1 DESCRI PTI ON BONDI NG W RE FOR SEM CONDUCTCOR DEVI CES
5 Technical Field [0001] The present invention
relates to a sem conductor- dewi ce bonding wire for
connecting an el ectrode on a sem conductor el enent and
an external termnal together. 10 Background Art
[0002] Currently, thin wires (bonding wres) having a
wire dianeter of 20 to 50 mor so are popularly used
as bonding wires for CO”SBE@GI@IPFI ectrode on a 15
sem conductor el enent and an external term nal
together which is a wiring of a circuit wiring board
(a lead frane, a substrate, a tape or the like). A
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W res, and a general - purpose bondi ng device, and a
capillary jig which allows a bonding wire to pass

through the interior thergof. 20 fgr.connection are
Sused. A leading end of a E%%lﬁ%f%erl i s heated and

gﬁbé by arc heat inputting, a ball is fornmed by
e tension, and then the ball is conpressively
bond on an el ectrpde of a sem copnducgtor elenen ) )
heat ddbe RiCSHRhiny SRLHGr bR (o 50eBI5g el A G peRding wire for
Thereafter, the bonding wire s directly bonded to a X
SRPBEFLANE PARICHFONP PRSI OBENSI P pe o Yy extanal terminal
[0003] Recently, technologies related to the
dpgefdetre, material and connection 2 for the
sem conduct or packagi ng technol ogies are rapidly
10diversified, and for exanple, in a packagi ng
structure technology, in addition to currently-used
Background Art

[0002]
Currently, thin wires (bonding wires) having a wire diameter of 20 to 50
pm or so are popularly used as bonding wires for connecting an electrode on a
15 semiconductor element and an external terminal together which is a wiring of
a circuit wiring board (a lead frame, a substrate, a tape or the like). A
thermal compressive bonding technique with the aid of ultrasound is generally
applied to bond bonding wires, and a general-purpose bonding 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




QFP (Quad Fl at Packaging) using a | ead frame, new
configurations, such as BGA (Ball Gid Array) using a
substrate, a polyimde tape or 4he |like and CSP 5
(Chip Scal e Packagi ng) are practically used, and a
bondi ng wi re which has inproved |oop characteristic,
bondi ng property, nmass productivity, usability and
the |i ke becones requisite [0004] Introduction of a

ffbf‘%h@‘séﬁﬂc& Bhecl scﬁf%g aﬁg@sgggt&?ﬁgggﬁﬁﬁmm@d and for

ondr ng W res beco I nNi

BITENG o yé{)rfege&ghbtulje%gh{i&ﬂ% Qly %ﬂiigiiohyt'o (ﬁﬂ'gently -used

bon g pro conme requl sl

tGZFE%ﬁf R e 3%9’f%>fgn'f{éﬁu%oﬁghsuch as
sadeng] brid Ad,gra}yg u%ﬁlp,% Eg%bs 1800 JRRrigR 3Gk 2L Ml Like and CSP

arongt er,s

( wre

@‘i@%-’%@?la?ﬁ@ﬁa%rg?%e B GRS s bhding.yire which has
sem conduct or. devi ntradr ctory | oop shape u -
JEBFOVRA SNty okt Tab G DOty RS Ro PrOGY Bk qeability

are mxed.wthin the interior of a

sﬂrfhgﬁge Bgﬁﬁﬁﬁ%me?ﬁe%'r“&etre to realize such contradictory
Iggs shapes with a bonding wire of one kind, a strict
({ ‘@ni ng of a rraterial of a 20 bondi ng wire is
essenti al {OOO So far, 4N—group %ol d having a hig
pur i tytroduetioy of adinepiteh thata spasedeswean adJacent
material of a bonding wre. In order to inprove

10 homgig Wiserbecompsmuearrgwohaperegressed.i njhinmingt ingprovement of
alloy elenents are prepared. Recently, a 25 gold all oy
vitrengih oo gomtraliakstitz undobendingpropesty hesamearequisite for
additive elenent concentration is increased to |ess
thiomding waogmin accotdgndrewdibethd inttoogucin afthedfine patchrtechnigue.
order to inprove the reliability of a bonded part. The
SA leopgihapedredomesi anprpledogethetrveith ehie aleinksityygrosnhld the
controlled by adjusting the kind and the
cenuentdwttoopackagngakthyolekisentA hdgdkight gnd wire length
Conversely, alloying may

15 (span) of a bonding wire are barometers for classification of the loop shape.

In most-recent semiconductor devices, contradictory loop shapes, such as a
high loop and a low loop, and, a short span and a long span, are mixed within
the interior of a single package. In order to realize such contradictory loop
shapes with a bonding wire of one kind, a strict designing of a material of a
20 bonding wire is essential.
[0005]
So far, 4N-group gold having a high purity (purity > 99.99 % by weight) is
used as a material of a bonding wire. In order to improve strength and a
bonding property, a tiny amount of alloy elements are prepared. Recently, 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



cause deterioration of a bonding property and
increment of an electrical 5 resistance, so that it is
difficult to conprehensively satisfy various
characteristics requisite for the bonding wres.

[ 0006] Moreover, because gold is expensive, other

ki nds of netals which have a |ow material cost are
desi red, and bonding wires which have a | ow nateria
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s"((i‘faty@?fl?ﬂ'@t’r@ reaﬁiﬁla/%a tg‘g bongdiRE MiFSm a cross section
31‘ fondlng wire. Athin native 20 oxide film an
PREAI c filmfor protecting a surface and the |ike may
be formed on a wire surface of a bonding wire in sone
caseMonepuen because golddg expenpiveegtheankings of metaleghich have a
up to several atomc layer |level) in an outernost
Jowf maserial ggoajre desiredeand bonding wardsowbichekarge a low material
requi site for the bonding wires, a bondin 25 wire
10 wiost) leavied gobéylactstahm@mtmtyvmi re nwi decofsaopbat @re sreated.
coated with another netal is proposed. 4 [0009] As a
t dcdond ongetoatheseoppee bendipeawyresx hdweser, enbafdiagstrdregth is reduced
of a copper bonding wire, patent literature 1
dhwsctoosadizthondf o grive mrfane,vutrid:h wirp parfacs is tidvedy talbe corroded
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sihén @dicgedllated 1veresin.  These are the reasons that practical usage of
the copper bonding wires is not accelerated.
15 [0007]
All bonding wires in practical use so far have a monolayer structure.
Even if materials, such as gold and copper, are changed, alloy elements are
uniformly contained in a bonding wire, and a wire monolayer structure is
employed as viewed from a cross section of a bonding wire. A thin native
20 oxide film, an organic film for protecting a surface and the like may be formed
on a wire surface of a bonding wire in some cases, these are limited in an
extremely-thin area ( up to several atomic layer level) in an outermost surface.
[0008]
In order to meet various needs requisite for the bonding wires, a bonding

25 wire with a multilayer structure in which a wire surface is coated with

another metal is proposed.



5 platinum palladium nickel, cobalt, chrone,
titanium and the |like. Mreover, fromthe standpoint
of a ball formability and supprgssi on of
deterioration of a plating solution, patent literature
2 discloses a bonding wwre so structured as to have a
core nenber mainly conposed of copper, a dissimlar
netal |ayer fornmed on the core nenber and nade of a
ot her 10 than copper, and a coating |ayer forned
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15 from the core member, and copper, and which is a thin film having a thickness
of 0.001 to 0.02 um.
[0010]

Various gold bénding 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




process, a bonding property is inproved, deformation
of a bonding wire at the tine of resin encapsul ation
I's suppressed, and a long-termgeliability of a
bonded part is acconplished as wire characteristics of
a bonding wre of mass-production. 10 [0012]
Regardi ng ball bonding, it is inportant to form a bal
with a good sphericity at the tinme of ball formation,
el e ' h bet ween
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such that a_failure occurrence rate of a
JeAPEBRRetI-nanuf act uri ng process is managed in a
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for sem conductors have 5 large anticipation for

ppdericiy atuthe time offzalt formbathen.caved toobradnta sufificiesd. bonding
Ref orm ng of a surface, a high added val ue, and the

|stkengih hdtevesnl thel lalband an electrode. Moreover, in order to cope with
lowering of a bonding temperature and thinning of a bonding wire, a bonding

15 strength, a tensile strength and the like are requisite at a part where a
bonding wire is subjected to wedge bonding to a wiring on a circuit wiring
board.

[0013]
A surface nature of a wire affects a use performance, and for example,

20 merely creation of a flaw and that of scraping make mass-production difficult.
Adjoining bonding wires may be electrically short-circuited due to scraping,
and a flaw makes the quality and reliability of a bonding wire, such as a
manufacturing yield of a bonding wire and wire deformation at the time of
resin encapsulation, deteriorated. Moreover, practical use cannot be

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

semiconductor manufacturing process is managed in a ppm order are not



structure is anticipated, but in contrast, it is
necessary to conprehensively satisfy a productivity
of a bonding wire, a quality thereof, a yield in a
bondi ng process, performance stability, and a
long-termreliability at the time of 10 sem conduct or
usage. Patent Literature 1. JPS62-97360A Patent
Literature 2: JP2004- 64033A Patent Literature 3:
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al | oy atens hifenatirghl: skBSi#%PR360400161 However,
according to the study of the inventors of the present
i nvemaitent Literature 2: JP2004-64033A
Patent Literature 3: JP2007-12776A
Patent Literature 4: JPH04-79236A
15 Patent Literature 5: JPH04-79240A

Patent Literature 6: JPH04-79242A

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

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

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

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




in consideration of density growth, mniaturization,
and thinning of the 10 sem conduct or packagi ng
technol ogy, it beconmes clear that the nultilayer
wires have lots of follow ng practical problens.
[00171 Regarding the nultilayer wires, a flaw,
scraping and the like are likely to be fornmed on a
surface of a wire because of drawing in a wire
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[00181 The thinner a wire dianeter is, the nore the . )
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flaw and scrapi hg on a surface increases, and_it is

ridt congiirepionafddensitys guear thi, minisontaadian andafunsihobthe

frequency also increases as |oop control becones )

10 seapicend seton pakkagmehieghnplagy, Hrizbcameswléarohagrtbe multilayer

mxed, and it is difficult to apply the nultilayer

wires hayetlntseef follnwasg Dmad:titfﬁlqn‘nggmaon. The frequency

of occurrence of a surface flawis likely to increase

w8 7h 1 ow loop is formed. If such failure is not

reduced, the practical application of the multilayer

wi r eRdgrrding thd multibdrer[v0ik£9,1a flaw, acdiingmnidotheulike are likely to
direct failures, indirect failures due to a flaw and

be formed on a surface of a wire because of drawing in a wire manufacturing

15 process and complex loop control in a wire bonding process when a multilayer
wire is used as a wire final product or used for connecting a semiconductor
element. For example, a flaw of a wire surface may create a minute 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 such scraping becomes up to several hundred um. 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 scraping on a wire surface, or reduction of the
yield are al so concerned. For exanple, a flaw and
scrapi ng once created in the mgldle stage of
manufacturing of nmultilayer wires cannot be detected
froma final product, but make the thickness of a
skin | ayer uneven, and nake a | oop shape unstabl e as
an internal crack remains. Mreover, a flaw and
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| oads, such as stress and strain, reI ative to a skin
I[99 &0l increase in a process of f or i ng a | oop and
because a process condition differs in wire
menuincdsifing to sushabess dellupan sudireuiisilaes dup tps flaw and
formed using a nultilayer wire, the linearity of the

10| ssoppingagn dovire asefacandr tetustion ofsthetyiald ard hlsewancerned. For
growdown and bending of the 5 multilayer wire may
coeunpleAs fldve anidneeaaping @icetdreatesbin termeddlesstage of
manuf acturing yield al so decreases. [00221 Typi cal
deheofactoting dfahltilayde oipar tamfot heeletatted fagmra finabproduct, but
are a petal-like deformati on phenonenon and a
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phenonmenon is that roundness is deteriorated as the
an internal crack remains. Moreover, a flaw and scraping created in the back

15 of a loop are not likely to be detected through 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]

20 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,

25 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



proximty of the outer circunference of a ball bonded
part is deforned in a petal-like shape concavely and
convexly, so that a ball is outqof an area of an
el ectrode when bonded on a small electrode, and is a
cause of failure like reduction of a bonding
strength. The m salignnment phenonenon is that a 15
ball formed at a leading end of a wire is
rically forned relative to a wre axis and

3ﬂ§¥%¥§%‘is formed in a shape like a golf club, and
g@ﬁg E m saligned ball is bonded in fine pitch
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of the conventiona
wire axis and the wire is 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



technol ogi es, suppress any formation of flaws and
scraping on a wire surface, and acconplish
i nprovenent of characteristics,jgsuch as stabilization
of a |loop shape and good ball formation, in addition
to conventional basic 15 characteristics. Means for
Solving the Problem [00251 In order to overcone
probl ems, such as flaws and scraping on a wire 20
C i Nker
SRR Gvgh BE ot HE B Bkfin i o Wow LR cc, 1B PoftEER Y malke the
Lt sl Ve ontrol aitexture of
Zﬁguétwg df ttﬂ%&nﬁllttl%}g?re&{pg%% &ueéﬁgﬁﬁgpﬂ&e. Inord: r g ensure the

Specitic skin resent inven
h been based .on t f.or egoi ng _knpw.edge 25
B SRy RO e e the S Phsh 1 Heessioig ensure
hre for .sem conduct or devi,ces accordi,ng t.o the fiyst, .
b o WhaEe FAdeEiaber i aibrs shasnpndie i g pof déteriorated
nenber, formed of an e] gctrically- conductive tal ;
5 AR WoReRyOe SOrLr A oLt 6 HoNb&mGrRIAl Siappere.
nposed. of .a different H?I fromthe_ core nenber, ,
S aRaRes immrovemept of adifersnue itA tigpep 1n gomparison with the
face-cen{ere cubic netal, and, a percentage of <111>
sitprasediteqtf the mppQlayer corPel WERSate bhat aprnsidprably hard
| engt hwi se direction at _a crystal face of a surface
&Pngﬁé% kS FEquiped forsmgienialsrmeiny compasadiof cepBer- %
[0028] According to the sem conductor- device bondi ng
0P84l th the foregoing 10 structure according to the
second aspect of the present invention, wherein a
10t ot allt perr ehjest of tlhe ptasentonivention ito pravide<d §oniconductor-device
orientation in the crystalline orientations <hkl> in
thoadieg gtinevrddchicaraveotonae théprablgstsad! thacensentineal
surface of the skin layer is greater than or equal to
@echfiologies, suppress any formation of flaws and scraping on a wire surface,

and accomplish improvement of characteristics, such as stabilization of a loop
shape and good ball formation, in addition to conventional basic

15 characteristics.

Means for Solving the Problem

[0025]

In order to overcome problems, such as flaws and scraping on a wire

20 surface, the inventors of the present invention keenly studied bonding wires

with a multilayer structure, and found that it is effective to control a texture of
a specific skin layer.
[0026]

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

25 and employs following structures.

