[Title of Document] Description
[Title of Invention] GOLD (Au)-DISPERSED COPPERWIR EFORBALL
BONDING
[Technical Field]
[0001]

The presentinvention relates to a gold (Au)-dispersed
copper wire for ball bonding which is suitable for connecting
anlICchip  electrode used for a semiconductor device to a boa rd
suchasanouterlead,andinparticular,relatest 0 acoatedcopper
wirewhichis capable of giving astable molten bal levenwhen
thecoatedcopperwireis anextrafinewirehavingawirediameter
of 15 umor less.

[Background Art]

[0002]

Ingeneral,amethodcalledballbondingisemploye dforthe
first bonding of a coated copper bonding wire to an electrode,
and a method called wedge bonding is employed for the second
bonding of thecoatedcopperbondingwire to awiring onacircuit
wiring board for a semiconductor, respectively. In the
above-describedfirstbonding,atruespherecalled afreeairball
(FAB)isformedatthetip of thebondingwire byasystemcalled
anelectronic-flame-off(EFO)system,whichsupplie sthearcinput
heat to the tip of the coated copper bonding wire in order to
melt the tip part, and which thereafter solidifies the molten



materials by utilizing the surface tension . Then, thecoated

copper bonding wire and an aluminum pad on a chip a re bonded
together by pressure joining the initial ball and t he
above-described electrode by applying ultrasonic wa ves while
heating the initial ball and the electrode to a temperature
within the temperature range from 150 °Cto300 °C(seeFigurel).
[0003]

Inthisregard, thefirstbonding inwhichamolte nball
isformedisgenerallyconductedbyafreeairball systemwhich
comprisessparkdischargingatthetipofthebondi ngwirewhile
blowing a gas which mainly contains nitrogen, a nit rogen gas
which contains 5% of hydrogen andtheliketothe b ondingwire
in order to suppress the oxidation of copper and fo rming the
molten ball. This system or the molten ball formed by this

system is called as a FAB.

[0004]

Conventionally, as a palladium (Pd)-coated copper wire
for connecting an IC chip electrode of a semiconduc tordevice
andanexternallead,"abondingfinewireforase miconductor
comprising a coating layer made of Pd or a Pd alloy directly
or via an intermediate layer on the outer periphery ofacore
wire made of Cu or a Cu alloy" has been proposed in Japanese
Utility Model Application Laid-Open Publication No. Sho
60-160554 (Patent Literature 1 described hereinafte r.



Thereatfter, apractical palladium (Pd)-coated coppe
beenproposedas"abondingwirecomprisingacore
acoatinglayerformedonthe core material, inwhi
material is constituted of a material other than go
microVickershardnessof80Hvorless,andinwhi
layer is constituted of a metal having a melting po
thanthatofthecorematerialby300
resistance higher than that of copper" in Japanese
Application Laid-Open Publication No. 2004-014884 (
Literature 2 described hereinafter). In addition,
bondingwirehasbeenintroducedinSEITECHNICALR
issued on March 2002 titled "Development of Bonding
There are also some patent applications (Japanese P
ApplicationLaid-OpenPublicationN0.2010-272884a
relating to the analyses of the boundary surface of
material and the coating layer.
[0005]

However, such a copper wire coated with pure palla
(Pd) on which palladium (Pd) is exposed has exhibit
severe wear of a wire drawing die as well as a poor
property of the wire, and therefore, it has been a
unsuitable for mass production. Inaddition, even
copper wire coated with pure palladium (Pd) is mass
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whentheFABsareformedrepeatedly. Inotherword
wire coated with pure palladium (Pd) has a problem
molten ball tends to take a spear shape when the mo
is formed.

