1 DESCRI PTI ON BONDI NG W RE FOR SEM CONDUCTOR DEVI CES
5Techni cal Field [0001] The present invention
relates to a seni conductor-devilce bonding wire for
connecting an el ectrode on a sem conductor el enent and
an external -termnal together. 10 Background Art
[ 00021 Currently, thin wires (bonding W res)
having a wire dianmeter of 20 to 50 gmor so are
popul arly used as bondi nPBBCEIPIION onnecti ng an
el ectrode on a 15 sem conductor el ement and an
external termnal together which is a wiring of a
circuit wiring board (a lead frane, a substrate, a
tape or tBONIHNG VAIRESFQR SEMIQIGNRUETOR DIEGICES
technique with the aid of ultrasound is generally
applied to bond bonding wres, and a general - purpose
bondi ng device, and a capillary jig which allows a
5 bonding wire to pass throDgshriéd Fieldgri or thereof 20
for connection are used. A | eading end of a bonding
Yoa@1li s heated and nelted by arc heat inputting, a
ball is forned by surface tension, and then the ball
'S CORE ??@&ﬂﬁﬂeﬁﬁ%ﬂ%l&%s 3B LacificoAdAcRr-device bonding wire for
sem conductor el enent heated within a range from 150
) ; h : . . )
e R e on FOR b lpick YipGRF o i Efterhal terminal
GOPRhEssi ve bonding. 25 [0003] Recently, technol ogies
efated to the structure, material and connection 2
10for t he sem conduct or packagi ng technol ogi es are
rapidly diversified, and for exanple, in a packagi ng
structure technol ogy, in J 1 t\q.currently-used
QFP (Quad Fl at Packagi ng)ﬁ%%gﬁaagdr%gd frame, new
z@@@%purations, such as BGA (Ball Gid Array) using a
rate, a polyimde tape or the like and CSP 5

(Chi p,_Scal.e Packagin are practigally used nd ' '
bondlHFaHS iR SHEFEboRiErE vates day it Hire fiteler of 20 to 50
bondi ng property, mas r.oductivity, ,usability and th
PR € B0 SO BOPRIARlY opR A3 IGORE e T SOPGRC e plegirode on a
pi tch techni que that space between jacent 10, . . ..
15 |5eRYf %W’é%tjeﬁ%%‘?f?n%%‘?ﬁé‘rer’ﬁw eﬁ%ﬁ?@ﬁ%@ﬁ?ﬁfﬂ%ﬁ?ﬁ k2 wiring of
i mprovenent of strength, loop coptrollability, an
BT “ﬁrla@qayrdb@gsﬁg framei & SpRstgte. g FRGOF 1 ﬂ!keq- nA
accordance with the introduction of the fine_pitch _,
thermakcrnpressivphbending teehnime wohiheaidadadirasoypd is generally
the_density growth of the sem conductor packaging ‘
apphied| t@dms;f. bondiggpvires.and argengra) purpasganding device, and a
capillary jig which allows a bonding wire to pass through the interior thereof
20 for connection are used. A leading 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



15 (span) of a bonding wire are baroneters for
classification of the | oop shape. In nost-recent
sem conduct or devi ces, contradiéctory | oop shapes, such
as a high loop and a |ow | oop, and, a short span and a
| ong span, are mxed within the interior of a single
package. In order to realize such contradictory | oop
shapes with a bonding wire of one kind, a strict
festhgréemicohdactonpackaping techpoldgiesiregrapidly diversified, and for
essential . [0005] So far, 4N-group gold having a
bkgimppeirinty packagihy strigdude téotmology, gntadditton $e dumendly-used
material of a bonding wire. In order to inprove
QFR(Quhd &idt Pabbagingd usimperiead fimrhée yewronfiguedtions, such as
all oy elements are prepared. Recently, a 25 gold alloy
BG A (BaIGEIANrhYY uing?dNs(bstrate, £pdFingdé tipe @nthe like and CSP
additive element concentration is increased to |ess

5 (OBip Stale %kaﬁgﬁl%) HehnceiRallyisedPang b ¥eiding wike witich has
order to inprove the reliability of a bonded part. The

SapeSEE N FoR L HA® 2 bIFR RIS BoARTh ¢ B&ﬂeﬁ‘gﬁ Mhdd pdodRRBIVRKS, usability

control l ed by adjusting the kind and the concentration

dhdahedikOYethitPlgaeded to gol d. Conversely,

all oyl ng may cause deterioration of a bonding property

mﬁi ncrement of an electrical 5 resistance, so that

It 1s difficult to conprehensively satisfy various

charqagt e Sk i : [ ' TP
l,ro&ﬁcst]t%l‘rf éf(') ég?ﬂ% %ft&ﬁ tétﬁ{xggpg tRpd sg)gcwb'é&%eer% ﬁg%acent

[ 00006] ecause I'S expensive, 0
i.nds. of .netal i.C teringl. .
10 BoRti iR FsSieaflaP P o Cpr e R hisiRak Bifgroment of
10 caost,, have .2l ectani . n [ M
sEegh 1o0f sGpBreBRi G, AR boitlint B ektrddboRidie for
ondi ng W res, however, baondi n trength.i S.reduc .
ABeiE witds Braqtortance i BRomrofieaEb W EBHER technique.
face is. likely to he corroded . capsul at [y]
A fopB sherbhectiioh commier daktmer ovith Hhe Herpin eQuth ot dpe
t he .copper bonding wires is not accel erated. 15 [00Q7
APmisRiiRcier RRskaAZing teshmelogiee. | 568 Tk lhind avire 1ohgth
nol.ayer structure. Even if materials, _such as gold
15 g?&ﬁn)dﬁﬁeb?nm o ﬁg@&zarame&yr%ﬁ@ ﬁiﬁﬂ%ﬂ%ﬁ%% ﬁf Flgef 11%09 shape.
contained in a bonding wire, and a w,re ngnol a%g
dnrmestirasent semprandaeton dovisom contradigtory deap shapespguch as a
of a_bonding wire. Athin native 20 oxide film an L
&igh dear and @ logi logpoand: # sgoxrt epan and alengsran, iage migpd within
be formed on a wire surface of a bonding wire in sone
the dsteriorcefa aingle package.i nlnaprdextte agalige such coptgadictory loop
uB to several atomc layer |level) in an outernost )
shepes with adegiding wire pfione dkind; @ striet designingsofrre guiterial of a
requi site for the bonding wires, a bonding 25 wire
20 \hondimg muted id esgentisd.r uct ure in which a wire surface is
coated with another netal is proposed. 4 [0009]
AB0@5L echni que of suppressing any oxidization of a
surface of a copper bonding wire, patent literature 1
di scBe<as 4N@eodp poldheeiida Migh bueityrpurity 09 99H by weight) is
with a noble netal or a corrosion-resistant netal,

g6l sxsa @t tdrial of ¥Honddng ke NUDA oty tadinupRoveistierigth and a

cobalt, chrone, titanium and the |ike. Mreover, from

g)fBﬁdﬁg’iB%éﬁjr, Dfing d18blinf 6f BB} kidniefith BUPIRPESSH ONRecently, a

25 gold alloy wire with a purity of 2N (purity > 99 %) that an additive element

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



deterioration of a plating solution, patent literature

2 discloses a bonding wire so structured as to have a

core nmenber mainly conposed of3copper, a dissimlar

netal |ayer formed on the core nenber and nade of a

metal other 10 than copper, and a coating |ayer forned

on the dissimlar netal |ayer and nade of an

oxi di zation-resi stant nmetal having a higher nelting

psé it ordertodogpeve tRatrelinbilityefa bondesl pide| Jdwsstaength can be
bondi ng wire conprising a core nmenber mainly conposed
ohpeopdeind shel reliakility casRiercantyadiediby adjudmgtiskind and the
netal, having either one of or both of a constituent
ésttentidtidnl bLadialfogrslsinehd addedtblzold.or Eoneedsely, alloging may
copper, and which is a thin filmhaving a thickness of

8o ElddteridrRofBf ol Kihdihg propeMgrd il indgomédni @f dinngectrical

wires with a nultilayer structure have been proposed.

5 FoistRRREPLLthaak ¢ HiffichRy tdt donSprb Héngiledp eatiafyoendong

wire 20 conprising a core wire fornmed of highly-pure
OiaRlctMs@bd Aquisie fér ARAboNdingRkREsal coating an

outer surface of the core wwre and forned of a

gj Jy-pure Pd or Pd alloy. Patent literature 5

I scl'oses a bonding wire conprising a core wire forned

of \ - QU : . i I hh
oar REL Rt g dt, Bpns BTV KA 0nRARwBll v o
?fw Iﬂ{l%'ﬁ”al%%%\?aﬁ déjgiré:a, e&lci Bé’ndi%%fﬁﬂjes %é:ilchtl‘f%{v%t#‘lcﬁv Q:xdaterial
kY Adi ng i°ng a or me

0oses a Do W re conpris core wre

10 Bl A R Rt SaRlf ey A0 BB oY A crcated
OB o 4 ol Bl s, A s e o rodced
R 08 3 o R e iy B ER,  TE0E Rkl hpcorroded
BN SRESOLAER 228 BRI, nd HEPBALE Lo FEatii ok ractiol usage of

def ormation of a bondin WII‘T at the time of resin
Ehe SpRRATRY nggvgawe%&%%ﬁe & | ong-term
reliagbility of a bonded part is acconplished as wire

15 &@@?ﬂcteri stics of a bonding wire of mass-production.
10 [0012] . Regardi ng ball bonding, it is ipportant
to fAlkendingiwines in Rragiieel sreao o ipvata momolayar giyucture.
bal | formation, and to obtain-a sufficjent bondin
Hviearif mhatezialecsichhas geld anhcoppere pee thenged, raﬁl@cﬁ%
in order to cope wth Iowering of a bonding .
reviformdy wontaingdtinianhomdingf wirebandisnging menolaysssireyure is
15 strength, a tensile strength and the |ike are .
earplbpéd as atiewesd firam whanoes sediioniphg heindéng wrireibj Ashiynative

- to wedge bonding to a wring on a circuit wirin

20 logideadfilth 0an Jrganie filihe fer prattactingfa surfacecand the ﬂ,ig{eanagé)e formed
performance, and for exanple, 20 nerely creation of a
oncavwdrglstdfate of a dondpmy svirmke somecasegdhete are limited in an
difficult. Adjoining bonding wires may be electrically
ehe¥dmelyFihihtaeda duwp foseveralatognicdagenlevelvinnmkeatarmst surface.
quality and reliability of a bonding wire, such as a
feooglacturing yield of a bonding wire and wire
deformation at the tinme of resin encapsul ation,

det erh @rddeth m¥BE 9a¥RNus d¥edsirb§alsiktSorehBRinddeg Rfres, a bonding
acconplished if strict requisitions such that a

25 Tvirk With %Cﬁnﬁéﬁ.ﬁ%}%? stAl@uPE iR wABEh GORMEC IFace is coated with

manuf act uri process 1's managed in a ppm order are
"Qother metal is proposed.

gments are



6 satisfied by further pursuing a stability of
| oop- shape control and by further i nprovi ng a bondi ng
property at a | ow tenperature.4[00141 Such bondi ng
wires with a nultilayer structure for sem conductors
have 5 | arge anticipation for practical use, but have
not becone in practical use. Reformng of a surface, a
hi gh_added value, and the like by the nultilayer
ture is anticipated, but in contrast, it is
necessary to conprehensively satisfy a product|V|t of
a bokslartgchmnigme of syppiressing aevyendidizatiomedfor surface of a copper
bondi ng process, performance stability, and a
bodinigewirel phiattilitetrstiate 1 Hincldser addorddingewmire onddnibhrcopper is
usage. Patent Literature 1. JPS62-97360A Patent
tovieged itk aZnoblE206h @4 Alchirdibaitesistaet alatak slich as gold, silver,
JP2007-12776A Patent Literature 4: JPHO4- 79236A

5 pRitatem! philh@hahUhRkel, cbBAM)¢h¥$dd 0t Asien and tlke kel e
- JPHO4- 79242A Di scl osure of |nvention Probl emto be

FRIré8ekid ¥roii €hé BYANMp AL 80 2RO fmabilifs 688 MpPréssishof

conventional bonding wires with a nonolayer structure

&Q&&ﬁirﬁ%h%f’af pIRARY 8MSkioH, patent BEShiLAR qisc%seald KWhding wire
el enment 1s ef ectlvet0|n'proveaten3|le strength, a

t§$1 &ﬁ‘re‘ab sa‘tCIPHQ%Q ezﬁb fH&ﬁEH b&lﬁp&%ﬁ{ ISfr’rtif,otpp;'ég,da

Ist atterels

?{?ﬁiﬁﬂﬁgﬁétaﬁﬁé}eﬁ%ﬁf‘a{ ﬂ‘fﬁ% chfe%bﬁfber%f@ﬁf&d%%fté)metal other

W res ayer structure

- et T B A58 B B e
P et o RO Rl b e e FRE YRRl mojng then
f f b
Iﬂ’oﬂﬁr o PaboR Bt da diadio b4 @@5@1%?#?11}6%‘?0%%{6 find o
SRR AR S A R i
R lﬁﬂﬁggéﬁ G VP Sl S e rorone
15 ?r& ¥1ehav eg1b he'trﬁgn F0BRPb W biohe 3 Bl Flah OHRE & phickness

i n_consi deratl on of density growth, mniaturization,
ah8-00d; e -84 H&®- t he 10 sem conduct or packagi ng
[c?éiho'i"' ogy, it becones clear that the nultil ayer

Various gold bonding wires with a multilayer structure have been
proposed. For example, patent literature 4 discloses a bonding wire
20 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 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



wires have lots of follow ng practical problens.
[0017] Regarding the nmultilayer wires, a flaw,
scraping and the like are likePy to be formed on a
surface of a wire because of drawing in a wire
manuf acturing 15 process and conplex | oop control in a
W re bondi ng process when a nultilayer wire is used as
a wre final product or used for connecting a '
tewemiretaard forershof highly exazendigor Agalley of a wire
surface may create a mnute groove in a subm cron
(0dd, and as a failure exanple of scraping,
shaved- pi ece-1i ke scraping is created in the
| englthinidesirdbleeti éape withatheubst ageanasidrne pitdhtteeh2idjue and
| engt h of such scraping becones up to several hundred
hH-ddhsit§ pavkagmhgsizchplque ke sheaer danensiohel witingby satisfying
shape unstable, a multilayer wire is danaged so that
5 toRpsdkeatd chhriRefisiiss sach€lesk 100p Gohtrod is statiedn a bonding
pi ece contacts adjoining nultilayer wres, it causes
FPéHe%s,Cé b6 Hi T Propedtiid imprdvedp afeirhidion 6O befillingwire at the
0018] The thinner a wire diameter is, the nore the

HnSe BE RS n ¥ cap SWIERACR sQlfpfprgsdcejﬂi, hHA 951008 Rk Belidbibity of a

fl'aw and scraping on a surface increases, and it is

Qﬁd@rPﬁﬁi’Pfs{ &dcbpd A sHeldBs WideCdh 13 BREEIQNDT APSh BN ware of

requency al so increases as |oop control becones
ﬁﬁﬁﬁﬁﬁ%dﬁ.ﬁﬁn?hat a high loop and a low | oop are
mxed, and 1t is difficult to apply the nultilayer
' to three-di nensional 5 connection. The frequency
10 EQGE‘% hect! !
occurrence of a surface flawis likely to increase

F oquRBeeRiing WPLbORdRE R bs iningh b ofloritl £ bl Vit a good
SbhERetY it dme Bt GELfor e, ARG B0 el ponding
0 el SR, o o i

Hiviag i ep e BEIHOR A 4 BRIk of dPndipg atige 2 bonding
o SRS D proguct, b i the {nclpess o2 500

internal .crack rennins. reover,, a flaw.,and scrapi . .
bppgdingWire 1sdihiactrd t9 vmhﬁ)%? b%}[}ngrte AnBEIRE 10Ky %C&rsuﬁgmmg
detected through a | oop external appearance test using
&’ﬁaﬂbti cal mcroscope in a mass-production stage. Such

fail Lires result in reduction of a manufacturing yield
d0@13k hough direct causal relationships with a fiaw

and scraping are not acknow edged easi|y. [0020] 20The

f r eqAenuyacsf natowerof enwireciffects arysecrerformaness angd fogiexgmple,
and phenonenon thereof vary depending on a material of _

