COPPER ALLOY BONDING WIRE

[Technical Field]
[0001]

The presentinventionrelatesto a copperalloy bo
wire suitable for bonding of an IC chip electrode a
substrate, such as an outer lead, used in a semicon
device.

[Background Art]
[0002]

In general, the first bond of a copper bonding wir
an electrode uses a system called ball bonding, whe
wedge bond of acopper bonding wire to the wiring o
wiring board for a semiconductor uses a system call
bonding. Inthefirstbond,atruespherecalledf
(FAB)isformedatthetipofawirebyapplyingar
tothetip ofthe wire fromatorch electrode by an
flameoff(EFO)system. Ultrasonicwavesareappli
FAB being pressedwithacapillary ontoanaluminum
in a range of 150
aluminum pad.
[0003]

Subsequently, the capillary is raised while pullin
the bonding wire and is moved to the wedge bond poi
drawing a loop toward the lead. This will be descr
drawings. Inwedge bondingwithacapillary,assh
1, bonding wire (1) is wedge bonded to lead (3). O
occasion,theendofthewedgebondedbondingwire
with the tip of the capillary (2). Consequently, a
Fig. 2, the area of the wire is the smallest at the
portion. Furthermore, the bonding wire (1) is then
Therefore, the wire can be readily cut at the tip p
theremainingbondingwire(1),asshowninFig.3,
and pulling up the bonding wire (1) with a wire cla
disposed above the capillary (2).
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Subsequently, the capillary is moved to the first
point (not shown). Spark discharge is then perform
position ofadischargetorchtoformafreeairba
thetip ofthe bonding wire for firstbondingthe b
and the aluminum pad. Such a bonding cycle is repe
thepadandthelead(3)aresequentiallybondedvi
wire (1).

[0005]

The bonding wire (1) is crushed with the tip of th
capillary (2) shownontheleftsideofFig.1,and
wire(1)tobecutisdeformedaccordingtotheint
modulus. There is a difference between such deform
of gold (Au) and copper (Cu). The gold bonding wir
but has a firm, fine structure. Accordingly, there
problem of a J-like shape deformation described bel
[0006]

Similarly, bonding wire having
double-core structure also does not have such a pro
Furthermore, a bonding wire utilizing a property of
formingawirehavingacross-sectionofadouble-c
has been proposed. For example, Claim 4 of Japanes
Laid-OpenNo.59-48948 (Patent Literature 1) disclo
bondingwireincluding "awire having afibertextu
thecoreandawire havingafibertexture (100)in
layer".

[0007]

Incidentally, awire made ofapure copper (Cu) me
copper(Cu)alloyhasaperipheralportionandace
having different fiber textures according to the to
reductioninareaformed by performing continuousc
then continuous wire drawing to be readily formed i
having a double-core cross-sectional structure. In
reductioninareaof96%1t099%,thepreferredorie
<111>and<100>("DrawingProcess",editedbyTheJ
forTechnologyofPlasticity,1990,p.85(NonPate
1)). This is regarded that stacking fault energy p
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important role (N. Brown, Trans. Met. Soc. AIME, Vo l. 221

(1961), p. 236). Accordingly, a wire made of pure copper or
acopperalloyisusuallysubjectedtoprocessanne aling. The
timeoftheprocessannealingisimportantandisg enerallysaid
that "the allowable limit of the primary wire drawi ng process
ispresumedtobeabout95%"andthat"itisimport anttoinsert
aprocess annealing step to prevent creation of a { hkl}<111>
orientation in the early stage of the secondary pro cess"”
(Naotsugulnakazu,etal.,J.Japaninst. Met. Mate r.vol.47,

No. 3, (1983), p. 266 (Non Patent Literature 2)).

[0008]

Claim 1 of Japanese Patent Laid-Open No. 2013-1396 35
(PatentLiterature2)discloses"analloywiremade ofatleast
onematerialselectedfromthegroupconsistingof silver-gold
alloys, silver-palladium alloys, and silver-gold-pa lladium
alloys,whereinthealloywirehasapolycrystallin estructure
of a face-centered cubic lattice and contains a plu rality of
crystalgrains;thecentralportionofthe alloywi recontains
long and thin crystal grains or isometric crystal g rains; the
otherportionofthealloywireiscomposedofisom etriccrystal
grains; and the number of crystal grains containing annealing
twincrystalsis20% ormore ofthe totalnumber of thecrystal
grains contained in the alloy wire".