[0027]
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[0029] 15 According to the sem conductor- device
bonding wire with the foregoing structure according
to the third aspect of the pregent invention, wherein
a total percentage of <111> orientation and <100>
orientation in the crystalline orientations <hkl> in
the lengthwi se direction at a crystal face of a cross
section of the core nmenber is greater than or equal to

15 % G&c[ﬁg?{gmlr%a/hfﬁf g%ﬁ;ié&dﬁﬁtéﬂq&e\ﬁgég &%gﬂlﬁ‘fgﬁooﬁ%?’%gﬁ aspect of

bondi ng W r oregolng structure

t.e t spe . [ ' erein
helgdEsbit L e fRRn Blisol S B HERhD YERBHR e aH"

onlientation in the crystalling. qrientatiaons <hkl> in

Sl AU REATEIE 2SR B 5 Hip Ve el P s ember and
the. 25 cross secti of the cpre nber i s greater .
CRAHI omRRzpd of aitigrent giesd] from U (re MREIHES, i wherein the
senj go ctor-device bpnding wire with the foyegoin
SEPtahiBS s FergS eolenweReen callic metah anis prpdaee of

i nvention, wherein a ratio ,of an av e size of a . .
T ta R ayatalling grietsations <BlIA ip 2yepethwisgalirection at
| engt hwi se direction relative to an average size of

teh BrYEEe, s of agwriage afifbeskin dayemisgreatpr hamon ¢qiaal to 50 %.

in th]e circunferential direction is greater than or

d808Bl t o three. [0032] According to the

sem conductor- device bonding wwre with the foregoi ngﬂ _

st r udicgprdingdorthie mgmiconducterdevicadppmeing fvirg&viph dsefaregoing
invention, wherein a 10 percentage of an area of .
citysctaire geedndénghe the segosrdatispiact obthenregenginventioe, wherein a
wire lengthwise direction at the surface of the skin _

| tay=l pérsertiabsofi <l 1jPententationaand < 18Gu airientagionyn the crystalline
relative to a total area of a wire surface. [0033]
Acientditiopst<hilransheilengihwise rdirationcet thendiyetplvdeceof the surface

with the foregoing
of the skin layer is greater than or equal to 60 %.

[0029]

According to the semiconductor-device bonding wire with the foregoing
structure according to the third aspect of the present invention, wherein a
total percentage of <111> orientation and <100> orientation in the crystalline
orientations <hkl> in the lengthwise direction at a crystal face of a cross
section of the core member is greater than or equal to 15 %.

[0030]

According to the semiconductor-device bonding wire with the foregoing
structure according to the fourth aspect of the present invention, wherein a
percentage of <111> orientation and <100> orientation in the crystalline

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

25 cross section of the core member is greater than or equal to 30 %.

[0031]



15 structure according to the seventh aspect of the
present invention, wherein a main constituent of the
skin layer is at |east one kinggof follow ngs: Pd; Pt;
Ru; and Ag. [0034] According to the sem conductor-
device bonding wire with the foregoing 20 structure
according to the eighth aspect of the present

i nvention, wherein a main constituent of the core

Rﬁ ”b %:nggtilﬁ% _Fh G818 lse MIB0 A IMOP'fdgtfﬂl!el Béﬁﬂbc%%% |W1%I wifl he %f'%re going

€ sem conduct or-devi c ng wre w

AR AL gg%(ﬁ‘gli%é E(BSJ lglrrlftrJ f'l?thzz?sdrfel%g ﬁf %{Eﬁées%ntg Eﬁ%&ﬁéﬁgwg%rein a ratio

aspect o I nve rsi

it di . [ | f { t 0]

5 B SAEREL PHRLRT R TR RCITED 4 iR e e
SRR Yl O BT SO Bl Gk i rein ac tho
0036 di to. t ' duct or-~ devi bondi

5 LR0ERk oARE Ik et % SR RARAHELS iAo lBEr an o
teq]t@E aspect of the present invention, wherein a

9% ﬁ‘ézgr%ﬁ' the skin layer is within a range from

38&3 to 0.2 m [0037] The sem conductor- device

gwre with the foregoing structure according
to the el eventh_aspect of the present jnvention

f ur t REEOEHRAR P Sha gemisendnagteridevise hopding sirpwidbthe fyegoing
the skin layer and the core nenber and having a _
cbhednre aceading teltlensixtheepsrt ofdhedpgisant inyerion, wherein a
sem conduct or- device bonding wire with the foregoing .
10 grergentage of @aoartianef arystal @ras Whareierywstalliofe arbentation in the
present invention, wherein the 15 main constituent of
twie dengthvaisb alirdctiofuatathe surdacsosfethessitiarlagenisat k> is greater
than or equal to 30 % relative to a total area of a wire surface.
[0033]
According to the semiconductor-device bonding wire with the foregoing
15 structure according to the seventh aspect of the present invention, wherein a
main constituent of the skin layer is at least one kind of followings: Pd; Pt; Ru;
and Ag.
[0034]
According to the semiconductor-device bonding wire with the foregoing
20 structure according to the eighth aspect of the present invention, wherein a
main constituent of the core member is at least one kind of followings: Cu; and
Au.
[0035]
The semiconductor-device bonding wire with the foregoing structure

25 according to the ninth aspect of the present invention further comprising an

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



greater than or equal to one kind of follow ngs: B
Pd; Bi; P; and Zr at a concentration within a range
from5 to 300 ppm [0039] Accggding to the
sem conduct or- device bonding wre wth the foregoing
20 structure according to the thirteenth aspect of the
present invention, wherein the main constituent of the
core menber is Cu and the core nmenber contains Pd at
j et Dl f { .
P RREBLAL b AR Bk SO the el RS of the skin
- ' ' uct or- device

Q%X%%%gé&%Féganﬁﬁgﬁgh?gFéﬁ%@%éﬁéﬁﬁ%ﬁﬁgh?e accordi ng
uﬁ ?Ef fourteenth aspect of the present invention,

8 n 14 the main constituent of the core nenber is

(o Snbek o dp UpleE BB Bl e R g R B ¥ hrosoime
5 SRS otk LR Behir G6oee) G018 b ti0R R, wherein o
devi bondi i f. th to t]

Wefnse ad thA Fkim laweriis WIOhiT # 3a8ea TR 0 Q07 0GR
‘,()bbga urface, thereby inproving a surface nature.

er, the linearity of a loop and the 10 stability
of | ogp heights are jnproved, Furthernor

: €, .
st abiThesamigandnctor-deypes bepdinggeirswithdhe foregoing structure
sem conduct or - device bonding wire is pronoted. As a .
racsardingtthehe glevanthaspedt ehigheprgsent tnyrntiom further comprising a
sem conduct or- device bonding wre which can cope .
10vliffusicn layer Sermed hetween themskingiawer andtthelcort exembgicand having
as thinning, a fine pitch, a long span, and
tehcemceditramen gradiepbckagi ng. 15 Brief Description of
Drawi ngs [0042]
[0038]
According to the semiconductor-device bonding wire with the foregoing
structure according to the twelfth aspect of the present invention, wherein the
15 main constituent of the core member is Cu and the core member contains
greater than or equal to one kind of followings' B; Pd; Bi; P; and Zr at a
concentration within a range from 5 to 300 ppm.
[0039]
According to the semiconductor-device bonding wire with the foregoing
20 structure according to the thirteenth aspect of the present invention, wherein
the main constituent of the core member is Cu and the core member contains
Pd at a concentration within a range from 5 to 10000 ppm, and the main
constituent of the skin layer is Pd or Ag.
[0040]

25 According to the semiconductor-device bonding wire with the foregoing

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



FIG 1 shows an EBSP neasurenent result of a bonding
wre (wre dianeter: 25 m with a nultilayer
structure (an area oriented tojy5111> 20 orientation
is colored. Acrystalline interface is indicated by a
line). Best Mbde for Carrying Qut the Invention

[ 0043] Regardi ng sem conduct or- devi ce bonding wires
(hereinafter, "bonding 25 wires"), one conprising a

%%q?ﬂg{gg&{sﬁtﬁeﬁ%f Qﬁe or mgﬁﬁéﬁgﬁily aﬁﬂrfﬂHQ:B ¢ ﬁlember contains

l'ayer on t core ne er and

er eﬁlt%? %Eﬁftoaorpeiskl ﬁg%ﬁ§§ B& CNf“Pdia!a.Jt‘xd Pt at a

core ne er were tUdIe

%ﬁ@é‘ﬁtrgh%ﬂw{tﬁ% Adalf @t"‘%% ?130519 ) BeaRpRerty can be

rove ive netal are

contained in the proximty of a surface of a bonding
wire, but formation of a flaw, scrapi ng and the like
on a wre surface 5 by w.r r-awk.n Wre

® manuf act uring process %"gﬁg&ﬁ%ﬁg 1i“ﬂ)’bp control in
3 ﬁnque bondi ng process becones a problem and the
puh; ity of a | oop shape is insuffici ent [ 0044]
Acco al e inventors of the, pr Sﬁ i nvention
st udl 6‘%‘{9&% uglior gt vieeobag 1Hgdmn¥ﬁl the pepsentigyentian
whi ch can cop te W th new needs ]ike strict |opop cqntro]
iSyPPregsesiayhiorgtin phlawsendseraping on geRdpdgrace, thereby
connection, and which can acconplish inprovenent of a
YPETVing A suRacy natuze+ hMoropyer, the linepvitinaf atgep and the
controlling of a texture of a speC| fic skin layer is

10 gt aloidity \oé logmbeighits iace improvete | Fueheomorefstahdization of a
present invention focused on a relation, which 15 was
Hondiiyg Rhape of thé semidnardmetor-deviex bonding wiresisriraveotefl. As a
multilayer wires and the usability of bonding wres,
argultethdread prbaidedﬁélevhighhsbﬁlnimtj«)natlrsemibmmdzllimtgr'device bonding
property, the |oop controllability and the |ike can be
cwirp vetieh ciavialope withrlavest sbynicamduabt pagkagingaethnclogies, such
crystalline orientation. Mreover, the inventors of
telset hineRey)ta fine piichpa l6ngsganyiand hhtecdithsmdibhabp afkazing.
conbi nati on

15

Brief Description of Drawings
[0042]
FIG. 1 shows an EBSP measureme.nt result of a bonding wire (wire
diameter: 25 um) with a multilayer structure (an area oriented to <111>

20 orientation is colored. A crystalline interface is indicated by a line).

Best Mode for Carrying Out the Invention
[0043]
Regarding semiconductor-device bonding wires (hereinafter, "bonding
25 wires"), one comprising a core member formed of an electrically-conductive

metal and a skin layer formed on the core member and mainly composed of a



20 of the texture of the skin layer and that of the
core nenber is further effective. [0045] That is, it
is necessary that such a bondigg wire nust conprise a
core nenber fornmed of an electrically-conductive
nmetal and a skin layer formed on the core nenber and
mai nl y conposed of a face-centered cubic neta
different 25 fromthe core nenber, wherein greater
t % ' [ t.l ons : .
SR Pt Tup L el fenChy BB h Pore e Bl ibtugied, and it
a I 1 S..< > . i to
LA td o D PR ooy S 5 8GR
a formation of. fla and scrapi a W re. surface
et PRI Rt AP RE REHAPaE fp PhaprBiiud SEgififace of a
| ex 1,0 control in,a wire .bondi,n rpocess can
HorSRRR v BT Nt isGhed & AL sEEppipP A S FE SR surface
a face -centerediagbic netal, there is n

O
5 R IRE 1Pt WG IABFIE ) PTRRS RO Niof RaBI4 loge control

i.s good,.  resulting i facilitation of aptation t
dBrhaLe b\%ﬁl@iﬂﬁ@?ros%??dnbw% prablem, and thy stabilifyaf: #lpop shape
and logp.controlling. 10 [0047] As greater than or
d§uBPUISIe. o5 of the crystalline orientations <hkl> in
the lengthwi se direction of a bonding wire is <111>, a
5[9946}6 characteristics, such as the surface strength
of the skin |ayer, a workability, a bending . , )
t ol edeBprdinglyale tineentoreofithecpresent gaveritian studied bonding wires
acconplish sinultaneously can 15 be i nproved, and as a

10 red bl a mulhijayesrstanctonre othichaan copd withapivngeeods tikeistzct loop
surface can be suppressed. The <111> orientation of
tdoatfd anfoenpicle donobition aatlah thseexdimsnsident eonnection, and
direction, and if such <111> orientations are
oohichotaedacaomytlivh Akproveayent, oftdhgichd ih drawahg sf adhid Wire, and
of the surface is likely to increase nore, and for
dranplthat thetralliengf b testwashdacgdcifihskindagenbd éffégtive. In

agai nst elastic 20 deformation and the tolerability

goatkalam the inverdofoofEHd presbac dierdtig focaBed on a relation, which
15 was hardly known so far, between a texture of a surface of multilayer wires

and the usability of bonding wires, and verified that the workability, the

bonding property, the loop controllability and the like can be comprehensively

improved by controlling a specific crystalline orientation. Moreover, the

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

25 from the core member, wherein greater than or equal to 50 % of crystalline

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




t he toughness can be al so enhanced. |f the percentage

of the <111> orientations in the crystalline

orientations is greater than opgequal to 50 % a

sufficient effect of suppressing any formati on of

flaws and scraping on a wire surface can be

acconplished. Preferably, if the percentage of the

<111> 25 orientations is greater than or equal to 60

9 if71A & 15 1154PP AR % 4N RireS G PP effect of

i{%le%l}rn?rlléf&% lr?prlcnl\s}ed, ‘%%gh?%?rarcgtsiug%o%%n%ésc_rrgb?ng%ag%re ecto
e n r :

ipsp Ot E Ahy i BHEEE Bwd ard W BRRIE o a e bWy wire

éater than or ~equa
Sy APadr s bebfy PR A ARl b WRRILR 1D bnthhl in a wire
furth [ d, d f L f fl d

TR Prachs S SANR L proouirishn i n the case of 5

f jion of a lowloop in which a |oop height is, for
54@@%% e, less than or equal to 65 m and formation of

alo can be stahilized. [00481 . According to.the :

mul ¢ agensyrydicohshe SE0 14ver 1o g Hof ggnrerafl gupib s, there is no

menper are forned of differen onstituyents, it s L

itrelie gt @%?s?n%eooé‘@%%geﬁil&f e FkaOLlty i8a0ody gesgHiting in

t he_skin layer covering a wire surface. Contraqlli rlg;Lo,f .

tpeilitationptadepiatien tacempdex werking hsgdeng apgd the like in wire

characteristic inprovenent. It is thus different from

tdxeming agshloop|copskpliingt he case of the conventi onal

nonol ayer wires. According to the nonol ayer wires, it
10i[904@ksi bl e to manage a texture of a whole wire and a

crystalline orientation, but it is difficult to 15 ]

cont s greatexthareoneqaal tp F0 Sk ohtheycrystallimenxidntasions <hkl> in

separately fromthe interior of the wre.