20 anetely cteatim obaflavhend thet o seuaping memke mass-production difficult.
counternmeasure so far. The occurrence frequency in the
dedjeimhg thoadimg witesmmyvhe eectficadly shantemomstadrdue to scraping,
conparison with the case of the nonol ayer wres, and :
iatnd & flavotigiliestthetqudlity ded paisbikiey of a bondimg ktird, peh as a
wires, 25 |oads, such as stress and strain, relative
t@adufdctiiring\deld ¢fcd basdingwirepind edse déforaratiorgafithe time of
| oop and because a process condition differs in wire

ragis dtdapsuldtion, 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



9 processes. [0021] Wien a loop is fornmed using a
multilayer wire, the linearity of the | oop may

decrease, and defects, such as®fall-down, grow down

and bending of the 5 nultilayer wire may occur. As the
linearity of the | oop decreases, a manufacturing yield

al so decreases. [0022] Typical defects of a bal

bonded part of the nultilayer wires are a petal-like
sietisfiateby Gurthee poreviog astabiliny obldograhane gomdralansbhy further
The 10 petal -li ke deformati on phenonenon is that

improieg 2 banding @ropertyet abow bempevadiuret y of t he

outer circunference of a ball bonded part is deforned

fopid] petal -1 i ke shape concavely and convexly, so that

a ball is out of an area of an el ectrode when bonded

on &Sedbéndingokires evithadmidtibayerssmatfiré forl sereicbndactors have
reducti on of a bonding strength. The m sali gnment

5 RSB UIRROPatién Fhepraetical bak| blthavsnet becdmea din pgactichl use.
of awre is unsymmetrically forned relative to a wire

RSFSr ARG dfEsWhes, I Shigh ARded PaRies hada el e By §hé imultilayer
club, and when a misaligned ball is bonded in fine

E&r&ﬁehu%qa fﬁ%&i&iﬂ&ueé Bl if cBatlastEY i ABtaRhrito e6inpirshawsively
all, resulting 1na short-circuiting. The occurrence
: : i f , .
LGOS GRAR L0 G REALAL Kerdlel Qhalt 100D AVIBIIOT a bonding
Prideh diéiforth 50, HERRIR ol KR trt PRI OF ch bilne of
reduct | roductivity, so that it is necessar
10 F%'%E‘?%é‘rﬁ’?‘gﬁ&fn%% éPrent cri teriya for the wire bonding d
ro . 23 . L i ci pated that the :
Erul ffﬁ%%wg%‘é&ﬁevwgg%%%y%ewer effect of 25
del ayi i, di zatign t nol ayer copper wres,
but Eﬁ%ﬂ’tg{ﬁtg@?&? %[ ﬁ?g@pfﬁ{%‘g’lﬁ@s de)p/)endi ngpon a
textyre, Sstrycture [ , and the like at 10
a ékﬁﬁgqrﬁéfter@;éug% tﬁgagbg%%ésof awre slurface. | t
is ipgportant to nake re of the nultilayer
coppggt%t?][e@e%w%é‘f f]ﬁ'ﬁ)‘f’{?ﬁggé‘ger to ensure the )s/arre
wor kabi ity as that o] i res, for exanple, it is
15 hecebatgnt ﬁl&em?é-ﬁtﬁ’kf%ga%%@g bondi ng p?gperty, a

| oop_shape and the |ike are not deteriorated 5 even
af t ePatantdkiteratuze & dEH-79%824ont hs or so in a
normal atnosphere. This requires inprovenent of a life
several ten tinmes in conparison with the storage life
of the nonol ayer copper wires, so that a considerably
hard condition is requPissiosuge ofdnEeREPB nai nl y
conposed of copper. [0024L 10It is an object of the
present inventi oRrohlepr to/belSolveskhy tbadurentiorevi ce
bondi ng wire which can overcone the problens of the

20 d6@1@ht i onal technol ogi es, suppress any formation of
flaws and scraping on a wire surface, and acconpli sh
i npr Acesmkihg 66 thbaoncseriosal hendisganires withbithonoelayen structure
of a | oop shape and good ball formation, in addition
t(hefiny fiat, i "an@lol hgst wirdB), clilitiohafiast aldey 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



Means for Solving the Problem [0025] In order to

overcone problens, such as flaws and scraping on a

wire 20 surface, the inventors7of the present

i nvention keenly studied bonding wires with a

mul tilayer structure, and found that it is effective

to control a texture of a specific skin layer. [0026]

The present invention has been nade based on the
furthgoimpravealdrecopapafiSonmwiththeopendleyevwirgs to improve an
structures. [0027] 11 A bonding wire for

addied eatuet dRegianding sha agultilaper twirdsHerifgingta higlefunasionality, a
the present invention conprises: a core nmenber forned
afir@Bufhes tah Gal doptedrdtle hinoblorvietal onad oxidition ragistant metal
formed on the core nenber and mainly conposed of a

g(h Eﬁ?ﬁﬁi@% d1B1 GtidiZ=2i0 bfa sarfcowfacioppan Bonblirgewirel & or gold
me

al of the skin layer is a face-centered cubic

5 BBhaing #ibs2itPiRARNipaRdo ackdiiplH N bfbitOsE teducing resin sweep
crystalline orientations <hld> in a | engthw se

'fc%SE"hgh Mirdstried ¥ith 8GReefl i H1ANlSF Ba0ing Hhigkistrength.
nger [ grégtgr thanlor eqﬁal to 50 % [002é8] 8 g
f&?ﬁﬂdi ng to the sem conductor-device bonding wire

W the foregoing 10 structure according to the

SE€co B@eﬁz%g%cc%digéﬁg%%ss%ﬂﬁyio? A8 ihPshtof16f ﬂ%{p?esent invention

tota age > orfentation and <10

ST R B P BARLE! il SRR e

W Se rec

f. f 1h ki.n | [ :

10 gmifSythe bliiiBe B olsRrnl BBbfhsh SRR R PRl m i iayer
bandi | ieth the f [ t di t
iect e 8 pl o i P OB o “ucrei noa
i&{) percentage of <111> orientation and <100>

ation in the crystalline orientations <hkl> in

the Lengthwi se direction at a cpystal face of [OSS._ -
sect RoRAEANE Be BRI InTB aYires b Srroprs 20f th Jike g likely to
5 % 2Q [00301 According to,.thhe . . . .
b formrdin 8 suatose of Wi Begalise Of GFRTiRGin RoizgnpRulacturing
structure accordingtott:)i_fourth aspect of the .

15 preeessiandceIRplexloopsentiol ip %@P@e‘?ﬂ!ﬁﬁ@g@fm@fﬂhen a multilayer
orientation and <100> orientation_in the crystalline
arire s ased as awiaefingl prosdugt oz used foneprnecsings semcopductor

the crystal face of the 25 cross section of the core .
eierent. sFor example, maflawrofayware swriace may @eatq a mmute groove in

a submicron order, and as a failure example of scraping, shaved-piece-like
scraping is created in the lengthwise direction of a multilayer wire, and the

20 length of éuch scraping becomes up to several hundred pm. The flaw and
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



10

15

20

26

According to the sem conductor-device bonding wire
wWith the foregoing structure according to the fifth
aspect of the present inventiofl, wherein a ratio of an
average size of a crystal grain at the surface of the

skin layer in the |l engthw se direction relative to an

average size of the crystal grain at the 5 surface of

the skin layer in the circunferential direction is
Epibantesrreldtamg b0 adlpmlandoscrapissg o acsaface increasesdand it is not
to the sem conductor-device bonding wire with the

Bppeomiiaie o finet piteh acuneadiony and duvh s frdgueaspadso nfcreases as
the present invention, wherein a 10 percentage of an
bopecoaftralryebalesgioriplex whieh ¢hat ydiighllooe aadi £ivaloopnare mixed,
inthe wire lengthwi se direction at the surface of the

akdrit iagificuls tokbbly ithe giglRilgyer Wiestto thitvéldinensdnid
relative to a total area of a wire surface. [0033]

deesdidi) tThd heqwe 5ﬁ eneesireénddert £ Sulfaél flasy ¥ likely to increase
with the foregoing 15 structure according to the

aieens o 388iF1s Rinidde IF @ﬁmraﬂﬂé%tﬂdtrhed%@d &He practical
mai n constituent of the skin layer is at |east one

Ebﬁﬁcé’lfloﬁ%ﬂﬂmggnfcon s 18%1: eV| Ct%b [003/11

According to the uct or - onding wire
A¢Fo]t he foregoing 20 structure according to the
el g th aspect of the present invention, wherein a main

consi aa&mm&o 506 GfpEE: fsgggg]& tndtifidot 'ftted e td A%1AY and

3&?”%’9{?% Cé%‘%fgcorf%?en S HufEsh h n%’# éﬁ"%@rb? i %Mgmd For
BREREN, & BXST AR detatibd Shcs BRBLeR il Y8 Tni S WRR S
H%}Hef%ﬁ%uw AF wﬂﬁﬁ%’f%gvxﬁgaﬁaﬂhég 5% ﬁﬁ&ri@/@ Hogh 4 Hlial product, but

nai,n gonst.i £ uent core nenber

RS, G DRk o S BE SV any i migki b ApoR,phape unstable as
vvlththefo oin ructure agcor di to.the tenth
gojoterng PR ge‘m Mvre‘mww cAq ACEADIRg cRasled In the back

he skin layer is within ran from0005t002
#ﬁitl?%gﬁ not ﬁie{y to be detec’cecijl througg a loop external appearance test

using an optical microscope in a mass-production stage. Such failures result
in reduction of a manufacturing yield even though direct causal relationships
with a flaw and scraping are not acknowledged easily.

(0020]

The frequency of occurrence of a surface flaw and scraping and
phenomenon thereof vary depending on a material of a skin layer, but the‘re is
no sufficient countermeasure so far. The occurrence frequency in the case of
the multilayer wires often increases in comparison with the case of the
monolayer wires, and it is thought that this is because, in the multilayer wires,
loads, such as stress and strain, relative to a skin layer increase in a process of

forming a loop and because a process condition differs in wire manufacturing



The sem conduct or -devi ce bonding wwre with the

foregoing structure according to the el eventh aspect

of the present invention furth8r conprising a 10

di ffusion |layer formed between the skin |layer and the

core nmenber and having a concentration gradient.

[ 0038] According to the sem conductor-device

bonding wire with the foregoing structure according to
precesogd.f t h aspect of the present invention, wherein

the 15 main constituent of the core nenber is Cu and
{o02dore nenber contains greater than or equal to one

kind of followings: B, Pd; Bi; P, and Zr at a

concWieras laop s folbimedausing gemful tilayertwird Othepiineafi080the loop
According to the sem conductor device bonding wire
wdhdédreabspebiefect) sach wetiatled@es ofbwrdown dfié bending of the
thirteenth aspect of the present invention, wherein

5 bW @tRYér ﬁ@ﬂésﬁlawﬁﬁﬁr of A§ blee ﬁ%ﬁrﬂ?@iﬁ@he l&)ﬂle@@dséd‘lﬁ
core nenber contains Pd at a concentration within a

Wa&f%éyqadmggge%% @and the main constituent of
the skin layér is Pd or Ag. [0040] 25According to the

yglonduct or - devi ce bonding wire with the foregoing
structure according to the fourteenth aspect of the

pr es%lcbp Hﬁ%&s"& a Kﬁﬂ led shrlt 0¢ tHE %&ﬁﬂﬁ?éf b ardfa

the core ne core ne cont al ns

gaf‘ﬁt Ke Egﬁg'mgtﬁnﬂg%%&@gﬁgg rﬁﬂrdggnﬁ% m%[#‘rflftgﬂﬁmoﬁ‘fenon The
10 %Eﬂﬂl]?ké ﬁeﬁ)g a}t?cﬁrghgr%lga@& Hgit’ ﬁié% ré@ﬁgs%he d%?%géﬂnatted as the

€ sem con evi ce
'g%-%’ B‘Wii:ﬁg %gﬁﬂge ﬁsﬁiﬂﬁﬁgagggrc?ﬁgéw n%(#e?iﬁ%&qg deformed in a
PRIALDEER FRBPT FopPabely B85 i b SE At £ 3Rl ¢8R ot rea of an
T Sl i B i
Tt BER oo EeDERE rd 6 BHHRPEIFTIRRgReRgR i that 2
15 Lﬁhré m ¥y eﬁazluagteg acka L 0, s%%%gncaﬂ ur(iztl]e(il relative to a

t hr ee- d| menS| onal packagl ng. 15 Brief Descriptl on_ of,
PrEAxtfsand the wire 1s formed in a shape like a golf club, and when a

misaligned ball is bonded in fine pitch connection, such a ball may contact an

adjoining ball, resulting in a short-circuiting. The occurrence frequencies of

the petal-like deformation phenomenon and the misalignment phenomenon in
20 the case of the multilayer wires tend to increase in comparison with the case of

the monolayer wires, resulting in reduction of the productivity, so that it is

necessary to tighten management criteria for the wire bonding process.

[0023]

It is anticipated that the multilayer copper wires have a better effect of

25 delaying oxidization than the monolayer copper wires, but such an effect

largely varies depending on a texture, a structure, a thickness, and the like at



[ 0042] FIG 1 shows an EBSP neasurenent result

of a bonding wire (wre dianeter: 25 pan) with a

mul tilayer structure (an area Htiented to <111> 20
orientation is colored. A crystalline interface is

indicated by a line). Best Mde for Carrying Qut the

I nvention [0043] Regar di ng sem conduct or - devi ce
bonding wires (hereinafter, "bonding 25 wires"), one
ackinilayemomnat theprexindty bba mege efirfage. It is important to make the
el ectrically-conductive netal and a skin |ayer forned
struchereof ¢hemadbtiiayerdoppen wirecapmepdiadeé. aln v8der to ensure the
face-centered cubic nmetal different fromthe core
sanieeworlealnlisy udithet ofigdld wirescforexaneple, ithatnesessatgdo ensure
bondi ng property can be inproved if an

¢het b v eddd orsdingyrbpetyatledp shi€pe antahoéikd aret st deteriorated
proximty of a surface of a bonding wire, but

5 eQeNRIftedRwiths aré lst¥edSof aWoHoAHE 61N In K o@thad athicgphere.
surface 5 by wire drawing in a wire manufacturing

ANAE 28§uFBS iM)r&ATRERK of 8 W OV teh RiBedVin BoMPRAFisBE with the
process becones a problem and the stability of a | oop

shaRgei1ffe io?EHE héh A9y er QA wites MAHIRG! & coridi@erably hard
I nventors of the preSent ‘invention studi ed bondi ng
, DT g " 7 : ope
%{lﬁﬁ%}défves\é%ﬁs i I ke lislthn cillsﬁ%%%ﬂggﬁﬁl}ol b?%fﬁﬁﬂ%&gi tch
V\g@@ ction and in three-di nensi onal connection, and
1l ch can acconplish inprovenent of a yield in draw ng
of arfhi ' : . i.nq .of..a: s
10 ItI ﬂ Jol} %afegtb 8@&%\ @?ésg%lgﬁ tlﬁ%nt?&i”t& §¥‘+t1§?iavée§rﬁ1c8nductor device

texture ayer 1S
[t cul ar he i pventors. o h e [ '

PRROLEL Wafe whih RN ERCAnE knd BRHIERRIH e WhTtAAGnat
far etween a texture. of a.surface of ;multilayer .
P IGRB s iy s Risih th A aAndBtraptrR i piping surface,
that the rkabi | it th ondi ng. propert t .l.00
i a<sPrali Eabravebiont o it aa i 0 Rt ha abfklifGHon of a loop
i mproved, by controlling a.s jfic crystallin .
SPRBR giod R Earatidp i RAgIrGRese veniiond] bagic
i pvention found out that controlling of a conbination

15 EgaHCtPFF@t’F@xture of the skin layer and that of the
core nenber is further effective. [0045] That is,
it is necessary that such a bonding wire nmust conprise
a core menber fornmed of an electrically-conductive
nmetal and a skin | aYteensdprSeleasithe Rishlemenber and
gai njay conposed of a face-centered cubic netal
P02k ent 25 fromthe core nember, wherein greater
than_or equal to 50 % of crystalline orientations ]
<hkl Injondethto deargomsi problémecsudnas flawscand senaping engf wire
a surface of 16 the skin layer is <111>. According to

20 sucface, tlenthiveqtors ef the present oavesfticer keaflyssipdiessbomding wires
any formation of flaws and scraping on a wire surface
bwithia mudtibsergtiuctarey amd famd doitlit ingffpetivetscartdolsy texture of
conplex loop control in a wire bonding process can be

aceepfi¢ skievlayer] 0046]
[0026]

The present invention has been made based on the foregoing knowledge,

25 and employs following structures.

