[Title of Document] Description

[Title of Invention] COPPER ALLOY FINE WIRE FOR BAL
[Technical Field]

[0001]

Thepresentinventionrelatestoacopperalloyfi
for ball bonding which is suitable for connecting a
electrode used for a semiconductor device to a boar
anouterlead,andinparticular,relatestoacopp
wire whose tail wire does not bend even when the co
fine wireis an extrafine wire having awire diamet
or less.

[Background Art]
[0002]

Ingeneral,amethod called ballbondingisemploy
thefirstbondingofacopperbondingwiretoanel
amethodcalledwedgebondingisemployedforthew
ofthecopperbondingwiretoawiringonawiring
forasemiconductor,respectively. Inthefirstbo
sphere calledafreeairball (FAB)isformedatth
wire by a system called an electronic-flame-off (EF
which supplies the arc input heat to the tip of the
atorchelectrode. Then,thebondingwireandana
arebondedtogetherbypressingtheFABonthealum

has been heated to atemperature within the tempera
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[0003]
Next, the capillaryis causedtorise bylettingo

bondingwire, andthe capillary ismovedtothe poi

utthe

ntofwedge



bondingbydrawingaloop-shapedtrackinthedirec
thelead. Bydescribingwithreferencetothefigu

case ofwedge bonding by using acapillary, as show

1, a bonding wire (1) is wedge-bonded to a lead (3)

of a capillary (2). At this time, an end part of t
wedge-bonded bonding wire (1) is crushed by a tip p
capillary (2). AsshowninFigure 2,the area oft

of the wire at the bonding position becomes thinner
diameter of the wire. And then, the bonding wire (

off from this bonding position. The way of cutting
follows: after a wire clamper (4) located above the
(2)clampsthebondingwire (1)andthenpullsthe
(1)up,asshowninFigure3,thebondingwire(1)

cut at the tip part of the bonding wire (1) at the
position with the lead (3).

[0004]

Next,thoughbeingomittedinthefigures,thecap
is moved to the point of the first bonding. Then,
dischargeisperformedbyadischargingtorchsuch
ball (FAB)isformed atthetip of the bonding wire
thefirstbondingofthebondingwireandthealumi
abondingcycleisrepeated suchthatthe padandt
are connected through the bonding wire (1) sequenti
[0005]

However,ithasbeendifficultforacopperalloy
wire which contains 10 to 500 ppm of phosphorus (P)
remainderofcopper(Cu)of99.9%ormoreinpurity
to achieve uniform mechanical properties (Japanese

Application Laid Open No. Hei 7-122564). According
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the bonding wire (1) is subjected to the second bon
thewireis cutby raisingthe capillary (2) togeth
wireclamper(4),withthewireclamper(4)beingc

have been some cases where the tip of the bonding w
or even worse, there have been other cases where th
wirebendswithinthecapillaryinaZ-shape,assh

4.

[0006]

Accordingly, so far, problems in mechanical proper
ofabondingwirehavebeensolvedbyanimprovemen
whichpullsthe bondingwire upward (by alittleam
thesecondbondingsuchthatanarrow-diameterport
inthebondingwire,opensawireclamperonce,the
wire clamperand pullsthewire again (thistime, s
cutthe bonding wire atthe narrow-diameter portion
PatentApplicationLaidOpenNo0.2007-66991 (Patent
1 described below)).

[0007]

FewwireswithsuchJ-shapeddeformationshavebee
whenthewireisacopperbondingwire havingawir
asthickas25
wire is thin, that is, the wire diameter is thinner
um, as well as when the bonding speed is made to be
the above-described improved bonder cannot be adopt
the wire with J-shaped deformation has become appar

[0008]

When a bonding wire has such a J-shaped deformed t

portion, the loop-shape tends to be distorted when

loop-shaped track is drawn. In addition, a spark ¢
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tends not to hit the tip of the bonding wire correc tly, and

the center deviation of a molten ball tends to occu r, which
may cause the generation of a ball with a flat andirregular
shape as an FAB. Further, when the J-shaped deform ation
becomes serious, the deformation may become a Z-sha ped
deformation which has been found so farand has bee nacause

of the clogging of a capillary.

[0009]

Onthe otherhand, itisknownthatacleantrues phere
shape can be achieved when phosphorus (P) is added to high
purity oxygen-free copper of >299.99 wt.% purity, because
phosphorus (P) acts for deoxidizing copper (Cu) by forming
an oxide at 350 °C and prevents the surface oxidation during
theformationofanFABIinthefirstbonding(Japan esePatent
Application Laid OpenNo. Sho62-80241). Inadditi on,itis
also known that phosphorus (P) rapidly diffuses in
polycrystalline high purity copper (Cu) (P.SPINDLE Retal.,
METALLURGICAL TRANSACTIONS A,June1978,Vol.9A,p age763),
andthat phosphorus (P) tendsto segregate onthe s urface of
the high purity copper (Cu) (I. N. SERGEEV etal., Bulletin
of the Russian Academy of Sciences: Physics, Octobe r2008,
Vol. 72, No. 10, page 1388).