Abededgtigiise direnticgquef s bbedmd wire ise< ddseacket vhicharacteristics,

multilayer wires is required for controlling a

terchursetlnf sulfecesktirangty of thaf skimelayut,td wayleabihity, esbending

and managenent schene of a texture and a crystalline

abierabdityoind thalike vehichragesdisailt om acdorhplsle sdruttineously can

t he nonol ayer wires cannot be applied. 20 [00491 If

15 theinh picledp ahd et g6 10f, anblformiittordPawerdmhidhpdiBon a wire
in the crystalline
surface can be suppressed. The <111> orientation of the face-centered cubic
metal is a most dense direction, and if such <111> orientations are collected in
the skin layer, the mechanical strength of the surface is likely to increase more,
and for example, the strength is enhanced, the tolerability against elastic

20 deformation and the tolerability against plastic deformation become high, and
the toughness can be also enhanced. If the percentage of the <111>
orientations in the crystalline orientations is greater than or equal to 50 %, a
sufficient effect of suppressing any formation of flaws and scraping on a wire
surface can be accomplished. Preferably, if the percentage of the <111>

25 orientations is greater than or equal to 60 %, an effect of suppressing any

formation of scraping is further improved, and formation of any scraping and




orientations <hkl> in the I engthwi se direction at the
crystal face of the surface of the skin layer is
greater than or equal to 60 % jdi spersion in | oop

hei ghts can be reduced, and controlling of the
stability of a |loop at a fast operation 25 speed
becones easy. In a normal wire connecting process, a
bondi ng wire passing through an aperture of a

GOy e BB Pi! EIPRSATR 30 et BYEBEA tha o
f/égl?lfq?ba & g, W re 'p%efélﬂhgggi o?tisé géﬁ;artgr lt%lgﬁ o?%ﬁlﬁafrto 20 %, an

ast’ speed I n-an or
R & _ s | <
2%45@2%?@ﬁ%gfﬁ%ﬁh%l@ﬁéﬁg%%? g%éﬁh%ﬁf%?#?ﬁe?ﬂwééﬁ’ %?@

{ t ' A t hat 5 j {
b ER oly R ad sl di be e Ber b Breh ICU base of
5 AL ok 6w BT 4050 G LB g 88 g o

| oop.height, it . i.s eff.ective to sugpress.an
L 55 s P FPBRbRE o5 AopD RRP SRPISAhg

3%3 at: ons.O If the total percentage of <111> ;ﬁgw
or e

orientations in the skin layer is greater than

ual .o 60 % a od 10 .effect of stahilizing a
Ioop%ﬁ%? ngdep tge %Pﬂﬁﬁygwﬁr%%ﬁﬁﬁw apkig lpgergandithe core
| ess _than qr equal .tg 3 nmcan be accanplj shed.
prembesgry foymed of diffeyens canstitypisclt 1g gatativedy saswgo geparately
good effect of stabilizing a |oop height can be _

10 gonbind 14 rbdreef the gy lepencovering ahwize wurfaceenfontralling of the
greater than or equal to 5 nm Moreover, as an effect )
avetargl tezhang dyo buingsas gned effectpefrduraatpeistic insprovement. It is
<111> and <100> orientations, unevenness of a film
tthius khHerentrifremvierdkireycongtiroldimef ior theet ¢ase offthe wenvéentional
and in a thermal treatnment process can be suppressed,
maenolgyehevitds. clkomesdinfg tohtheskbnolayge wives, fibispodsiiflsdd manage
If the total percentage of the <111> and <100>
ar textied DA whole tihiee add « cystallinenarionizgivm butisisdiffieult to
inthe wire Iengthwi se direction at a cross section of

15 tcbatwd metexenmresf érfyproairitytdfahe urfidalephPathdy #eonh the interior
is possible to suppress any failures that a ball
gnHedvipar t Accordbnel R uinyqeebelidieg fdnthd Sase of the multilayer wires
is required for controlling a texture of the skin layer of the multilayer wires,
and management scheme of a texture and a crystalline orientation in a wire
cross section in the case of the monolayer wires cannot be applied.

20 [0049]

If the total percentage of <111> and <100> orientations in the crystalline
orientations <hkl> in the lengthwise direction at the crystal face of the surface
of the skin layer is greater than or equal to 60 %, dispersion in loop heights
can be reduced, and controlling of the stability of a loop at a fast operation

25 speed becomes easy. In a normal wire connecting process, a bonding wire

passing through an aperture of a capillary is subjected to complex motion,




out of a true circle. Such abnormal deformation may
directly cause electrical short-circuiting with

adj oining el ectrode, and is onggof failures nost
concerned 25 in ball bonding. As a rough indication
for a criterion for checking abnormal deformation, an
el liptical shape that a ratio between a | onger

di aneter size of 19 a ball bonded part and a shorter

détﬁ?'ﬁeéseéugierféoﬁpgﬁg%glslhgg%a% ?spa% e at {12 ﬂo&dlng wire

t1mes i Frmne fal ure en| suc

JJ‘H[ q (9191:‘:25(’1"1(? ghﬂe?rbéxc NP 38{3? sﬁ: %@Q&f 0 8h oarde? O s ?Veral ten

urrence ra eriora r oduct1vi

RSO S UL o2 PR
f%%?ﬁﬁ@mﬁ;fgﬁ{srﬁs{e@v%% L A i 4o
S0 30 SRR LSO 0 o
T S UG O M A p——

fac uring.10 nagenment in a bondin {)rocess S

f PPP é%xht anis § tlﬁpde@dm%%/a% Cﬁfﬁ%é HEﬂ 97€:1ﬁntat10n3 other
connectlon is also inproved. It is verified that the
gt 11oaand 108 rarientasions. a lbihe tojabperopniage ektil1> and
the texture of the core nenber, and increment of the
ﬁ&%@ﬁg@t@ﬂorﬂm&%ﬂan@w@b190ﬂe@rﬁelathmgr eguahto 60 %, a good

stalline orientations <hkl> of the core nenber is

e@:tpf geabilizingsa leop height et at neueal spid bowhdch hiwgedength is
cryst alline orientations of the core nenber does not
Hesnthan os efjfinbtedmmf deecbe hocarhplishaske dPrefeenbly, if it is greater
nmonol ayer wires, but brings a good effect in the case
dhamher equili tloaﬁgﬂa%, ai goed.. effidee of etadilizinpya icopniséight can be
conpletely clarified yet, but it is thought that the
tamcbnipdishidtdven egesprmnhiewhiclygaiviire daidth afdreate tHaveor equal to
texture of a ball because the skin layer is nelted

f3 nih, Mskeber, egram effedtridemplizheldy iRtdadngthe poycentage of
step in ball maltlng of the nmultilayer wires. It is

15 ki 41196 4Bk 1065 belendstibAs @il ednk8€ bf & FnPthickness in a working
acconpl i shed when a ball is in a normal ball size.

Rfterefoaiitfon $haR MR and ina @hé‘ﬁﬁﬂﬂreﬁtrﬁ@nﬁ BabcesBRan be
ratio between an initial ball dianeter and a wire
Huppeb&led thdkidgliBedhichsRUPYRE skin layer uniform.
[0050]
If the total percentage of the <111> and <100> orientations in the
20 crystalline orientations <hkl> in the wire lengthwise direction at a cross
section of the core member is greater than or equal to 15 %, it is possible to
suppress any failures that a ball bonded part is abnormally deformed and is
out of a true circle. Such abnormal deformation may directly cause electrical
short-circuiting with adjoining electrode, and is one of failures most concerned

25 in ball bonding. As a rough indication for a criterion for checking abnormal

deformation, an elliptical shape that a ratio between a longer diameter size of



ani sotropy and a shape failure Iike petal-Iike
deformation at a ball bonded 25 part can be
suppressed, thereby inproving tjge roundness. The
inventors of the present invention studied

def ormati on behavior of a ball by conpressive 20
def ormati on and application of ultrasound, and
verified that a correlation between a ball bonding

S A1) SN S50kl 0 2 e e B o e
) 10 j i ORS. i he .
B REAAERI by S R SOAR Aok Bl i

AU ERTLBLIATRP L Rl SRR 2%k dpRGibisgEs fhe HRbductiviey of

ng 1 ncreases,
f f. f f [ ' | -1
SR BB B TS BB e 00>

> Bt oRert G54 S ahaPras oI o oo £ Botal ifte Brmation
{ADGe? Pt Pt Prownti e Ghter onasiobwRr/et Dol tsinded parc

cases. Preferably, if the total percenfa of

st SRR Cootedp 2 CERIY B D PUPRE° s8R it bR rboRgded part

reater ihan or equal to 50 %_a. ball with a small .

espes clesgriorm triiecikely angd artabHizedn afwodmeundness is
exanpl e, when a ball wth a small dianeter that the
restviedt pgranscher aaduetion of a hoading pzemtserthatmanwiacsuring
diameter is 1.5 to 1.7 is subjected to bonding, if the

10 yaanageiaant in afbandang procesd del facititated, angrtbe edpdactjvidd in fine

bal | bonding shape can be acquired even in the case
afitch ¢immecpiondl ademirepréved. wilt is weriBked dhav tlee sdledifmation
| ess than or equal to 40 m There is no specific
whpentoos of aibalk gfeatlyt teflecpetloetidgee of thdreorehémbendand
<100> orientations in the core nmenber, but if it is
liperenéranoftthequprab ntage8d bl 1bhard<180anrradvatibagim thatrystalline
controlling at the time of 20 manufacturing becones
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conmbi ning the texture of the core nenber and the
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si mul taneously inproves controlling of a | oop shape
anghicibabeffeenin tHe Qfseltithe 485R618BEF QAres] MRtk brfngs 4 gbSd effect in
the case of the multilayer wires. The reason why is not completely clarified
yet, but it is thought that the texture of the core member significantly affects
the texture of a ball because the skin layer is melted first, and the core

20 member is then melted step by step in ball melting of the multilayer wires. It
1s verified that better action and effect can be accomplished when a ball is in a
normal ball size. For example, when a ball in a normal size that the ratio
between an initial ball diameter and a wire diameter is 1.9 to 2.2 is bonded,
anisotropy and a shape failure like petal-like deformation at a ball bonded

25 part can be suppressed, thereby improving the roundness. The inventors of

the present invention studied deformation behavior of a ball by compressive



25 desirable that a bonding wwire with a nmultilayer
structure should have a conposition in which greater
than .or equal to 50 % of the crystalline 21
orientations <hkl> in the lengthwi se direction at a
crystal face of the surface of the skin layer is
<111> and the percentage of <111> and <100>
orientations in the crystalline orientations <hkl> in
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gre of | nfluence surface jncreases, 15 SO
higg 6%@ thsderture chyﬂﬁwﬁ@rbb@ fiﬁ@r@%afe@t lfblfemarkable in the
practlcal use if the effect of crystalli
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of a bonding wire. [0053] Mbre specifically, IS

10 ddei mapplayen Atires omdinycagese Weﬁer&blnruiftthpaty‘e&l rmcentage of
structure should have a conposition in which greater
thlli>oand §180>torisBatioos mtﬁie core/ateshbémie greatart thanomsequal to
<hkl > in the | engthwi se direction at the crystal face
di0 ¥hea kalt fatteacimalhdisketed aarehaves a stdble landing shape. For
of crystal grains where the crystalline orientations
iexamnmelewinhenl £bglihwithen sinaficdinaretat thiiethesriti@betvoden an initial
the skin layer is <111> is greater than or equal to 30
%Ak dmameteramba makadiataetar isHeb totldl isndgectedithdonidigg, if the

surface. Accordingly, an effect of
15 roundness of a ball bonded part is improved, a good ball bonding shape can be
acquired even in the case of a fine pitch connection with an electrode clearance
less than or equal to 40 pm. There is no specific uppermost limit for the
percentage of the <111> and <100> orientations in the core member, but if it is
less than or equal to 85 %, there is an advantage that controlling at the time of
20 manufacturing becomes relatively easy.
[0051]
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

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

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



stabilizing a | oop shape is enhanced, and in
particular, a |loop characteristic is 22 stabilized
even in the case of a bonding wire thinned so as to
have a dianmeter less than or equal to 22 m and it is
effective for reduction of any formation of flaws and
scrapi ng. According to a thin bonding wire having a
wire dianeter |ess than or equal to 22 m due to

\ e . ! O
'd’i?élﬁ'i@i?)hsqhka.hrlﬁ'tﬁe bYn HiHvRisd Hﬁ‘f’@c\g\'}hg)lngit % {:‘x?s@al %E% SF tﬁ'ﬂe surface of

area of crystalline oriéntations di f

C@g%géf%rt #sg@{:lg%ﬁ%?d B%&BE%?EQ% af gi‘li’@ ﬁéﬂ o«ﬁlld)})%‘)&nentatlons in

recl se r _as pe ( _
B A5 BELSORB0E AL U5 5 i LGB0 Bk gt cron

BRIl e R B b0 . fBording, e

5 ChBTPSBeRaE cdatiEkiats 4 188 bPBRIGE Wift fos P ifgpoved in
| at i to.the t l. ft i . f " d ‘
dhsfediBehSional rackAvia? Shef e stihahrdicin <ongoctiol TRt a plurality

thin.wires. The.reason why the area, ratjo jis set  to, .
i B ISP L R R By Hsthajrihe loop heights of
formation of flaws and _scraping cannot be suppressed ,
adligore g’%@%‘é’#@ﬁﬁ&%ﬁ’ﬁ@ﬁyd’lﬁgh&@ir@ﬁ‘gﬁ rorg QU0 ppm which
out using a honding wire with a wire dianeter |ess
tlﬁéﬁc%}ﬂ%aﬂﬁlm‘@éo Agmdi €SPhe area ratio is less than

io %ﬁven t hough greater than or equal to 50 % of the
109P03%AkI 1ine orientations is <111>. Preferably, if the
area ratio_is greater than or equal to 40 % any
f or mibegrxpdanstiondagrhtengispn of the aatinhemd the ¢ffectwifithe
wth a wre dianeter of |less than or equal to 18 mis
aereentagd of spedficorimmationp with refarentetablepsuirdbleeystalline
area ratio is greater than or equal to 50 % an
efrfeatatiohs s uppttenpingyadvandesrimatd aarfudfird feevespamgi with
scraping is further enhanced even in the case of thin
viccem phishimentdifanhe pilchs shiehdogros of infiherice byl 8 sywrface increases,
and it is advantages for fine pitch connection with a
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bonding wire with a nultilayer structure has a
of epesthalligd otiendti®h is organized with reference to the surface of a
bonding wire.
[0053]

More specifically, it is desirable that a bonding wire with a multilayer
20 structure should have a composition in which greater than or equal to 50 % of
the crystalline orientations <hkl> in the lengthwise direction at the crystal
face of the surface of the skin layer is <111> and an area of crystal grains
where the crystalline orientations in the wire lengthwise direction at the
surface of the skin layer is <111> is greater than or equal to 30 % as a ratio

25 relative to the total area of the wire surface. Accordingly, an effect of

stabilizing a loop shape is enhanced, and in particular, a loop characteristic is



23 greater than or equal to 50 % of crystalline

orientations <hkl> in the Ilengthw se direction at a

crystal face of a surface of the skin layer is <111>

and a ratio (an aspect ratio of crystal grain

di ameters) of an average size of a crystal grain in

the surface of the skin layer in the | engthw se

direction 5 relative to an average size thereof in the
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to three, an effect of inproving the loop Ilinearity
canioh eekadivie toi thet topabareengd] thehedte sRrfsfeer gbdd/ chafactémstics can be
aspect ratio is 20 greater than or equal to five, a
gequitedoprdr methed ¢asecHthine vacepi rBuk atasanl why the pana iratio is set
which a wire dianmeter is less than or equal to 25 m

andeagrsiater tlemgdhequsl t03@es 1d havause apgUermiatidn diiflaws and
More preferably, if the aspect ratio is greater than

Ger Hoingl catodol d@, suppresdeRicin @fmé aRsowhes fife pitehRonnection is
linearity at a super long span in which a wre |length

icarfieddurudingd Kinddgabire vith A EeMibmetoielan cz%equal to 22
[ 00551 The face-centered cubic netal which is a main

GRRASE thd'8Rda PAtid DEle8KitRaB B0 % even though greater than or equal to

50 % of the crystalline orientations is <111>. Preferably, if the area ratio is
greater than or equal to 40 %, any formation of flaws and scraping even when
a thin wire with a wire diameter of less than or equal to 18 pm is connected to
form a loop. More preferably, if the area ratio is greater than or equal to 50 %,
an effect of suppressing any formation of flaws and scraping is further
enhanced even in the case of thin wires with a diameter less than or equal to
18 um, and it is advantages for fine pitch connection with a diameter less than
or equal to 40 pm.