[0006]

s,thecopper
that the

lten ball

Accordingly, Japanese Patent Application Laid-Open

Publication No. 2005-167020 (Patent Literature 3 de
hereinafter)hasproposedaninventionofabonding
comprises a coating layer made of palladium (Pd) an
outermostlayer made ofgold (Au), inwhichamelti
theoutermostlayermadeofgold (Au)islowerthan
coatinglayermadeofpalladium(Pd),andinwhich

ofthe coating layer made of gold (Au) issmallert

the coating layer made of palladium (Pd) and not la
0.002timesthewirediameter(Claim8ofthepubli
addition,withregardtoausualFAB,asystem,in

between the end of a bonding wire and the end of a
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betweenthedischargetorchandtheendofthewire
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coated with gold (Au) as the outermost layer (see J
Patent Application Laid-Open Publication No. 2011-1
[0007]

Asdescribed above, a palladium (Pd)-coated copper
which is further coated with gold (Au) tends to exh
wettability with a FAB and the molten ball tends to
an unmelted wire at the root portion. Accordingly,
(Au)-coated wire which has been subjected to "conti
drawing until the final film thickness reaches 1 to
been developed thereafter (Japanese Patent Applicat
Laid-Open Publication No. 2012-036490 (Patent Liter
described hereinafter)). However, when the bonding
subjected to continuous wire drawing by using a dia
thedietendstowear,andthewirediametertends
andtherefore, thecoatinglayermadeofgold (Au)
of nanometer tendsto fluctuate. Accordingly, when
control the film thickness of the coating layer mad
(Au) which is the outermost layer in the order of s
nanometers (nm), the maintenance and control of the
tends to be difficult and extremely time-consuming
been required for replacing a die and the like.

[0008]
On the other hand, a technique relating to a gold

(Au)-coating film as the outermost layer which util
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Stranski—Krastanovgrowthbywhichpalladiumofan
layer infiltrates into an ultra-thin gold layer suc

minutegoldphaseandapalladiumphasegrowinthr

has been developed (Japanese Patent Application Lai

Publication No. 2013-131654 (Patent Literature 5 de
hereinafter)). Thistechniqueistocausetogrow
of palladium (Pd)inamountainshapeonthegold(
filmbyutilizingthefactthattheatomicradiuso
tothat of Pd. The relationship between the thickn
gold (Au)-coatingfilmandthatofthe palladium (P
important for this technique.
[0009]

However,whenthegold(Au)-coatingfilmsarefluc
due to the die wear, the fluctuation tends not to b
ofbeingfollowedbytherelationshipbetweenthet
andtherefore,thepalladium(Pd)filmtendsnotto
gold(Au)-coatingfilmtendstobedispersedintot
(Pd)layer. Further,whenthefinaldiamonddieis
trace of the die is transferred to the wire and rem
shape of a stripe groove, and then the relatively t
(Au)-coatinglayertendstoremain. Accordingly,w
ballisformedbyaFAB,themoltenballtendstoc
the unmelted gold (Au)-coating layer in a shape of
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has stillremained the problem that the molten ball
be stable.
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[Summary of Invention]

[Technical problem]

[0011]
Thepresentinventionhasbeenmadeinordertoso

above-described problem of creeping up of amolten

awire themoltenballbeingformedbytheEFOof

bondingwire,andtherefore,anobjectoftheprese

istoprovideagold(Au)-dispersedcopperwirefor

whichiscapable offormingastablemoltenballun

lvethe
ballalong
amass-produced
ntinvention
ballbonding,

derthesame



dischargecondition,regardlessofwhetherthewire isproduced

byusingawholenewdiamonddieobtainedimmediate lyafterthe
startofmassproductionorthewireisproducedby usingadie
obtained immediately before the replacement after c onducting

the wire drawing for 100,000 meters or more.
[Solution to Problem]
[0012]

The present inventors have found that there is a

metastable regionwhichmakesitpossible forgold (Au)ofthe
outermostlayertobeinnumerablyscatteredonthe coatinglayer
madeofpalladium(Pd)andtobedispersed/aligned inagranular
state,byanappropriatefinalrefiningheattreatm entwhenthe
film thickness of the surface layer made of gold (A u), which
istheoutermostlayer,ismadetobethintoacer tainextent.
Thismetastableregioncanbe consideredtobeame tallicbond
amonggold(Au),whichisabondobtainedbytherma llyrelaxing

a mutual mechanical bond among gold (Au) atoms whic h is
stretchedintheextremelythinsurfacelayermade ofgold(Au).
This metastable region is also determined mainly by the wire
diameterofthewireandthesurfacepropertyofpa lladium(Pd)
to be coated. The width of the temperature range w hich is
suitableforthismetastableregionisrelativelyn arrow. For
example,whenthetemperatureisraisedonlyby+50 °Cabovethe
startingtemperatureofthemetastableregion,this metastable



region disappears, and gold (Au) at the outermost |
embedded in the coating layer made of palladium (Pd
addition, the temperature range which is suitable f
metastableregionvariesdependingonwhetherthec

made of palladium (Pd) has been obtained by dry pla
alternatively,thecoatinglayermadeofpalladium

obtained by wet plating by using a cyanogen plating
non-cyanogen-based plating bath. The presentinven
completed the present invention based on these find