[0010]

Meanwhile,highpuritycopperof >99.99wt.%(4N)purity
means copper whose purity, which is expressed in te rms of
weight percent relative to the total metal componen ts
excluding gaseous components suchas H, N, Cand O, is that
in which the number of "9" is four. Normally, high purity
copperdoesnotcontainexpensivenoblemetalcompo nents,and



therefore, high purity copper of >99.99 wt.% purity means

copperwhichcontainslessthan100mass ppmintot alofbase
metalelementsotherthancopper(Cu). Inaddition ,normally,
gaseous components are excluded from the definition of high
purity copper (Shoji Aoki et al., Copper and copper alloy:
journalofJapanResearchlnstitutefor Advanced Co pper-Base
MaterialsandTechnologies,January2003,Vol.42, No.1,page
21). On the other hand, it is said that when a gas eous
component such as oxygen is present at a high conce ntration
inabondingwire,thegaseouscomponentexertsbad influences

on an FAB of the bonding wire.

[0011]

Accordingly, there are a lot of patent application S
relatingtothe control ofgaseous componentsin hi gh purity
copper. For example, the description of Japanese Patent
ApplicationLaidOpenNo0.Sho61-20693describes"t heseadded
elementsfixH,O,NandCinanalloyandsuppress generation

ofH ,,0 2,N andCOgasses"(thepublication,page2,theupper

right column, lines 12 to 14). Similarly, Japanese Patent
Application Laid Open No. 2003-225705 discloses "a working
method of a soft copper material where copper of >99.98 wt.%
is used as a raw material, and is subjected to exte nsion
working so asto control the cross sectionto <0.01mm 2,and
the total content of gas components of oxygen, carb on,
nitrogen, and sulfur present in the coper material after
temper-annealing is controlled to < 0.005 wt.%, wherein as

a lubricating solution used in the above extension working
stage, anaqueous solutioninwhichthe total conte nt of oil
contentsandasurfactantis <0.02wt.%isadopted"according



tothefactthattheVickershardness(Hv)ofacop
wire and the amount of gas components of oxygen, ca
nitrogen, and sulfur present in the copper material
correlation when the Vickers hardness of an initial
a soft copper wire of each wire diameter was measur
[0012]
Inaddition,thereare patentapplicationswhichd

chlorinethatisnotincludedinabasemetalmater

perbonding
rbon,
have a
ball of
ed.

efine

ialofhigh

purity copper of 24N (Japanese Patent Application Laid Open

No. 2008-153625, Japanese Patent Application Laid O
2011-3745).

[0013]

Ontheotherhand,therearealotofpatentappli

relating to addition of nickel (Ni) as an additive
to a high purity copper-phosphorus alloy. For exam
Japanese Patent Application Laid Open No. Sho 61-20
Claims (1), discloses "a bonding wire, comprising O
2 wt.% of one or more kinds of elements selected fr
elementsincludingNiandP (whichalsoincludesa
elementasoneof24elements)"andtheremindersu
of copper". In addition, Japanese Patent Applicati
Open No. Sho 61-52333, in Claims (1), also disclose
bondingwire,comprising0.001wt.%ormoreandles
wt.% of one or more kinds of elements selected from
group of additive elements)” which includes 7 eleme
assilver(Ag)"aswellas0.001to2wt.%ofoneo
of elements selected from (the 2nd group of additiv
elements)"whichincludes 22 elements such as Ni, P

and P "and the remainder substantially of copper".

pen No.

cations
element
ple,
693, in
.001to
om" 24
rareearth
bstantially
on Laid
s, "a
sthan0.1
(the 1st
nts such

rmorekinds

d,Pt,Au



[0014]

In addition, Japanese Patent Application Laid Open
2010-171235 (Patent Literature 2 described below),
andClaim5,discloses"acopperalloywireforhig
bonding,whereintheinitialballhardnessatroom
of the bonding wire is lowered by adding phosphorus
thatthe hardness becomeslowerthanthatofacopp
which purity excluding phosphorus (P) is equal to o
than the copper alloy wire, and wherein the total ¢
metallic elements other than phosphorus (P) is equa
smaller than the content of phosphorus (P)" and "wh
metallicelementsotherthanphosphorus(P)incopp
anyoneormorekindsselectedfromPt, Au,Ag, Pd,

Mg, Ni, Al, Pb and Si".