[0054]

If a bonding wire with a multilayer structure has a composition in which



layer is a netal different fromthe electrically
conductive nmetal which is a main constituent of the
core nmenber, and it is desirableg that such a net al
shoul d have an effect of inproving the bonding
property of the bonding wire and be effective for
suppressi ng any oxidi zati on of the bonding wire. Mre
5 specifically, Pd, Pt, Ru, Rh, and Ag are candi dates
by eSSt 18h B Y 1998 driditationt ¥HIQW AG%y
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like thinning is 15 anticjpated, Ag is, a sqft .
NRRGTHES 10 M?@dé%snaég ithe capiliary st ik Wieddpack therein to form
flaws, forned_by drawing of a wire formed wi_th_the
skilepn, ayarrl falerens bae bopding wize falls floyvn and iphenphecause of
I nexpensive material cost, so that it is appropriate

10f Bictras widniheabiteeealseall of the capillary] aud ) borging Hailure as the

is, it is preferable that the skin |layer should be a
phoredingtvaire grbwk ylowro opogeresoftiag ihgaductioe okargdelt. In order to
follow ngs: Pd; Pt; and Ru, or, should be an alloy
nsliptiress euplo fadus vt to Empedwecthe loap lineawitsuidtd inventors of the
metal. If the skin layer is a pure netal, it is
apiresah b peausidrhfitundnidradve ieeaffectf veoifi thie zaspie otnratio of the crystal
resi stance and bonding property is relatively easy,
agchinfattthe ssitfavel citle skén bayedSsdhénsed helfathesasprct ratio is
advant age of increasing the tensile strength and the

15€ineBéased, BBthLgraihe o i thé WitdRpeeheigndidbetasy fovr dibrous
deformation at the tinme of resin 25 encapsul ation.

lh«g;/;g?id; aindait Ry havERtRdeoud foh feAINE aMRRIdUEAFaihhiatl thd bonding
wire at the time of loop formation and deformation dispersion thereof. If the
aspect ratio is greater than or equal to three, an effect of improving the loop
linearity can be sufficiently accomplished. Preferably, if the aspect ratio is
20 greater than or equal to five, a good loop linearity can be acquired at a long
span 1n which a wire diameter is less than or equal to 25 pm and a wire length
is longer than or equal to 5 mm. More preferably, if the aspect ratio is greater
than or equal to ten, an effect of improving the loop linearity at a super long
span in which a wire length is greater than or equal to 7 mm can be enhanced.

25 [0055]

The face-centered cubic metal which is a main constituent of the skin



having a concentration greater than or equal to 99
nmol % is contained in a part of the skin layer, or the
average concentration of the skin |ayer other than a
di ffusion layer is greater than or equal to 80 nol %
An al l oy neans one 5 containing at | east one kind of
follow ngs: Pd; Pt; and Ru at a concentration greater
than or equal to 50 nmol % [00571 Cu, Au, and Ag are
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is forned of an alloy mainly conposed of an
angchandingipropertsfotanveleptrode are suffecipnt and aadity aganagement is

in sone cases for thinnin i nprovenent of the
lvefwi nit ma]ie&lﬁtabllgzaib@@atu{giaba}i@hape echitielyensy.s Ruis a hard

increased. In the case of the Cu alloy, if such an

ahétay, orlitatersioamadteas of anengs fitinn dndf hdsoh Irelsitingdy iB;xpensive
Pd; Bi; and P within a range from5 to 300 ppm the

neatziried cost.enghthagfa gbml benldzatdomiresistamde tarel Heakke,dbut has an
nmodul us thereof increase, 26 resulting in

asponpive shatrialabst soathat el fintiré BRaA®IhAgoh RBetdofidikiel thinning is
at along span up to 5-mmor so. In order to enhance
smclvigatedt | Ve R beM mate@ial, makes suppression of any formation of
flaws, formed by drawing of a wire formed with the skin layer beforehand,
relatively easy, and has an inexpensive material cost, so that it is appropriate
for cost-emphasized semiconductors.

[0056]

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

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

modulus, resulting in suppression of any wire deformation at the time of resin



i nventors of the present invention verified that a

good effect which is insufficient in the case of the

Cu nonol ayer wires can be accomglished if it is 5

applied to the multilayer wires having the core nenber

mai nl y conposed of Cu. That is, if the core nmenber is

formed of a Cu alloy containing B, Pd, Bi, and P

therein within a range from5 to 300 ppm the skin
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t

ystalline orientations <hkl>in the Iengthvvi se
direction at fhe crystal_ face of the surface of th
ski n C4 aerandAgaggcapdidatgs é@r thaualectrically- %ndu-:éiwtal of the
constituent of the skin layer is 20 Pd or Ag, the_main
CoReFmbAK. s fAm ther etamdipint ¢fsm@srtlcahut1h%e ibér desirable that
menber contains Pd at a concentration within a range
10 ftb@rﬁose mebeoshepd ba mainlyeeomposed efntdeastenss kid of followings:
satlsf% suppression of any formation of flaws and
u. akén baalin ineapensivetmateriarost dms mgdodielestiical
hei aht or stabilization of conpressive bondi ng shape
uptavitybond eelapevely-gbod hanHbraility swdt theattbalPformation is easy
process in manufacturing of wires, because of a
3Y sprayied withi oshield gakiangha timbaf balli forimaeioRd Au has a high
concentration uniformand noderate as Pd in the core
Dridinetibarreaistaitt, dégs ndt rbguiskiansHialegad at tidtiidsEball
one another in the vicinity of the interface between
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reduci ng peeling and scraping of the proximty of a
ttoRrnsuEd ek€behdind ppedfl 2k has a good conductivity, but is slightly
difficult to do wire drawing, so that it is necessary to make the manufacturing
technique appropriate. Conversely, Cu and Au have an advantage that those
are time-proven materials for the monolayer bonding wires.

20 [0058]

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

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

tensile strength of the bonding wire and the elastic modulus thereof increase,



action of reducing dispersion in shapes, such as
fall-down of a |oop and 5 bending thereof, can be
acconpl i shed. Such concentratigg change is effective
to not only a whole wire but also a neck part where
heat at the tinme of ball nelting affects, thus
effective to stabilize |oop heights. According to the
combi nation of the Cu core menber and the Pd skin
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[00601 In the case of an Au alloy, if nore than_or
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<bhtzolud ©nd dhé oS mRnie dwhysindhgithe adlolesémehens

<hkl> in +4he lengthwi se direction at the crystal face
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than or equal to 50 %
If a bonding wire with a multilayer structure employs a composition in

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

change in the Pd concentration uniform and moderate as Pd in the core
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5 [0061] According to the structure of the bonding
wres with a nultilayer structure, if an internediate
metal | ayer conposed of differgnt constituent from
the main constituent of the skin layer and that of the
core nmenber is present between the skin |ayer and the
core nenber, it becones nore effective 10 to contro
the crystalline orientations of the skin layer. This
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ambiaatienial tbaCwrotemenbey and the Bdskimdayess mipmg of Cu with
core nmenber and which is present between the skin
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part can be inproved as the adhesiveness between the -

skiape lofpdralhhdndéd paok & beattene ickrclansrenbeticed. 2Regarding the Pd
sinple technique of neasuring a pull strength in the
ehocantrgtioh canvaicgd intihiedede paerhbeninf hids gresteashan or equal to 5
substitute for neasurenent of the peel strength.

Apaoy thienprygoinheffeetd ast verified, £ed pbeferalslyedsets Poeater than or
causing the internediate netal |ayer to intervene.
Eheaat e 200 tppeint surh dmeffest f itephovemdittbtlcomd¥ahofe remarkable.

shoul d be sel ected based on the conbi nation of the
Ruptrilingetie @bpéhiBostkimit of the Pd concentration, if it is less than or
equal to 10000 ppm, any chip damage due to hardening of a ball can be
suppressed, and preferably, if it is less than or equal to 8000 ppm, an effect of
suppressing any chip damage is further enhanced, and it is advantageous for
fine pitch connection.
[0060]

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

Au alloy containing more than or equal to one kind of Be, Ca, Ni, Pd, and Pt at

a concentration within a range from 5 to 8000 ppm, the skin layer should be



| ayer and that of the core nenber, the foregoing netal
constituents are preferable, and in particular, Au,
Pd, or Pt is nore preferable. Mare preferably, when
the combination of the main constituents of the skin

| ayer and the core nenber, respectively, is Pd/Cu, if
the main constituent of the 10 internedi ate netal
Iayer is Au, it is advantageous for controlling of the
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dj t I Pt, it dvant
P MR g onetn D AR ne ori entati ons and.
5fli%|oﬁﬂakl ng the conposition of the skin layer and the

hi ckness thereof uniform [00631 When the

t hi ckness,.of the skin Iaye hin a ran fro
0. 003:CBrdng tojegtyugture o ala@vhﬂ%éa%weﬁav multilayer
controlli of the foregoi crystalline orjentations
oftrRFfaIre lnril A mpermediade .meqagéasmlt comarosedrRirdiHarrnteonstituent
étlsfactlon of requisite characterlstlcs such as

empidiedmagn serpatuent o dhe skin boprogm ofifibiej coye mgmber is
t he thlckness |s reater than or equal to 0.005 gm a
NIEFeRE befw 1 lagenandthe ggre menshers itdhdcomes more effective
orientations of the skin |l ayer can be acconplished, 25

10 gagrontral tthe eepstadlige origntationsieftheyskih laybnl | Thisdabseause

of alloying becones renmarkable, and a chip damage
|driketadline lriegptatignd én achisedagper ntwy affedt fofmabion of the skin layer,
bondi ng. [0064] Preferably, if the thickness of the
skiditl iayrelatiwiypienly no aonaoheryfstalin® @ientatichslin the intermediate
beconmes possible to stably forma loop with a desired

|metaldhp@efdrmed tio the ceriitierthad 1SipBef! than 8o eemirbEyrystalline
| oop control. More preferably, if it is wthin a

raaxtgeationsof tBeQotOn{dnibdd MNMb% SpRifidd1Bt €Be same face-centered
acquisition of a stable film

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

[0062]

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

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

the adhesiveness between the skin layer and the core member is improved. A



qual ity such that the processing efficiency of a film
formati on process can be increased while packagi ng
the usability of the bonding wege. [0065] 10 If the
thi ckness of the internediate netal layer is within a
range from 0.005 to 0.2 m this facilitates
controlling of the crystalline orientations of the
skin layer, the adhesiveness of the interface with the
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paeferpbly, when the epmbingtion efthe main spyafitiients of the skin layer

orientation of the present invention should include

amdsthergore spembgn| rgppestivaly.da /o, iftdhecmpin gomstifarent of the

orlentatlon 31 relative to the lengthwi se direction

10 sntermediatrimegaldayer isAw ithisradvhndegeass for icantroléngbf the
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25

when a crystalline orientation in a particular
grysellimmorigntafioseof the skinvagter lanch thet respettave adhesiveness at
angul ar differences in sone neasure, and a slight
antprfagesdinhdrg ehnelayserbnt&amdediatmlajnen@omnmnmben meentedhtively
nmet hods including 5 how to prepare a sanple and how to

moedur ddrbever ydieal theneombiraniat 6Ot maWbeonstitients of the skin
angul ar difference is within 15 degree,

thparamt d the toesmembordiespdutivelys isyB&ad,iifithe main constituent of
orientations are possessed and the degree of their

ithé ineraesliste metal layer is Pt, it is advantageous for controlling of the
crystalline orientations and for making the composition of the skin layer and
the film thickness thereof uniform.

[0063]

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

and if it exceeds 0.2 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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various characteristics of the bonding wire can be
effectively utilized. [0068] 10 Regarding the texture
of a surface of a thin wire witdg a wire di aneter of

25 mor so, it is not well known so far, and there are
few reports for, in particular, the texture of an
outernost surface of thin nultilayer wires. In order
to precisely neasure the texture of a bonding wire
Whbedincs relatively soft and is a netal wire with a
smal | diameter, an advanced neasurenent 15 techni que

| ogaqui site. [0069] Regarding how to neasure a
texture, an el ectron back scatterlng pattern

égeL?g%?%}a%rl{i uEﬁ:%D lhﬁ:ﬁﬁ@% e ﬁ%i{é/r Ay EhAPEds! %@ from 0.01 to

eca van ageo narrow ng
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Ibbg%’il line orientations of a vvi re surface highly

p

ely with a good 32 reproducibility regarding a
fine texture of the bonding wire. [0070] According to

10t he B8R thicknesn el thennjermaediate wpetial dayrraigiwithin arrange from

convexities of a sanmple and a curved face thereof are

| 2088 toi0:2 pap, dhis fa@dﬂ&ateféw@tﬂr@ﬁmﬁ@f theygyatalline orientations of the
orientations highly precisely. However, if neasurenent
cdnbilayen she adhesivenegpobihe iaterfapd ghtly the eqiesmember is improved,
measur enent and anal ysis becone possi ble. Mre

spet itf heraimas, pessiide do mgpevwith cempilecetbopreontpdlan®referably, if it is
straightly, and a flat part in the vicinity of the

certhén aofarntgedrimmn@iDbgoW. T @m,shis facilitates ensuring of the uniformity

15 of the film thickness and the reproducibility thereof.

[0066]
An interface between the skin layer and the core member is a part where
a total of the detected concentration of the electrically-conductive metal of the

skin layer is 50 mol%. Accordingly, the skin layer of the present invention is

20 a surface from a part where the total of the detected concentration of the

25

electrically-conductive metal of the skin layer is 50 mol%, i.e., is a part where
the total of the detected concentration of the electrically-conductive metal of
the skin layer is greater than or equal to 50 mol%.
[0067]

It is desirable that the crystalline orientation of the present invention

should include ones that an angular difference of the crystalline orientation



measured through the EBSP techni que. Regarding a
nmeasurenent-target 10 area, when a size thereof in the
circunferential direction is |lggs than or equal to 50
% of the wire dianeter with the center in the

| engt hwi se direction being an axis, and a size in the
| engthwi se direction is less than or equal to 100 m
measur enent efficiency can be enhanced in addition to
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obta| ed preferable to sel ec

ﬂéﬂ%ﬁf@p&@@@gs aFeRessegsed,apd gh@é%ggp%pf their influences to
measurement tar %et areas do_not overlap so that
Jariaischaraeteaistios afhe bonding wireeambp sffegtivelst nighzed.
Ean e measured. [0072] 33 For exanple, when a

ng wwre with a wre dianeter of 25 mis subjected
to neasurenent, the bonding wire fixed on a plane so
10 as nBegavdingitinedextuss ofa gurface pHa then michwash posise dizmeter of
IS used, a neasurenent-target area at a tinme is set
28 bm or =, 2eisofotdwell iknowhese fag anflahent na¢ fav repottedor, in
around 5 the wire axis and a size of 30 min the
Ipamgchldrs theltexduré ofantdutemmasteasfasepbittdhahyltilnger eriees. In
anot her by greater than or equal to 1 nm are neasured,
andet tepraveip gee danfronthattepturervfer ysidibliwize which is relatively
orientations in the wire surface can be acquired.
Idofteated is 4 Meetad adty enENhsniall d@imarafan avdnkedvniéhsurement
select the neasurenent-target area are not limted to

15 tbehtiquedoirdguieites, and it is
[0069]

Regarding how to measure a texture, an electron back scattering pattern
(hereinafter, EBSP) technique recently developed can be used because it is

advantageous for narrowing down a measurement-target area into a tiny part,

20 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

25 crystalline orientations of tiny crystal grains in a submicron order and those of

crystalline orientations of a wire surface highly precisely with a good



10 desirable to nmake those appropriate in

consi deration of a neasurenent device, a wre
condition and the like. [0073] ggWen the crystalline
orientations of the core nenber are subjected to
measur enent, measurenent can be carried out through
both of a vertical cross 15 section in the | engthw se
direction of the wire or a parallel cross section in
t WA NTARY ! t | lel to
e bl feltyrdid £ B Yeflee IELPHBRRE RIS
qﬁbgafe to be acquired can be easily obtained through
the vertical cross section. When a cross section is

r ermo e GRETO R e dasP R RRin brgtfliAgn 0ot dies and

i dual strai th | i f . 0074] .l n.
By E¥ie<er T himRle, b0 v daer thaRPEam e BasRiffieuls to
s dBeree s Gopialine R anels g B L | JIoVeY e ibpgdeurement
of a.crystal grain in each orientati.on relative to the :
Fondifions ot PPIORBIARE r Riebly Pre@se mepsugemgnppand analysis

ach crystalline orientagtion with a total, area of
emgy P‘iﬁsg?lﬁs Org SPSE wailﬁvea hapding zé’rlws&.ﬂ?m?@n a plane

orientations can be 34 .identified in the neasured_. o
ateaightly agdastlat partam theopginity ehtheeemder ot the bpading wire is
A mnimumunit for calculating an_area of a

dpoasured; theoughtha BB bBreskyigye. a Regpadiag 3y measugemgnt-target
tiny area in a part of a crystal grain. Regarding a
10 girga, whentre st;awgemofgné;hﬁ,cimnafeem@el dirgetion is lessithre or equal
can be 5 calculated in the | engthwi se direction and in
tthed Ocor af ihieewiratdiameder with the cefte® iBthe dengthwise direction being
manuf acturing the bonding wire of the present

ianvexits| angd sasize eép thé ledgihiwisg diteetiokiin léssytdraroor ¢dpeal to 100 pm,
surface of the core nenber, and a worKking/thernal
tmeadurenierst efficencg@anris énhgnddieinsadditionr testhef prebsion.

skin layer, 10 the diffusion |ayer, and the core

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

In order to carry out highly-precise measurement through the EBSP
20 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. It is
preferable to select measurement-target areas in such a way that
measurement-target areas do not overlap so that different areas in the
256 circumferential direction can be measured.