[0013]

The gold (Au)-dispersed copper wire for ball bondi

which solves the problems of the present invention
(Au)-dispersed copper wire for ball bonding, having
palladium(Pd)-coatedcopperwireforballbonding

diameter of 10 to 25
copperwireforballbondinghasacorematerialma
alloycontainingcopper(Cu)withapurityof99.9

and in which the palladium (Pd)-coated copper wire
bondinghasacoatinglayermadeofpalladium(Pd)

layer made of gold (Au) formed thereon, characteriz

the theoretical film thickness obtained by the chem
analysisofgold(Au)inthesurfacelayermadeof

is 0.1 nanometer (nm) or more and 10 nanometers (nm
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analysis using an electron probe microanalyzer (EPM
that fine particles of the gold (Au) are distribute
coating layer made of the palladium (Pd) in an innu
scattered manner.
[0014]

Preferable embodiments of the present invention ar
follows. Itispreferablethatthecopperalloyco
ppm or more and 500 mass ppm or less of phosphorus
addition, it is preferable that the copper alloy co
massppmormoreand500massppmorlessofgold(
itis preferable that the copper alloy contains 0.2
or more and 100 mass ppm or less of metal elements
phosphorus (P) and gold (Au). Furthermore, itis p
thatthe copperalloy contains 3 mass ppmormore a
ppmorlessofphosphorus(P),50 massppmormore
ppmorlessofgold (Au),0.2massppmormoreand
orlessofothermetalelementsandlessthan1,000
of these elements. Additionally, it is preferable
theoretical film thickness is 2 nanometers (nm) or
[0015]

In the presentinvention, "theoretical film thickn
isaconceptwhichisintroduced becausethefilmt
thesurfacelayermadeofgold(Au),whichistheo

cannotbe actually measuredas described above. Ac
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the ratio of gold (Au) to the whole bonding wire is obtained
by chemical analysis according to the weightanalys is method.
Then,thefilmthicknessiscalculatedfromthe obt ainedvalue
by assuming that the section of the bonding wire is a perfect
circleandthatgold (Au)uniformly coatsanouterm ostsurface
of the wire diameter. Since the surface of an actu albonding
wire is uneven in a nano-scale order, there may be some cases
where the value of the theoretical film thickness i s smaller
than the atomic radius of gold (Au).

[0016]

In addition, "chemical analysis" refers to an anal ysis
method for obtaining the concentration of gold (Au) in a
solutioninwhichthewholegold (Au)-dispersedcop perwireis
dissolved, by employing a high-frequency inductivel y coupled
plasma (ICP) emission spectrophotometricanalysism ethod-an
electron probe microanalyzer (EPMA)). Meanwhile, he
expression "layer" used in each of the expressions "coating
layer"and"surfacelayer”ofgold (Au)asthe oute rmostlayer
is used for describing the range where the fine par ticles of
gold (Au) are presentas " layer ", forthe sake of convenience
[0017]

Further, the reason why it is defined that the
distributionoftheabove-describedfineparticles ofgold(Au)
iIs characterized as being distributed in an innumer ably

11



scattered manner observed by the surface analysis u
electronprobemicroanalyzer(EPMA)isthatwhena
ofthegold(Au)islargetoacertaindegree,the

ofthe gold (Au) can be visually confirmed, butthe
fine particles which are too small to be visually ¢
Meanwhile, with regard to the fine particle of the
whichis large to a certain degree when being obser
surfaceanalysisusinganelectronprobemicroanaly
ithasbeenfoundthatPdisnotdetectedatthepo

the fine particle of the gold (Au) is detected, by
analysisonthedistributionofPd(seeFigure2an
[0018]