[0015]

Further, Japanese Patent Application Laid Open No.

01-290231 (Patent Literature 3 described below), in
(2), discloses "a copper alloy extra fine wire for
semiconductor device obtained by adding Si of at le
ppm to high purity oxygen-free copper containing S,
Teintotal of 1.0 ppm or less and further adding S
ormorekinds" of 8 elementsincluding Niand P "in
amountofthe8elementsandSiofl.0to500ppm".
Example 17 of the invention shows that a copper all

wire having a diameter of 25
"alloying elementswhose contents (ppm) are asfoll
132; Ni: 28; P : 76"
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puritycopperhavingcontrolledgaseouscomponents andrelating
toahighpuritycopper-phosphorusalloyistoprov ideacopper
based bonding wire for a semiconductor device, whic h has a
reduced material cost, is excellent in a ball bondi ng shape,
wire bonding properties and the like, and has a goo d loop
formability, and a superior mass productivity. How ever,only
by providing adense layer of phosphorus (P) onthe surface of
thebondingwireorthelike,mechanicalproperties ofthewire
itself tend to be unstable when the bonding wire is thin, and
the problems that the above-described tail wire ten dstobend
and that the wire tip tends to bend still remain un solved.
[Citation List]
[Patent Literature]
[0017]

[PTL 1] Japanese Patent Application Laid Open
No0.2007-66991

[PTL 2] Japanese Patent Application Laid Open
No0.2010-171235

[PTL 3] Japanese Patent Application Laid Open No. Hei
01-290231
[Summary of Invention]
[Technical problem]
[0018]

The present invention is made in order to solve th
problemsofbendingofatailwirewithinacapilla ryandbending
ofawire tipwhenawireis pulled upwards asiti s afterthe

secondbondingandiscut,andanobjectofthepre
is to provide a copper alloy bonding wire which is

J-shaped bending of a tail wire by adding nickel (N

sentinvention

free from

1) to a



copper-phosphorus alloy.
[Solution to Problem]
[0019]

One invention of the copper alloy fine wire for ba

bondingwhichsolvestheproblemsofthepresentin vention
isacopperalloyfinewireforballbonding,compr ising:0.02
mass% or more and 2 mass% or less of nickel (Ni), 5 mass ppm
or more and 800 mass ppm or less of phosphorus (P), lessthan
100 mass ppm in total of other base metal elements and the
remainder of copper (Cu).

[0020]

Inaddition,oneinventionofthecopperalloyfin ewire
for ball bonding which solves the problems of the p resent
invention is a copper alloy fine wire for ball bond ing,
comprising: a core material made of a copper alloy which
comprises 0.02 mass% or more and 2 mass% or less of nickel
(Ni),5massppmormoreand800massppmorlesso fphosphorus
(P), less than 100 mass ppm in total of other base metal
elements and the remainder of copper (Cu), wherein the core
materialmade ofthe copperalloyiscoveredwitha stretched
layer made of palladium (Pd).

[0021]

Further, oneinventionofthe copperalloyfine wi refor
ballbondingwhichsolvestheproblemsoftheprese ntinvention
is a copper alloy fine wire for ball bonding, compr ising: a

corematerialmadeofacopperalloywhichcomprise

s0.02mass%

ormore and 2 mass% orlessof nickel (Ni), 5 mass ppmormore
and800massppmorlessofphosphorus(P),lessth an100mass
ppm in total of other base metal elements and the r emainder



of copper (Cu), wherein the core material made of t
alloyiscoveredwithastretchedlayermadeofpal
and a stretched thin layer made of gold (Au).
[0022]
In one embodiment of the present invention, the up
limit of the nickel (Ni) is 1 mass% or less.
[0023]
Inaddition,inoneembodimentofthe presentinve
theupperlimitofthe phosphorus(P)is200massp
[0024]
Further, one embodiment of the presentinventioni
copper alloy fine wire for ball bonding according t
of the above-described 3 inventions of the copper a
wire for ball bonding, wherein up to 30 mass% of ni
takingthe contentofthe nickel (Ni)as100mass%
with palladium (Pd) or platinum (Pt).
[0025]
Furthermore,anotherembodimentofthepresentinv
is the copper alloy fine wire for ball bonding acco
anyoneoftheabove-described3inventionsofthe
fine wire for ball bonding, wherein up to 30 mass%
(Ni) taking the content of the nickel (Ni) as 100 m
replaced with gold (Au) or silver (AQ).
[0026]
In the present invention, both "a stretched layer"
"astretchedthinlayer" meansatheoreticallayer
by taking a section of abonding wire and a core ma
of acopper alloy as being perfect circle shapes an