[0027]



If a constituent of the skin layer is a face-centered

cubic netal, there is no yield drop at the tine of

wor ki ng, and the workability id good, resulting in
facilitation of adaptation to conpl ex working, bending

and the like in wire draw ng and | oop controlling. 10

[ 0047] As greater than or equal to 50 % of the
crystalline orientations <hkl> in the |engthw se

di r eX bbadiny wirdofondengcomdwctos deticts aceordeng 6 the first aspect of
characteristics, such as the surface strength of the

tHd Prdseif inventied kalplrisby: a aohen@iniigert fokmiediflart y and
the like which are difficult to acconplish

él'e@&ﬁééﬁﬁ@diﬁiﬁctﬁfbnmbﬁalb andPERitEhyed fekmaéd anithetbie member and
any formation of flaws and scraping on a wire surface

ﬁﬁﬁnﬁrecrﬁﬂ s diffdient Hdtal Hdie '%h@tcbﬁé] nffmbé¥e and wherein the

faces- centered cubic netal is a nost dense d|rect|on

5 (t’al {)f ﬁiécéklﬁjiﬁ}ér QY 4 ealcAldiBPe RERLGhERAL £8d 'arhérhgntage of

ayer, the’ mechanical strength of the surface is

kﬂfi ﬁrﬁaﬁt#ﬁ&% Eﬁﬁfy&@ﬂﬁ%e ?fi?nfﬁioﬁsxéﬂﬂﬁm 4 t&%h&ﬁé@&ﬁectmn at

I'S ennance y agal nst el astic

g%%g %r 0 eg%fnfgg%t)f’kfé él aﬁé to%%sgh@#% ua} to 50 %.

chd If the percentage of the <111> orientations
e crystalline orientations is greater than or

£ or oSty o6 15 Sthids B TRter e, 64, PR TR Pl Mregoing
10 By C%E‘apqrp?@%‘jzatq dhpsaedn b'@rﬂsa?%t04"*315?&%‘58’3%&2‘%“?@%6&“9111 a

Fsf Befenatornff SILE omeat Qﬁpﬁ%%ﬁi@@' RS g%t@% 5 Bh fgystalline

%éﬁ%titvlvwig Shﬁﬁt SRS hvas s Ma (a1 fack dfthe surface

pr ef er abl it is eater t han qual to 70 % an
eftsh.ftﬁ Jérly%w greAtay é @ﬂh@i %%Oo‘g flaws is

EQQZﬁqer i nproved, and for mati on of any flaw and
ing can be suppressed even in the case of 5

formatronofalowlooprnvvhrchaloopherght|s ro .

16 exanfreording to theremicongwstor dewise bap dngiwies Yith the g‘regomg
a |l oop can be stabilized. [0048] According to the
miuctiteeyaccondingsto thecthisd aspectsi thel prpeentinyentions grherein a
menber are forned of different constituents, it is
tetiadpevedntagaof <1d1% epiemdation arol 406> orieatatinn ingheferystalline
the skin |l ayer covering a wire surface. Controlling of
bhiensatibas ehkdx inthe dmgthwise direstipnot ®tfeatal ffce of a cross
characteristic inprovenent. It is thus different from
seotion of tlon torel hientherris tgrea tearsth aof oxt dypual dovidnti. onal
nmonol ayer wires. According to the nonol ayer wires, it

20 [G0%AIssi bl e to nanage a texture of a whole wire and a
crystalline orientation, but it is difficult to 15

cont A@borﬂiﬁ% ¥6 Yhé soinicut dudesedbwick ooadihd evisewiitlc the foregoing
separately fromthe interior of the wire. Accordingly,

At ML GHE a 8cR B {Pfhd ﬂﬁlrﬁﬁfa%p@ét dftheprebbheitefertlors Svherein a
is required for controlling a texture of the skin

la¥&dintake b 17¢S bﬁe%xstlow aﬁﬁfﬂeosi oRRAAAEBRNL theheyEtalline
Oof a texXxture and a crysta ine orientation in a wre

%H@ﬁﬁaﬁgﬁg 'ﬂ%ﬁ rila ttﬂg gﬁ?gg g%tﬂvpi%e |tfi‘)Yletit M'ier &Fstal face of the -

cannot applie the total
2 S s O s B ST

igéﬁftlon at the crystal face of the surface of the
| ayer is greater than or equal to 60 %

di spersion in | oop heights can be reduced, and
controlling of the stability of a |oop at a fast
operation 25 speed becones easy. In a normal wire
connecting process, a bonding wire passing through an
aperture of a caplllary |s subjected to conplex

A~ o ——y



10

15

20 istmrotvesiacdording tethe eigh

26

5 height is stabilized as a sliding resistance between

the bonding wire and the capil]ary is reduced. In

other words, in order to stabil% ze the slidability and

the loop height, it is effective to suppress any
crystalline orientations other than <111> and <100>
orientations. If the total percentage of <111> and

<100> orientations in the skin layer is greater_than .
or ofyteairding Bothe semipopducwredevies bonding wine withdhg foregoing
| oop height at a normal span in which a wire length is, )
basistutesaccor dinguial thedifgh mspectrofidegmesemt inyeatdion, wherein a ratio
Preferably, if it is greater than or equal to 80 % a

gban avktagd sizk of madriybtaligrgimat the shefaghof theskim layer in the
acconplished at a long span in which a wire length is
trragheisd Abectionegqligivd o &n sverddy sav of thesrymtabgfantat the
acconpl i shed by increasing the percentage of 15 the

surfaze of thedRPlager énttht ichiramfepevidahéirectidn és Erdater than or
thickness in a working after formation of the film and
bual tdHree! treatnment process can be suppressed,

maki ng the thickness of the skin |ayer uniform [00501
[do3dle total percentage of the <111> and <100>

orientations in the 20 crystalline orientations <hkl>

i Nt REcopip b6 N Bt f@ndctit 8GR & boRd M PaSreSRath e Rfregoing

the core nenber is greater than or equal to 15 %

PEAAES Ao PO Bk s b, whorein
géy&n%g& l)fan FE oﬁ%?fétﬁ??r&ﬁ%%ﬂ@fé &ﬁ' nd'drifrith¥ion in the
short - Cl

8
ause erectrica curting wt adj ol n1 ng

SFF 60580005 ol AT ARMR BFE BIAIES ireater
: b . Y h

HREp SR ST o BOR SR r Bt e BE aSutnb Bl e, ST2P°

ﬁg5 bonded part and a shorter dianeter size thereof

i

eater than or equal to 1.3 tinmes is determ ned as
a failure. Even if such ai Lur.e occuyrs in_an. .
Cnexbeitiraing KE oo reicandlstsToaeviRe BhBUbTe pirPith the foregoing
deteriorates,the productivyjty of t bondi ng. W re. :
SR RGO ling WL rerentb aceRrt Ot DiEpoR i Antiomy geberein a
5 orientations s greater than or equal .t Y-
maip opekitupnkat the rRdayer 1% a least ops ying nggq}l%xaﬂsﬁ Pdi Pt Ru;
of the outer circunference of a ball bonded part
#n concavel y and convexly can be suppressed, the
al | bonded part becones close to a true circle and is
9@34ll i zed. Good roundness is advant ageous for
reduction_of a bonding area, so that manufacturing 10 .
nmanadesarding o she semiicapdichersdevice boading warewithbee foregoing
the productivity in fine pitch connection is also '
tﬁ lrapecthef thel préiseht invesiion, wherein a
structure of a ball greatly reflects the texture of
heincamstiteaheof thmebrenuembents ot ledss qrerkindtofdellowings: Cu; and
<111> and <100> orientations in the crystalline
dni.ent ati ons <hid> of the core nenber is effective. It
is verified that such 15 controlling of crystalline
d00%FIt ati ons of the core nenber does not bring a
sufficient effect in the case of the nonol ayer wres,
but Thergmisondactotidedide hondifig veids avith thbdoragoing steicture
wires. The reason why is not conpletely clarified yet,

Ribording $o thewihth h&Fdctldfeht Prbsdt Rivehbi®noir-thdFedigprising an

significantly affects the texture of a ball because

iR rekd atenRial Biydl f68Hed betvec R RHe lsheh T3 Al tRTBSYe member
is then nelted step by step in-ball nelting of the

multilayer wires. It is verified that better action

and effect can be acconplished when a ball is in a

normal ball size. For exanple, when a ball in a nornal

size that the ratio between an initial ball dianeter

and a wire diameter is 1.9 to 2.2 is bonded,

- Y ) .



def ormation and application of ultrasound, and
verified that a correlation between a ball bondi ng
shape and the texture of the dRin layer is little, but
the texture of the core nenber dom nantly affects. If
the percentage of <111> and <100> orientations in the
core nenber is less than 15 % the frequency of 5
occurrence of abnormal deformation at the tine of bal
nd dompoked v askferartcconktittentfrons the ain30Onesituent of the skin
frequency of occurrence of deformation in a petal-Iike
Blivep andntheanah bofstittent ofiahe corcmeastes, resulting in
a failure occasionally. The effect of the texture of
gMre on ball deformation is remarkable in the case
of the nmultilayer wires, and is different fromthe
ef f efdco?fird'® fHXddhRoABuddrideeicbending wiverveighithe foregoing
many cases. Preferably, if the total percentage of

- 5 sthhitusheoidids t%rtih‘é%tﬁglii g.gﬁ%}itrbfttheﬁieé@nmmgﬁdng, wherein a

greater than or equal 9 a ball wth a small
i . i I e,
BRELS] of it K TaFer LeRITANAIS SORT.000 R0 CERER
Rﬁkwqen an initial ball dianeter and a wire dianeter
's"1’5 to 1.7 is subjected to bonding, if the 15
rou . . .
”P@g %gm(féonadrﬁ%ll dgﬁgg %gnﬂgﬁﬁ F)Jé% g\%ﬂ?’eﬁﬂﬁrﬁémgg%gr% ture

bal | “bondi ng shape can be ac

£ toh . i h ‘ ‘ o
Recerdfndls B SRTEREY S tdntnd meprdift gL IR Al tomprising a
5 t limt f.qr . th { f < > .
1o BG5BTt BrifFec 5R8e R0A HfhgSlnd {f SHP ip e and having
| ess than, or e%H§I to 85 % there is an advantage that

BSOPPIRITARGIETadIRnt: i he of 20 manufacturing becomes

@g#g%ively easy. [0051] A synergistic effect by
]ning the texture of the core nenber and the

texture Qf the skin layer is ant.icjpated which, .

S mUACETORE 1 the BTBGERAISHAT G et BOBRITE T iththe foregoing
and stabilization of ball deforna&*on. That .is, i.t is .
srugtare agnosdmesio theyarrlfthoasnect offhe\presemtinyentipn, wherein the
structure shoul d have a congpositjon |n which gr%?ter .

15 mpin enstiguent ebtisocope gpember as (ax and the coreymember contains
orientations <hkl> in the Ien%Fhmdse direction at a
ergatea|thanny asfuad e ovalfind of ollewingsk By HdayFer Py and #rjat a
and the percentage of <111> and <100> orientations in
coecantystiah withimoa irangatfronS tohddGppm.-t he wire
| engt hwi se direction at a cross section of the core

r is greater than or equal to 40 % Accordingly,
the 5 conprehensive characteristics of the bondin )
W r eAceordieg itonphe vemiconduct@edevice bendineg wire wakhi %99, foregoing
such as stacked-chip connection that a plurality of

20 ghiyrture acairdiieth tlagthirtenthrdpoet of tiel presbotivention, wherein
that the | oop heights of adjoining bonding wires
ltBe @ehdn stafsyitwehhbNtle edegaeintenid§ Cu andAhe woravhiarhbérscontains
recently applied to BGA and CSP. 10 [ 0052] The

PPhfRbhesntrationSeRhH 49Anek féia e 1000@ pgni,hnd the main
effect of the percentage of specific orientations with

BhEHANGR JfAhERASH AP Cis P 8F Algl i ne orientations. If
t hi nni ng advances in near future for coping with
qg§?@plishnent of a fine pitch , the degree of
influence by a surface increases, 15 so that it

25 Pec O:A?&%t%ﬁg 'ftP lézgeta Egﬁi&&iﬂhﬁzt #HeH&S b%fnfd?ﬁ% wite WifE the Bregoing

use crystalline orienta ion is

. . h . .
RFRRFEHedrtiys & BAERAR hep{orbt bE e Bro@ftaRplilon, whorein
bonding wwre with a nmultilayer 20 structure should

have a conposition in which greater than or equal to

50 % of the crystalline orientations <hkl> in the

| engt hwi se direction at the crystal face of the

surface of the skin layer is <111> and an area of

. o . T



10 Besbhidit;

22 stabilized even in the case of a bonding wire

thinned so as to have a dianet?r | ess than or equal to

22 pm and it is effective for feduction of any

formati on of flaws and scraping. According to a thin

bonding wire having a wre dianeter |ess than or equa

to 22 pm due to increnment of strain by wire draw ng

of the 5 like, an area of crystalline orientations .
e ORaizy constrtiieRt of the coreaBamber e AdhaRd the goremerpber contains

area where a | oop characteristic cannot be preciselg

graateadhan or eanal dgionedandaffellowipesoBe ke il Pd and Pt at a

orientations in the neasurable crystalline

ephegntaationsvithin plrangetfoom frte880 pPiwrefore, if the

area of crystal grains having the <111> orientation in

the surface of the skin 10 layer is set to be an

appropriate ratio (appropriate area ratio) in a ratio

5(area ratio) relative fiffechef the Thvenrtéan of the wire

surface, good characteristics can be acquired even in

{6@4tlase of thin wires. The reason why the area ratio

is set to be greater than or equal to 30 %is because

any Thenehiieondhctor-devicrishrilingpvitg of 8he predd@it invention

suppressed in sonme case when fine pitch connection is

Boappaédses angUortiititth &f AW iamdl Srafingd M adwirestirface, thereby

di ameter less than or equal to 22 pmif the area ratio

lifpre¢ihgl A180rfile YatUps) (1ROVEbVCH £15d BhehHey oPh 16611 &hd the

50 % of the crystalline orientations is <111>.