[0072]



requi site. [0076] Exanples of howto formthe skin

| ayer on the surface of the core nenber are plating,
vapor deposition, nelting, andgghe like. In plating,
electrolytic 15 plating and nonel ectrol ytic plating
can be applied separately. Electrolytic plating has a
fast plating speed, and can acquire a good

adhesi veness with a base. Electrolytic plating can be

ol ot P 2RUAETED Fhef , BEARE RRPOLE £ it T ls M i

plating so- _ |
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e DALY 5h 3316 ok o Bl i Y, Tagpguzpment target

| | I d duced il
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sufficient, byt when.a film to.be formed.is thick, it

s eoy Rectiis atil e HeF LS AAHE LS 18R eRGe dircstion, Hited areas
substituti,onal plati tep by step. Nonelectrolytic
tseeé’ﬁﬁ?fzfi‘é f??é%&ge&nﬁtﬂ%{ EY ﬁ%a{?é\ﬁ&!@@, on; eyl 40 ke e yneasured,
out, but requires a npre tine than electralytic .
tachiequaversge i gmfﬁt% opLpHrtalipe oriensatiops ju the wire surface
adsar ption, such as sputtering, ion plating or vacuum

F?Q}H}'e‘gr Brweven thegneapiregment terept atens, evd hawi to select

btiﬁappl ied. Those are all dry systens, do not need o
g IR ARS Wegntr target aremaronet Epdtedhtasthesforegeing anss, and it is
possibility of surface contam nation by rinsing.

10 [dsopeiple tegwke thgseaparepriptaon gursidenatiog ¢f ameagurement device,
vapor deposition, both of a technique of formng a
f4 Wigeoforghtieh@gtd thealiks.- conducti ve netal at a target
wire dianeter and a technique of once formng a film
dROYBk core menber with a 10 I arge dianmeter and of
drawi ng such wire several tinmes to acquire a target
wi r e Whi¢mnlke¢ erystaBiref 6entationd of theecoeasgembef hkésubjected to
formation of the forner technique ‘
measurement, measurement can be carried out through both of a vertical cross

15 section in the lengthwise direction of the wire or a parallel cross section in the
vicinity of the center of the wire parallel to the lengthwise direction.
Preferably, a polished surface to be acquired can be easily obtained through
the vertical cross section. When a cross section is formed by mechanical
polishing, it is desirable to remove a skin by etching in order to reduce a

20 residual strain on the polished surface.

[0074]

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

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

area of crystal grains or a total area where crystalline orientations can be




at a final diameter, manufacturing, quality managenent
and the like are easy, and in the case of the latter
combi nation of filmformation ayd wire drawing, it is
advant ageous for inprovenent of the adhesiveness
between the filmand 15 the core menber. Specific
exanpl es of individual formation techniques are a
technique of formng a filmon a thin wire with a
t; E [ i sjyel i:
ettt ies AR e dices g SE3ThYRSY ARERLSE chithe
t i 0 -m 4 aking a thikck wire.in
GBI P LR ik R DR B oBeh g B Yeling
f.drawing the wire to acquire a final wire, 20 .
draRieafir g 2 Brfliof et e G i e s gfst G a Srystal grain
fermng the.skip layer at the final wre di r
6Bk 85 o iR ar Sl weedfran A praeLSze F 2BF A Gan be
formati on. eover,. the thick-djangter. plating,. . .
5 IR I T SRR ise fimerhoR 2nd i tie Sebupfrofuinb direction
r@ gi,i es a conbi nation of a working process of
a @ Pting a target wire dianeter and a thermal
treatment process. 36 . [00801 In a working process
af t ednyRanufachurmgdhe kondipgavire ogthe Ryesenkdgrention 2 tep of
v'%re,dravvi ng_ and the like are applied selectively and
depaing £he skin lasesomathessurfpemolitheenresnembarrand fng a
wor k texture, dislocation, defects of a 5 crystalline
i wekingthenmal treatiand step ofl contralling thesptawdiures of the skin layer,
pressurization rate, a reduction of dice area and the
10| thediffiusinn yeneand theicereonentters ihd theyike, aesbectively, are
~ adhesi veness thereof. [00811 |If a wire is sinply
suglqjueiteed to film formation, working and heating, 10
crystalline orientations in a texture at the surface
dPOFBE skin layer and at the interior thereof cannot
be controll ed. Wien a processing- strain elimnation

annedxamgplet of Howngd forrt thelskinElager ohithb suefaemfithd cofe member
normal wire

are plating, vapor deposition, melting, and the like. In plating, electrolytic
15 plating and nonelectrolytic plating can be applied separately. Electrolytic
plating has a fast plating speed, and can acquire a good adhesiveness with a
base. Electrolytic plating can be one-time process, but can be separated into
thin film plating so-called flash plating, and actual plating for making a film
grown thereafter, and those can be carried out through plural steps, thereby
20 making the film quality stable. A solution used for nonelectrolytic plating
can be classified into a substitutional type and a reduced type, when a film to
be formed is thin, merely substitutional plating is sufficient, but when a film
to be formed is thick, it is effective to perform reduced plating after
substitutional plating step by step. Nonelectrolytic technique needs a simple
25 device, 1s easy to carry out, but requires a more time than electrolytic

technique.



manuf acturing processes is directly applied, |oop
control may becone unstable because of reduction of
t he adhesi veness between the skign | ayer and the core
15 nenber, and controlling of the uniformty of the
skin layer in the wire |engthw se direction, the
distribution of the skin |ayer and that of a diffusion
| ayer at a wire cross section may becone difficult.
qﬁgqqpingly, it becones possible to stably contro
the texture of the skin |ayer by conprehensively and
appr gQry I ) Ni ' it . : : :
20D SRR Ln BRI KGRl KHOGRRRILLRS sr3Eife o olating
| a d | .
3ot depbiefi Y Bl B GH 300 AH £ 13835 end CYTIe applied.
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nd . 25 in a.t.hermal treatnent proces restoration
> irpE e Mo, FT st o e Bty 5RIAE.
rﬁéﬁﬁftallization texture is fornmed, and those
t es are nutually 37 associated with each other
to s a final texturg of, the skin.la er and

crystRgarimet & 5teR poperforamgplating g Hapox deppsitiep, both ofa

the cryst i ne origntation of the skin layer to the ,
deghniqye; fgjr#%‘lnﬂ%%& L Pf ﬁE&i‘?“éﬁ%ﬁY'&O pRUYe R at @ target wire
nopre effective. As the_ process.condition of wire .
dHameter ander tachnpng ehorsre farming aphiim ogde core member with a
appropriate, the orientation percentage to the <111> )
10 dargmeimetes andsef drawingragbavire prEexslitimeate gaquire a target wire
percentage to the <111> orientations by wre draw ng )
vHemedeyapeatfeeiivon o the easediftfilon fornatéom of e byimeotechnique
before working, but in order to set the <111>
aiti @final deametercesnadactofing g usltity thayagement drd the like are easy,
greater than or equal to 50 % for exanple, it is
gfrfcent thwecase ofithe daiter combiia tion kf filmmdopmadioarandaireodrawing, it
equal to 80 % Preferably, when the work rate is set
tie ablwagtegdoers fohampeovanenat of thedddBésivemefkfleitveof: the film and
i ncreasing the <111> orientation percentage across
15tthe cobonterhberdi Bpavificecanphs ehhdieddal fdr@03n 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
20 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

25 core member requires a combination of a working process of acquiring a target

wire diameter and a thermal treatment process.



In a thermal treatnent process, it is effective to
performthernmal 15 treatnent once or plural tines.
The thermal treatnment process ggn be classified into
annealing right after filmformation, annealing during
a process, and a finish annealing at a final wre
dianmeter, and it is inportant to apply those
anneal i ng sel ectively and separately. Depending on in
bogd] process stage a thermal treatnent is perforned,
the final skin layer, diffusion 20 behavior at an
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E rmal treatnmen as thermal treatnent is

8 F W eRAES LA essively drawing a wire and a

i&g@ﬁr ature gradient is set in a furnace, not setting
nace tenperature to be constant which is a 5

gene t.hermal treatnent, it _becones easy (o .
pr odl@'f MEEe bY Sply S&%m tag touilm @mawnpfv@sr ’Elg and heating,
i nvention having the skin |layer and the core

10 axystpding preniatipnes adeRaunad the qugtage) of the ko &@yergand at the
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a tenperature gradient and a nethod of changing a
tetarierathereof ¢anmot herepdralias. beVaepld prcessingratrain elimination
desirable to suppress any surface oxidization of the
laom¢ahge\dtrefinal wite diaméteecrhich is appiefldnmdrazali wiye

whi | e causing inactive gases, such as N2 and Ar, to

mh oenfactudagtirocdssen fewéire[:ﬂ@%bliednlcm)prr@mlti'oignagﬂaleomne unstable
a casting technique of nelting either the skin |ayer

becahse obresl urtivherf the malipksivehesabdtwecmthe skin hydrawmd the core
at a thick dianeter of 10

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 diffusion
layer at a wire cross section may become difficult. Accordingly, it becomes
possible to stably control the texture of the skin layer by comprehensively and
appropriately combining working conditions, such as a formation condition of
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




5

10

15 to 100 mmor so after the skin layer and the core
nmenber are connected together, there are advantages
such that the productivity beceges good, designing of
the alloy constituent of the skin layer is easy in
conparison wwth plating and vapor deposition, and

i nprovenent of characteristics, such as the strength
and the bondi ng property, can be easily acconpli shed.
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B S A AR R R, thearieRtatin REsnTAE I the 155 omentations
mai n, consti t uent gf the caqre nenber in tﬂe sEi n | ayer..

|9arybe iRgreanedint TRe oricgbplpn ipereasHage he dhe i Ll fz oxdntations by

| ayer manuf act ured befgrehand, controlling of the, .
BHSirargnRgaaion denending og v irs conditienlikR arrompesition before
becones easy. It is possible to omt a thernal )
tvesaRgnbut tr opdern tessatdherc il >taréensriion pareentagerafehs skin layer
melting nmethod, but if a thermal treatnment is ]
derbograader bhangr ¢gurhte 6086, for sxammple,isis effectdve tmincrease the
the skin layer, further characteristic inprovenent can

ok patet greaténtgslor Byuakiond) SuchPrefemsiblyadvien she wark rate is
beconmes possible to manufacture at | east 10 either

oved tofbet greater thareobequalnt 3586, sin efféciydindrgasing the <111>
successive casting. According to such successive
oast¢ntagionppaTesta® arress thwkibole dondingowp®@rdasobe enhtihced.

the foregoing casting nethod, and a wire dianeter can

He08Bl nned, thereby inproving the productivity.

[00871 15 When bonding is perforned using a

mul t iThay therpopipReatheft PRoOeBy it ieeffective to perform thermal

15 treatment once or plural times. The thermal treatment process can be

20

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

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

without intermediate annealing.



core nenber mainly conposed of copper, a shield gas is
requisite for formng a ball, and an N2 gas
containing H2 at a concentratigg within a range from1
to 10 %or a pure N2 gas is used. A m xed gas
represented by 5%2+N2 is recommended for the
conventi onal nonol ayer copper wires. In contrast, in
20 the case of the nmultilayer copper wires, a good
ghpg property can be acquired even if an
i nexpensive pure N2 gas is used, so that a running

iy ol SIS SRR b penc
JRORpEReE A ol Bl et i erdEl & SSitfeg pgpdiont i

nmet hod of causing ar.c 25,di schargi ng whil e sprayin D

{363 TR firaefeasl el HEE A FHmRcs foppelpBfre A steRwhich is a

to 99. %ta the | eadi.ng end of a wire or therear.oun

5o kpreshibeiagl Croafment it BecosBem FAYY thdo paggs production of the
esirable. [Q0881 Moreover, if a. diffusjon |ayer

529 BEFErGOEANe RECSSIt AnVeREPn Adying, élfie sbilayeraad the core

t he adhesi veness, t her ebet ween can be inproved, The
dnemberonAs spgpific gxamplesy a anetdoged laealinintiedweing a temperature
constituent of the core nmenber and that of the skin )

| grpdientand aimethnd ofglwngang ediemprragureoin giutnacecarpbe applied.
such main_ constituents. By formng the diffusion

| Wihen, it i$ desidnble toevppreseang snrface oxidizatipayéthebdnding wire, it

the core nenber can be inproved, peeling of the skin

10| ig\edfective to performehedtingophidonausihgandctvon gases, sach lae N2 and Ar,

suppressed, and by setting the 10 concentration

godtiivenbsidethe dupaadeson with a case in which the

el ectrically conductive netal has a uniform

donsaht rati on across the skin layer, wre deformation

can be stabilized in a control at the tinme of

f or mihizomedfing métbod, whiagtinigtethiRfue dfanbRigf égbbLehdykin layer

conpl ex plastic deformation. Mreover, by increasing

tdietheajoee i@ BePis dfidicd] il ¢ hevikats ARswafattdhick diameter of 10

surface of the 15 skin layer to be greater than or

15 €QUEDO fnn 20 sHoaftdr the skehilhi&dahfl@he 3Breife®®BerOdre connected
suppressing any formation of flaws and scraping is
ftaEb 1Ry, 1HBYe Q8 hdvhntASELslich 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
20 process can be divided into a method of casting a melted
electrically-conductive metal around the core member manufactured
beforehand to form the skin layer and a method of using a hollow cylinder of
an electrically-conductive metal manufactured beforehand and of casting a
melted metal in the hollow part to form the core member. The latter method

25 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



the diffusion |ayer having the concentration gradient.
Regardi ng the concentration gradient in the diffusion

| ayer, it is desirable that theg evel of

concentration change in the depth direction should be
greater than or equal to 20 10 nol % per 1 gm

Preferably, if it is greater than or equal to 5 nol %

per 0.1 m an effect of nutually utilizing
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i ffusion,layer. As explained above, by controlling
eXRefed of progression of diffusion through a 5
C@}g%iﬁ@ati on of a thermal treatnent and working, it
b s possible to form the desired diffusion |ayer
uniformy. in the circunferential direction of a wire
or t H& nEmg sighse meliedmesal, thbeessnes popddp tomaganisichgre at least
the concentration analysis of the skin |ayer, and that
10ogithercone of thy eoreampmbensdd the skirdayer bpshatagetveotasting.

perform ng analysis while digging dowm in the depth
ohecsedinmta sarh sieeessive gaetivg, prasebeasdinegsimipldidsl/in comparison
sputtering or the like, or a nmethod of performng
| with thedfoyegaingraptingtmetiwidy sind awise diametercande thinned,
section is effective. The forner is effective when the
stitiemebaymprowingthe, produttivikes a too nuch tine for
nmeasurenent if the skin layer is thick. The 15 latter
clo688] sectional analysis is effective when the skin
| ayer is thick, and has an advantage that checki ng of

15t he GWheghohdin®is pérFbihbdisdile aGhakslalBe cefiér wire having the
cross section and of the reproducibility at several

PRIt DB bes mifhdf borb¥s@PSHcopper, a shield gas is requisite for forming a

It

ball, and an Nz gas containing Hs at a concentration within a range from 1 to
10 % or a pure N2 gas is used. A mixed gas represented by 5%Hz+N2 is
recommended for the conventional monolayer copper wires. In contrast, in

20 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%Hz+N3 that is a standard
gasis used. It is desirable that the purity of the Nz gas should be greater
than or equal to 99.95 %. That is, a bonding method of causing arc

25 discharging while spraying the N2 gas having the purity of greater than or

equal to 99.95 % to the leading end of a wire or therearound to form a ball, and
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but the precision thereof decreases when the skin
layer is thin. It is possible to neasure the
concentration by polishing a bggding wire obliquely
and by 20 increasing the thickness of the diffusion
| ayer. The line analysis is relatively easy for a
cross section, but when it is desirable to inprove the
precision of analysis, it is effective to narrow
kS {he analysis, and to perform

gg?%%ﬁgﬁg#gé?én%gﬁfgﬁ?gkﬂsing on only an area which is
igﬁthble to observe in the vicinity of an interface.

an anal ysis device for such 25 concentration

CocniTaeyEh b REPrIRIE R e e RBlpyor and e
R ERR A5 dB PARES 1 BLRB R o Fon HTRRIET e aifusion
JERH g et oot e i RRBESBindBeldoP e and th o
BRIV btk i b e it adira bl main

Mor eover, for. checking, of an average cojyposi ti on, or
tpastituents; ¢ [E}YSP%@%%M diffugtonslayes tgle SHegRes Between the
fromthe outernost surface step by step in an acid, .

