to examples 1 to 5, 9 to 21,
and 23 to 39, the bonding wire according to claim 7 corresponds to examples 1
to 10, and 12 to 39, the bonding wire according to claim 8 corresponds to
examples 1 to 22, and 24 to 39, the bonding wire according to claim 9
corresponds to examples 25 to 30, the bonding wire according to claim 10
corresponds to examples 1 to 32, and 34 to 39, the bonding wire according to
claim 11 corresponds to examples 1 to 9, 11 to 31, and 33 to 39, the bonding
wire according to claim 12 corresponds to examples 2, 8, 9, 12, 27, 33, and 34,
the bonding wire according to claim 13 corresponds to examples 8, 34 to 37,
and 39, and the bonding wire according to claim 14 corresponds to examples
17, 19, 20, 22, and 30. Comparative examples 1 to 6 represent results which
do not satisfy the condition of claim 1.

[0116]

FIG. 1 shows an example of an EBSP measurement result at a surface of
the bonding wire of the example 4. An area where crystalline orientations in
the wire lengthwise direction are within 15 degree of an angular difference
from the <111> orientation is colored, and a crystalline interface having an
angular difference greater than or equal to 15 degree is indicated by a line.

The <111> area ratio in FIG. 1 is 88 %.
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[0117]

Some of evaluation results for representative examples of individual
claims will now be explained.
[0118]

According to the bonding wires with a multilayer structure of the
examples 1 to 39, it is verified that flaws and scraping on a wire surface are
reduced because the percentage of <111> (<111> orientation percentage) in
crystalline orientations in the surface of the skin layer was greater than or
equal to 50 % according to the present invention. In contrast, according to
the comparative examples 1 to 6 relating to bonding wires with a multilayer
structure in which the <111> orientation percentage in the surface of the skin
layer was less than B0 %, a large number of scraping and flaws are observed in
normal loop formation. As preferable examples, according to the examples 2
to 5, 8,9, 11, 13, 14, 16, 18 to 21, 23, 24, 26, 27, 29, 31, 35 to 37, and 39 in
which the <111> orientation percentage in the skin layer was greater than or
equal to 60 %, flaws and scraping are reduced at a long span, and according to
the examples 3 to B, 9, 11, 14, 20, 21, 23, 26, 29, and 35 in which the <111>
orientation percentage is greater than or equal to 70 %, it is verified that
failures, such as flaws and scraping, are suppressed under a sever condition
with low looping.

[0119]

According to the bonding wires with a multilayer structure of the
examples 2 to 14, 16, 18 to 39, it 1s verified that dispersion in loop heights are
suppressed and stabilized under a normal looping condition at a 3-mm span
because the total orientation percentage of the <111> orientation and the

<100> orientation in the surface of the skin layer was greater than or equal to
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60 % according to the present invention. Preferably, according to the
examples 3 to 5, 7 to 11, 14, 16, 20, 21, 23, 26, 29, 30, 31, 35, 36, and 39 in
which such orientation percentage was greater than or equal to 80 %, a loop
height can be stabilized at a long span of 5 mm.

[0120]

According to the bonding wires with a multilayer structure of the
examples 1 to 7, 10 to 13, 15 to 17, 19 to 30, and 33 to 39, it is verified that
petal-like deformation failure is reduced in a condition with a normal ball size
and the shape of a ball is stabilized because the total orientation percentage of
the <111> orientation and the <100> orientation at the cross section of the core
member was greater than or equal to 30 % according to the present invention.
Preferably, according to the examples 3, 7, 10, 11, 19 to 21, 23, 24, 26, 29, 30,
35, 37, and 39 in which such orientation percentage was greater than or equal
to 50 %, it is verified that the roundness of a ball bonded part is improved even
under a sever bonding condition like small-diameter ball bonding.

[0121]

According to the bonding wires with a multilayer structure of the
examples 1to 9, 12 to 14, 16, 17, 19 to 24, and 26 to 39, it is verified that the
linearity of a loop is good in a normal condition at a 3-mm span because the
aspect ratio between the average size of crystal grains in the surface of the
skin layer in the lengthwise direction and that in the circumferential direction
was greater than or equal to three according to the present invention.,
Preferably, according to the examples 2 to 5, 7, 8, 13, 14, 186, 20 to 24, 26, 27, 29,
30, 31, and 35 to 38 in which such aspect ratio was greater than or equal to
five, it is verified that the linearity is improved under a sever bonding

condition at a long span of 5 mm. More preferably, according to the examples
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3to b, 14, 21, 24, 26, 29, and 36 in which such aspect ratio was greater than or
equal to ten, 1t 1s verified that the linearity 1s improved at a super long span of
7 mm which is a sever looping condition.