Inthe gold (Au)-dispersed copper wire for ball bo
according to the present invention, it is defined t
theoretical film thickness of the gold (Au) observe
chemical analysis is 0.1 nanometer (nm) or more and
nanometers (nm) or less. The reason why the upper
defined to be 10 nanometers (nm) or less is that th
thicknessoftheoutermostlayerwhichisthecoati
of gold (Au) is not present as a thickness of "laye
a so-called thickness, and that there is a requirem
"fineparticlesofthegold(Au)aredistributedon
layer made of the palladium (Pd) in an innumerably

manner". AFAB s stabilized because sparkdischar
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these fine particles of gold (Au), since
electroconductivity of gold (Au) is higher than tha
palladium (Pd). In addition, itis thought that th
activity of fine particles of gold (Au) is also sta
changing the properties of the stretched layer of g
until gold (Au) takes a state of fine particles of
[0019]

Whenthefilmthicknessofthecoatinglayermade
(Au) exceeds 10 nanometers (nm), the destination of
discharge tends to be fluctuated because of the une
the film thickness, and therefore, FABs tend to be
Further, as a result of the thermal growth of the f
palladium(Pd)duetorefiningheattreatmentandt
film thickness of the coating layer made of gold (A
further to be fluctuated. The reason why the lower
defined to be 0.1 nanometer (nm) or more is to make
particlesofgold (Au)bedistributedonthecoatin
ofpalladium(Pd)inaninnumerablyscatteredmanne
film thickness of the coating layer made of gold (A
than the lower limit, the fine particles of gold (A
be distributed in an innumerably scattered manner.
[0020]

Whenthereisapositionwherefineparticlesofg

arenotscattered onthe coatinglayermade of pall
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thedestinationofsparkdischargetendstobefluc
therefore,FABstendtobeunstable. Here,thesta
particles of gold (Au) are "innumerably scattered"”
a state where fine particles of gold (Au) are also

on a stripe-shaped groove which is a trace of a die
final heattreatmentatan appropriate temperature,
atoms coated in the outermost layer are
two-dimensionally, and then fine particles are form
thetemperatureofthefinalheattreatmentishigh
anappropriatetemperature,gold(Au)atomstendto
inthecoatinglayermadeofpalladium(Pd),andth
diffusion phenomenaoccur, and as aresult, fine pa
gold (Au) disappear.

[0021]

Thereasonwhythetheoreticalfilmthicknessisd

to be preferably 2 nanometers (nm) or less is as fo
Ingeneral,whenthefilmthicknessofgold(Au)o
bythedepthdirectionanalysiswhichusesanAuger

analyzerbecomesthickenoughtobeactuallymeasur

the film thickness of gold (Au) is in a several-hun

nanometerorder,amoltenballtendstogetwetwit
filmonthesurfaceofthewirewhichispositioned
portion of the molten ball, and as a result, the mo

creeps up along the surface of the unmelted wire du
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surfacetensionofthemoltenball. Inotherwords
abunchofgrapesphenomenontendstobeobserved.
hand, when the actually measured value of the film
ofgold(Au)becomes50nanometers(nm)orless,th
the range of the theoretical film thickness, such a
grapes phenomenon tends not to be observed.
[0022]

However, even when the film thickness is within a

of 50 nanometers (nm) or less, the phenomenon that

particles of gold (Au) are innumerably scattered te
beobservedafterthefinalrefiningheattreatment
where the theoretical film thickness of gold (Au) i
largethicknessrange,andasaresult,the control
thickness of gold (Au) becomes difficult. Accordin
order for fine particles of gold (Au) to be innumer
scattered in a stable manner even when the wire is
to wire drawing for a long period of time by using
diamond die, itis better for the film thickness of
tobethinner. Accordingly,itisdefinedthatthe
filmthicknessofgold (Au)ispreferably 2nanomet
less.
[0023]

In addition, inthe gold (Au)-dispersed copper wir

ball bonding according to the present invention, in
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thecoatinglayermadeofnoblemetalsconstituted bygold(Au)

andpalladium(Pd)hasathicknessoflmicrometer (um)orless,
andthisthicknesscanbemostlyneglectedcompared tothewire
diameterofthebondingwirewhichis10to25 um. Accordingly,
eventhoughamoltenballisformedbythe FAB, the moltenboll
is not affected by the film thickness of the coatin g layer.
However,thepresenceofthisoxidationresistantc oatinglayer
made of palladium (Pd) prevents a copper wire, whic hisacore
material,frombeingoxidizedbyoxygenintheatmo sphericair.
Accordingly, by using the gold (Au)-dispersed coppe rwire for
ballbondingaccordingtothe presentinvention,a moltenball
takesashapeofatruesphereandisjoinedtoan aluminumpad,
inthesamemannerasaconventionallyknowncopper wirehaving
a core material composition composed of a copper al loy which
contains copper (Cu) having a purity of 99.9 mass% or more.
[0024]