Frhan dayercend the core memi qanohe ynprowed, geslipe\né dhp gkin layer at
froma concentration contained in the sol ution. _
Abedimerty loep centgoband bending ean besuppressednand by setting the
necessary that the concentration acquired through all
concértrasioagriadietn an yeinparsohiwighescase inswhich thee

stipul ated range 10 of the present invention, but the
aflegricadlfy-come uptize emetall dnae mt ovform robeentaetionidresecthe skin layer,
if the concentration acquired through any one of the

fwrre gleiformatinnlcysile stabiiveglimsa safirsl atshée hiene of formation of a
stipul ated range of the present invention. Exanples

[160® &ihicH 3s Akebxtal benaffeotedvidst torhpleyi plastiofdeforangplias. oMoreover,
the present invention. [0091] As raw materials for

tanidichgasingehe pedcerege afidhd\e 1MD- ohieteatiohd oPeheisetface of the
for a core nenber and which had a high purity of
Glkealgyer fddlhe BfesbtBhat Or equal to 50 %, it is verified that an effect of
suppressing any formation of flaws and scraping is further improved if there is
the diffusion layer having the concentration gradient. Regarding the
concentration gradient in the diffusion layer, it is desirable that the level of
concentration change in the depth direction should be greater than or equal to
10 mol% per 1 um. Preferably, if it is greater than or equal to 5 mol% per 0.1
um, an effect of mutually utilizing physicality of the skin layer and that of the
core member different from each other can be anticipated without
deteriorating those. It is preferable that the thickness of the diffusion layer
should be within a range from 0.002 to 0.2 pm. This is because if the

thickness of the diffusion layer is less than 0.002 pm, the foregoing effect is

insufficient and is difficult to identify through analysis, and if it exceeds 0.2
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approxi mately 99.99 % by wei ght were prepared, and Au,
Pt, Pd, Ru, and Rh 20 which had a purity greater than
or equal to 99.99 % by weight aid which were to be
used for a-skin layer or an internediate netal |ayer
were al so prepared. [0092] Wres thinned to a certain
wire dianeter were used as a core nenber, and

el ectrolytic plating, nonelectrolytic plating, vapor

AeRO$h &0, arf'ﬁhﬂbﬁga R feep th 1Re lté%t%r}é\%?'%h@ %gf:{? ([)e{gf%g'rv‘rrr}]lich makes

thereon and a thernmal treatnent was perftorne

ast%gfef Fdi'ﬁ{]attl&ﬁggjclhe!s@r%?a ?%efﬁl#ﬁt%tﬁ:&%ftﬁﬂ?cuq{. t;&ﬁ%ﬁ%ﬁon of a

fﬂH%?haWtE@at%%%rﬂe%ﬂ@e o'E% F&%(ril tg% éhfﬁr,lgl]tquHﬁels Ki ,gs explained

ayer at a ce

htidte By 2bbtinl he o4 Bl ﬁt’fﬁ%ﬁf’gr%ﬁ%w 56 LUBPR shES e »
aﬁ ?‘?@‘P%%??ﬂ & Pt t%‘%‘é feeﬂﬁﬁaﬁé@w‘?ﬁwﬁ%@eﬁ?w Rgssible to form
ati\‘?l GRS TR f‘?f%?aﬁfd:‘/‘g‘ﬁ&? AR reph AL Ajgerlon of a wire

t{i-n@red befor&: re surface thereof was

de BEtRE}S, 18%‘3&‘.@} }F"d'ﬁ plating and the like, the

\(/rbgé were drawn to 15 to 50 mwhich were a final wre

0 ]c and a work strain was renoved and therrral

trea nt was 10 perfornmed in such a way that th

el ontgqaﬁgiaéﬂl% thejeaneeptaation analafﬁgeeoiffrb@nﬁha\ntlayeu 5m% that of the

| ast. Dice drawing. was perfornmed up to a wire dianeter
goregemb Qoendmglkee@or@a hnifue efspenformningnanalysisawhidatdigging
was performed, and then wire draw ng was perfornmed

lpaym In the depthudizestionifromahesturfive of theibonding wiveby sputtering
set within a ran}gle from5 to 15 % per one dice, and

trdde like ox avareshed pbpedfdrimsng dinedynedysis rirrpedot ahalysis at a wire
a work strain or the like on a wire surface. The wire

drase sertioa s effestivedj uTthedobetenae pff2tito w6 thenskin layer is thin,
[0093] In a case in which the nelting nmethod was

dpyil tiadds aatooahich tihe dasticagusement ifathensitinllapsioisnthick. The
core nenber manufactured beforehand and a net hod

latter cross-sectional analysis is effective when the skin layer is thick, and has

an advantage that checking of the concentration distribution across the entire
cross section and of the reproducibility at several portions is relatively easy,
but the precision thereof decreases when the skin layer is thin. It is possible
to measure the concentration by polishing a bonding wire obliquely and by
increasing the thickness of the diffusion layer. The line analysis is relatively
easy for a cross section, but when it is desirable to improve the precision of
analysis, it is effective to narrow analysis intervals of line analysis, and to
perform point analysis while focusing on only an area which is desirable to
observe in the vicinity of an interface. As an analysis device for such
concentration analysis, an electron probe micro analyzer (EPMA) technique,

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




20 of casting a nelted netal in the center of a hollow
cyl i nder manufactured beforehand were appli ed.
Thereafter, processes, such ashorging, rolling, and
di ce drawi ng, and thermal treatnment were performed to
manufacture a wire. [0094] Regarding thernal

treatnent for the wires of the present invention,
wires 25 were heated while successively drawn. A
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s Erparattn & Bhdke 1o SassiHBa it A bouting Fike foghthe
ﬁ&%;ﬁgg{]??&gce o2 %@Pr}\gﬁ{:}g%% | %ﬁ gggipg{l}e;%%gtobﬁg)omtmn of the

Cﬁngel ure dlstrlbutlon a Wre sweeping speed or
t 859lved paakframs 8 congentappionsoniained in th&rﬁ%‘t‘%@phéﬁ%ordmg to
the thermal treatpent, inactive gases, such as N2
pResenipinyengions dls ROtsigsPeRy tAm% thicangentration acquired
s flow rate was adjusted within a range from 0.0002
gféirgueb@ L) thierforegringasalwsig technigues safiisfierythe stipulated range
erature inside the furnace. Atimng of performn
10 tqfngﬁmrewretamwsntmnwbyt $kpaffactcof therpresentmvientiom cin
skin layer was formed after thernmal treatnent was
Fepvmpdished af the eorvanitrajiomdeyyoad tiravgmagny and of he doregoing
case in 15 which thermal treatnent was applied once or
predysis tedlamques eqtiafies ohe wtipalatedfrange af phe pessent invention.
during a process, or right after the skin |ayer was
f or mitkample®@95) Regarding a work | evel by rolling and
wire drawing after the skin layer . was forned, it can
H6080) t ed out by an accunul ated work rate cal cul at ed
based 20 on an area ratio between a wire at the tine

150f fiAmestglafatioa wAhbe givdnaf extivhfles 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

20 which had a purity greater than or equal to 99.99 % by weight and which were
to be used for a skin layer or an intermediate metal layer were also prepared.
[0092]

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

and electrolytic plating, nonelectrolytic plating, vapor deposition, melting and
25 the like were performed thereon and a thermal treatment was performed to

form a different metal layer on a wire surface of the core member. A method
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di anmeter. Wien the work rate (% was |less than 30 %
it isindicated in a table by a letter R, when the
work rate was greater than or ﬁual to 30 % but |ess
than 70 % it is indicated in the table by a letter
R2, when the work rate was greater than or equal to
70 % but | ess than 95 % it is indicated in the 25
table by a letter R3, and when the work rate was

I d
tafE?I‘rﬁLyéH%Pe*? 5 fBaP Ry dimefed A é%@%ﬁto?o‘%mmga skin
ture ofthe kln .S, .ne
Tk EP R PRt Frife iR, e B Mimplie p RE I RN Wite diameter
sition,_a thic S t i ke,

RS 5@%}# eblY FHTRR,  Rephhe b hote PAISER Seturions or
5 and. th atment condi tion r the like, :
o ?IBtﬁDPng%rl Rif &?awsr%grepaggdafo telecholpe plating and
|ncr asi (=i<111>rat| nthelimg W se direction
aR°“§ et 5‘6 6’Fm§h%n§@PH feIing WasaRReoRT BARG Roéltlon

cregse .t he rk rate, to nmake an__initial filmthin,
a Feeavang a 1ﬁ€1@tt§ﬁﬁ§ﬁ59m’%n¥ﬁte§’ 1560 dafo ﬂ%éﬁ%rﬂrepared
As an_. exanple, when the work rate is R2 to R4, it |
rhefarehagdy t nﬁ%qu surfpee sheweof Feasievatad by vepor deppwtmn plating
contrast, in a conparatjve exa it was effective
tagd H‘eechkgs@etmre@m%ercataévmwngdowmrm dhewaeg a final wire
treatment at a high tenperature or for a Iong tinme in
shameten andouswrkissrainiwas remioved apdodhrymRd dueatioment was
observation of a texture of a wire surface

10 qreyfrmdd itesuch amwagntlaxti theselmg@timmxlédbetmfthugh range from 5 to

EBSP technique in a certain area of the skin |ayer of
a Sobrati lagt.wi Dece Begangi wgs peefppametli wpntob wira shiamesert of 25 to 200
sanples, three to five bonding wwres were fixed on a
pimare neededcliffusioy thbahal wieatmeint eedd pardorthéd eded then wire
from one another as much as possi bl e. Regarding an

abaeringovay pexfoaneéalizangul The aedacting bfdirdxofthd dawing dice was
axis was set as a 20 neasurenent target area at a tine

havwighia $rdeg®trom 5Xollb %W pér dhedicel hEAThesEAidedlwere combined
direction and of 10 to 50 min the Iengthvm se
15 dbrR§tst0itroduction 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



Three to ten neasurenent target areas were selected in

such a manner as to be spaced apart from one anot her

by greater than or equal to 0.54mm An interval of

measur enent points was set to 0.01 to 0.2 m 25 [0098]

In observation of a texture of the core nenber, a

sanple that a cross 46 section of a bonding wire was

polished and a work strain at a surface was reduced
GREIWARL aBbp 1Y ' i

EERBEMAL LIS HAouSgRls AR umece which wes
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section ver Wi T e Wi ‘s € :
e ek R BEh S5 Poeh crigh Pt BIGH ¢t LrBReHiTaTe AerirEagion

B8 3e8 5 gt TR 6 e dlure, and a ow
duci bilit the |ik eded. [00991

5 SRR OF B e RS TAT Y & I, e DLt gy low

TSIF_erv\%% used 10 for gnal ysi s of EBSP neasuyenent

JSaper Y

1§ WPFS AEARIPE ATom idowiregntzanes et ameke giteand

anal yzed, , and the percentage of crystal grains in the
TEEReCaTheaong THRES Heat iFdvRmAnaERd. i sddadon to the tomperature
or.ientations was acqujred. An orientation was set with
rErlrknen: 3 Wik sveppigarsed orthedikewes alsiymade mppropriate. In
w re, and ones having an angular difference within 15
oy plimosphenedi\bhe AT érepdmenti inactiviecgrsesi vrh s e and Ar,
al so consi dered for percentage acquisition. Regarding

10 gverd eefdatd ipmesh enyoxidizationr c dngayBowfrathavas adjuated within a
grains, two kinds of percentages were acquired: one
(maavgeifremt BP00A te 8. 0%k mdjmim agvkwas espddomtommolling a
calculated with a whole area of a neasured area being
dempgratwret iInspdiptiheafirmare and timnéngvhperfomaing tadheal treatment
orientation ratio) in each orientation 20 cal cul ated
wrah separated faf a oasyircwisélahl skie laydrewhaforensd whtiee Bhermal
were able to identify being as a parent popul ation

irt ot mexfitewea s e@pliedaocewiai haviegaknddrgonhe ldrawihg tand forda case in
measured area. In the process of the latter one of
15 achii¢hrihe@mal treatment was applied once or greater than or equal to twice
before a process, during a process, or right after the skin layer was formed.
[0095]
Regarding a work level by rolling and wire drawing after the skin layer
was formed, it can be sorted out by an accumulated work rate calculated based
20 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

25 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.



orientation ratio, calculation was carried out while
excluding a part where it was not possible to neasure
crystalline orientations or a pgrt where it was 25
possi ble to nmeasure crystalline orientations but the

| evel of reliability for orientation analysis was

| ow. Regarding the level of reliability, paraneters 47
may be prepared in analysis softwares, and it is
deppppbl e to select a criterion in accordance with a
condition of a sanple, a purpose of analysis and the

i ke oy i f T :
Cont TASEEPE PP patia] § fhcp e RALATRLRR M UETR, is nacpsary to
i . nal ysi.s .by AES was appli.gd for,.
HBAKE ke 1P Rlee ol Bl AR MR BY Gty Ao BB, & hickness
o alvsisand |ine analysis by AES EPNA or
TR RS e Bl R B S8 SR fosmiagfon condition, a process
di.si i butions of elenments lik ncentration o
5 L P CRa e FeBLn b Fhe BRELERPIRLIGIS: o Tpybe examples
AES, 10 neasur enent S fornmed.in the depth . ,
e adtiese oh R ot REoRiG i Ph Kaekhige disrgtion at
and.a d h unit was.displgyed in Si Q2 conversion.
ﬁﬁéfacc&@@h? 'ilifwed"f ltewegﬁff%e%w R IRgRasRt WOﬁJgtrar% to make an
i.n.a bpnding wre S neasured throu%h | CP anal ysi s,
epl éﬂh‘}:fé}dsto\cﬁraov‘t%éhﬁitﬁélpe[f@&‘@?] of g thergpal treatment. As an
connection of bonding wres, a commercially- available
sxemplei whensthe werkmateis £3 kB4 & isaelasivaly #asy e duerease the
bonding. A ballwas formed at a |eading end of a wire
10 531 13 P eradios c Haragintepst altda isonpad ative ragimet itoves effectionto
a silicon substrate, while another end of the wire
vigsrease] thetwark ratgeaiybto perfaimghenmal teeatmaertrtrmhight
pure N2 gas was mainly used as a shield gas 20 used
ftempsuppiresyi foy adopgdxndiinardentaredure tthenel df> tstid.
formation. A gas flow rate was adjusted within a
1@ from 0.001 to 0.01 nB/min. [0102] An Al -alloy
film(A -1%5i-0.5%Cu film A-0.5%Cu film which was a
Regarding observation of a texture of a wire surface, crystalline
15 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
20 measurement-target area at a time having a size of 5 to 10 um in the
circumferential direction and of 10 to 50 pm 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.