[0122]

5 According to the bonding wires with a multilayer structure of the
examples 1 to B, 9 to 21, and 23 to 39, it is verified that flaws and scraping on a
wire surface are reduced in thin wires having a wire diameter of 22 pm
because the ratio of the area (<111> area ratio) of crystal grains where
crystalline orientations in the wire lengthwise direction in the surface of the

10 skin layer were <111> relative to the wire surface was greater than or equal to
30 % according to the present invention. Preferably, according to the
examples 3 to 5, 11, 14, 16, 18, 20, 21, 23, 26, 29, 30, 31, 33 to 36, and 39 in
which such <111> area ratio was greater than or equal to 40 %, it is verified
that flaws and scraping are suppressed even in the case of an extremely thin

15 wire with a further smaller diameter of 18 um. More preferably, according to
the examples 4, 5, 20, 21, 29, and 35 in which such <111> area ratio was
greater than or equal to 50 %, 1t 1s verified that an effect of suppressing any
formation of flaws and scraping is further enhanced.

[0123]

20 According to the bonding wires with a multilayer structure of the
examples 256 to 30, it is verified that a peel strength at a wedge bonded part is
enhanced because the <111> orientation percentage was greater than or equal
to 50 % and the intermediate metal layer was formed between the skin layer
and the core member.

25 [0124]

According to the bonding wires with a multilayer structure of the



ei dul ex] ol dwexa angaredwoo 56 [01151 The bonding wire according to
claim1 corresponds to exanples 1 to 39, the bonding wire according to
claim2 corresponds to exanples 2 to 14,4,16, and 18 to 39, the bonding wire
according to claim3 corresponds to exanples 1 to 30, 5 and 33 to 39, the
bonding wire according to claim4 corresponds to exanples 1 to 7, 10 to 13,
15 to 17, 19 to 30, and 33 to 39, the bonding wire according to claim5
corresponds to exanples 1 to 9, 12 to 14, 16, 17, 19 to 24, and 26 to 39,
t he bondi ng, i, - [ l-@j € I . . , 91to
210 and 23 FaraG L EER A b8 LR AT PR e A B Boh B
exanples 1 tQ 41 3 [ ik €866 ' to claim38
b;{ﬁ bo%d%%&a@ggs llét%éfcgg,’ g%cri] %ﬂeg &gggg éggre\tg'ﬁ & %tga(r%]) 1£edd D8a 1 Rriiad

corresponds to exanples 1 g W reé according
toclaim9 rtespon xanples 25 to 30, .the di wire according to
i m 10 cBGHERAR R ae TETRL S ERon Do tinyhdf of SRS 1T LMo RfiRR e
according t0 im 11 corresponds to exanpl 1to9, 11 to 31, and.33 to
36. L he bobth R40HE T PER T 3F SRR GRS SEr AT R A B nPaBhias W Sieatl By, s,
9, 12, 27, 33, and 34, the bondi wire according to claim 13 corresponds
to exanpl%& @?u?as’hmt% HraccQh n@ioqg’ﬁcplteﬁ‘én%w&nﬁﬁ’ ire according to claim 14
correspondf(gts?%]exarrpl es 17, 19, 20, 22, and 30. Conparative exanples 1 to 6
repr esent ts which do not satisfy the condition of claim1. 20 [01161
FIG 1 shows ap exanpl e of an EBSP neasurenent_ result at a surface of the
bondi ng wire o‘&cc{oﬁ H@xféhfgaeeb%%d% VHren WilHe A an BHYaYar Phrmet e @ritst i ons i n
the wire lengthwi se direction are wthin 15 degree of an angular difference

fromthe <¥4ABpHs bt d2i and B¢ teoloilels, vartided thryarurhiméamageis sedidedvi ng