Meanwhile,  the objectof the presentinvention cannotbe
achieved when a wire is coated with a coating material made of
a noblemetal suchas palladium(Pd) and gold(Au) afterthewire
Is subjected to the wire drawing until the final wire diameter
isreached. Thisisbecause, thefinalcoatinglayer cannot fill
in an irregular vertically long groove , and therefore, the
surface layer made of gold (Au) having the theoreti cal film
thicknessaccordingtothepresentinventioncannot beformed

16



In order to form an extremely thin surface layer

the present invention , itis generally required
diameter
the wiredrawingstep
diameter also depends on a combination of a

coating material

[0025]

In addition, since the surface layer according to
present invention which forms innumerably scattered
offine particles ofgold (Au) isextremelythin, t
layerwillnotbedestroyedbyusinganormalwire
and anormal degree ofthe reduction ofthe diamete
surface layer is formed. Accordingly, the innumera
scattered patterns of fine particles of gold (Au) h
desiredtheoreticalthicknesscanbeformedeasily
atemperature andatime periodoftherefininghea
appropriately.

[0026]

Thecopperalloyofthecorematerialisnormally
alloycontainingcopper(Cu)withapurityof99.9
including desired additive elements. Inthe case o
alloycontainingcopper(Cu)withapurityof99.9
when phosphorus (P) or gold (Au) is selected, remai

components other than phosphorus (P) and gold (Au)
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appropriatelydetermined,consideringexistingallo

art techniques. With regard to the purity of a cop
base material, a copper alloy containing copper (Cu
purityof99.99mass%ormoreispreferable,anda
containing copper (Cu) with a purity of 99.999 mass
Is especially preferable. In addition, kinds of ad
elements are appropriately determined depending on
and uses of a required semiconductor, and a combina
adding amount and the like of additive elements can
appropriately determined depending on the thermal/m
properties which are required for a bonding wire.
[0027]

ItisknownthatastableFABcanbeformedwhenp
(P)ispresentincopper(Cu)ofacorematerial(J
Application Laid-Open Publication No. 2010-225722
International Publication No. WO 2011/129256). Acc
whentheabove-describedcopperalloycontainsphos
itis preferable that the copper alloy contains 3m
more and 500 mass ppm or less of phosphorus (P).
[0028]

Further, when gold (Au) is present in copper (Cu)
corematerial itbecomeseasierforfineparticles
which are innumerably scattered at the outermost la

takeninto the inside of a molten ball, and fine pa
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gold (Au) at the outermost layer are more preferent
dispersed into copper (Cu) of a core material than
coatinglayermadeofpalladium(Pd). Asaresult,

where gold (Au) is present in copper (Cu) of a core

a relatively strong effect of preventing the format
Au/Cu intermetallic compound at the bonded interfac
aluminumpadisexhibited,comparedtothecasewhe

is absent. On the other hand, since gold (Au) is e
alargeamountofgold(Au)cannotbeadded. Accor

the above-described copper alloy contains gold (Au)
preferable that the copper alloy contains 50 mass p
and 500 mass ppm or less of gold (Au).

[0029]

Meanwhile, each of the extremely thin surface laye
the coating layer on the surface of the wire accord
present invention disappears upon the FAB joining d
firstbonding,andalsodisappearsatthejoiningp
the ultrasonic bonding during the second bonding.
[Advantageous Effects of Invention]

[0030]

Accordingtothegold(Au)-dispersedcopperwiref
bonding accordingto the presentinvention, fine pa
gold(Au)whichareinnumerablyscatteredattheou

of the bonding wire form arc discharge like a light
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betweenadischarge torchandthetip ofthe bondin gwire,and
therefore, the arc discharge upon the first bonding 5
stabilized. In addition, since this outermost laye ris
extremely thin, amolten ball partwhichisformed willnotbe
eccentric by being wetted by the unmelted wire at t he root
portion. As a result, it is possible for the gold

(Au)-dispersed copper wire for ball bonding to be f urther
thinned compared to conventional copper wires.