that the outer ring of a core material made of a co
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is uniformly covered with a layer made of palladium

layer made of palladium (Pd) and alayer made of go

its diameter is reduced, in general. Accordingly,

expressions "a stretched layer" and "a stretched th
areusedtodescribeeachoftheselayersas'alay

that the layer has a thickness for the sake of conv
adepthdirectionfromthesurfaceofabondingwir
where fine particles of each of palladium (Pd) and

are detected, by means of Auger analysis and the i

these expressions do not necessarily describe the a

surface propertiesaccurately. Inthe bondingwire

to the present invention, it is considered that bot

stretchedlayer"and"astretchedthinlayer"arep

the fine particles of each of palladium (Pd) and go

(Pd)ora
Id (Au)and
the
in layer"
er"byassuming
eniencein
etotherange
gold (Au)
ke, though
ctual
according
h "a
resentwhen

|d (Au) are

detected from the surface of the bonding wire by a

high-frequency  inductively  coupled plasma

spectrometric analysis method (ICP-AES), since the
of each of these layers is very thin.
[0027]

Inthe copperalloyfinewireforballbondingacc
tothepresentinvention,ahighpuritycopperallo
material of 6N to 4N purity normally contains 0.2
more and 50 mass ppm or less of oxygen. The conten
in the copper alloy having the composition accordin
presentinventionhardlychangesevenwhenthecopp
metalmaterialissubjectedtoremelting/casting,p
drawing, intermediate heattreatment, secondarywir
final heat treatment, storage and the like. Itis

that the content of oxygen is as small as possible
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base metal element tends to form an oxide when oxyg en is

containedinthe copper (Cu) matrix. The contento foxygenis
preferably 10 mass ppm or less and is more preferab ly 5 mass
ppm or less.

[0028]

Inthecopperalloyfinewireforballbondingacc ording
tothepresentinvention,thereasonwhytheconten tofnickel
(Ni) is defined to be 0.02 mass% or more and 2 mass % orless
isthat nickel (Ni) is capable of fixing oxygencon tainedin
a copper alloy base metal material as well as of pr eventing
the surface segregation ofphosphorus(P). Acerta inamount
of nickel (Ni) in a copper alloy matrix is disperse dfinely
and fixes oxygen in the matrix. Oxygen which is fi xed by
nickel (Ni) is not affected by the deoxidizing acti on of
phosphorus (P), and therefore, the presence of a ce rtain
amount of nickel enhances the rigidity of a wire it self.
Accordingly, the presence ofacertainamountofni ckel (Ni)

enhances the Young's modulus of a copper alloy.
[0029]
Thepresentinventorshavefoundthatacopperall oyfine

wire exhibiting a high Young's modulus has a small

cross-sectionalareaofatipportionofatailwir e,whichcan
giveatailwireofwhichthesecondbacktendsnot tobendduring

thesecondbonding. Inotherwords, itwasfoundt hatbending
ofatailwire, whichisadynamic characteristico fabonding
wire, is caused by the Young's modulus, which is a static

characteristic of a copper alloy fine wire.
[0030]

Inthecopperalloyfinewireforballbondingacc ording

12



tothepresentinvention, nickel(Ni)combineswith
atomandpreventsacoppermatrixfromoxidizing.
which is combined with oxygen is fixed in the coppe
matrix. Inthis case, when oxygen is continuously
in excess, nickel is observed as particles of nicke
whicharedispersedinthecopperalloymatrix. In
nickel (Ni) also tends to be combined with phosphor
and prevents phosphorus (P) in the copper matrix fr
transferring. Accordingly, an appropriate amounto
(Ni) acts to enhance the Young's modulus of copper
[0031]

Whenthelowerlimitoftheamountofnickel(Ni)
than 0.02 mass%, there may be some cases where the
segregation of phosphorus (P) cannot be prevented,
way of cutting of the tip part of a tail wire tends
unstabilized, and therefore, the lower limit of the
ofnickel(Ni)isdefinedtobe0.02mass%ormore.
limit of the amount of nickel (Ni) is preferably 0.
or more, and is more preferably 0.06 mass% or more.

[0032]

Inaddition,whentheupperlimitoftheamountof
(Ni)exceeds2mass%, oxidizationbeginningfromth
ofabondingwiretendstobeaccelerated,andther
upper limit of the amount of nickel (Ni) is defined
mass% orless. The upper limit of the amount of ni
ispreferably 1 mass%orless. Theupperlimitof
of nickel (Ni) is more preferably 0.5 mass% or less
even more preferably 0.3 mass% or less.