an 25 angul ar difference greater than_or equal to 15 degree is indicated by
a line. Thendgpred bgeause diq irknemsef thejskigdayer wgy withinzg range Some of
evaluation results for representative exanples of individual clains wll
now be eXpPdi0ve. 0. o 8rc@adnd teltngpresenianpeomidong M regwmpatntivarul til ayer
structure of the exanples 1 to 39, it is verified that flaws and scraping
on a wre Skamade sgcerdiegbeble bermpde38hid ipeerifntdhet ohipdamage adibases
orientation percentage) in crystalline orientations in the surface of the
ski n | ayer begmsgridatténckrvan obtheghial layer $@cbodrecc@fdimg to the present
invention. In contrast, according to 10 the conparative exanples 1 to 6
relating t&OBMding wires with a nultilayer structure in which the <111>
orientation percentage in the surface of the skin |ayer was | ess than 50%
a | arge nunberAcfordnrgpi tig landlihk avseamndtio bsrntéldyen staicomle dfadp f or mati on.
As preferable exanples, according to the exanples 2 to 5, 8, 9, 11, 13, 14,

16, 18 t15 2dampls Pdo 9261 t231, 28d 3310 JF it & Bhifieddh3Othdre is no peeling
above a loop and the adhesiveness of the skin layer is good because a diffusion
layer having a concentration gradient was formed between the skin layer and
the core member according to the present invention.

[0127]

20 According to the bonding wires with a multilayer structure of the
examples 2, 8, 9, 12, 27, 33, and 34, it is verified that the linearity of a loop at a
span of 5 mm or so is improved because the core member mainly composed of
Cu and contains greater than or equal to one kind of followings' B; Pd; P; and
Zr at a concentration within a range from 5 to 300 ppm according to the

25 present invention. Likewise, according to the examples 17, 19, 20, 22, and 30,

it is verified that the linearity is improved because the core member mainly



15 which the <111> orientation percentage in the skin |layer was greater
than or equal to 60 % flaws and scraping are reduced at a | ong span, and
according to the exanples 3 to 5, 9, 114;14, 20, 21, 23, 26, 29, and 35 in
whi ch the <111> orientation percentage is greater than or equal to 70 % it
is verified that failures, such as flaws and scraping, are suppressed under
a sever condition 20 with |ow | ooping. [0119] According to the bonding
wires with a nultilayer structure of the exanples 2 to 14, 16, 18 to 39, it

is verifiegyd ﬁﬁ@%edddf@ﬂ%ﬁﬂ% nkﬂnh%@@a%‘%gﬂ%%s tﬁta'ig%h%%ﬁﬁé of 1ot°%t st i zed

under a normal | ooping con |t|on at a because t he

orientati Be p@é"lﬁﬁ‘ cI: %m%%&fhé’g t?z%’ UREess Qﬁgtﬂégﬁg{)@rﬁf on

in the surface o rea an or e

fzczfd;“?oﬁtaxotta&téﬂnéah@tt@e@@p 55 %ﬁ{rﬁ%%nﬁ,s e I,
h h 80

bt ght con e SiebFrS 2 e h R e P SR iRty er%“‘%octﬁ%cfm 6 g @B‘F%i%ﬁg to

t he bondi.ng wi res mnth nultngéer s ruc ure of the 10 to

158 2o B et GERqliisg Aol SpRYTEaRH OV btk S et B HEETR Bsoind Pk
def t 1 t h . ball d
tﬁeoiﬁpéoﬁrééhaéﬁsﬂ Sudy St %@@3&'& a'et‘i@npétbaa Rt aoalot: cont age

of 10 the <111> or entation and(ﬁhe <100> or| gn t the oss section
of the cor ew&%er Raenrahiasroring tart e&?jétﬂl-‘t %S 01/6]8 itd the
present inven @gh Preferabl , according to the exanpl es 3 , %1 19
to 21, 23,veraliegghabihe hpearity aky 5-Hy SBOL|K S@f %uealw&debﬁcatlﬁ%ﬁ

per cent age, was greater t han or equal  to 50 % it _is verified that the
roundness Bregripgialioyglemenpsyas qontpipndormes dhpsghithe arpeet ride s Isshdi ng
condition like small-dianeter ball bonding. [01211 According to the
bondi ng i e fweh a nultilayer structure of the exanples 1 to 9, 12 to 14,
16, 17, 19 to 24, and 26 to 39, it is verified that the linearity of a | oop
i s good i nl042%brmal condition at a 3- mm span because the 20 aspect ratio
bet ween the average size of crystal grains in the surface of the skin | ayer
in the | engt hwieerdingdottherbcarddng hared withhe neiltdentestencive ofithecti on was
greater than or equal to three accordln% to the present invention.