[0031]

Inaddition, the area of an aluminum pad can be reduced
and therefore, high-density wiring of a gold (Au)-dispersed
copperwirebyusingasmalldiameterball ispossible . Further,
by using the gold (Au)-dispersed copper wire accord ingtothe
presentinvention,aneffectthatthecopperalloy whichisthe
core material is not oxidized can be achieved, beca use the
oxygenintrusionfromthesurface ofthewireisbl ockedbythe
coatinglayermadeofpalladium(Pd)andthesurfac elayermade
of gold (Au). Furthermore, the coating layer of the gold
(Au)-dispersed copper wire for ball bonding accordi ng to the
present invention is extremely thin, and therefore, it is
possible to obtain a stable true sphere ball regard less of
material properties of the coating material, and is also

possible to improve loop formation and the like.

[0032]
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Inaddition, accordingto the gold (Au)-dispersed copper

wireforballbondingaccordingtothepresentinve ntion ,since
fine particles of gold (Au) are innumerably scatter ed atthe
outermostlayerofthe wire ,thewireis notstuckto each other

evenwhen the wire is multiply wound. Asaresult, anunwinding
property of the wire improves. Further, as a side benefit,
slipperiness of t he surface of the  wire against a capillary
improves . Furthermore, according to the gold (Au)-disperse d
copperwireforballbondingaccordingtotheprese ntinvention,
fine particles of gold (Au) at theoutermostlayer ofthe  wire
do not peel off from the coating layer made of palladium (Pd)
Accordingly,no oxide of copper(Cu) adheresto acapillaryeven
when bonding is repeated many times, and therefore, the

capillary is not contaminated.
[Examples]
[0033]
As a core material , copper (Cu) with a purity of 99.999

mass%ormore, towhich  100massppmofphosphorus(P)wasadded

or not added, was used. The core material was subjected to
continuous casting , and was subjected to intermediate heat
treatment (600 °Cxonehour),andthenwas subjectedtorolling,

and therea fter, was subjected to wire drawing to give a thick
wire(withadiameterofl.0mm) beforebeingcoatedwith acoating
material

21



[0034]

[Table 1]
Unused die Core material Coating layer Surface layer Test resuits
5NCu | P(ppm) | Au(ppm) Pd(nm) Au(nm) FAB stability FAB eccentricity
Example 1 Reminder 0 0 80 1 @) O
Example 2 Reminder 0 0 20 1 O O
Example 3 Reminder 0 0 60 1 (@) @]
Example 4 Reminder 0 0 40 1 (@) @]
Example 5 Reminder 20 0 60 1 @) O
Example 6 Reminder 80 0 40 1 (@) O
Example 7 Reminder 0 2 20 1 @) O
Example 8 Reminder 0 8 80 1 O O
Example 9 Reminder [ 40 5 60 1 (@) @]
Example 10 Reminder | 60 7 40 1 O @]
Die used for 100000 m Core material Coating layer Surface layer _ Test results _
5NCu | P(ppm) | Au(ppm) Pd(nm) Au(nm) FAB stability FAB eccentricity
Example 11 Reminder 0 0 80 3 O O
Example 12 Reminder 0 0 20 3 (@) @]
Example 13 Reminder 0 0 60 3 (@) @]
Example 14 Reminder 0 0 40 3 @) O
Example 15 Reminder 20 0 60 3 (@) O
Example 16 Reminder 80 0 40 3 @) O
Example 17 Reminder 0 2 20 3 O O
Example 18 Reminder 0 8 80 3 (@) @]
Example 19 Reminder [ 40 5 60 3 (@) @]
Example 20 Reminder 60 7 40 3 @) O
Unused die Core material Coating layer Surface layer Test results
S5NCu [ P(ppm) | Au(ppm) Pd(nm) Au(nm) FAB stability FAB eccentricity
Conventional Example 1 Reminder 0 0 200 0 X @]
Conventional Example 2 Reminder 0 0 500 200 O X
Comparative Example 1 Reminder 0 0 100 10 O X
Comparative Example 2 Reminder 0 0 100 0.1 X O
[0035]
Here,thevalueofgoldinthesurfacelayershown inTable
1 was calculated, as the uniform film thickness in the wire

diameterofthebondingwire,fromtheconcentratio

by dissolving about 10,000 meters of a wire with th

ofl7 uminaquaregia,andmeasuringtheconcentrationso
(Au) and palladium (Pd) in this solution by a high-

inductively coupled plasma emission spectrophotomet

ndetermined
e diameter
fgold
frequency

ric

analysis method (ICPS-8100 manufactured by Shimadzu

Corporation). Inotherwords,thevalueisthecon
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in accordance with the chemical analysis by ICP.