£ Yoop heih€s aF€ ?mPﬁHeQi' %‘ﬂftﬁ@fﬁbré,%ﬁbﬂfza%%ﬁ?ﬁf a

B
to 40 gb any formation o aws and scraping even

P i B P B L. s
RESHIET ARdrY is gg?ﬁﬁﬁd%?l%%igmy-ﬁlﬂ&i&{aq%Bﬁz{icﬁﬂiﬁbtef'dg%@lbonding
ect of suppre ofnation o

to 50 % an sSSi ng any

S O S R SOAMEE s Y B g,
8 48D o0 bl o TR RASnd Sl paaing

15P- M 25 [0054] If a bonding wire with a nmultilayer
structure has a conposition in which 23 greater than
or equal to 50 quféﬁﬁ%ﬂﬁalli e or% ntations <hkl> in
the | engt hwi se dir ectton” GICrPRM 8t HIFAFVARES of a
i@@%@fe of the skin layer is <111> and a ratio (an
rati o of crystal grain dianeters) of an average
si ze rystal in in the surfac f the, skin, )
| ayerfénilt ey B & da¢A SE Mgt msswltiod bendigeanire (wire
verage si.ze thereof ip.the circunferential direction
i a’@ieg%ﬁ‘ 25 HBAWith aggultilaysr shrusturg (an arerearenipdyio <111>
the bonding w re_having undergone | gop formation can
20 prienipatign dg colpred: A peystaHineintariase iis indisatad by e lingdm
the aperture in the | eading end of the capillary and
I's pushed back therein to forma loop, a curl failure
as the bonding wwre falls down and is bent because of
10 friction w thest Mode far Gairywag IOwf thenknveagion ary,
and a bonding failure as the bonding wire grows down
I, resulting in reduction of a yield. In order to
suppress such failures and to i nprove the | oop
| i neRegaxdingsemiovrductios-defvideisomptiagemires (vereinafier, "bonding
found that it is effective if the aspect ratio of the

25 eviyed"Blorgy @mpaikidghe cory hreebef forhfodséd dn bReeFicaldy-conductive

increased. |If the aspect ratio is 16 increased,

aiotal andgl skitsldyeRdormied B thiel ®rb dRckhBYl 88dGhBRAYIRMposed of a
formfibrous texture, and it is advantageous for ‘
reducing a residual strain in the bonding wire at the

time of |oop formati on and def ornmati on di spersion

thereof. If the aspect ratio is greater than or equa

to three, an effect of inproving the loop linearity

can be sufficiently acconplished. Preferably, if the

o, o - - ~ N e a



24 layer is a netal different fromthe

el ectrically-conductive netal which is a main

constituent of the core nenberldd and it is desirable

that such a netal should have an effect of inproving

t he bondi ng property of the bonding wire and be

ef fective for suppressing any oxidization of the

bonding wire. Mre 5 specifically, Pd, Pt, Ru, Rh, and .
geaeataeddiubat aetal differens firen dhe carsimembeyawerestadied, and it
kind of follow ngs: Pd; Pt; Ru; and Ag is desirable

Becanné bleastihnt povedgeobompdingt proakbriyt ¢ad by impuocaskif an
performance. Note that a main constituent in the

SlebidialBREoRAN B e e bl donitaiti eddinat leommeimi tyt ofomsurface of a

greater than or equal to 50 nol % Pd has advant ages

bbadindGhRS] HRD R AtoR Bf AT Sierapingand shelike oanal wire surface
bondi ng property to an el ectrode are sufficient and

5 By Hikd UrARNAPRIBRYirb meAGFactitFingRir0sesii &l by zainpdex ddop control
a ball shape relatively easy. Ruis a hard netal,

{ria?'vlrih'& %bﬁﬂiﬁ@gﬂ?éeég BeSdmas 485¥981dmh | #hd 3R6 shasilidy of a loop shape
relatively I nexpensive material cost. Rh has a good
X difdlibap resistance and the like, but has an
expensive material cost, so that a future exam nation
Frdatg of like thinning is 15 anticipated. Ag is a soft
erial, nmakes suppression of any formation of flaws,

for gg%)%ﬁgggrlﬁgh%gm%gp@of@ orf%htag);] tnvBntidf sthiifbd BRling wires

bef ativel'y easy, as an | nexpensive
mat.eri al St 0 that ht i . . .

10 345 = aRpEEy st sl o R S8 SopEBAHE g Rbcds like strict Loop
I s preferabl e that the. skin,l r.s . .
rerpLHEERR it Rruiniiop 4t pE iEfec S  edhitettion, and
fql.low ngs: Pd;. Pt.; and Ru, ,or., shpuld.be a o

i Sh B heemelisby o e mpng o 2 PERL{ gtk &  Plin wire, and
tal.. If the skin Jayer is pure etal . it is .
e reliing i FoVRRB AL 2GPe R B LR e effective. In
resistance and bondi ng_property.is relatively easy, .. .
RARLIPRIATHEh e VETIbGRFRT T BesoRt igivegyion ootiged ofi fielation, which
advant age of increasing the tensile trgﬂgth gnd he .

15 wrasshardlydanowis so fas bﬁgwgn arremﬂﬁr%ﬁz%? & oL mpltiigyer wires
deformation at the time of resin 25 encapsul ationp...
Rodetherusabilipuetbording Wireshend yeoifieddhat a feorkgbility, the
| ayer having a concentration greater than or equal to .
dondingpreperty tthedeep controfabilityrand,the lika caafh% corgprehensively
the average concentration of the skin_|layer other than
amgirbyed bpreohtnodling 8 spesificerystallingroriepfationo ddoraaves, the

An all oy nmeans one ) C .
inventors of the present invention found out that controlling of a combination

20 of the texture of the skin layer and that of the core member is further effective.
[0045]

That is, it is necessary that such a bonding wire must comprise a core
member formed of an electrically-conductive metal and a skin layer formed on
the core member and mainly composed of a face-centered cubic metal different

95 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



5 containing at |east one kind of follow ngs: Pd; Pt;
and Ru at a concentration greater than or equal to 50
nmol % [ 0057] Cu, Au, and A& are candidates for the.
el ectrically-conductive netal of the core nmenber, and
fromthe standpoint of practical utility, it is
desirable that 10 the core nenber should be mainly
conposed of at |east one kind of follow ngs: Cu; and,
the sldm layer én<iHexpehsiovdingmtesucl abonding wires aggmerior effect of
el ectrical conductivity, and relativel y-good ]
Sarpitesaing) any fomcation af flasts andsempiog ohs wakeyswifface by wire
sprayed with a shield gas at the tinme of ball
dpiwiid Bna wAre hesdfabiring proliesaaindrby emhplexrloep cdofrsl in a wire
not require a shield gas at the tine of ball 15
B@ﬁdﬁ{gi edipSarabe @echdpliehedt i on behavior at the tine
of bonding, and is easy to ensure the bonding
5 [gousdrty. Ag has a good conductivity, but is slightly
difficult to do wire drawing, so that it is necessary
to nEkecdieitiBAbAHLELIR Al 8 I TAG-@ie AR £wlhie metal, there is no
Conversely, Cu and Au have an advantage that those are
|18 i t 1119 76l p68d, WekfiRing in
RS R A P SN e P e
It 6P BPRGESablorfth Gcffleh! WOLkiINEC RBARIE 4R BB Bike in wire
nere 1s an advantage I n sone cases for thinning or
' t ing reliability because the
\?%%sffggﬁgl?ﬁ; Féﬁ?(ﬁg&gised. In the case of the Cu
10 g(#d% if such an alloy contains at |east one 25 kind
Ilowings: B, Pd; Bi; and P within a range fromb5

;g d3 9 @‘ngﬂggi’c g_n:{)%gefﬁl{?g t? %ﬁ%ﬁic&%%éﬁﬁ@ g%éi%gltéi\fi{)ﬁs <hkl> in
50 JSSRTRLA RSB0 SLATEL et SRRt
0L e e SRS A A R B b BN Bling
ileEabitty anel theckhp mhisbare AT R ada iR Patpfigacously can

nultilayer wires havipg the, core, ne r _mai nl . .

15 bgimpzevedsand as prrpsulty anyformation ?2? Hawpend rapingen a wire
of a Cu alloy containi n’ghB, Pd, Bj, and P tgerei n .
#hrisce cantbegppnteste  bhesd ! bporiantation;qf the face-pentered cubic
mai nl y conposed of _at |east one kind of follow ngs: )
meetapbis agneostrdenserdirection ansbifisagh <ofllprrientations are collected in
orientations in the crystalline orientations <hld> in
the skin lasegt the mechanisal saength ofithe pyxface 15 likelydp ipggease more,
surface of the skin layer is greater than or equal to ,
‘adofor axanfilectheostrengtlois emhamged, the selergbility agpingy elastic
span is further enhanced. This is because the - .

20 Idiefreranatign mand the tolerabikity sigminsd plasticyeforyationflierome high, and
by the skin layer that the crystalline orientations
adhe tonpghnedd eth badldohenltamedorefbehe pertemtage of tie<111>
all oy elenents. 15 [0059] If a bonding wire with a
lerith iyas if tthe eirvstallen® bopatationsiogrdatenthan vhieghal to 50 %, a
the percentage of the <111> orientations in the
Gifséiaht effectost Qifipebsing aabikformadtiémef flengtdnd seraping on a wire
direction at the crystal face of the surface of the

S ace@b@ bé Scnspliied. NaAPrafbr Ay al the pofeeiitagbof the R111>
constituent of the skin layer is 20 Pd or Ag, the main

25 QRHtht08RYs BhedtRP tRRN O r BRI o 160 %Uan@Hféct bEsEPhRssing any

menber contains Pd at a concentration within a range

f ] bthe 0 i raping and
o o o PR o ik AnfADN ol PRI PADR oL B soraping
scraping and stabilization of a | oop shape and a | oop

hei ght or stabilization of conpressive bondi ng shape

of a ball bonded part. In a thermal treatnment 25

process in manufacturing of wires, because of a

synergic action of making a change in the Pd

- e . . - o o o, o "~ ' o




5 bendi ng thereof, can be acconplished. Such
concentration change is effective to not only a whole
wire but also a neck part wherld heat at the time of
ball nmelting affects, thus effective to stabilize |oop
hei ghts. According to the conbination of the Cu core
menber and the Pd skin layer, mxing of Cu with Pd, Ag
may become nonuniformwhen a ball is nelted and a ball
fhapeamby rddudecdcane lannspam in which aswitedepgtle imgreaser than or
contains Pd, an effect of causing the shape of a ball
boualeid Paih. t Mbe preferably,iif il is greasnhidaeest ed@eEddodiiny, an
the Pd concentration contained in the core nenber, if
effedtof grippiressihp amyoforetion 6Hfldwp perfutther impegwid)gnd
effects are verified, and preferably, if it is greater
fdiaihtén Sﬂuﬁt fledv 49 dePaApingURM B s@bpAkedleven in the case of
i mprovenent becones nore renmarkabl e. 15 Regarding the
5 BRBEAIBS bf h'lmvtlo@lg ih RehiPH 1006 gk i for éfarhple, feds@han or
than or equal to 10000 ppm any chip damage due to
' £3h taBiliZed! ef erably,
P?ﬁﬁgltefqggrggsﬁltdﬁ?ﬁ%r eqﬁg??t?*%pg%ggg%pm an effect of
essing any chip danage is further enhanced, and
I't 1S advantageous for fine pitch connection. 20

Cqua g PREmAREG R Bltefibagyll the SRR dAR fe core

SEEAD Pt AOSTPHA LGNS 236 SABVEIF OIS fhepareel
10 PEEREER eBRbel ot 4RO Ly Bt TRy worfdBh o, Gogrbine of the

Rirfacs feuire oo RitBely sl lafer ol WohrBEPe ipfhyfPoment. 1tis

thiment S R e aeaR e eadt tBnsifnsiopal

fo and t.he Eer.centa e of

|| qQwi . Pd; Pt; d R b0

mopelayy Wired: | Aveordinerie the JRenglAYRERiTeRo it BRbIe fo manage
ek FROOMITnBngIA SR LRe cRsita tog Gk i ipditfouts to

15 cmtrel artenbe ol @B RIPHGRIY 08 ha FuKAge FapErAidlse rom the interior

structure, if an internediate nmetal |ayer conposed of ,
of theware. obenordinglya Anisa sehoms frctiecease i the suliilayer wires
skin layer and that of the core nmenber is present .
perewuined for controllinges tewtare o€ the pkimiayesof the myalsidaxer wires,
nore effective 10 to control the crystalline . L .
andemeangemens schemesifiantexsyee andia ervstalbiaenrigntation in a wire
crystalline orientations in a base |ayer may affect
foraseseictiondh theerask iof theyesnolayer wirdsscanaiolbearpliedasy
to control crystalline orientations in the

20 i[@@49]lnedi ate nmetal layer formed on the core menber
rather than to control crystalline orientations of the
cor elfehebital pdrcenspecof «THIH gnd <Ké0sameritat®nsantthe edtystalline
15 cubic netal as the netal of the skin |ayer is

dereintatibas kbik]l+ i tholeigibaiisé dirsetioh dtahercrystal face of the surface
particular, it is nore preferable that the lattice

@PEhé akin Riyelre giBARr tAhn!dieequil eb Bl dispeesioh ihdyep heights

should be simlar to the lattice constant of the netal

QhntHeeredicBd,| #4& cont¥P0=¢ o2 A §$a|HiEty bf a 6086 b fady @Tedration

that a bonding wire with a nmultilayer structure shou

- 25 gﬁgﬁ ?Bcérﬁ&@ bABY APy TRtAal hWAi¥e LoRb@ing Pr&é@EROS BQn?fng wire

erent constituent fromthe main constituent o

SIS 4 O 7 16 1 I 3 o

As an effect of adding the internedi ate netal |ayer, a
peel strength which is a 25 baroneter of the bonding
strength of a wedge bonded part can be inproved as the
adhesi veness between the skin layer and the core
menber is inproved. A 29 sinple technique of



5 shoul d be sel ected based on the conbi nati on of the
constituent of the skin layer and that of the core

menber, the foregoing netal codstituents are

preferable, and in particular, Au, Pd, or Pt is nore
preferable. Mre preferably, when the conbination of

the main constituents of the skin |layer and the core

menber, respectively, is Pd/Cu, if the main

sacls bk ipiglihgouttdmel palling-backedi Fhis ise miotioaytdratithe Adonding wire
it is advantageous for controlling of the crystalline

ﬂﬁﬂé@bu@ Aandaulldibbakk Bt haxey fagispdeldeinr &% peddr ofeseveral ten
adhesi veness at interfaces anong skin

hﬁﬂ@éécbﬂﬁ@r negeditie efftrey dfipidsvidaaben 18s andet BO0> 6ti¥ntations and
good. Moreover, when the conbination of the main

| a%ﬁémﬂ%ﬁttﬁe?ébét%eﬁkar@ AR@Earnet, blae mgrﬁldmm%at 2 loop

respectively, 1s Pd/Au, if the nmain constituent of

5 p@%m@%&g@u@&%ﬁ& 1dga%%isthﬁc§’5etvbéeﬂ %@98&&'&1%9@'%5&nd the

or contr I ng of e crystalline orientations and

U s M, B e iy nc
g, B R Shat g‘*@’o&ﬁ%@ﬂc e oer
Ry I

i cs,. such, as the b

Q Slt char on °
S100S et RS B i ﬂsa%eﬁfﬁryth%% %ﬂelgal'*% 60 %, 2 good
t SSLS erth to 0..005 a. .
10 oBeft o Sabillsifiec logp hedar of F‘Fﬂﬁ“ﬁjres awmﬁ?q“ﬂn*éwe length is
rlentatlon e skin |ayer
helt g %%éet@s? B3 cgbe %cpagﬁf%bge%of Emblpatin S greater
of all oyi becones re bl dach eI|
&L%W@%ﬁ&o 50 %aw@aga&g pef stebilizine migo Bg*?fgaﬂ@can
[ 0064] Preferably, if the thickpess,aof the ski
pssemplished e ianlongspagdrrvbighoa gire lengthds greatert an or equal to
becones_possible to stably forma |loop with a desired
ISon shh(ﬁ@egvem, ananeliect geromgplishpd &Y inAropsigrphe percentage of
| oop control. More preferably, if it is within a range
15 thers1d1pzmd 61002 ognptamms,ﬂmvpnpaﬂ%@f a 6iwi thiekuepson a working
a stable filmaquality such that the processing
affterdbrmeyionf of hiei film fodrinta theypaldeestoant process can be
i ncreased whil e packaging the usability of the bonding
wippregsedstiakifpfthe tbidkmesk o€ tke ekin layer mraforedi at e
metal layer is within a range from0.005 to 0.2 p.m
{6050k aci litates controlling of the crystalline
orientations of the skin |ayer, the adhesiveness of
t he Iftker foaabpatcehtdgeoliitee<Erband i<d 00rordeete ticasdni the
becones possible to cope with conplex | oop control.
20 Ripdtallaneé ¥rientalibné hil+ h phe wiso i gthoisOditbetion @t cross
gm this facilitates ensuring of the uniformty 15 of

EsB@tlf)i]l bithé c6xRemifddistdita tihassH &qdditts 159, ¢ofs possible to

An interface between the skin |ayer and the

GRPPrER RS fAidureshiat ahal BoAdb@bakt B abhwniiglledbfFmed and is

concentration of the electrically-conductive netal of

to'ﬂl% ot il Fub@YRile.l SSRSh FBhEmAS i A hiition nIAf}ﬁdﬁ'lébﬂly leAU8E electrical

of the present invention is 20 a surface froma Ppart

SRS Sl RS O S b L gy v
25 rﬁ?'béﬂl t%mgn (@ %’ 2515%]}{"9 %ahla fBPEiaJr 1'1[ on'r @ﬁtteg]?ltn bnormal

concen rlca y con Ive ne

P%S%nsﬁféﬂoh,a A 11'15t19£1 séhtape {HI3h Qi HERbeds? akigné&] dfameter size of



251t is desirable that the crystalline orientation of
the present invention should include ones that an
angul ar difference of the crysthlline orientation -
31 relative to the I engthw se 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
arbalbhendeshparteand acshortsn diametay sizerthereefds @reatardhan or equal
caused dependi ng on experinental methods including 5
how.d tinesdpatederminathae afatlunew Evenmdbsuchea fdure occurs in an
crystalline orientations. Wen the angul ar difference
unewpédted fashwagites low lnacurence saie; st déteriotatésdihel productivity of
crystalline orientations are possessed and the degree
¢che bbading witcierRefeitably df tineisotahpermintags bf €311F ahtiec100>
bonding wire can be effectively utilized. [0068]