[0033]
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Inthecopperalloyfinewireforballbondingacc
to the present invention, the content of the phosph
isdefinedtobe 5 mass ppm or more and 800 mass pp
Phosphorus(P)isanelementwhichtendstoacton
andoxygenandtendstosegregateonthesurface.

itis well known that phosphorus (P) exhibits a flu

against copper (Cu) and palladium (Pd) as a solder,

phosphorus (P) is present on a scale of a percentag
Accordingly,itisthoughtthatphosphorus(P)acts
the bonding strength with an aluminum pad by precip
on the surface of a molten ball even when phosphoru
present in the above-described range. In addition,
phosphorus (P) forms a volatile phosphate ion
oxygen, phosphorus (P) acts to release oxygen prese
copperalloymatrixduringtheformationofaFABf
ball into the atmosphere. However, it has been fou
nickel (Ni) acts on oxygen in the copper alloy matr
preferentially than phosphorus (P).
[0034]
Thereasonwhytheupperlimitofphosphorus(P)i
tobe800massppmorlessisthatatailwiretend
when the content of phosphorus (P) exceeds 800 mass
content of phosphorus (P) is preferably 500 mass pp
and is more preferably 200 mass ppm or less and is
preferably less than 100 mass ppm. The reason why
limit of phosphorus (P) is defined to be 5 mass ppm
that the flux effect cannot be exhibited when the ¢
phosphorus (P) is below 5 mass ppm.
[0035]
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Inthe copperalloyfinewireforballbondingacc
tothepresentinvention,thereasonwhyupto30m
(Ni) taking the content of the nickel (Ni) as 100 m
be replaced with palladium (Pd) or platinum (Pt) is
eitherpalladium(Pd)and/orplatinum(Pt)arepres
range they exhibit the similar effects to nickel (N
content of expensive palladium (Pd) or platinum (Pt
preferablyupto20mass%ofnickel(Ni),andismo
up to 10 mass% of nickel (Ni).

[0036]

Inaddition,inthecopperalloyfinewireforbal
according to the present invention, the reason why
mass% of nickel (Ni) taking the content of the nick
100mass%maybereplacedwithgold(Au)orsilver
when either gold (Au) and/or silver (Ag) are presen
range they exhibit the similar effects to nickel (N
content of expensive gold (Au) or silver (Ag) is pr
up to 20 mass% of nickel (Ni), and is more preferab
10 mass% of nickel (Ni).

[0037]

Further, in the copper alloy fine wire for ball bo
according to the present invention, the reason why
amountofotherbase metal elementsisdefinedtob
100 mass ppmisthatthe formation of an oxide of a
elementinacopperalloymatrixisprevented.Ino
thereasonisthatthe second backedtail wire tend
when an oxide of a base metal element is formed on
grainboundaryofcopper. Thetotalamountofothe

elementsis preferably 50 massppmorless,andwhe
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of a base metal material is not considered, the tot
of other base metal elements is more preferably les
mass ppm and is even more preferably 5 mass ppm or
example,whencopperwithanominalpurityof6N(9

or more is used as a base metal material, the total
other metallic elementsis less than 1 mass ppm. H
is not suitable because copper whichis abase meta
istooexpensivetobeinpracticaluse. Meanwhile
metalelements"meanelementsincludingbismuth(Bi
(Se), tellurium (Te), zinc (Zn), iron (Fe), nickel

(Sn) and the like.

[0038]

Inaddition, gaseous components other than oxygen
as hydrogen and chlorine which are normally contain
highpuritycopperalloybasemetalmaterialof6N
donotaffecttheYoung'smodulusofacopperalloy
Forexample,theamountofhydrogencontainedina
copper alloy base metal material of 6N purity iseq
lower than the detection limit (0.2 mass ppm) of an
equipment. Meanwhile, when hydrogen s presentin
alloy, hydrogen and oxygen are combined to form wat
duringtheformationofamoltenball,whichmakes
ball unstable. With regard to hydrogen, in some ca
hydrogenmayenterintomoltenmetalsfromawallo
crucible, and in other cases, hydrogen may be entra
the surface of acopper base metal material when hy
subjected to rapid cooling in the heat treatment st
Alternatively, when palladium (Pd)