[0036]

Next, a coating layer made of palladium (Pd) as we llas
asurfacelayermadeofgold(Au)showninTablel wereprepared,
andtheouterperipheryofthethickwirewascoate dwiththem.
The purity of gold (Au) of the surface layer was 99 .9mass%or
more, and the purity of palladium (Pd) was 99 mass% or more.
Thereatter, each of the coated thick wires was subjected to the
continuous wire drawing in a wet manner by using adiamond die
andwas subjectedto refining heattreatment of 480°Cx1lsecto
givea gold (Au)-dispersed copper wire for ball bonding with
the diameterofl? unfinally. ThesewireswereusedasExamples
1to 20. Meanwhile, the mean degree of diameterre ductionis
6 to 20%, and the final wire speed is 100 to 1,000 m/min. In
addition, copper (Cu) of the core material was once subjected
to heat treatment at 200 to 600 °C for 0.01 to 120 min before

being coated.
[0037]
(FAB Stability Test)

A FAB stability test was conducted as follows.

Thatis, in examples shown in the right column of Table
1,the first ball bonding by means of a FAB was cond ucted for
eachof1,000wiresofExample1toExample20,by usingafully
automatic wire bonder IConn ProCu, which is manufac tured by
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Kulicke&Soffa,withacurrentvalueof45mAand
of arc discharge of 347 microseconds, suchthatam
of30 umgaveasquashedballdiameterof40
lead frame (QFP-200). The resultis shown in the
of Table 1. In Table 1, the mark
eccentric ball at all generated by the arc discharg
markxshowsthatthereareoneormoreeccentricb
bythe arcdischarge. Fromthistestresult, itis
thegold (Au)-dispersedcopperwireforballbondin
tothepresentinventionexhibitsnofluctuationof
caused by the arc discharge.
[0038]
(FAB Eccentricity Test)

AFAB eccentricitytestwas conductedinthe same
astheabove-describedFABstabilitytest. Thatis
to each of 1,000 wires, the first ball bonding by m
FABwas conducted by using afully automaticwire b
ProCu with a current value of 45 mA and a time peri
discharge of 347 microseconds. This result is show
rightcolumnofTablel. InTablel,themark
isnoeccentricballatallgeneratedbycreepingu
ball,andthe mark x showsthatthereisone ormor
bunches of grapes generated by creeping up of molte

Fromthistestresult,itisfoundthatthegold (A
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copperwireforballbondingaccordingtotheprese
doesnotcausethegenerationofaballlikeabunc
[0039]

Accordingly, with regard to each of wires of Examp
to Example 20 of the present invention, it is found
shape of a molten ball is extremely stable and that
ofanaluminumpadcanbemadesmaller. Meanwhile,
to the gold (Au)-dispersed copper wire for ball bon
accordingtothepresentinvention(eachofExample
20), itis found that no clogging of a capillary oc
when the bonding is repeated for more than 10,000 m
thattheslippingpropertyofacapillaryisgood.
no wear was observed on the inner surface of a capi
Further,withregardtothegold(Au)-dispersedcop
ballbondingaccordingtothepresentinvention(ea
1toExample 20),theresultofatestaboutunwind
of each of wires was also good.

[Conventional Examples]
[0040]

A bonding wire on which only 200 nanometers (nm) o
coating layer made of palladium (Pd) was formed was
Conventional Example 1, and a bonding wire on which
nanometers (nm) of a coating layer made of palladiu

200 nanometers (nm) of a surface layer made of gold
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formedwasusedasConventionalExample2. Eachof
of Conventional Examples 1 and 2 was subjected to t
stabilitytestandtheFABeccentricitytestinthe

as Examples, and as a result, the results shown in
columnofTablelwereobtained. Asapparentfrom
itisfound thatthe wire of Conventional Example 1
the result of the FAB stability test, and that the
ConventionalExampleZ2isnotsatisfactoryinther
FAB eccentricity test.