Pr ef er abl yexamptasd, g too3T.hexde3@mpliesefied that Z,g®d effct dlredigin@@nyo 24,
26, 27, 29, 30, 31, and 35 to 38 in which such aspect ratio was greater

t han or egoedlinpad stramngiit the veanitfyicfdhtHap stibfackiofiedpop ys ascormplisheeld
under a sever bonding condition at a long span of 5 mm Mbre preferably,
accordi ng becahizse thxanpd es:ndleBmaonky, coldpos2d, 0f 22y add,coRBainaritl 36thin avhi ch
such aspect ratio was greater than or equal to ten, it is verified that the
linearity isngafronyvedo d0080 puperatdtige skianlagbr mamlnbbepossl af BéwerAd oopi ng
condition. [0122] 5According to the bonding wires with a nmultil ayer
structure @fcolfighetoatiel ®%sdnt lventdil 0 Prbferandy, 23c6:@1i88 to ithe esam@léed 8ed

that flaws and scraping on a wire surface are reduced 1n thin wires having

a W re di agBeB70hndBIMREEAUSSinN dcdblefodbs ltreatatniabldPeciifa thatRd) of
crystal grains where crystalline orientations in the wire |engthw se

direction pdhdehersidi 468 Rbathahhd skiqudlaynosa. <Mdreot e akty@ih®té he
Wi re surface was greater than or equal to 30 % according to the pr esent

i nventi o 1Y @iﬁthéSYS Eﬁ?ﬁ%@"dtﬂi BQ ftﬁ@v@ﬁ%@ﬁ't@tﬁt%n%%]ﬁp dhlaadds 16, 18,
20, 21, 23, 26 36, and 39 in whi ¢h such <1 1> area ratio

was greate ggﬁ% I api ng
are suppreé%%%§%§§%b§n t é&%gigcdgn%%‘%iﬁgﬁﬁg eﬂﬁhgﬁ%%53?$%839?ﬁﬁgﬁturther
smal l er dianmeter of 18 m More preferably, accordlng to the exanples 4, 5,
20, 21, 29, and 35 in which such <111> area ratio was greater than or equal
to 50 % it is verified that an effect of suppressing any formation of
flaws and scraping is further enhanced. [0123] 20According to the bondi ng
wires with a nultilayer structure of the exanples 25 to 30, it is verified
that a peel strength at a wedge bonded part is enhanced because the <111>
orientation percentage was greater than or equal to 50 % and the
internmedi ate netal |ayer was fornmed between the skin |layer and the core
menber. 25 [0124] According to the bonding wires with a multilayer
structure of the 60



exanples 1 to 30, and 33 to 39, it is verified that abnormal deformation of
a ball bonded part is reduced, and the shape thereof is stabilized at a
normal ball size because the total orjgentati on percentage of the <111>
orientation and the <100> orientation at the cross section of the core
menber was greater than 5 or equal to 15 % according to the present

i nvention. [0125] Accordi ng to ¢hgignding wires with a nultilayer
structure of the exanples 1 to 32, and 34 to 39, it is verified that any
chip damage is reduced and good because the thickness of the skin |ayer was
within a range from 10 0.005 to 0.2 p.maccording to the present invention.
As a conparative exangalie; waeder dinfgoidicthielexaapibe Badingwire verified that
chi p damage i ncreases because the thickness of the skin | ayer exceeded 0.2
p.m [0126FkoApcienging to the bonding wires with a nmultilayer structure of
the 15 exanples 1 to 9, 11 to 31, and 33 to 39, it is verified that there
is no peeling abovenanbadpransd of e clkdhesilyesnsdsctofe mhilskich | ayer is good
because a diffusion |ayer having a concentration gradient was forned