5 bpiBapatiche s phatbethan or efual 60180 36,ea tiinyapdthl-hikei deformation
with a wire dianeter of 25 ismor so, it is not well

FROMFE SHhtf the, prafsimifyesfrhal quth£ vircaRfeicndewf.a ball bonded part
particul ar, the texture of an outernost surface of

Hafd}nﬂEJ)ﬁédv%Yf An¥l croﬁ%exlyncsﬁ:[ BEbubPrdycta] S ballbesded Tp
the texture of a bonding wire which is relatively soft

PBebrhas 8103 tala tweecd&lé Bnd is 'E%ﬂ)ﬂﬁb&”eti%d raunaﬁ&@@i:sed

nmeasur enent 15 technique Is requisite.

|
gﬂgﬁﬁgéé&é@g*g% 'i‘@dﬁ'@c?tﬁg Pg? %a t erél E%a S that ‘hﬁiﬂl‘i‘fa@ﬁﬂing

scatter tern techni que

10 ﬁﬁ#&!:ﬁeﬂ?ﬁ%%ﬁ%ﬁ?@r@&sg 3&%&&8&%&9@& the tp:t:od.uc::tlvn:y in fine

ageous 10r nar W ng aown a measur enment-tar get

%&@ﬁrdﬁa%%caoh'ﬁ %l&g{r{igro%%damit P AfgY thhD gpe solédlﬁca{:lon

Ion on an rmost sur ace only ccor

ggﬁ'}s Pgne#]a g ai]lﬁ-rfeggfé} #efﬁegEJ] @SGC I on 0?(51%‘:[% g’lé% aﬁd
S, ST R A 48 Ly i

bj e t hi t
°5£Ba%5$18n%o%ﬁr=i ol the 89%4% St Sise! . fhis Vifgied thit such
15 GpREGPIaAE Of Foeta e oo el s A A TP oREeh Ao R bring a

urface hI y ecisely with ood . 32

géﬁtl%%ﬁ ﬁ}eefg%ﬁeoqfﬁ&eanfm YR stizeis byt brires a good effect in
bondi ng W re [.L0070] rding to the EBSP
the kapeabthe m@@%&v%n Wmﬁﬁen% easPR WY Mpot completely clarified
convexities of a sanple and a curved face thereof are
webdeut itis thought that &het texturpaktheccore yaember significantly affects
orientations highly precisely. However, if_neasurepent
thadexturaofa balgnb@éa@?ﬂ)thﬁﬁkl@t]@yeh ﬂsgme}te;ﬁr Brstsand the core
measur enent and anal ysi s becone possible. Mre

20 gpewber tnthen meltashstepdydtep indall melting of the andtilayer wires. It

straightly, and a flat part in the vicinity of the
aewerfiedfthah deberdictipnmnd effecihess be mtcmmpﬁ'a]g,hd wlen aballisin a
EBSP t echni que. Regardi ng a neasurenent-target 10
aroemal\dadhsige si Fer elkengié, whehhebsall in anfiameak siaé that the ratio
direction is less than or equal to 50 %of the wire
detwete anvirtitial bellaliaireiter and Rewiendiahvétee islll%tt 2.@nis bonded,
being an axis, and a size in the | engthw se direction

iahisdeepy AaA zpéhﬁpewdﬂm 1R& petal-likadufoetRition at a ball bonded
efficiency can be enhanced in addition to the

25 Ra®€ cfh ®R- suppressed, thereby improving the roundness. The inventors of

the present invention studied deformation behavior of a ball by compressive



Preferably, if the size in the circunferenti al

direction is less than or equal to 15 40 %of the wire

di aneter and the size in the I?é’ngthvvi se direction is

| ess than or equal to 40 gm a tinme required for

measur enent can be reduced, resulting in further

enhancenent of the neasurenent efficiency. [0071] In

order to carry out highly-precise nmeasurenment through
deforerdivgnd applicgtien dad usd, anéyenhiedthadm eaarelation
measured at a tine is limted, it is desirable that
hetvweedrnabadl baniak shapearskther exsushofthe skindepewisdittle, but the
and average information in consideration of dispersion

tdwiuirel obthe bdr merhbertdamsinamtlyeaffbéts. t ¢f thed pexcentage of <111>
measurement-target areas in such a way that
ardsUNdrentiehimtimts iar thrscote membeyr és leap thantHal, the frequency of
different areas in the 25 circunferential direction

eedurbendeaabiestm 4100efdtmatidn at tHedtimexaialbbondiaig increases, and
bonding wwre with a wire dianeter of 25 pmis

Hubielsedhhh JERS thefefienty6f bigtdibeWidR fdr@HoRin a petal-like
pl ane so as not to change a wire direction as nuch as

FRaSé AhA difeliiRibal 3hHPEIHERABEY, Tedniflg A 8Fadlirdoéda@onally.
is set to be & size of 8 p.min the circunferenti al

. PhbQFTdc Bf B YhituPe bP EhdVifife 82 balPdéfoRmatH® @iredfhrikdble in the

10

15

20

26

in the lengthw se direction, three areas separately

Eﬁé@bﬂg%’ ﬂlggf' er WirdE 6l fls a#ﬁﬂeﬁf ot the bffedt @' texture of

nmeasur t'hen average 1 nformation on crystalline

ﬂgé E{H@lﬁfﬁwmsﬁﬁ%ﬂﬁgﬁgﬁéﬁf f5EHb1Y qg g%@ E%iv%f ?grcentage of

wever, nmeasur ene arget areas,

%Ehfg ey Wﬁﬁ%ﬁ%g&%é Iﬁ{ &I?és c%exgeﬂfb%rqg Eﬁ%@%ﬁgﬂt& equal to

€ foregorng ones, an esirab
: : . ti
HORca PR GRhL bl AR R R LB P g, For
crystallipe orJantatiaon the cor er_.are ‘el
STt ufn 2 Ll 8 R0n 1 e B AP e By an imitiad
.h h bqt h of ti 15 ti in_the .
Pl RSP R R bt S SLEE T iR P oblfe e
Bch80 et DR S i et bk Bl shave can be
ERRRSRS R D3R chde OF 358 B roRed i fo SR toarance
T 1 = 9 HAIGAHALITR. < Y PPyt MRS PP RRRRpstlimit for the
reduce a 20Q residual strain on the_poljshed surface. L
porceptage of the sAkl3y end SI0Gheripptatigns i the eorgrpember, but ifit is
t hrough the DBSP techni que, when an anal ysis software _
lesstthiamear egnalie 88c¥i thereds ancadvaniage shateonigoingat the time of

ratio of the area of a crystal grain in each
mamwfagtunng becemies eelagively easnsur ed 25 area of the
wire surface or a ratio of each crystalline
0%t ation with a total area of crystal grains or a
total area where crystalline orientations can be
A synergistic effect by combining the texture of the core member and the

texture of the skin layer is anticipated which simultaneously improves
controlling of a loop shape and stabilization of ball deformation. That is, it is
desirable that a bonding wire with a multilayer structure should have a

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



34 identified in the neasured areas being as a parent

popul ation can be calculated. A m nimumunit for

cal culating an area of a crystdl|ine orientation may

be a crystal grain or atiny area in a part of a

crystal grain. Regarding a size of the crystal grain,

an average size or the like can be 5 calculated in the

| engt hwi se direction and in the circunferenti al

arieptations <hBD75] the lengthwiseudizection at atchpstiad fatiernf the surface of
wire of the present invention, a step of formng the

thd skimlpger an<ibhk> andftheeperten trmecifr<d Loyl <164k oxientations in
wor ki ng/ t hermal treatnent step of controlling the

tlid oBistd Rineodrié i@t ins<hldpen, thkOwitededgtiwiseatiréatiar at a cross
and the core nmenber, and the |like, respectively, are

QRIS bf the 020 Hid¢mber iE¥PeaEteL$hah dr@yuiad td 0%t hacsdidingly, the
| ayer on the surface of the core nenber are plating,

5 ¥YGRpreltianaeé bhakhct8Abtitd 6f tiHohdigig Wi canbedlrprdid in
electrolytic 15 plating and nonel ectrol ytic plating

PR S nt i b 24l ﬁmgg%%l SachFd £6talcRbd ichep BbhédttbEataa plurality

fast plating speed, can acquire a good

afl E‘l‘ﬁ?!s\éﬁ'e RS d fhg%tﬂé’rf’ andGhetlitMyhdfdiRkahbb ghe b I rr(]aights of

one-TI me process, but can be separated into thin fi

PP S AP A ¥ i g 014780 s
SERHERN A B RaioeL re, fnercy, 20 mking

10&(Eg]ectrolytic plating can be classified into a
itutional type and a reduced type, when a filmto

cut 1 ThP arplSAHt haR BaSh oty B e hbaRE ol i bt O phe
[ ff [ f .red d [ f .
et obAar AP BRERELPER WiFt cPlefth uCksBbpryje crvstalline

SEEAR RS 1R o S BB R ALY
BT A L P —
5 Al S B b Syt et

do not need rinsing after filmfqQrmation, an thui 5
ehorveialiineerientation is engamizadwitho pierance o the syyface of a
rinsing. [0078] Regarding at a step of perform ng
poadingyware.vapor deposition, both of a - technique of
formng a filmof an electrically-conductive netal at
300%3lget wire dianeter and a techni que of once forning
a filmon the core nenber with a 10 I arge dianeter and
of dMmwemspesifirally 1tds slesirable thatea boodimgywireewith amyjeitilayer
wire dianeter are effective. In the case of film

20 fstrunitireoshodldt veve acomrposiodm imwhich gredtendhani arraspuad to 50 % of
manuf acturing, quality managenent and the |ike are
¢hs yrystatlihaotieatatisws ehkihin the lergtheribe datectionadt the crystal
filmformation and wire drawing, it is advantageous
ffate bifieomaifasy offhd sleinddieris/ebEbs ahdtaeared dfcriystahgrains
and 15 the core nenber. Specific exanpl es of
ivlskrel theadry bR 1TRE ioRTbntREIBAE ikl €Be aF Be deh@hiwise déreetion at the
form ng ar?ilmon athin wre with a target wire
AuRFREYT thDisken SMRGESESE MEbYis PHRERIr thaln 6 ¥ to'B(B% as a ratio
electrolytic plating solution, and a techni que of

25 fr@IdﬁthQTd;’/‘tHé LI PY rSP I HOwRrel S1nEKcaM " RedoRdiily, an effect of

el ectrolytic or nonelectrolytic plating sol ution and

%ift%ﬁﬂéi?:y}é‘g 1b&§ sﬁ’laﬁ@ id OnREAM &l fd PRttiMIaE #fop characteristic is



[00791 The final plating technique of formng the

skin layer at the final wire dianeter requires only a
thermal treatnent process afteé2 filmformation.

Mor eover, the thick-diameter plating technique of

formng a filmon a thick 25 core nmenber requires a

conbi nation of a working process of acquiring a target

wire diameter and a thermal treatnent process. 36 _
§10®304ed even imthe vasekdfig bpndireswirf thinned eo sisito Haawpen diameter
is formed, rolling, swaging, dice wre drawing and the

ldsk ehan@rapgpial €6 299km¢ bhd ét is efficbtbepiar abéhgtiom of any formation of
accordance with purposes. Controlling a work texture,

flawsopdd s&@apisiel esbsordin@tda thirs behdingewire! leaviage wird diameter
the |i ke based on a work speed, a pressurization rate,

fesk %ﬁﬁﬁtdﬁlﬂﬂ 61226180 dae 36 Inértend ikt AtdRChP wifedrawing or the

texture o he skin |layer and the adhesi veness

5 ?Eg’r £Rfared 008y dtallinPoMbhtatichsSwiRlY a L BifA6ER do Reddurd)
ormation, working and heating, 10 crystalline .
PGSR, 5938al By kR UHES oy eitianpiclaie WAl

BRI bild-eniHebh EnPHREGSTRY of i1 P bHeAALiORs in the

ing“a W re anet er Ich 1s applied in

a
BRSSO BB S RO AL Mhorte, it
B3RP AU 0SS AR5yt Bt e
0 YRS Bl Bh P 245 GRSt 8 g e
S A A S PRk tis o o
LS8 et SR Bl g it

condi tions, .such as formatiqn conditi of 20 t
sxba gragtar thaoprcequal tor3tireis ‘%‘FaHS%\PP@?éP%F’H& ot Hfaws and
process and a_speed, a timng of a th;rg | treatnment .. .
SERARABE cannpb hp SURPLeBediNSoRRcase vV %ﬁdﬂtﬁ cppRgction 1s
[ 00821 _I'n_processes of rolljng and drlavvi ng of

15 garded oxt weing adonding wire itea varg gdzsmeﬁera oBh égﬁaalor equal to 22
treatment process, restoration and recrystallization
pao if thesaxsa ratio isdess thye 39 Yieven though)grenter than or equal to
fornmed, and those textures are nutually 37 associated .
W0t % ofdbh coystalline osientationnid <lbher.urRBreferatiy i khe area ratio is
| ayer and crystalline orientations thereof. In order
tgoeatierdhant dreequralsbatQ Yo enyformativhafflays and sskaping even when
| ayer to the <111> orientations, utilization of a work
tactHtivirveire swithreewidel digtmeter oAdessHhapracepmldord pnds cohinected to
wre drawing after formation of a 5 filmis nade

20 $pnnepldopt € Mitep fexablntif the assceatiagegteatehtharn édequal to 50 %,
orientations can be increased. The orientation
ReY sffsdtadeupprédiens hhl foemiativnosd faes by dvéct gpitigaisi fagther
varies depending on wire conditions |ike a conposition

ReherRedeikh it theWask bf ehittwited with 4 Bfumsdtetless than or equal to
orientation percentage of the skin |layer to be greater

1ML n8GY 3 alParthgds FHPHAN AN Snidction withat BiatRele? less than
increase the 10 workK rate gréater than or equal to 80

% ep%ﬁl%fl%i@' when the work rate is set to be greater
téﬁa or equ fo 95 % an effect of increasing the

25 ;ﬂéégi] orientation percentage across the whol e bonding
recan be enhanced. [0083] In a thernmal treatnent

procegz ’bohﬁiﬁé W‘ﬂé %%H X%h&ﬂ%%i QHHCHEGJ ﬂ@é a composition in which




15 treatnment once or plural tinmes. The thernal

treatnment process can be classified into annealing

right after filmformation, ard¥ealing during a

process, and a finish annealing at a final wre

dianmeter, and it is inportant to apply those annealing
sel ectively and separately. Depending on in which

process stage a thermal treatnent is perforned, the
grevdbr $han or @gua) tal b0 of orystallinsheripntationsgrhkl> in the
interface between the skin |layer and the core nenber,
hnpthisdsd divection at manrgethl face afa enefape of theé skimolagss is <111> and
annealing is perfornmed during a process after plating,

a rekio=(ainsaspeatwatiaof ciysthkgranrtiaetgrs) of pardverape sie of a
a final wire dianeter to manufacture a bonding wre,
tkydtal geiianhateansficerof thprskie i@ydr of tHelengtliw isevdirestion
as a diffusion layer is forned at an interface 25

5 BElaeRRYotdif abltdiel sA¥Etharedf i €he SireunHeiaitisldirection is greater
conparison with a process w thout internediate

ERAE 3k efflal t@ﬁlﬂﬁ@?%hﬁ@%ﬁﬁ bﬂ&@btﬁ@diﬁ?‘?ﬁ@ Hek@hgRindergone loop

treatnment, as thermal treatnment is pertorned while

455 £86h ¥ahbedin¥RBd2 Whén ERé b@nafﬂ@@‘ifét 4rfushedd @ rom the

Is set I1n a furnace, not setting a furnace tenperature

eSS o i o SR kB bk i o o
RN RS RRRANBALRS BHL At of
10 606Ab Wik ALhRIHEING) & PPN o AL boRBthPailure as the