25 [0098]

In observation of a texture of the core member, a sample that a cross




material of an electrode on a silicon substrate and
whi ch had a thickness of 1 25 smwas used as a bondi ng
partner. Conversely, as a partggr for wedge bonding,
a lead frame having an Ag plating (thickness: 2 to 4
gm on a surface 48 thereof was used. Note that
regardi ng the bonding property to an Au/ N/ Cu

el ectrode on a BGA substrate, it was verified that the
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For | ow | oop evaluation, |ow | oops having a target
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by a cross mark in the table, when the nunber of

15 sepdtalinge vASn oot Owelhé QBsdtnsiddiel ForBE feeh@hse Aéquisition.
flaws and a negative effect |like cloggling of a
Eigialril Bigya WaFculation 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

20 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

25 possible to measure crystalline orientations but the level of reliability for

orientation analysis was low. Regarding the level of reliability, parameters



25 concerned, it was determ ned that inprovenent was
necessary and it is indicated in the table by a
triangul ar mark, when the nunbgr of scraping was 49
one to three and there was no big flaw acknow edged as
a problem it was determned that a wire surface was
relatively good and it is indicated in the table by a
ci rcul ar rrark and when there was no scraping and no
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mm A wire dianmeter was set to 25 20 m Thirty bondi ng
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0101

15 For connection of bonding wires, a commercially-available automatic wire
bonder was used to perform ball/wedge bonding. A ball was formed at a
leading end of a wire by arc discharging, and bonded to an electrode film on a
silicon substrate, while another end of the wire was subjected to wedge
bonding on a lead terminal. A pure N3 gas was mainly used as a shield gas

20 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 m3/min.

[0102]
An Al-alloy film (Al-1%8Si-0.5%Cu film, Al-0.5%Cu film) which was a
material of an electrode on a silicon substrate and which had a thickness of 1
25 um was used as a bonding partner. Conversely, as a partner for wedge

bonding, a lead frame having an Ag plating (thickness: 2 to 4 um) on a surface



circular mark, when such an average was greater than
or equal to wre 50 dianeters of two wires, it was
determ ned as bad, and it is ingicated in the table
by a triangular mark, and when such an average was

t herebtween, it would not becone a problemin
general, and it is indicated in the table by a
circular mark. 5 [0106] Regarding the stability of a

| QRReSIWRS usBd2 KRB kRSt Pé@gggfgstﬁ@baﬁgjﬁlgt aﬁ%@%ﬁ{ f8hn AwNY/Cu

| oops were connected at a pan w wre -l engt

o058 0 504 L AD Pb808 s Uy A TR thaco he
St . . A g

FRdRaRe 150 0 0nela NSl A o AORE Safl ARG 1o

"ﬁ’%ﬁy ng hei ghts, and neasurenent was carried out at
cations in the vicinity of the highest part of a

| oop @and.at _the cent f the | oap. t st andar d

5 ev, S EtE PUfyRRERghr Han Scppibfieand the 16 Shtre surtace,
te 1/2 of th i re di ter, j.t det erm ned t hat
dhops vty ehabked LinpietSheenkation 9E Rhe exTRTITTRRRRAT20FB Af 8

S than, 1/2, .it 1 s deternm ned that .

FeiiteiPon naalision shuldguomadecrel iR anae fesss PRiRIdo loop
Qﬁsed on thqge %{iteria,_mhen di spersion was snmal | at
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was stable and it is indicated in the table by a__
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timeand dOA0 homsling wirss fardiachtldddiwerehebseabéd thsough a projector.
cross mark. [0107] 1In determ nation of a bonding
SDbgsarvetion fonApmess iy etgddarced tad éxtpans] sid2of 20@ops, and, for
bonded balls were observed, and the roundness,

aorapimg| noefeonmmmmidon nkek lpatein einedvivigity pf achl bon@éd art having
shape were evaluated. A wire dianeter was

15 a higher occurrence frequency, and flaws having a size of greater than or equal
to 10 pm were counted. For low-loop evaluation, low loops having a target
height set to approximately 65 um were formed, and occurrence of flaws and
scraping were observed through the same fashion. In general, the longer the
wire length is, or the lower the loop height is, the more the frequency that a

20 wire surface is scratched increases, so that evaluation becomes harsh. When
there were greater than or equal to four scraping and flaws were noticeable, it
was determined that a problem was present and it is indicated in the table by
a cross mark in the table, when the number of scarping was one to three but
there were lots of flaws and a negative effect like clogging of a capillary was

25 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



51 set to 20 m Evaluation was nmade for two ki nds of
ball sizes: one in which a ball with a nornal size
that the ratio between an initigl ball and a wire
dianeter was 1.9 to 2.2; and the other in which a ball
wth a smaller dianeter that the ratio was 1.5 to
1.7. When the nunber of defective ball shapes like 5
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mark. [0108] A pull test for a wedge bonded part was
c‘é‘f?‘i‘@ﬂtle{}t to evaluate a peel bonding strength. A
ﬁl aneter and a span were set to 25 m and 2 mm
éﬁé tively. A hook grabbing a | oop was noved
upvvardl y at a location near a 20 wedge bonded part
10npr e Rarsyaduation of fanscand aerapingod a wardswefa¢min the case of a
strength of a bonding wire was neasured. The pul |
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table by a double circular mark, when greater than or

15 $8r evaluation of flaws and scraping.
[0105]

In order to evaluate the linearity of a bonded loop, bonding was carried
out at three kinds of wire intervals (spans): a normal sﬁan of 2 mm; a long
span of 5 mm; and a super long span of 7 mm. A wire diameter was set to 25

20 um. Thirty bonding wires were observed from above through a projector, and
a displacement at a part where a bonding wire was spaced apart at a
maximum relative to a straight line interconnecting a ball bonded part and a
wedge bonded part together was measured as an amount of curvature. When
an average of such amount of curvature was less than a wire diameter of one

25 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



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 thajy or equal to 10 % and

less than 15 % it was determ ned that a probl em m ght
occur and it is indicated in the table by a

triangul ar mark, and when greater than or equal to 5

10 % there would be a problemin a mass-production
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dispersion was large, and when such standard deviation was less than 1/2, it

[

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

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

[0107]
In determination of a bonding shape of a compressively-bonded ball part,

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

failure, and size precision of a shape were evaluated. A wire diameter was



an insulation filmor a silicon chip was observed
using an SEM The nunber of el ectrodes observed was
400. When there was no danmge, gyt is indicated in the
table by a circular mark, when the nunber of cracks
was | ess than or equal 5 to two, it was determ ned as
no problemand it is indicated in the table by a
triangul ar mark, and when the nunber of cracks was
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frage yag gatgaggnge(j 113t03tvgjo k}nds as follow. When the number of abnormal
deformation caused was greater than or equal to one, it was determined that
10 an improvement was requisite for mass production and it is indicated in the
table by a blacked triangular mark, and when there was no 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 than or equal to.one, it was determined as good and it is indicated in the
15 table by a circular mark.
[0108]

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

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

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

and it is indicated in the table by a double circular mark, when greater than or
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[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 micrescope, 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 hut improvement would become requisite
in some cases, so that it is indicated in the table by a triangular mark, and
when such number was greater than or equal to five, there would be a problem
in a mass-production process, and it is indicated in the table by a cross mark.
[0110]

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 pym, 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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the table by a circular mark, when the number of cracks was less than or equal
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5 to two, it was determined as no problem anci it is indicated in the table by a
triangular mark, and when the number of cracks was greater than or equal to
three, it was determined as a level requiring a concern, and it is indicated in
the table by a cross mark.

[0112]
10 Table 1 and table 2 show examples of the bonding wire of the present
invention and comparative examples.

[0113]
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18 to 39, the bonding wire according to claim3
corresponds to exanples 1 to 30, 5 and 33 to 39, the
bonding wire according to clairgg4 corresponds to
exanples 1 to 7, 10 to 13, 15 to 17, 19 to 30, and 33
to 39, the bonding wire according to claim5
corresponds to exanples 1 to 9, 12 to 14, 16, 17, 19
to 24, and 26 to 39, the bonding wire according to
Clah 8] 6 corresponds to exanples 1 to 5, 9 to 21, and
23 to 39, the bonding wire according to claim?7

corr eﬁpeoﬂcgﬁditn% v@ﬁ%{ﬁﬁlﬁgﬁqléggﬁg Jd& 19’008%{']&5;%%1%%30 fsa%amtpligs 1to 39,

bondi ng" W ré accor arm rre
e 22 n 4 1039, the bonding wir
AR fnd ohe ferodtte 6 plalund ot Fp0R8elpPutipeq 3 to 14, 16, and
3 t ondi hg wire accor,ding to.claim210
b 185 G ndRe BESUIE B i S silpponds tagramples 1 to 30,
bondi ' according.to claim11 corresponds to

s apde 4. Ehe GO Fitstacclring o g 6in £ eSS tg examples 1
15 W ' t laim1 t I
20 b 1655, 15k Yoo fnJocand e Sharmgramen e sccording to
according to claim13 corresponds to exanples 8, 34 to
IR0 3 (P raetPoRA toIAABAF Holodr 2 b LI, 1 1612, mnd 26 to 39,
1 orresponds to exanples 17, 19, 20, 22, and_ 30.
dgwg'ﬁ}nailneawés’( anenraang te glagmy 6 gprnespendetupxamplaschto 5, 9 to 21,
do not satisfy the condition of claim1. 20 [0116
F 23 tg Snsbé hoasigwireptccandingse daus (0 eoreerpondsiptexamples 1
at a surface of the bonding wire of the exanple 4. An

10 goekD, ek B2 &0 y81t the beredingi wrre stccordinigrto cldien @icoeresponds to
| engt hwi se direction are within 15 degree of an
avgamples di fiof 22, aamgb24 fto 38 the beddiltg wineemtcatrdiog toslaim 9
colored, and a crystalline interface having an 25
amgrdsponds ftb exengdeg REab S0, thabondiegwite d@otdingegrdeim 10

is indicated by a line. The <111> area ratio in FIG
korsesp8nds t6 éxapfilds ]l t5@% anld V&l BA} fiwbsmnktviré @kcording to

representative exanples of individual <clains will now
beda s (1l doredpohdd 18kxamples 1 to 9, 11 to 31, and 33 to 39, the bonding
15 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.
20 [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

25 angular difference greater than or equal to 15 degree is indicated by a line.

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




5 According to the bonding wires with a nultilayer
structure of the exanples 1 to 39, it is verified
that flaws and scraping on a wigwe surface are reduced
because the percentage of <111> (<iii> orientation
percentage) in crystalline orientations in the
surface of the skin |ayer was greater than or equa
to 50 % according to the present invention. In
tiFFgst, according to 10 the conparative exanples 1
to 6 relating to bonding wires with a nultllayer
stru t i ent t|on erc e J. N
e %‘*‘?g%@% fiort AT cBbERh Pl B0 e RERREY G5 diNdual
n f scha g and flaws are observed |n
norma 1ﬁ°§owg)ene&ipl%ﬁ1eﬁ% pref erabl e exanpl es,
agﬁﬁ?glng to the exanples 2 to 5, 8, 9, 11, 13, 14,
to 21, 23, 24, 26, 27, 29, 31, 35 to 37, and 39
|n 15, whi h the,<111> orlentathg ntage in the

Sski n MPEIRED e wngmﬁe%w anltlayes sopuchyznaf the

and scrap .redu, Iong pan .and accqrdin

e eLﬁcﬁeﬁeﬁ i8Vepin at wslan S6raping op wige surlace are

29, ang 35 in \F(rln ch the <1@f1 ent ati on percentage

j eedyice tb@PaP?ﬁa QPEEGHAREY ﬂ)ll% (SHL1PoRentatospeantage) in

failur such as flaws and_scrapi ng, are suppressed

uHaeral n@é\r&ntaaﬁaﬁtméhe spmfagetoh the wkin dasiergvas eneadpr than or

According to the bonding wires with a nultilayer

staualitord) U accpedingtarhbleqyregentoinventivg, 18 contsmt, according to

is verified that dispersion in |oop heights are
10sthepgasepachtiredexambldsi I tw6 walidinstmbending wirps mgith a multilayer

condition at a 3-mm span 25 because the total

ottiraeivaeiin rw piehddet<algld >ofri¢ it tiohlfiercentage iat ilensufsice of the skin

the <100> orientation in the surface of the skin

| layer weadegs tere 50 Uhanlarge aqumbet of SEBaphify hddasrshrepbserved in
to the present invention. Preferably, according to the

exampd ewop formbtioR. t Asldrefdrhbld 6xaRple? hecd@ing 6o tRO examples 2
30, 31, 35, 36, and 39 in which such orientation

per &,68)tRde, Vas14yr s td MpeNR4ea8aL7 120,80, %5 @ 3’DQﬁ1d 39in
hei ght can be stabilized at a | ong span of 5 mm
15[Wh#® 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 an& scraping, are suppressed under a sever condition
20 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

25 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




According to the bonding wires with a multilayer
structure of the exanples 1 to 7, 10 to 13, 15 to 17,
19 to 30, and 33 to 39, it is vgrified that

petal -1ike deformation failure I's reduced in a
condition with a normal ball size and the shape of a
ball is stabilized because the total orientation

percentage of 10 the <111> orientation and the <100>

Okh @ ' : I: 0 r nher
By et o WAEpRAST iFEIUER, "Dl ERlSy SocgPERE Lo the
p [ tHQn. ef erablys, ~acear g t e .
coEaEPles SH5Y, 73F11, TATIE'RE 2, T96 B0 A, 557 3goamd 39 m
35:.: 37 nd .39 i.n which such orientatiqn percentage
i suBOriFR o Ron Bofihata el 5 i s BHaul GLEGHRIEE B0 %, 2 loop
that .t he_roundness ,of, a.ball bonded part is inproved
it Ban HR BT 2t £ s Tesenap ChRaR B on | 5 ke
S b di anmeter ball bonding. [0121] According to the
b Lg wires wwth a nmultilayer structure of the
exanp] es to 9, 12 tq 14, 16, .17, 19.to 24, and 26 tQ
39, iACCPg 1&g torthepanding vyiges W\?%éﬁrmwﬂ@bfehstr@@mesof the
good in a normml condition at a 3-nmm span because the
SoReraplest] Fufi L0 beddedh 10 A3, 98P 300 ABAAS b1 58 e8 aprified that
grains._in the surface of the skin layer in the
| Retat Bkedefermationdnilane is reduded intecenditoniwithra natmal ball size
direction was greater than or equal to three
bl shapeof adapl sseabilizaddechvse thetahborbhyation percentage of
according to the exanples 2 to 5, 7, 8, 13, 14, 16, 20
10tthexgll1pgyriomtatizg angohe $100amdiedtation38 the cnbsscdecsiontof the core
aspect ratio was greater than or equal to 25 five, it
| meyherfwasgigtdadter then or rqani toy 30946 anpordvies) toitlde présent invention.
sever bonding condition at a long span of 5 mMm More
P esfferadidy, yaccactiogdionhetexanhes Bafples1fA9 & 2D I8, 2W 26, 29, 30,
21, 24, 26, 29, and 36 in which such aspect ratio was
PR d7eantiGhinwhidgyath beieheftion perentap wLleitcadér tHih or equal
l[inearity is inproved at a super long span of 7 nm

viloi 5Eh%i, $t ia veeifesd tleamhecrot@ddbtbd 6Na bhlhHedDart is improved even
According to the bonding wires with a multilayer