means of wet plating, occluded hydrogen sometimes r
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and therefore, the entrainment of hydrogen or the |
required to be avoided.
[0039]
Inaddition,inthecopperalloyfinewireforbal
accordingtothe presentinvention,evenwhenthec
fine wire is covered with a stretched layer made of
(Pd)orastretchedlayermadeofpalladium(Pd)an
thin layer made of gold (Au), these stretched layer
affectthe Young's modulus of acore materialmade
alloy because these coating layers are very thin, t
thinnerthan 100nm. Astretchedlayer made of pal
withathicknessof20nmormoreand60nmorless
ofdelayingoxidizationofacopperalloyfinewire
whenthecopperalloyfinewireiscoveredwithas
layer made of gold (Au) with a thickness of 3 nm or
exothermic phenomenon ofthe wireitself occurs sub
the surface layer current, and therefore, the stret
layer made of gold (Au) has an effect of stabilizin
dischargeofastretchedlayermadeofpalladium(P
low electric conductivity and an effect of making a
molten ball.
[0040]
Meanwhile, the reason why the expressions "stretch
layer and "stretched thin" layer are used is that i
distinguish the "stretched" layer of the present in
from a coating layer whichisleftasitisjustaf
simply subjected to wet/dry plating. The object of
present invention cannot be achieved when a wire is

withacoatingmaterialmadeofanoblemetalsuch
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(Pd)andgold(Au)afterthewireissubjectedtot
wire drawing untilthe finalwire diameterisreach
isbecausethefinalcoatinglayercannotfillina
verticallylonggroove causedbydiewear,andther
final coating layer cannot cover the whole circumfe
a wire in nano order.

[0041]

Inordertoformaverythinstretchedthinlayer
to the present invention, it is generally required
thediameterby90%ormoreintermsofthediamete
thoughthedegreeofthereductionofthediameter
on a kind of a combination of a core material and a
material. Meanwhile,bothastretchedlayermadeo
(Pd)andastretchedthinlayer made ofgold (Au) a
the present invention, which is very thin, on the s
thewire,disappearsatabondingpositionduringt
bondinginthesecondbonding,butboththestretch
ofpalladium(Pd)andthestretchedthinlayermade
remains on a tail wire.

[Advantageous Effects of Invention]
[0042]

According to the copper alloy fine wire for ball

bondinghavingthecompositionrangeaccordingtot

invention, the second back during the second bondin

nottobendandaneffectofanextremedecreasein

of a tail wire is exhibited compared to a conventio

wire. In addition, when the shape of the tail wire

stabilized, an effect of reducing the number of FAB

are irregular shaped balls during the first bonding
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exhibited. Further, when the shape of the tail wir
stabilized, an FAB during the first bonding can be
withatruesphereshapewithlessheatenergy. Ac

the wire diameter can be reduced such thatthe wire

eis
smaller
cordingly,

diameter

isfrom20 umtol5 um,andtherefore,aneffectwhichenables

high-densitywiringofabondingwirebyusingasm
ball is exhibited. Further, when a wire is covered
stretched layer made of palladium (Pd) and a stretc
layer made of gold (Au) in nano order, a molten bal
stably formed.

[0043]

Furthermore,accordingtothecopperalloyfinewi
ballbondingaccordingtothe presentinvention, no
oxidesaredispersedinacoppermatrix,andtheref
itselfis soft. In addition, the position of spark
duringthefirstbondingisalsostabilized,andth
effect of stabilizing an FAB during the first bondi
exhibited evenwhenthewireiscoveredwithastre
made of palladium (Pd) or a stretched layer made of
(Pd) and a stretched thin layer made of gold (Au) h
thickness thinner than that of a conventional fine
[0044]

Further,accordingtothecopperalloyfinewiref
bonding according to the present invention, when a
layer made of gold (Au) is formed on the outermost
the wire, the wires are not stuck to each other eve
wire is multiply wound such that 10,000 meters of t
wound up. As a result, an unwinding property of th

improves. Furthermore,asasidebenefit,slipperi
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surfaceofthewireagainstacapillaryimproves. Inaddition,

according to the copper alloy fine wire for ball bo nding
accordingtothepresentinvention,fineparticles ofgold(Au)

at the outermost surface of the wire do not peel of f from a
stretchedlayermadeofpalladium(Pd). Accordingl y,nooxide
of copper (Cu) adheres to a capillary even when bon ding is
repeated many times, and therefore, the capillary i S not

contaminated.

[Examples]
[0045]

Asacorematerial,copper(Cu)ofpurityof99.99 98mass%
(5N) was used, and phosphorus (P) and nickel (Ni) a swell as
palladium (Pd), platinum (Pt), gold (Au) and silver (Ag)were
added thereto as additive elements. As base metal elements,
elements which are generally contained in high puri ty copper
were selected. In other words, bismuth (Bi), selen ium (Se),
tellurium(Te),zinc(Zn),iron(Fe), nickel (Ni)a ndtin(Sn)

were appropriately selected. They were mixed in a

predeterminedrangetoobtaineach of Example 1to Example 23.
[0046]