[Comparative Examples]

[0041]

Abondingwire onwhich 100 nanometers (nm)ofac
layermadeofpalladium(Pd)wasformedandalayer
havingthetheoreticalfilmthicknessof10nanomet
0.1nanometer(nm)wasformed, wasusedasComparat
1 or 2, respectively. Each of these wires of Compa
Examples 1 and 2 was subjected to the FAB stability
the FAB eccentricity testin the same manner as Exa
as aresult, the results shown in the right column
wereobtained. Asapparentfromtheresults,itis
the wire of Comparative Example 1ispoorinthere
FAB stability test similarly to that of Conventiona
2,andthatthewireofComparativeExample2isno

in the result of the FAB eccentricity test similarl
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of Conventional Example 1.

[0042]
(HAST Test)

In addition, a HAST test (130 °C x 85 RH (relative
humidity)) was conducted, and though the measuremen tresults
arenotshown,thewiresofExampleltoExample20 allexhibited
thelife longerthanthose of Conventional Examples land2as
wellas Comparative Examples1and2,andtherefore ,thewires
of Example 1 to Example 20 had high reliability.

[Industrial Applicability]
[0043]

The gold (Au)-dispersed copper wire for ball bonding
according to the presentinvention is useful for semiconductor
applications such as general ICs, discrete ICs, and memory ICs,
as well as IC packages for LEDs which require low cost though
the use is for a high-temperature and high-humidity atmosphere
and IC packages for semiconductors for automobiles.
Accordingly, the gold (Au)-dispersed copper wire fo r ball
bonding according to the present invention will rep lace a

conventional gold alloy wire.
[Brief Description of Drawings]

[0044]

[Fig.1]Figurelis aschematicdiagramwhichillustrates

the arc discharge of a bonding wire
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[ Fig. 2] Figure 2 is a photograph which shows the
distribution of gold (Au) on the surface of the bon ding wire
according to the present invention.

[ Fig. 3] Figure 3 is a photograph which shows the
distribution of palladium (Pd) on the surface of th e bonding

wire according to the present invention.
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[Title of Document] Claims
[Claim 1]

A gold (Au)-dispersed copper wire for ball bonding ,

comprising: a palladium (Pd)-coated copper wire for ball
bonding having a wire diameter of 10 to 25 um, wherein the
palladium (Pd)-coated copperwire forballbonding hasacore
material made of a copper alloy containing copper ( Cu) with
a purity of 99.9 mass% or more, and wherein the pal ladium
(Pd)-coated copper wire for ball bonding has a coat ing layer
made of palladium (Pd) and a surface layer made of gold (Au)
formed thereon, characterized in that the theoretic al film
thickness obtained by the chemical analysisofsaid gold (Au)
is 0.1 nanometer (nm) or more and 10 nanometers (nm )orless,
andthatthedistributionofgold (Au)observedby thesurface
analysisusinganelectronprobe microanalyzer(EPM A)issuch
that fine particles of said gold (Au) are distribut edonthe
coating layer made of said palladium (Pd) in an inn umerably

scattered manner.

[Claim 2]

The gold (Au)-dispersed copper wire for ball bondi ng
accordingtoClaim1,whereinthecopperalloycont ains3mass
ppm or more and 500 mass ppm or less of phosphorus (P).

[Claim 3]
The gold (Au)-dispersed copper wire for ball bondi ng
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accordingtoClaim1,whereinthecopperalloycont
ppm or more and 500 mass ppm or less of gold (Au).
[Claim 4]

The gold (Au)-dispersed copper wire for ball bondi
accordingtoClaiml1,whereinthecopperalloycont
ppm or more and 100 mass ppm or less of metal eleme
than phosphorus (P) and gold (Au).

[Claim 5]

The gold (Au)-dispersed copper wire for ball bondi
accordingtoClaim 1, whereinthe copperalloy cont
ppmormore and 500 mass ppmorlessofphosphorus
ppmormore and 500 mass ppmorlessofgold (Au),
or more and 100 mass ppm or less of other metal ele
less than 1,000 ppm in total of these elements.

[Claim 6]

The gold (Au)-dispersed copper wire for ball bondi

according to Claim 1, wherein the theoretical film

is 2 nanometers (nm) or less.
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