15 sxﬂd@tws@vs}quﬂmng%ﬁﬁmh&ﬁ like tséh 411-dParh @t bal ABEndihd O
39, it is verified that flaws and scraping on a

[0121]

(=]

According to the bonding wires with a multilayer structure of the
examples 1 to 9, 12 to 14, 16, 17, 19 to 24, and 26 to 39, it is verified that the
linearity of a loop is good in a normal condition at a 3-mm span because the

20 aspect ratio between the average size of crystal grains in the surface of the
skin layer in the lengthwise direction and that in the circumferential direction
was greater than or equal to three according to the present invention.
Preferably, according to the examples 2 to 5, 7, 8, 13, 14, 16, 20 to 24, 26, 27, 29,
30, 31, and 35 to 38 in which such aspect ratio was greater than or equal to

25 five, it is verified that the linearity is improved under a sever bonding

condition at a long span of 5 mm. More preferably, according to the examples



5

10 854

15

20

25

wire surface are reduced in thin wires having a wire
di ameter of 22 m because the ratio of the area (<1ll>
area ratio) of crystal grains whgere crystalline
orientations in the wire |l engthw se direction in the
surface of the 10 skin |ayer were <111> relative to
the wire surface was greater than or equal to 30 %
according to the present invention. Preferably,

2281 f%Q r25g 'lﬁg%i,o%zg %3 g@f g%ﬁl %ﬁl@’g&@(&? s%c#%a%éedqt ﬁ'%. W%% gi?'e%ter than or
R ERITheE, B b o AR K ER iy Ay STAE & Subet Jong span of

S even in the case pf. an extrenely thin 15
w#?]gﬁl\;eﬁ ?1 ﬁc(ilalsf%??‘ﬁegrlog%g (éorndg{lﬁﬁet er of 18 m More
pgﬁfﬁiably, according to the exanples 4, 5, 20, 21,
29,77and 35 in which such <111> area ratio was greater
is verified that an effect

than pr equal t 0 %. it

of s JS%P@%%@ %OQ%PM%% wath amykilager seuspivegef the
furthe elﬂpa ﬁggd. £012 % 20 According to the bonding

Vi FAERPGS a0, fe 2 a%’éfi 3tbp 3 Urle verifiedethag,ftaws and 3graping on a
to.30, it is verified that a peel strength at a wedge
bEHEiRge atesredaicnd fa dhim Btresshaving awine-digmeter of %&um
ercentage was greater than or equal to 50 % and the

hcarise dheretinel ho agel<Whk> Aranetioeticepstal easisiwhere

| ayer and the core nenber. 25 [0124] According to the
ganatallnajorentations an whe wirejenrsthwise tlireetioh inftheG@rface of the
exanples 1 to 30, and 33 to 39, it is verified that

Brlaner werexhhl veladivedo thel wirbeuatfrdepand gianter than or equal to
reduced, and the shape thereof is stabilized at a

nif} Hetccobding i the presant nvdigidrot Prededadidy, aiccorling to the
percentage of the <111> orientation and the <100>

crxiasmplat iSore Bt1l, Hd, 46038, 31, @3, 26, 2He3C¢BE I3RS, and 39 in
was greater than 5 or equal to 15 % according to the

presbrauchnvEhi> area rdtill @k gleaasrdhas dredlid toANING is verified
wres with a nultilayer structure of the
that flaws and scraping are suppressed even in the case of an extremely thin
wire with a further smaller diameter of 18 um. More preferably, according to
the examples 4, 5, 20, 21, 29, and 35 in which such <111> area ratio was
greater than or equal to 50 %, it is verified that an effect of suppressing any
formation of flaws and scraping is further enhanced.
[0123]

According to the bonding wires with a multilayer structure of the
examples 25 to 30, it is verified that a peel strength at a wedge bonded part is

enhanced because the <111> orientation percentage was greater than or equal

to 50 % and the intermediate metal layer was formed between the skin layer

and the core member.

[0124]

According to the bonding wires with a multilayer structure of the



exanples 1 to 32, and 34 to 39, it is verified that
any chip damage is reduced and good because the
t hi ckness of the skin layer wasggv thin a range from 10
0.005 to 0.2 maccording to the present invention. As
a conparative exanple, according to the exanple 33,
it is verified that chip danage i ncreases because the
t hi ckness of the skin |ayer exceeded 0.2 m [0126]
Polens h j ' ' tilayer .
AQQ&?IEJ?I&QI 'i:t? 3b §nq %%dﬂo% s gse?leftﬂgég’tﬁiggtygo%’gfgﬁfgrglgtwn of a

structure of the exanpl e

B okt L Lt R RSk BRI 2451 o

b di ffysion .layer having a conc ration . .
oSSR % Becilusp $hh dftan slibialot S dnoRa i tha J1 1 1P pzientation and
cgre er. accordi ng, to the pr.ese i nvention. [0127]
S T0% PHSRERMOR 8% K% Grovg SePries Atk Careeny ofy#s greater than
structure he exanples 2, 8, 9, 12, 27, 33, and
39 eqpakto g?a%t ?‘FCQH&% tj’r?epllelsﬁ’éﬁ}l?‘f%m&n-a | oop at a
rsrgﬁ%l f 5 mMmor so is inproved because the core nenber
E@ conposed of Cu and contains greater than or
equal , to one kind of follow ngs: B; Pd; P; and Zr at
a corft@AriAg §rthg handing wizegywith armsltilaysostiusture of the
accordjng to_the 25 present invention. Likew se,
a%’&?épﬂl%gl to32nand R4rp 38 it E verdfie@thatany ghib d@magetis reduced
is verified that the linearity is inproved because the
cane gpedberawss theythdaknessmidbe sk layerawds sabhiai msange from
greater than or equal to one kind of follow ngs: Be;
10 00Rjto Ged@nPdcerrdingiinthe praseat pneserion niemt coamparative
Regarding the effect of inproving the linearity of a
| supnple, acérdings pathoexaopld 83,iit iaverfieffthat thip domage increases
the aspect ratio in | engthw se
dvecause ohé chickneteobthd atindiayer kereded Mg (gneater 5
than or equal to five as expl ai ned above, but it may
b@1@sl ficult in some tines to distinguish such effect
fromthe effect acquired by addition of an all oy

el emeicordingaorthe dindiRg ¢arsl With 2 nbiiRila¥erastifhe f3he
17, 19, and 33, it is verified that the linearity at

15 &xamipiles Aatd DF 1156 SRMP3S #BB9Y edishredSEthdi8there is no peeling

on

above a loop and the adhesiveness of the skin layer is good because a diffusion
layer having a concentration gradient was formed between the skin layer and
the core member according to the present invention.

[0127]

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

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

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



foregoing alloy el enent was contai ned even though the
aspect ratio was less 10 than five. [01281 According
to the bonding wires with a mulgilayer structure of
the exanples 8, 34 to 37, and 39, it is verified that
a good effect of reducing any peeling and scraping in
the vicinity of the top surface of a loop is
acconpl i shed 15 because the core nmenber nainly

f égﬂi%g%%gl %LAW]]QA gﬁﬂ:@ {lﬁ&%%%&aﬁgg@gntngf %Ilual t ﬁoﬁ%elgd{do c";? égowmgs
Z%%;ﬁ%. ﬁ%ﬂ’ﬁ%ﬂéé’raffmg 48 %rr‘%%éar%éﬁ%ﬁﬁgﬂdp SREFfipethe effect of
Conc Rﬁf QI%%% ngP%%ngrér% ﬁg‘ﬁrsa%%g%u%ecf ;lég e%fectwe to set
20 the e

%@ae o A L

5%?1&%%5%’%9%3@8%%2% cggan i\aﬁ@f kT P el yzome times

.canduc evj.ce ng wre . conprisin

aFO gy (&b‘%ﬁﬂ?f& fé?m eehl] Ee&ﬁar:&amegl tafoﬁ%é an alloy
Etal an a skin layer_ formed on the core nenber and

PRt ¢ ol GeriFast, ﬂécommgépéh@ eemnles Pok2t he Bhead 33, it is
menper, and wherein the netal of the skin layer is a
vgaiechthat e langaritynet alb; map gpan persecanddeinprevetibecause the
orientation in crystalline orientations <hkl>in a 10
IferReionng sdopieleraenb iagtcoateinedietenf thomghf the awpetaratiofvas less
the skin layer is greater than or equal to 50 % 2.

10 thensfevd.conduct or - devi ce bonding wire according to

15

20

claim1, where in a total percentage of <111>

dPLeBk ation and <100> orientation in the 15
crystalline orientations <hkl> in the | engthw se

di r edrccanling to ibe boydimd wissewith a khdtidaydraaeuafurt € the

skin layer is greater than or equal to 60 %

examples 8, 34 to 37, and 39, it is verified that a good effect of reducing any
peeling and scraping in the vicinity of the top surface of a loop is accomplished
because the core member mainly composed of Cu and contains Pd within a
range from 5 to 10000 ppm, and the skin layer mainly composed of Pd or Ag
according to the present invention. Preferably, according to the eﬁamples 8,
35 to 37, and 39, the foregoing effect becomes more remarkable because the Pd
concentration was greater than or equal to 200 ppm. Moreover, according to

the examples 8, 34 to 36, and 39, it is verified that any chip damage is

suppressed because the Pd content was within a range from 5 to 8000 ppm.



3. The sem conduct or-devi ce bonding wire according to
claim1l or 2, wherein a total percentage of <111>
orientation and <100> orientatign in the 20
crystalline orientations <hkl> 1n the |engthw se
direction at a crystal face of a cross section of the
core nenber is greater than or equal to 15 % 4. The
sem conduct or- devi ce bonding wire according to any
one of clainms 1 to 3, vvhere'gmwrcent age of <111>
orientation and <100> ori ent at 25 in the
crystalline orientations <hkl> in the wire | engthw se
direction at the crystal face of the cross section of

t he re nber is.greater.than or ual t 3 ,30% .
5. THE s EnPeSHASCY BT 200 BRI RIBRHTE iFe tﬁegapa‘%%e
aQr%Pone. of. clainms 1 to 4, wherein a ratio of an
aFCPBYE ™ ze of a crystal grain at the 5 surface of
the skin layer, in the |l engthwi se direction relative to
S5an afLfH§SEher %mﬁﬂ@?épé?%ﬁmgf repngiuctive mefalaand
of the skin layer in the circunferential directionis
gr eatfefKiIHAYeH wagpnttgetcﬁr%e%e%be%@d Feaindy permpesed of a
dg,v' ce bondi n? w re according to any one of 10 clains
1dufterent metabinemy the corermagbess and velrarainof cryst al
grains where crystalline orientation in the wire

| engtthimetadjof sbe isbin laverte asface gentarpdicubic wietal, laagder
Is <111> is greater than or equal to 30 %relative to
a t otéapergentags ofa<lld erientatimein d¥ystallifleerientations <hkl> in a
sem conduct or- devi ce bonding wire according to any

10dkagthwisel directidn abagrysiad facenofa sarface ofithe skienlayef is greater

the skin layer is at |east one kind of follow ngs:
FdranPyx equgl taniD ®g. 8. The seni conductor- device
bonding wire according to any one of 20 clains 1 to 7,
wherein a main constituent of the core nmenber is at

| east one kind of follow ngs: Cu; and Au. 9. The

sem @ndTbeaemidend c@obdadidabhotdify 66 aetdHdin@t@BMim 1, where
one of clains 1 to 8, further conprising an

| it € tdadl pat @ ntBE@ bf kAYES ofiRhiBH0R AhWEEID0> orientation in the

15 crystalline orientations <hkl> in the lengthwise direction at the crystal face of

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

3. The semiconductor-device bonding wire according to claim 1 or 2,
wherein a total percentage of <111> orientation and <100> orientation in the
20 crystalline orientations <hkl> in the lengthwise direction at a crystal face of a

cross section of the core member is greater than or equal to 15 %.

4. The semiconductor-device bonding wire according to any one of
claims 1 to 3, wherein a percentage of <111> orientation and <100> orientation
25 in the crystalline orientations <hkl> in the wire lengthwise direction at the

crystal face of the cross section of the core member is greater than or equal to



10

15

20

25

25 the skin layer and the core nenber and conposed of
a different constituent fromthe nmain constituent of
the skin layer and the main conpgtituent of the 64
core menber. 10. The semni conductor- device bonding
wire according to any one of <clains 1 to 9, wherein a
t hi ckness of the skin layer is within a range from 5
0.005 to 0.2 m 11. The sem conductor- devi ce bondi ng
Waé 6, according to any one of clains 1 to 10, further
conprising a diffusion layer formed between the skin
| ayer and the core nenber and having a concentration
gradient. 10 12. The seni conductor- devi ce bondi ng
Wire cc di n n
the e faditof Bt atilnginte o %cgoréanaﬁfa aine of
ocﬁap:gﬁl o%e%dgcgnrtg?ﬁ E;(Sjra afa?ré,a%rgﬁ%nge%lz%gy g cryst ré?aljg 219 the
con entr Wi.t hi n, a romsS to.300 ppm 15 13.
B et dhve it Peg’@ﬁgm@e Jireerice eall efadiicgioran average size
one of clains 7 to erejn the nmai
rFélﬁ FHet eopin ﬁ%t%ﬁ%fflﬁe%mq skis lagn 18 e eigcumferential
nber contains Pd at a concentration within a range
i %ﬁqtsowa@@@@rﬁmﬁ%ﬁaualm thHeenmi n constituent of
the skin layer is Pd or Ag. 14. The sem conduct or
devi ce bonding wire according to any one of clains 7
to 11, wherein the main constituent of the core nmenber
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crystalline orientation in the wire lengthwise direction at the surface of the
skin layer is <111> ig greater than or equal to 30 % relative to a total area of a

wire surface.

7. The semiconductor-device bonding wire according to any one of
claims 1 to 6, wherein a main constituent of the skin layer is at least one kind

of followings: Pd; Pt; Ru; and Ag.

8. The semiconductor-device bonding wire according to any one of
claims 1 to 7, wherein a main constituent of the core member is at least one

kind of followings: Cu; and Au.

9. The semiconductor-device bonding wire according to any one of
claims 1 to 8, 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
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core member.,

10. The semiconductor-device bonding wire according to any one of
claims 1 to 9, wherein a thickness of the skin layer is within a range from

0.005 to 0.2 um.

11. The semiconductor-device bonding wire according to any one of
claims 1 to 10, further comprising a diffusion layer formed between the skin

layer and the core member and having a concentration gradient.

12. The semiconductor-device bonding wire according to any one of
claims 7 to 11, wherein the main constituent of the core member is Cu and the
core member contains greater than or equal to one kind of followings: B; Pd;

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

13. The semiconductor-device bonding wire according to any one of
claims 7 to 11, wherein

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

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

14. The semiconductor-device bonding wire according to any one of
claims 7 to 11, wherein the main constituent of the core member is Au and the
core member contains greater than or equal to one kind of followings: Be; Ca;

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