Next, each of the obtained mixtures were subjected to
continuous casting, and thereafter, were subjected to the
primary wire drawing to give a thick wire (withad iameter of
1.0mm)beforebeingcoveredwithastretchingmate rial. Then,
the thick wire was subjected to intermediate heat t reatment
(400 °Cx4hours). Thereafter,asneeded,anoblemetal coating
layerwhichbecomeseachofastretchedthinlayer madeofgold
(Au) and a stretched layer made of palladium (Pd) w asformed.
Eachofthese semifinishedwire productsweresubje ctedtothe
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secondary wire drawing continuously in a wet manner
adiamonddie andwere subjectedtorefiningheatt

480°C x 1sectogiveacopperalloyfine wirefor ball

by using

reatmentof

withadiameterof 15 umfinally. Meanwhile, the meanrate of

diameterreductionis6t020%,andthefinalspeed

is 100 to 1,000 m/min. In addition, the purity of

bonding

ofthewire

gold (Au)

iI$99.99mass%ormore,andthepurityofpalladium (Pd)is99.9
mass% or more.
» ‘Additive element Other impurity element_| | | | Pd layer Aulayer
No. Co P Ni P Pd [Au[Ag| B [ Se [ Te | 7n | Fe | Ni | S | (Tricknessrm) | (Thioknessrm | "*° °f"(‘"'51""0'g‘0b;:1;;9 of tal wire
6N Cu | (massppm)| (mass%) (messY%) mess ppm) per
Exanple 1 Reminder 560 18 5 5 5 5 5 5 5 - - 0
Exanple 2 Reminder 80 0.2 5 5 5 5 5 5 5 - - 0
Exanple 3 Rerrinder 160 14 5 5 5 5 5 5 5 - - 0
Exanple 4 Rerminder 400 03 5 5 5 5 5 5 5 - - 0
Exanple 5 Rerminder 520 17 5 5 5 5 5 5 5 - - 0
Exanple 6 Reminder 320 18 5 5 5 5 5 5 5 - - 0
Exanple 7 Reminder 760 0.7 5 5 5 5 5 5 5 - - 0
Exanple 8 Reminder 680 0.6 5 5 5 5 5 5 5 - - 0
Exanple 9 Rerrinder 360 008|001 5 5 5 5 5 5 5 - - 0
Banple 10 Rerminder 120 13 0100 5 5 5 5 5 5 5 - - 0
Exanple 11 Reminder 240 19 0.2 10 10 10 10 10 10 10 - - 0
Exanple 12 Reminder 280 16 0.15 10 10 10 10 10 10 10 - - 0
Exanple 13 Reminder 200 0.5 0.01] 0.01 10 10 10 10 10 10 10 60 - 0
Banple 14 Rerrinder 8 15 | 010100 0 | 10 | 10 | 10 [ 10 | 10 | 10 50 - 0
Banple 15 Rerminder 0 01 0 | 10 | 10 | 10 | 10 | 10 | 10 50 - 0
Banple 16 Rerminder 120 004 0 | 10 | 10 | 10 | 10 | 10 | 10 60 - 0
Exanple 17 Reminder 280 11 0.1 1 1 1 1 1 1 1 60 - 0
Exanple 18 Reminder 440 12 0.05 1 1 1 1 1 1 1 60 - 0
Exanple 19 Reminder 480 0.06 0.005 1 1 1 1 1 1 1 60 1 0
Bxanple 20 Rerrinder 600 08 008 1 1 1 1 1 1 1 0 1 0
Banple2l Rerminder 640 012 1 1 1 1 1 1 1 50 1 0
Exanple 22 Reminder 720 04 0.03] 0.02 1 1 1 1 1 1 1 60 1 0
Exanple 23 Reminder 760 0.9 0.05] 0.030 1 1 1 1 1 1 1 30 1 0
Conparative Example 1 Reminder 880 0.02 0.02] 0.02 10 10 10 10 10 10 10 - - 2
Conparative Example 2 | Reminder 12 26 0 20 20 20 20 20 20 20 60 - 1
Conparative Example 3 | Reminder 40 15 0.400 1200 5 5 5 5 5 5 5 30 1 1

[0048]

InTablel,Exampleslto8areExamplesaccording
1 of the present invention. In addition, Examples
are Examples according to claim 2 of the present in
Further, Example 21 is Example according to claim 3
presentinvention. Onthe otherhand, Examples?9,
19 and 23 are Examples according to claim 4 of the
invention. Examples 11 to 13, 18, 20 and 22 are Ex
according to claim 5 of the present invention.
[0049]
(Bending Test of Bonding Wire and the like)
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The bending test of a bonding wire was conducted a S