NgINg a tenperat ure urnace

B 5 oA PR HABEC i oder
RSP SR A 5345 L A SRS 8B of e
S e B FAC I DR SE L S s v

and. as wire is drawn at. a thick di angt f 10 15 to .
E50iT A the Suriaps of the gkinlayer 1 icrepsrd. nd £B¢ aSRefatio is
are conpected together, there are advantagges such.tha

16 ipgregsed v sialigrans lomgdngdsvig Pg?h‘ﬁ’g%edﬁr@@nafq%hbmus
constituent of the skin layer is easy in c ar.i son )
kextirg) and aglsadvaniggeowe Eusedusing afgs stF@iman the bonding
characteristics, such as the strength and.the _bom{i1 ng
Srisp et the time obdoamiormatiosr angd deforamation dispargioppthereof. If the
process can be divided into a nethod of casting a |
mspeeidratieis greaser thamwariegnal o vhreg) anefigatiot eprayiing the loop
menber manuf actured beforehand to formthe skin |ayer o
dinpazitreaimobe safficiéntdy actrahpbished.| | Brrferaslyaqid the aspect ratio is
el ectrically-conductive netal manufactured beforehand

20 @rdatEr thasnt omenyualrte|fiveg angeiod! lobp lidearityl dasbeacquired at a long
formthe core nenber. The latter nethod 25 of casting
tspandarwhivhnderiré didrheteras lens tiyn oxdeyualtofoefimr and @ wire length
because it facilitates stable formation of the
dolnarithhinwt gpaditeBtmed. tMoré pkefeehblyhif tha%spectratio is greater
constituent of the core nmenber in the skin layer. If a
tthay cineyuH] t6fte A 0PN ffebSolanpRiving the lodiclinkarity ay @rsuper long
manuf act ur ed bef orehand, controlling of the copper
GPAASRAIWR{dHOA wike Poripth{id gPeMertth8nSdt du=%617 @€ @8R Ye enhanced.
easy. It is possible to onmit a thermal treatnent for

25 JobEsEing Cu in the skin layer in the 5 nelting
nmet hod, but if a thermal treatnent is perfornmed for
ad] u%e%gé%@nﬁﬁr@&@u@% b5 Qhil'id & Iﬁaﬂgx Osbith@YEbf the skin
further characteristic I nprovenent can be expected.
[ 0086]



By using such a nelted netal, it becones possible to
manufacture at | east 10 either one of the core nenber

and the skin |ayer by successidfe casti ng. According to

such successive casting, processes are sinplified in
conmparison with the foregoing casting nethod, and a

W re dianeter can be thinned, thereby inproving the

goductivit@{. [ 00871 15When bonding is perfornmed usjng .
yeniis pimagtal diderant ﬁmmetheaeleﬁfg'lqaﬂﬂg" Cﬁﬁeﬂéﬁta%aﬂmcg 18 &
conposed of copper, a shield gas is requisite for

nainicnystitueaitiof thedoss menbers andrit as desigabie thatsuch a metal
concentration within a range from1l to 10 % or a pure

sliuddshdve ars effect/ofiimxpdvilas the boadg propeytbeftheNdonding wire
recomended for the conventional nonol ayer copper

snd &e.effaetiverfor aspprdssidahpexidisatioh of hhe ohdingwéare. More
copper wires, a good bondi ng property can be acquired

5 speifiedllyaPd, PFexRanpRhy andudg ab cgadidasesisfsiclsa nhdtal, snd at least

runni ng cost can be reduced in conparison with the

616 Rind ol IRvia PP AP IR, 415 AgSk deddiablafom shesethdpoint of
It is desirable that the purity of the N2 gas shoul d

(ﬂ_{cﬁllh%ﬂitghﬁm st YPPRIrni Hh 9. Mot¥thhb Al miatn cénstituent in the
ondi ng met hod of causing arc 25 discharging while

Shibadiment Bfeahs HP8lMMentHating Pedndehtitioh epder thah or equal
or equal to 99.95 %to the |eading end of a wire or

Ed;?? ‘i?tél%é 2 g]i’t? Zlg]fs gaf&v[ag%ggéé that"¥ihbéHes8 29 A ¥hddpulation resin

_ 1 Moreover, If a diffusion

10 %ééﬁ?gfﬁffégf%%teﬁ%éﬁ%%&?ﬁ%f e SR Y BURLE hBnagemont is
F48, 1 R U6 S S OBl bl 01w hard
Lnaéfgf, fﬁ&h%%%' ;t%?%%glﬁﬁg&' %gg?geoﬁfﬁn£¥1ﬁg‘la§ﬁ ?élﬁ?iklgm ﬁie%ensive

sucn “mal n orm ng usi o

ENEFinL S * TR SRR OOUEE L 14RiFtAn0 aBTheT0fe, P hoo an

S et 7 508 A O Rt
o BB | BsSE T P obpiip 4 ormasion o

SRR 5 o S s 9 P BRan,

faormatjion of a _|oop which is likely to be affected by )

sapively prsr end has aR ARerRansiye matouial cost. pothatig gppropriate

t he percentage of the <111> orientations of the

surqosbemyrhasized seypqondugias- t o be greater than or

ual, to 50 % it is verified that an effect of

E‘ﬂlﬁﬁ]essi ng any formation of flaws and scraping is

further inproved if there is the diffusion |ayer .
20 havi Fhat it icisrereferable shatythelslon layre ghouldibe aipure metal mainly

~concentration gradient in the diffusion layer, it is

demposadd ef atkast baelkindlof dollowingsaPdafitoand fan g, slould be an

the depth direction should be greater than or equal to

allog Gn aiml$cpmpoied of sBclehardodtyricaily-¢candwtiyeanetal. t kfithe skin

or equal to 5 nol% per 0.1 gm an effect of mutually

Ly driizianguyehmetalait isyadfartagesks thatayeprovedhdrdtadf oxidization

the core nenber different fromeach other can be

aedibeindetall Wohdigg! prdpeety Rrmlatigelileess, ahd if the skin layer is an

preferable that the thickness of the diffusion |ayer

25 aneg,l theR€ inhh i dvad ta8d 6L dreRziReQBe te@sile dtienpth BidSthe elastic
is because if the 25 thickness of the diffusion |ayer

nfod 88, fdaaltiRg IR uPPreddién bPLAYWRE REC@EALibS at the time of resin
insufficient and is difficult to identify through

analysis, and if it exceeds 0.2 41 11131, there is an
undesirable effect to the texture of the skin | ayer

whi ch nakes stable formation of the crystalline

orientations difficult. Application of a therma

treatnment is effective to control the diffusion |ayer.

A o o o e o Y



5 conbination of a thermal treatnent and working, it

becones possible to formthe desired diffusion |ayer
uniformy in the circunferenti®i direction of a wire

or the I engthwi se direction thereof. [0089] Regarding

the concentration analysis of the skin |ayer, and that

of the 10 core nenber and the |Iike, a techni que of

perform ng anal ysis while digging dow in the depth
dhrapsilatiohr olNdthéhatiafrave métalhie the edibagliviens means that a layer
sputtering or the Iike, or a nethod of performng |ine

hagins b contemprhtibnarahiey thaat omequialdo@mel%ds contained in a part
effective. The forner is effective when the skin | ayer

of thd skin Biyerakidr svdrage euntertratiofi@f theakin lyentothér than a
the skin layer is thick. The 15 latter cross-sectiona

AFh¥idhdaler B featévehaereqiigl k80 nd¥er As alloyaieans one
and has an advantage that checki ng of the

5 COREARINAAL Rasdiohb iRg of FollG¢IMES PdDPreatd Bu &t 8%6ncentration
section and of the reproducibility at several portions

igfodRdhhH irleit Yo Snojoge precision thereof =~
ecreases when the skin layer is thin. It is possible
asure the concentration by polishing a bonding
W re obliquely and by 20 increasing the thickness of
the @i ffausi ' | MShiSd Y
e CrOAE R ACUSEcolbmath ol ol sty S Sboral of the
LR AetnblE aRAFEOR! AR &%lélag?{l#isdg?rabﬁ‘:élsuﬁﬁ{f% {s'dedifible that

narr ow anafysi's | nterva anal'ysi's, “and to

10 b %ﬁf%m Sulér %ﬂ@%ﬁgﬂ“@@?g@?ﬁﬁ%if%reh‘*va???%% sneRidfl St followings:
i nt. . i Vi 5 :
hicfaE: S BRapDntRDERSTY sifiesfil sPHE heis pood electrical

| . (EP hpi gy di i rav. .
SREHFBLikAAT belaftvebt Ao paRabR B SLaP Bl RA KohfRtion is casy

spectrosco (AES) ,technigue, a a i ssion elgciron .
i %Er@é@ap%%m@@u%% g5 6 the pume of bl piaedn. © A bad' high
part.icul ar, accordihg to, the AES t.echni que, because
mé&@agpnzﬂesxsé%%% o8 108 TPAHe & Shipld gAY 8L RS Bt pt ball
concentration anakysis of, a _thin ,area of .the ut%{nnst )

15 Jormatien, ks agped deformationhehaviar ahthad nding, and is easy
conposition or the like, it is possible to djssogve,a )
ercaisHge fhe bondng pPrapesti o e bas g gqos-eonduchivity, buk js slightly
in an acid, and to acquire the_ conposition of the )
dliffily sl dp avire drawing condwitt it neeessari t0 make theypanufacturing
solution. According to the present invention, it is
rfechmigtesagnpprisse. t Genwrs@gn tGuanddw bgue aacadvaniage that those

all of the foregoing anal ysis techni ques satisfies the
siregimat o ve amyateraloffor the provwdayer borshngoniresut t he

effect of the present invention can be acconplished if

20t[B658bncentrati on acquired through any one of the

foregoi ng anal ysis techni ques satisfies the stipul ated

r angéf the ¢dre meadentis fonmead o an dloynmiadsly] @o9idsed ofan
explanation wll be given of exanples of the present

| Iy @Rically-condilile metaAStHerw iFancidwairtagein Bomi aages for thinning
wires, Cu, Au, and Ag which were to be used for a core

g iaesrot8haitiof th ddndihy sbliability bebdugy €y wird dtaength is

equal to approximately 99.99 % by wei ght were

AheRaied, MMIhAéasEbf tId Culloy itlsiRh 4A AlldyTonbamhsant least one
purity greater than or equal to 99.99 % by weight and

25 IRRAL MBI Gwlfed B; FRE B Ad P WitHinl 2¥8hgOFoRR5 to 300 ppm, the
i nternedi ate tal layer were also prepared. [00921

WohSfe tsbfeﬁ%%ﬂ othhg‘ b%:ﬁﬁh?é i hfid ‘%P@ RL&5c RRIABIYS BtbrR8S increase,

a core menver, and electtolytic plating,

nonel ectrol ytic plating, vapor deposition, nelting and

25 the i ke were perforned thereon and a thernal

treatment was performed to forma different netal

| ayer on a wire surface of the core nmenber. A nethod




10

156

20

25

43 of formng a skin layer at a final wire dianeter

and a nethod of formng a skin |layer at a certain wire

di aneter and of thinning a wir® to a final wire

di aneter by wire drawi ng were adopt ed.

Commerci al l y-avail abl e plating solutions for a

sem conduct or application were prepared for

el ectrolytic plating and 5 nonelectrol ytic plating,
rastlEipgtineccompliabman dfed effectgf dmnrepu theohineamiyeat a long
having a dianeter of approximately 15 to 1500 pm were
spapapdo Hefmretsmnd Intdrdente enbanémsech hddigive agfdon, the
coated by vapor deposition, plating and the Iike, the

id veetorsesfthar pssehbidveritin rbGeriffedithat a\geod effect malich is

wire dianeter, and a work strain was renoved and

itwitfisient e dheeabte vhthel Cuptbholayed wines cat be asaymphiahed if it is
the el ongation would be within a range from5 to 15 %
applicd to thh eeuldllavengimahfanl eherdre mdmeber iiaigly composed of
diameter of 25 to 200 um as needed, diffusion thernal
CreatTmittis Wt he @bké i@abeiddforiRd ofid €utiliy eentahsing B, Pd, Bi,
performed again. The reduction of area of the draw ng

' i¥hinh aioge 5 ®, the ¥kiiel q inl
g%lgg) m&%?&ﬁ%ﬁr&? gglgg%/vere gotﬁbcqorggpdﬁ 15 t% adj uasy?lﬂ 5 may

an
i i . i { . bi- i
A 0 AL i P Pttt o
%T@%éﬁ%ﬁg&k&ﬁgﬁg in Fhee gl"}s@aﬂﬁx%eolg@%%i&ﬁ L8> in the

was appl T a met ho casting a

e e e S R
B SR B B A P S 1 iy e o ong

herea esses, su
Fpan &1 vt pBbaBPRY, LG e bR LBE IR MY By fmproved due
b B8E Rrehaie Ry §F SEDlavlsd thh B ey Sipfling Mentations are

successi,vely .drawn. A schene, of .i nf,rodyci ng a

conaflag e e e membER Py nipe i ALK SEER g ng
erature in a 44 furnace were adopted. For

me, a thermal treatnent furnace which was

nodified sg as to be_able tQ control and divide a e

t enpHrabordingwirgswithe a pHatidayen grusturs expploys agamposition in

used. As exanples of a tenperature distrjbution,.. . .

whichithaweseentage of khe i+ 1l dmeatentations in the grestalline orientations

tenperature, and a low 5 tenperature, or a_mniddle .

ﬁéﬁ%ﬂattha dengthyvign diressionatthe cragtaldare of teaperiace phthe skin

were acquired froma wire entrance toward a wre_exit,, .

Jaxer isgreatanthameen ¢quplttorfilk Y%nthe maisconstisyent of the skin layer is

addition to the tenperature distribution, a wire

ReeapA ggthspmedn eonstitudntiaf thasord emberisaGpr apd ithe ¢ore member

In an atnosphere of the thermal treatnent, inactive

gantrins Nibht asohPemtirdtion withwe nerangedrom & tppPeER ppny it is easy

oxidi zation. A gas flow rate was adjusted within a

taegmpre hen§iveRoga tisfy Guppiesioniofl angrfdrmasionsefdldws and scraping

controlling a tenperature inside the furnace. A timng

@hdpstabiizdtieh bhelde shamahid e loopheightvnsexbiligation of

case in which a skin layer was forned after thernal

cbRFreBive WandapP khepe bPadall héndwlpag. uldes ghdienal treatment
drawi ng, and for a case in 15 which thermal treatnent

W2 8caRAhi BA nARERuPin 6 BRreE, bdtamsalof %%ﬂi_ergfk AdMdifof making a
before a process, during a process, or right after the

%hhﬁgle a %hevmfcéﬁeﬁsgati&@ ngl%rm anfe8Gd&Ha s a8 PPk the core
'evel by rolling and wre drawm ng after the skin layer
was fornmed, it can be sorted out by an accunul at ed

work rate cal cul ated based 20 on an area rati o between
awre at the tine of filmformation and a final wre

di aneter. Wien the work rate (%9 was |less than 30 %

it isindicated in a table by a letter El, when the

. N e a ~NN N7 o



[ 0096] In order to control a surface texture of

the skin layer, it is necessary to nake.a materi al

factor, such as a material qua¥ity, a conposition, a

thi ckness or the |ike, and a process factor, such as a
filmformation condition, a process 5 and thernal

treatnment condition, or the like, appropriate. In the

exanpl es, as a schene of increasing the <111> ratio_ in
nteenbexngn& R Aglin the skim layeninterddfuseaine: arrotbier in the vicinity of
| ayer, it was effective to increase the work rate, to

tink entenfzicoitdtelechithmcohé membelr 4nd theskin beyer, a good action of
tenperature of a thernmal treatnent. As an exanpl e,
veéducih B @eelink drd serapii@Pof theRfoximitysofieetot swdhye eﬁaa;joop and an
to increase the 10 <111> ratio. In contrast, in a

aefipalodrbdecifdiBpSrsidd invehagdd, @tth\ee fall- dtaen ofadobpand
work rate and to performthermal treatnment at a high

beARR PEhErRoR cahWe AccodiilidHa@e ISudh dicehfratRALEideis effective
<111> rati o. [0097] Regardi ng observation of a texture

86 ndt Whl Jea%éléciﬁre By Ba b iRl bard Wikt Hea@Rs tHBteme of ball
neasured t hrough the EBSP technique in a certain area