bet ween t he ski skihdgear farrded he thoreemerbesr acbordilngomposddeoci esent
invention. [0127] 20According to the bonding wires with a nultilayer
structure d@fffarpel webatgres the cge ngember, apg whegeingnd 34, it is verified that
the linearity of a |loop at a sPan of 5 or so ij,inpg ed because the
core menmber el WD QB EY GRDOHOE ECRERt Hithy Wedard HioFS &dfual to one
kind of follgwings: B; Pd; P, and Zr at a concentration wthin a range from
5 to 300 pﬁﬁgggbording to the 25 present invention. Likew se, according to

t he exanpl es , 19, 20, 22, and 30,. it is verified that the. linearity is
i mpr ovegP ecaﬂ’@ PHemERiPs: ﬁ@ﬁﬁ%‘rcoﬁg‘?lﬁﬁﬁie‘%i’f Jse ‘aggo vy gﬁ}ﬂi %ont ai ns
greater thgglor eq%gk%ﬁiﬁ; e k:ﬂd of follow ngs: Be; Ca; N; and Pd

accordi ng CWHgg%résen ﬁ%fgh ron. Regarding the effect of inproving the

linearity of %hle%(?epca?%f L%e%limazzgffg Q;'acg%en{e el Suk %?etg{,f ective to set the

aspect ratio in I'engthw se ion/crrcunferentra rection to be

greater 5 than, aligatliabs b Y823 iexRah DanabaYE: 0 DUk b by, By o 11 cult

in sonme tines to distingulsh such effect fromthe effect acquired by

addi tion of an ahloyagb erenti> ke RANbASSH ory8GERRdb R da@ichbenaKapl es 9, 12,
17, 19, and 33, it I1s verified that the linearity at a 5-nm span or so can

be i mprovedikeeabgtvitbairbonQol NeratdlDicedrarnnntacoas trOpkial 1age: gven t hough
the aspect ratio was less 10 than five. [01281 According to the bonding
W res W thggeatah fHanayreiquat tust w, eaidf<tihe cexatqias i8cludfd @yathllisand 39, it
is verified that a good effect of reducing any peeling and scraping in the
vicinity obritheticap suifianeandular Hdbpehe @taorpbithhedrd Bnhedoasse t he core
menber mai nly conposed of Cu and contains Pd within a range fromb5 to 10000
ppm and t Heestkim shayargular differeorpesedwahiPds degigs.aosbrdi ng to the
present invention. Preferably, according to the exanples 8, 35 to 37, and
39, the foregoi rgicedffaacavepagones ofm e sta manikead] thelrectgs ef tiveskid
concentration was greater than or equal to 200 ppm Moreover, according to
20 the eXalpleesn ghe Baetlongbhwigndirggion; yeldtivatordnf avegaghyiee ahihechi p damage i s
suppressed because the Pd content was within a range from5 to 8000 ppm

62 CLAI M5 crystal grpinynidiesyrigice ef therside hves it srcyalreadal diKethendi ng wire
conprising; 5a core nmenber forped of an electrically-conductive netal; and
a skin Iayé%gﬁﬁﬁﬁégaﬁﬁrﬁﬂ%ak@ﬁ5r%%nber and mai nly conposed of a different
metal fromthe core nenber, and wherein a main constituent of the core
menber is any one kind of follow ngs Cu; and Au,

2. The semiconductor-device bonding wire according to claim 1,
25 wherein a total percentage of <111> orientation and <100> orientation in the

crystalline orientations <hkl> in the wire lengthwise direction at a crystal



the core nmenber further contains greater than or equal to one kind of
followngs: B, Pd; Bi; P, and Zr, the netal of the skin layer is a
face-centered cubic netal, a thicknesgzof the skin layer is within a range
fromO0.005 to 0.2 m and a percentage of <111> orientations in crystalline
orientations <hkl>in a 15 wire lengthwi se direction at a crystal face of a
surface of ffherskirbsd R¥E6n bBtHI B8 BlenfRan: SleaPUhint® eqlalbo Sakd <111>
orientations including crystalline orientations having an angul ar
difference relative to the wire | engthw se direction, said angul ar
difference being within 15 degrees, and a ratio of an average size of a
crystal grain @t The ssuidoadeactof-dbties skhding & itayenrding thelamarieod £ngt hw se
direction relative to an average size of the crystal grain at the surface
of the ski wHeayiera mnit trenscitneunt ehertindhydi is eayioan kisd gf #Hbeingshan or equal
to three. 2. The sem conductor-devi ce bonding wre according to claim
1, 25 wher ¢&idhPa Rwtaald joer cent age of <111> orientation and <100> orientation
in the crystalline orientations <hkl> in the wire lengthwi se direction at a
crystal 63 face of a cross section of the core nmenber is greater than or
equal to 15 % 3. e sem conduct or-devi ce bognding wire according to
claim1 or ‘hheﬁé?ﬁe@“ﬁﬁﬁHdébH§Y¥%b%WP“&ﬂ“Fh@£§KﬁHEF%9éYOpgogny one kind
of follomnn s and The sepfcon uctgr-deV|ce