follows. Thatis,awirebonder(manufacturedbyS HINKAWALTD.:
UTC-3000) was used to perform wedge bonding of 100 wiresona
silver(Ag)platedcopper(Cu)plate underacondit ionof25  °C,
which is an ambienttemperature, with an ultrasonic output of
100mA,andwithabondingloadof90gf. Then,af terthewedge
bondingwasfinished,asshowninFigure1,acapil lary(2)was
raised and a bonding wire (1) was delivered at the tip of the
capillary (2), and thereafter, awire clamper (4) w as closed,
andthenthecapillary (2)andthewireclamper(4) wereraised
together,andthewirewascutinastatewhereap redetermined
lengthofthebondingwire (1) wasextendedfromth etipofthe
capillary (2), as shown in Figure 3. Thiswas repe ated 1,000
times, and the number of the bonding wires with ben ding was
examined by using an enlarging projector. Theresu It of this
measurementisshownintherightcolumninTablel . Meanwhile,
theYoung'smoduluswasalsomeasured,andallthe copperalloy

wires showed high values.

[Comparative Examples]

[0050]

Bonding wires having compositions shownin Table 1 were
used as Comparative Examples 1, 2 and 3. The wires of
Comparative Example 1 and Comparative Example 2 hav e
compositions where phosphorus (P) and nickel (Ni) a re out of
the range defined by the present invention. The wi re of
Comparative Example 3 has a composition where palla dium (Pd)
and gold (Au) are out of the range defined by the p resent
invention. The bonding wires ofthese Comparative Examples1
to3weresubjectedtothebendingtestoftailwir einasimilar
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mannertoExamples,andtheresultsareshowninth
in Table 1.
[0051]

Asapparentfromthesetestresults, withregardt
of the Examples according to the present invention,
Young'smoduluswasexhibitedandtherewasnowire
inthebendingtestoftailwire,andtheresultsw
excellent. Ontheotherhand,withregardtoeach
of Comparative Examples 1 to 3, there was/were wire
bending in the bending test.

[Industrial Applicability]
[0052]

The copperalloyfinewire forballbondingaccord
thepresentinventionisusefulforsemiconductora
such as general ICs, discrete ICs, and memory ICs,

IC packages for LEDs which require low cost though

for a high-temperature and high-humidity atmosphere
packagesforsemiconductorsforautomobiles. Accor
copperalloyfinewireforballbondingaccordingt

invention will replace a conventional gold alloy wi
[Brief Description of Drawings]

[0053]

[Fig.1]isacrosssectionviewofabondingwire
bywedgebondingofthecopperalloyfinewireacco
present invention.

[Fig. 2]is aperspective view which shows astep
wedge bonding of a copper alloy fine wire.

[Fig. 3] is a schematic cross section view which s

a state of cutting immediately after the wedge bond
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copper alloy fine wire.
[Fig. 4]is a schematic cross section view of abo
wire having J-shaped bending.

[Reference Signs List]

[0054]
1: Bonding wire
2: Capillary
3: Lead
4: Wire clamper
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[Title of Document] Claims
[Claim1]Acopperalloyfinewireforballbonding

0.02 mass% or more and 2 mass% or less of nickel (N
ppm or more and 800 mass ppm or less of phosphorus
than 100 mass ppm in total of other base metal elem
the reminder of copper (Cu).
[Claim2]Acopperalloyfinewireforballbonding

a core material made of a copper alloy which compri
mass% or more and 2 mass% or less of nickel (Ni), 5
or more and 800 mass ppm or less of phosphorus (P),
100 mass ppm in total of other base metal elements
reminderofcopper(Cu),whereinthecorematerial
copperalloyiscoveredwithastretchedlayermade

(Pd).

[Claim3]Acopperalloyfinewireforballbonding

a core material made of a copper alloy which compri
mass% or more and 2 mass% or less of nickel (Ni), 5
or more and 800 mass ppm or less of phosphorus (P),
100 mass ppm in total of other base metal elements
reminderofcopper(Cu),whereinthecorematerial
copperalloyiscoveredwithastretchedlayermade

(Pd) and a stretched thin layer made of gold (Au).
[Claim4]Thecopperalloyfinewireforballbondi

to any one of claims 1 to 3, wherein the upper limi
nickel (Ni) is 1 mass% or less.
[Claim5]Thecopperalloyfinewireforballbondi

to any one of claims 1 to 3, wherein the upper limi
phosphorus (P) is 200 mass ppm or less.

[Claim6]Thecopperalloyfinewireforballbondi
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to any one of claims 1to 3, wherein up to 30 mass%
(Ni) taking the content of said nickel (Ni) as 100
replaced with palladium (Pd) or platinum (Pt).
[Claim7]Thecopperalloyfinewireforballbondi

to any one of claims 1to 3, wherein up to 30 mass%
(Ni) taking the content of said nickel (Ni) as 100
replaced with gold (Au) or silver (Ag).
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