ﬁielhth% S dts) reﬁéctﬁre%@hﬁﬂn}@ 166p HEsgRAsdi MG cording to the

preparation of neasurement sa three to five

9815%'1 13\11 %?%hwdfﬁﬂe)&ﬁgm?%g%n?n@{égﬂ hﬁ&*f%k;éi’ ﬂﬁ.ﬁlﬂé@fCu with

wre ectlons

bt é%ﬁb’!‘:‘%]yu %gﬁ{edﬁ%ﬁl@oﬁﬂ%&?g E?apffé m@ltﬁz@%g tlftlaﬁrshape may

ing a W e axi

o SRR R ﬁﬁﬁ&%ﬁ e ——
3bakt, Piﬁeﬁ?ﬁfm?@%i PirER A é%ﬁs&m hedohe” Regarding the Pd

| Qplgtgqer%p;gfiﬂgﬁog alg&a apcg&é n{tﬁrﬂg f H:talg %t&'gg{eg%lan or equal to 5

measu 0|n s set .10,0.0 0..2 g

aﬁ?herﬁ o5 veribed AR PETFHEVOE it 5 ghpgdpr than or
e sghzozptna,ﬁwf E PR A
reduced by chemical etchin used, and crystal]ine
15 agant e the UpBPHn At TR b th%égﬁnﬁwrﬁssp fidt ieaé dhan or
Regardi ng the cross section, a cross section vertjcal
egugahto J\BBQO peRytany cipdamage dvetadhardening of g jbadl ean be
to 5 measurenent, but a cross section paraIIeI to the
wuppressed: and puefirably; ifit ia depsrtiham erequaldodif0Q ppm, an effect of
central axis was also neasured in consideration of a
suppressingdinyicdvip damagy sdfvethen ¢nkanged, and if ik adwantageous for
needed. [0099] An exclusive software (O M anal ysis or

tfine pitele comolectibon. TSL) was used 10 for anal ysis of EBSP
nmeasurenent data. Crystalline orientations at a

20 8680k ed area were anal yzed, and the percentage of

crystal grains in the <111> and <100> orientations in

t he Ieaheicase of an#wnhllonsf wisreathami orestyusdrio @mednindtdfdde, Ca, Ni,
was set with reference to the | engthw se direction of

Pd)eid Py id\edittaiveitabadnbeniragioawthin hatangeffremed ce 8000 ppm,
within 15 degree in individual 15 crystalline

@hk eahdd £fBEs Wahehah&dneslishdies fdl if BécopesLeddyeitensure a good
acqui sition. Regarding a cal culation nethod of the

RSty 0THak 16,1 is B¥Skabledditthe co¥OmEBer SHiould be formed of an
percentfages were acquired: one (hereinafter, area

25 44 A 'cﬂnﬁ‘ﬁﬁbﬂ? Hcﬁ‘@ttﬁtah% AYb dhedaiitdt Be, WL M1, Pd, and Pt at

area of a reasuted area as a parent popul ati on;

%?%ﬁ?é%%ﬁ&mﬂ%%%eﬁ%ﬂ? 680 P 44 Bl e Should e

crystalline orientations which were able to |dent|fy
bei ng as a parent population with reference to a
certain level of reliability in a neasured area. In
the process of the latter one of acquiring an
orlentatlon ratlo cal cuI atlon was carrled out vvhlle

g, o oy o



25 possible to neasure crystalline orientations but
the level of reliability for oéentation anal ysi s was
| ow. Regarding the level of r ability, parameters 47
may be prepared in analysis softwares, and it is
desirable to select a criterion in accordance with a
condition of a sanple, a purpose of analysis and the
l'i ke using plural kinds of paraneters, such_as
aniniviempared plieklenet onaiking of sl iieso P BE: 43d Rugand the
value). 5 [01001 Depth anal ysis by AES was appli ed ]
percextase PE C 14> arientations bk bee srystaling enertatianseshkl> in
and surface analysis and |ine analysis by AES, EPMA or
the lengthwiee dingetibnrataheforystal face/of thenswrface of the skin layer
di stributions of elenents |ike concentration of
shggldabe gresitar tharokzgesl to H0t%e dept h anal ysis by
AES, 10 neasurenent was perfornmed in the depth

5 §0061dt i on while performing sputtering with Ar ions,
and a depth unit was displayed in Si02 conversion. The
concAntordingto the etr@etvirecsl the-londngtwives wtlah multilayer
bondi ng wi re was neasured through ICP analysis, ICP

shARtang ifsh Sntyrmidiliatd krtal RiRElodipored 60 diftsriend@ofktituent
bonding wres, a conmercially-available automatic wre
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Ewde i ncluding any effects prior to | oop formation,

as flaws, scraping and the |ike caused in a wire
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part in the vicinity of a ball bonded part having
As an effect of adding the intermediate metal layer, a peel strength which is a

26 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



15 a higher occurrence frequency, and flaws having a

size of greater than or equal to 10 pm were count ed.

For | ow 1 oop evaluation, |ow |%bps having a target

hei ght set to approximately 65 pmwere forned, and
occurrence of flaws and scraping were observed through

the sane fashion. In general, the longer the wire

length is, or the lower the | oop height is, the nore

simep ferteghnique ofmeasuriogw pell strength inghecrgindtyecef a wedge

I ncreases, so that evaluation beconmes harsh. Wen

bomeded pertecar batmed tasensabstigueal for measurementpf the peel strength.
flaws were noticeable, it was determ ned that a
Accddénglyashppeslatiemgth ¢dn be incdased by cansirpetheniritermediate
by a cross mark in the table, when the nunber of
seAADI 3@ rweintyi@eho. t Theaohstitideyr f theriaténhediate etablayer
and a negative effect like clogging of a capillary was
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errsdalline emientatipnsoand foy vmkstngébaﬁe;nm&lw s %g'éw ayer and
| ong _span_of 5 ram and a super |ong span

of 2 mm_ a
she filpthipkpessctherepbeniforms set to 25 20 ism Thirty

bonding wires were observed from above through a
Qﬁ;iﬂctor, and a displacenent at a part where a

bondi ng Wi re was spaced apart at a maximumrelative to
a st Whiemthe thicknasseetthenekini layenipwithipentangeiom 6095 to 0.2
a wedge bonded part together was nmeasured as an anount

20 @im,citiny atlvantagdoes fancavieoHieg of tleuforegoingrystalline orientations
curvature was less than a wire dianeter of one 25
of the skin im=rdend itnfaedidtates gomgprahensdive isatisfeditioat afdreigmisite
the table by a double circular mark, when such an
‘eherageristies ool £ thdbondingeptpertyoand the loop controllability. If

the thickness is greater than or equal to 0.005 pm, a sufficient effect of
controlling the crystalline orientations of the skin layer can be accomplished,
25 and if it exceeds 0.2 pm, 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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and it is indicated in the table by a triangul ar rrark
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equal to 15 %and less than 20 % it was determ ned as

no problemand it is indicated in the table by a

circular mark, when greater tBd&n or equal to 10 % and

less than 15 % it was determ ned that a probl em nm ght
occur and it is indicated in the table by a triangul ar
‘mark, and when greater than or equal to 5 10 % there

woul d be a problemin a mass-production process and it
redativelts thelbrigthivise tettiohyfahe bondinmwire {sOwithin 15 degree.
In order to eval uate adhesi veness between the skin
Iby&ierallGwhbe acaistdiinbaricaitatioa inianpartfichlas@irection is focused,
formati on, | oops were observed from above using 10 an

@i vidakal Bt ARIOPR angdla@Wiffefanes iAfsopfehicaguedé, driba slight
skin layer was checked. Using normal |oops having a

A flatliBABISIce 96 cARsdI8pemdidg B SHRTimeRdal BRpbodeirRluding
obsServed. The nunber of peeling was subjected to
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eter as good and it is indicated in the table by

] G 5 R A S BTG 1o QB8 ok s of individual
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{Rlipno BRArAipleRLE B Ay Ra e bitBRI Wil FhiRed,
ﬁ:{gﬁ%ss, and it is indicated in the table by a cross
- [01101 20In depth anal ysis through AES anal ysi s,

ge? | . {450 lgﬁ%/ ﬁéiftglgl\é Ir‘-"?g,ﬁ?‘r?%%c%g% gﬁ%ﬁg@%@gfsf Patire diameter of
3R o758 3PS L 5 S G Bkt i

ci rcul.ar rk was t on a field of "diffusion.,layer?"
PATGIHAE the %twﬁfff}n FQBB%}‘PH?SE&“%&&PLP%’LEJ% mpgflilaggr wires. In
chi p danmage, ,a ball s bonded gnto an 53 el ectrode . ..
pTden tomTecisElic mesauTe PhobeEr OB RORAYE ick FHRICh 3f gelatively
g(% damage to an insulation filmor a silicon hiep was
a,51etal wiresErh apmalldisapetor, an adyapged measurement

observed was 400. \Wen there was no damage, it is
teebindaneds requiBdes abl e by a circul ar mark, when the
nunber of cracks was | ess than or equal 5 to two, it

eterm ned as no problemand it is indicated in
the table by a triangular mark, and when the nunber of
cr acRegawking hest tor mdasnreon tegtute, ao alpetzen backggattering pattern
determned as a |level requiring a concern, and it is .
(netienzafeetr, BBSPetachinigudyecntlyodevalopéd cin beaseddrephge it 1s
1 and table 2 show exanples of the bonding wire of the
pdesatdgdons ot harroavia galnvia aahezauensent- eargef ataBintogytiny part,
[ Tabl e 1]
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 precisely 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
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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 is difficult to
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
area, when a size thereof in the circumferential dire.ction 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 pm,
measurement efficiency can be enhanced in addition to the precision.
Preferably, if the size in the circumferential direction is less than or equal to
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
technique, 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
circumferential direction can be measured.

[0072]
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For example, when a bonding wire with a wire diameter of 25 pm 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
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
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
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 length_wise 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
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

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 gi'ain or a tiny area in a part of a crystal grain.
Regarding a size of the crystal grain, an average size or the like can be
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,
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
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
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
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 eaay,
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
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,
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 apf:lied 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
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 difi'uéion
layer at a wire cross section may become &ifﬁcult. 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
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

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
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
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.

[o083]

In a thermal treatment process, it is effective to perform thermal
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
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 is advantageous for
improvement of the adhesiveness as a diffusion layer is formed at an interface
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 is 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 it is desirable to suppress any surface oxidization of the bonding wire, it
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is 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 cylihder 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
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main constituent of the core member in the skin layer. If a tiny amount of
copper is contained in the skin layer manufactured beforehand, controlling of
the copper concentration at a surface of the skin layer becomes easy. Itis
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 N2z gas containing Hz at a concentration within a range from 1 to
10 % or a pure N2 gas is used. A mixed gas represented by 5%Hz+Nz 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 N2 gas is used, so that a running cost can
be reduced in comparison with the case in which 5%Hz2+Nz2 that is a standard
gas is 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 Nz 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 c¢an 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 pm. Preferably, if it is greater than or equal to 5 mol% per 0.1
pm, 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 pm. This is because if the
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
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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.

[o089]

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 fhereof 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

25

_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
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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

‘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
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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
5 nonelectrolytic plating, and sputtering was applied as vapor deposition.
Wires having a diameter of approximately 15 to 1500 pm were prepared
beforehand, the wire surface thereof was coated by vapor deposition, plating
and the like, the wires were drawn to 15 to 50 pm which were a final wire
diameter, and a work strain was removed and thermal treatment was
10 performed in such a way that the elongation would be within a range from 5 to
16 % at last. Dice drawing was performed up to a wire diameter of 25 to 200
um 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
15 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.
[0093]
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
20 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
25 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 spe‘ed or the like was also made appropriate. In
an atmosphere of the thermal treatment, inactive gases, such as Nz 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.
[009s]

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 between 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 %,

it 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 freatment. 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 pm 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 um.

[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

‘sputtering with Ar ions, and a depth unit was displayed in SiO2 conversion.

The concentration of electrically-conductive metals in a bonding wire was
measured through ICP analysis, ICP mass analysis or the like.
[0101]

For éonnection 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 N2 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
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 pm) on a surface
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thereof was used. Note that regarding the bonding property to an AwWNi/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 pm. 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 um were counted. For low-loop evaluation, low loops having a target

20

25

height set to approximately 65 um were formed, and occurrence of flaws and
scraping were observed through the same fashion. In géneral, 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 ¢ross mark in the table, when the numbef of scarping was one to three but
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.

[o104]

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 um; and 18 yum 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]

20

In order to evaluate the linearity of a bonded loop, bondingrwas 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 7mm. 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

25

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.

[0106]

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.
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 o‘r 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
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
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 croés mark.

{0107]

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

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
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
an improvement was requisite for mass production and it is indicated in the
table by a blacked triangular mark, and when there was no abnormal
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 fhan or equal to one, it was determined as good and it is indicated in the
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 pm, and 2 mm,
respectively. A hook grabbing a loop was moved upwardly at a location near a
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
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 is
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
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
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
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.
f0110]

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 um, a circular mark was put on a field of "diffusion layer" in
table 1.

[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.
{o112]

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

[0113]
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[0114]
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[0115]

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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f0118lai m 1 corresponds to exanples 1 to 39, the

bondi ng wire according to claim2 corresponds to
exanplcesrding to téde bdbadimnedidd with3dmulbdaymmdirncture of the
according to claim3 corresponds to exanples 1 to 30,
exanples 1tte 3N it ideeribedithat finve arterdpige bn acwidersutface are

corresponds to exanples 1 to 7, 10 to 13, 15 to 17, 19
tredded BEchukd the prtcehfigelsinding (Wil &> ageiaiiog gedcentage) in
crystalline orientations in the surface of the skin layer was greater than or
equal to 50 % according to the present invention. In contraét, 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 50 %, 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 5, 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 is 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



b

claim5 corresponds to exanples 1 to 9, 12 to 14, 16,

17, 19 to 24, and 26 to 39, the_ bonding wi re according

to claim6 corresponds to exanﬁ@es l1tob 9to 21,

and 23 to 39, the bonding wire according to claim?7
corresponds to exanples 1 10 to 10, and 12 to 39, the
bonding wire according to claim8 corresponds to

exanples 1 to 22, and 24 to 39, the bonding wre
S0chrascorfing te|thenresent invepsions (Hyetorahiy escading tathe

t he bonding wire according to claim10 corresponds to
exariles 3totd B, 1k, 16, 86, 3%, 23,146, 1290 80n§1,85,636, and 39 in
acqording to claim 11l corresponds to exanples 1 to 9,
which sach crientasionpe3ventage wan greatet Shan e eguabtaBOFs, a loop
to claim 12 corresponds to exanples 2, 8, 9, 12, 27,
3zjghinchBle stdlslibed di mgongrspaacefd simg to cl aim 13
corresponds to exanples 8, 34 to 37, and 39, and the
tb@12hlng wire according to claim14 corresponds to

exanples 17, 19, 20, 22, and 30. Conparative exanples

1 t oAGeorelinig $6bhe beadingswittischittica Aniltidafdrsdtyuétie of the
condition of claim1. 20 [01161 FIG 1 shows an

examylles Oftodn 1083PL3EEStY ETETY td 86 Udid 8B t8 3BUEf RGR:rofied that
the bonding wire of the exanple 4. An area where

gbﬁﬂﬂaké dBforediAteon fdil @RSisirRdubed v a&ondnGséH\WifK a normal ball size
irection are within 15 degree of an angul ar

dn'df thleHep el STUHENSs slabiRzad befiwle 3o ﬂo%a.f&iji&it%qionaﬁ@centage of

a crystall'ine interface having an 25 angul ar

10 ¢hékanep %?iegﬁﬁﬁBﬁraﬂ% L1 oBHAkntRidw at HE gx%’g%; Eect}ozll gf the core

15

20

26

i ndicated by a |1 ne. e <111> area ratio

$etber WaslHbaldr thar{s&gs%lgé.ll 1%\&'?(?/ Wﬁé@?gﬁ%s\‘#sf% %%ﬁ%'v:v invention.

representative exanpl e i dua

maofsEb ) e 2SI ERERGOAPS, 2018 RNH004 20, 20,00,
5 P e AR B el o o
(704 SRR LSRG} AT o smproved ven
5001 Bkt e SRR R o™