bondi ng wi F& 1%&6@ ﬁlgltb%l ‘é’t‘?&/l“bﬂ%gdf“ lefieéméwftfr&t% 2F i BB dconpri si ng an

i ntermedi at e net for bet ween the skin |ayer _.a d t he core nenber
and conpos ﬁmHF“318|f%b&%hidggg@%ﬂgfﬁ?ﬂahﬁlﬁ ﬁ??ﬂﬁzﬁﬁfﬁ 8§H§Pftuent of the
skin |ay Y constituent o G D ‘ :

sem condULEBH ﬁgwtc@gﬁa.%WP%&&EP%ﬁ”ﬁgﬁ‘f%%a’@ Behe R i 3 to 4.
further co i ffus Iayer formed between the skin 15 | ayer and
the core mﬁgnﬁuug&%tﬂecmcln %%ncentratlon gradi ent of the main constituent
of the skin |ayer and the core nenber. 6. The sem conduct or-devi ce
bondi ng wire according to any one of clains 1 to 5 wherein the nmain

const i tuent ofs t NeReQl &idRARGL- LiviEUbating Af LbAlines GRALAGEF Of <111>

orientations and <1005 orientations in the crystalline orientations <hkl>

in the wiregphaathw ﬁﬁtﬂéﬂ&)%ﬂl%néh dﬁﬂﬁslsﬁyasge@lfoﬁ@@deb&ivegh%h@@ﬁifnace of the
skin layer is greater than or equal to 60%

sem conducifger @{ﬁﬁ|t§@c&@ﬂﬁéIﬁgeﬂ\hlﬁ&hﬁﬁl‘ﬁ@raddoﬁ@eﬁt@aﬁ&y ggﬂﬁeﬂfofcahalnﬁmnB to 5,
wherein the main constituent of the core nenber is Cu and the core nenber
contai ns ge@atenetth@nhotkeduabr fued diecdse ntkndiferf ol | owi ngs: B; Pd; Bi; P; and
Zr at a concentration within a range from5 to 300 ppmin total. 8. The
sem conduct or - devi ce bonding wire according to any one of clainms 3 to 5,
wher ei n the main constituent of the core nenber is Cu and the core
mermber contai s Pdhatemicooheent-daticohondinhivireascangeg e eny Sne of 10000 ppm
and 10the main constituent of the skin layer is Pd or Ag. 9. The

seni conductlermaéib dewhoran e wiaie canddndihgf the carsymendeots Chainds: 3 to 5,
wherein the main constituent of the core nenber is Au and the core nenber
cont ai ns2lykwat kerceniage of <blaariadabnes ka1 poerighiongsn tBe; Cca; 15 Ni; Pd

and Pt at a concentration within a range from5 to 8000 ppmin total.
crystalline orientations <hkl> in the wire lengthwise direction at'the crystal

face of the surface of the skin layer is greater than or equal to 60 %.

o
ot
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7. The semiconductor-device bonding wire according to any one of
claims 3 to 5, wherein the main constituent of the core member is Cu and the
core member contains greater than or equal to one kind of followings: B; Pd;

Bi; P and Zr at a concentration within a range from 5 to 300 ppm in total.

[

8. The semiconductor-device bonding wire according to any one of
claims 3 to 5, wherein

the main constituent of the core member is Cu and the core member
contains Pd at a concentration within a range from 5 to 10000 ppm, and

10 the main constituent of the skin layer is Pd or Ag.

9.  The semiconductor-device bonding wire according to any one of
claims 3 to 5, wherein the main constituent of the core member is Au and the
core member contains greater than or equal to one kind of followings: Be; Ca;

15 Ni; Pd and Pt at a concentration within a range from 5 to 8000 ppm in total.