@?ﬁﬁﬂrative exanples 1 to 6 relating to bonding wres
a multilayer structure in which the <111>
orientati.on percentage in.the surface of the skin
| ayefooprding & the, gﬁngﬁl%ﬂr&swswﬁea yegrstEactyse 9f the
and fla are _qobserved iin normal |oqQp formation. As
BRERBIST 40 Sx dioeld 1648y 4911 2o 2PACE 103G 635 yerified that the
g, 9,,.11, 13, 14, 16, 18 to 21, 23, 24, 26, 27, 29

peandy of ajdpop angoadin g noyml; eomdition ot 713 Tem; suammbeesyse the
percentage in the skin |ayer was greater than or equa
a8t 1iior hebweeeanihesaverpin gize of erygtad anrains i thenguriace of the
sgfn and according to the exanples 3 to 5, 9, 11, 14,
skin [ayer ig thedengthwise disStion amd that inctheldtcumferential direction
orientation percentage is greater than or equal to 70
wasi greptervidrarn oedqualato thaek wmeesrding ¢b the préseast iandntion.
scrapi ng, are suppressed under a sever condition 20
Bireferably, Acapilineg tq thel &ampledc tu 8 HiB, 118, 1He18,0201t" B4, 26, 27, 29,
wres with a nultilayer structure of the exanples 2 to

29, 31.6and 85tt0 3Win whidlsswet hbpert ralbint wab gp&dter @Rahlor equal to

| oop heights are suppressed and stabilized under a

fioe nlis veeifiedot Inaitietliiarity i8 i2pFoveR 3 de? sDRSAYRNdey
total orientation percentage of the <111> orientation
anrilition D BnPEHSNbEGIRM. | Mok ngfeiﬁs&, 8écok8fStd the examples

| ayer was greater than or equa




58 60 % according to the present invention.
Preferably, according to the exanples 3to5 7 to 11,
14, 16, 20, 21, 23, 26, 29, 309931, 35 36, and 39 in
whi ch such orientation percentage was greater than or
equal to 80 % a |oop height can be stabilized at a
l ong span of 5 mm 5 [01201 According to the
bondln wires with a nultilayer structure of the
21, R4, 36, 29 ang 38 in Which sugh appeetoratip wasgreater than or
to 39 it is verified that petal-l1ike deformation
panplbetns it ixverified that mgneaxiﬁv 4 ithproviedrated stpért long span of
size and the shape of a ball is stabilized because the
tfoman vdrickns atsevar papingranditirn. 10 the <111>
orientation and the <100> orientation at the cross
f§@t22Jon of the core menber was greater than or equal
to 30 % according to the present invention.
6 Pr ef Aceddiding @6 ¢he bondingwirs withrphadtidayet, stiOctudd of the
to 21, 23, 24, 26, 29, 30, 35, 37, and 39 in which

Sbtafh}ﬂé$ @rtha, 90t 376 e Pee396s igverfied thAgflawis @ﬂ:Uéﬁrapmg ona
to 50 % it is verified that the roundness of a ball

Reingl @tlrfaRe tark Sed TBEPUE thigV R ired Ehamﬂ% b RireQM8mRONEf 29 pm
condition like small-diameter ball bonding. [0121]

PeeRnst the FAtid BEtIORM LG MI15E8rel altio) oﬁfﬁﬁéthli%x%ns where
structure of the exanples 1 to 9 12 to T4, 1

E?ys%ﬁlhﬁé‘ Qn%ﬁtaﬁo&é’m tﬁe bv%ré’l%&i d 8Rbclibe u& tRE @ﬁi‘falfe of the

l oop is good In nor mal con Ition at a nmsp

10 l%?.ﬁg’?@?%rtv@&ezglﬂ%pf&ﬁt L2lthQh Wi oPrl’a] v@{§%ﬁ?@e§ﬂffn or equal to

grains 1 n t e sur ayer 1n

i3y M}WFSI:S tﬂg rﬁ%&%&ﬁn@@ﬂﬂoﬁat Prf Jﬂ% Iy, accordn:d% fo the

ci rcunferent i“rection was greater

eRREmIBE Sl 1, 18, 1601 ﬁ%%ﬁé%%%ﬁ 23%%24 %1839 in

Yohigh B sl g Blo. Pt giRisF Vil ot S S AR G verified

é@eﬁﬁ%‘naﬁl?%é&%@a%!ﬁ%r% hﬁﬁﬁﬁe&sts%@ﬁgegﬁﬁm%a?c%gg Aoy ggemely thin
ef er. %%ﬁl cros‘raﬁlaﬂg%dg . ﬁagl es 5@9 3t gpg)ligegccording to

ﬁ#ﬁ %%Shriﬂa‘?? B@ﬁﬁ%ﬁ@i&n&eﬁmm Fuchal 2?9%3%#13 was

which i,s a sever |00 g.condit] [ 0122 ccordi ng ,
£5eqteE Eaﬁoqrrfgllwlrteé%w H 1§ vey er thatrange 9 Pippressing any
t.he exanp l1to5 9to. 21, and 23 to 39, it is

\ﬁ@'rma?leaqf ﬁﬁ’a@@cﬁ‘%ﬂingéﬁéﬁé’?%r@ﬁh&%ﬁle surface are
ed%é‘]ed inthin wres having a wire di anmeter of 22 gm
se the ratio of the area (<111> area ratio) of

crystal grains where crystalline orientations in the

20 wi r eAk gite thelbpadingwires with auriltidayer straeture of the
skin layer were <111> relative to the wire surface was
grammes 2hdn 36); ikipuedrified shatsa pecbsttength at alveedgechanded part is
invention. Preferably, according to the exanples 3 to
snhabced becdifse tis <PI1> afienio fer@dtagd wadlgreater than or equal
36, and 39 in which such <111> area rati o was greater
th&0 YBrarebtled irtterh@digteithetd luper wiasdoihad bietwesn she skin layer
scrapi ng are suppressed even in the case of an
exidrthieedoye ttheétabél Wire with a further smaller di aneter
of 18 um More preferably, according to the exanpl es

25 40134] 20, 21, 29, and 35 in which such <111> area
rati o was greater than or equal to 50 % it is

veri AcgstdiRdto 8He BbhaAlg RiresUPRKSS M NG 13 §t9{18iﬁ$rb QF the
of flaws and scraping I's further enhanced. 23]



20According to the bonding wires with a nultilayer

structure of the exanples 25 tg 30, it is verified

that a peel strength at a medg@ bonded part is

enhanced because the <111> orientation percentage was

greater than or equal to 50 % and the internediate

nmetal |ayer was forned between the skin |l ayer and the

core nmber. 25 [0124] Accordin o the bondlng Wi res

Fgeﬁﬂl t0j 30 pand 33 #Q 8P itds yerE ad dlefonmation of a

30 and 33 to 39, it is verified that abnorwm

dallbondadopaxitis gedured, st shane thereefiiscatabilized athe normal
shape thereof is stabilized at a normal ball size

B@éﬁ@@@ beeruseoths tosel exientation perceatageyef thie €hEl><dfiéntation and

orientation and the <100> orientation at the cross

dhet160>ufrieniation & thendress vectiar ebthar cdrbanerabor wegygkater than

to 15 % according to the present invention. [0125]

5 Acegqual by 1604 talkceodading ito ghavpresenti inkreatioul ti | ayer

structure of the exanples 1 to 32, and 34 to 39, it is

\[@123) ed that any chip damage is reduced and good

because the thickness of the skin layer was within a

r angAcésrding @o €hé Bontindwred i hCH hililtlaf e §t|i*€cﬂ?ﬁ-8%%he
invention. As a conparative exanple, according to the

examyles 330 3% and I£té BOEH ik Ratifield ﬂha@%ﬁﬁyg&ubr&“diﬁéé@fs reduced

because the thickness of the skin | ayer €xceeded O.

bAl1gdood BEe4Oke AR PRHKRGsE B Lk sEﬁP%g’é 1&[ @ﬁ%htari'a&llge from

mul t1layer structure of the 15 exa

10 $lo0xs10 33k ga%%fd(}%% ﬂgﬁ&%ﬁ%ﬂgﬁ%ﬁﬂlﬂ%&lﬂerﬁ t%ﬁ arative

peellng abov esli veness 0

eﬁXﬁféJlé Sa&e%ng%gﬂﬁeexﬁ jibdsst '19% \Léi%ﬁé M’L&gg amage increases

concentration ent s fornme

PR BB ccoraﬁ%@{&({@%ﬂ‘f@ondﬁ%r&S?QE

miﬂs}a mul tilayer structure of the exanples 2, 8, 9,
7, 33, and 34, it is verified that thelinearity

R R R INE N VO D

o B3 95, S5 e T g posin
Egﬁg‘\%)\ng'égg g qugqsit%(n:?gggi g};{g pgxsne a,-yelr%\g/ eggtgé%egguse a diffusion
E%ggﬂgaewpgéi %Ba:/cggl [ied tha ﬁflh%a'@' o?r?l%htbetgvséehngg%\ﬁn layer and
the core member accordmg 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 pp.m according to the

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

b

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



conposed of Au and contains greater than or equal to
one kind of followings: Be; Ca;, N; and Pd according
to the present invention. Rega%li ng the effect of
inmproving the linearity of a |oop at a 5-nmm span or
so, it is also effective to set the aspect ratio in
| engt hwi se direction/circunferential direction to be
greater 5 than or equal to five as explai ned above, .
pempiosedray Ananyl containg grentep vhanomequad telpae ikigd iof followings:
such effect fromthe effect acquired by addition of an
Bel &a; HicandPd aecordintg tosthe presentlinuention. hdRegandphg the effect of
9, 12, 17, 19, and 33, it is verified that the
impeavingythetline dritynofsp loopoat s &-man shan iorpopitdd disceffistive to set
the foregoing alloy el ement was contai ned even though
the aspaeatatioain lengtbwissdirdctidhairchimfererit@llaitection to be greater
According to the bonding wires with a rmultilayer

5 shah ok woaadto five @ambherdSabad4, bat Z/magrise &Fficklt ihSome times
verified that a good effect of reducing any peeling
e distei@iisRGuch dfftet fioh Rhb Bffebt h&uited bsuiddasion @f ad alloy
| oop is acconplished 15 because the core nenber mainly
elimestd If cdatradtd apeitddng o te VkiRble0 I B0, 190BNA 33, it is
to 10000 ppm and the skin |ayer nmainly conposed of Pd

Qbrifid dateRtHb MhdaPith it PESRED %%M %28b i8R bR RIvaR ! Because the
according to the exanpl es 8, to 37, and 39, the

FYee8RI 9116 ERGheDERATRInINEd SER thB0LE A:P‘é %B%gtof%gomwas less

Pd concentration was greater than or equ to 2
10 r, according to 20 the exanples 8, 34 to 36,
gﬁﬁﬁ%{% it is verified that any chip danage is
messed because the Pd content was within a range
rom5 to 8000 ppm 62 CLAI M5 1. A bonding wire
for ] jces. the. bondi |Ie
ﬁS&Er‘d&’HE g(g tRL bgﬁainrig?r%sgi?ﬁg Oz{]%#&lgirllﬂé’r structure of the

conprising: core e .
BRERLILER! by 16 3ACHERIND 1R Alrinl that o gl Skl ¥ Fducing any
gg%ﬁgrﬁea&nwt ne%s{}]é]{no é{f]ﬁﬁ{g SE E@%?uﬁgg@/\@gﬁ%ﬁ] irfseaccomplished

r r nt ai.n
15?;06% er conta

S greater than.o qual to aone.of ...
SFAURG thsscorp meprpbegmlatsly srmpsrod 6 Civans CaRtadns FRlowithin a
skin layer_ is face-centered _cuhi c netal a thickne
ZRDER, SR 5 f0 PRMyang; theskig lager mainly mp?ﬁﬁlécﬁfszéd or Ag

gm . a percentage of <111> orjentations _jn
arsrding to khe presentinyention) gPreferably pecording thfheexamples 8,
direction at a_crystal face of a surface of the skin
Bayter3T, angr &hithe forpgeing effgeiabeqomesgmaye semgrikahle-because the Pd
orientations including 15crystalline orientations )
BencaTrarionYas greader than ot equel ta 20@ ppan.t hMoxpever, according to
| engt hwi se direction, said angul ar difference being

20 he pramydesi8gd4 ée 36anaud 39, itig verifiep thatanyghimfanwigd is
<111> orientations and <100> orientations in the
enppressed becanse thaPdomntehkwvasiwithireawange feorg thto 8200 ppm.
direction at the crystal face of the surface of the
skin layer is greater than or equal to 20 60 % said
<100> orientations including crystalline orientations
havi ng an angul ar difference relative to the wire
| engt hwi se direction, said angul ar difference being
wi thin 15 degrees.
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2. The sem conductor-device bonding wire according to
claim1, 25 wherein the core ggenber contains greater

than or equal to one of followngs: B; Pd; Bi; P; and

Zr at a concentration within a range from5 to 300 ppm
in total. 3. The sem conduct or-devi ce bondi ng

Wi re according to claiml1 or 2, 30 wherein a total.
percent age of said <111> olGIeMMS i ons and sai d <100>
orientations in the crystalline orientations <lild> in
the wire lengthwi se direction at a crystal face of a
cross %ectA (hondfng ere dote semitsaAUrOr RevAgesy ‘ﬁﬁa‘??ncﬁﬁng wire

eq % 4. The sem conduct or-devi ce
bo%glnr?g V\n&?e accord| ng to any one_of claims 1

3,
wher ei a caravmiernbes fismiad afian @ﬁCtﬁ‘Wéqu@Pﬁd‘FcéV’é’rm???'aqﬂﬂ
one_ of gs%llt) gﬁrmgﬂ ‘on ﬁIe cdf; mé&RBe dnd ARainly @omposed of a

semi cof eV| ce bonding wre according to any one
of differend mettabfmm therqone megehasr #24 WGeEHN nt er nedi at e

met al 'a% fn ESH AR HoRELMBR cdrb anéthbEr iAVar aedghé bereColetmber
nmenber onposed of a_differ thaconstbdﬁghéf om, »

t heconﬁalns mter thamer esual ﬁ%ogkpfew YARESy Lfeti 4P I
consti Elé@ﬂfetﬂfogttﬂg sﬁﬁ{)ﬁyéieﬂtﬁi‘face -tOntered. gi@blc metal,

sem conduct or - devi ce_bo |ng Wi accor n

of oI ariBicknees af the gkim B5oE GrBHNGH Aganea o, CO0R & Sgerm
forned ak}fetrlé@xﬁ:ﬁgé loe <1kix ohéﬁﬁftlcﬂfsdnt msm;ﬁﬂe pEiEhaticnso<hkl>
hawngac entration gradjent o

cori®t @t"?}é?l wiggodugetion g @rcré’ﬁ{f’l tg‘ée E’E Pesur%?% of the skin

7|- 1’&5}@rlﬁse@eaeéidﬂ@1ﬁér équsl ae sgg%d baid wliie ca'a:emtatipmg mcﬂ)udmg

claim re t he .cor e nenber

1 ¢ orfamhatling Bﬂeﬂfattmnﬁ having, 48 a1 8}3‘5‘5‘?% g‘ff&o‘%lﬁ"e% thg wre

20t laagtiptige doestiod, waid améulhh diffdrencd baing Wlﬁnﬁdl5cﬁegAges, and
a total percentage of said <111> orientations and <100> orientations

in the 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 %, said <100> orientations including crystalline orientations having an
angular difference relative to the wire lengthwise direction, said angular

difference being within 15 degrees.

2. The semiconductor-device bonding wire according to claim 1,
wherein the core member contains greater than or equal to one of
followings: B; Pd; Bi; P; and Zr at a concentration within a range from 5 to
300 ppm in total.

3. The semiconductor-device bonding wire according to claim 1 or 2,
wherein a total percentage of said <111> orientations and said <100>
orientations in the crystalline orientations <hkl> in the wire lengthwise
direction at a crystal face of a cross section of the core member is greater
than or equal to 15 %.
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4. The semiconductor-device bonding wire according to any one of
claims 1 to 8, wherein a main constituent of the skin layer is any one of
followings: Pd; Pt; Ru; and Ag.

5. The semiconductor-device bonding wire according to any one of
claims 1 to 4, further comprising an intermediate metal layer formed
between the skin layer and the core member and composed of a different
constituent from the main constituent of the skin layer and the main

constituent of the core member.

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

main constituents of the skin layer and the core member.

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

the core member contains Pd at a concentration within a range from 5
to 10000 ppm, and

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