[0009]

Claim 1 of Re-publication of PCT International
Publication No. 2013-111642 (Patent Literature 3) a Iso
discloses"abondingwireincludingacoremainlym adeofcopper
and a palladium stretched layer, wherein a fibrous texture of
copperextendingintheaxialdirectionispresent atthecenter
of the core”.

[0010]

Claim 1 of Japanese Patent Laid-Open No. 2004-3146 9
(Patent Literature 4) discloses "a gold bonding wir e for a
semiconductordevice,whereinwhenthecentralregi onfromthe
centertoadistancebyahalf(R/2) oftheradius Rofthewire
is defined as the central portion and when the regi onoutside



thecentralportionisdefinedastheperipheralpo
crystal grain texture of a cross section in the lon
directionofthebondingwire theratioRcofthe
grainshavinga[l1l1]orientationtotheareaofcr
having a[100] orientation in the crystal orientati
wirelongitudinaldirectioninthecentralportion
Rsoftheareaofthecrystalgrainshavinga[111]
to the area of the crystal grains having a [100] or
inthecrystalorientationsinthewirelongitudina
in the peripheral portion have a relationship such
absolute value of the differential proportion betwe
ratios Rs and Rc, |1-Rc/Rs|
[0011]

Furthermore, Claim 1 of Japanese Patent Laid-Open
2009-140942 (PatentLiterature5)proposes"abondi
a semiconductor device including a core made ofac
metalandastretchedthinlayer, disposedonthec
made of a metal different from that of the core, wh
metal of the stretched thin layer has a face-center
crystal structure in which the proportions of the <
<100> orientations to the crystal orientations <hkl
longitudinal direction in the crystal plane of the
the stretched thin layer are each less than 50%".
Japanese Patent Laid-Open No. 2009-158931 (Patent L
6)proposes"abondingwireforasemiconductordev
a core made of a conductive metal and a stretched t
disposedonthecore,mainlymadeofametaldiffer
ofthe core, whereinthe metal of the stretched thi
aface-centeredcubiccrystalstructureinwhichth
ofthe <111> orientation to the crystal orientation
thelongitudinaldirectioninthe crystalplane of
of the stretched thin layer is 50% or more".
[0012]

However, some cases have a problem of slightly ben
into a J-like shape, as shown in Fig. 4, when a cop
bonding wire is cut after wedge bonding.
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[0013]

Even in copper bonding wires, if the wire diameter
large, suchas 25
into a J-like shape. However, when the bonding spe
in bonding wires having a diameter of less than 20
deformed into a J-like shape are exposed. Ifaloo
bythebondingwire havingsuchatip portion,the
loopis distorted, and a spark currentdoes notapp
hit the tip of the bonding wire. Therefore, a flat
heteromorphicballoftheFABmaybeformed. Ifth
becomes serious, a Z-like shape deformation appears
conventionally observed, instead of the J-like shap
deformation.
[0014]

In a copper alloy bonding wire mainly composed of
500 ppm of phosphorus (P) and the remainder being ¢
havingapurityof99.9%ormore,anenrichedlayer
(P) readily segregates on the surface of the bondin
Therefore, there is another problem of difficulty i
achievement of homogeneous mechanical properties (J
Patent Laid-Open No. 7-122564).
[0015]

Inordertosolvetheseproblems,conventionally,
apparatuseshave beenimproved, butsuchamethodd
well. Thatis,conventionally thewireclamperis
wedgebonding,andthebondingwireisslightly pul
Asaresult,aparthaving areduced diameterisfo
bonding wire. The wire clamperis openedonceint
Subsequently, the wire clamper is closed, and the w
stronglypulledagaintocutthebondingwireatth
thereduceddiameter(JapanesePatentLaid-OpenNo.
(Patent Literature 7)).
mechanicalpropertiesofabondingwirehavebeens
a wire clamper operation.
[0016]

Conventionally, defects in
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apparatuses, an additional operation for the wire c

elongates the time for performing one bonding cycle

Consequently, in particular, a bonding wire having

diameter of 20 pum or less considerably deteriorates the work

efficiency of bonding.
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[Summary of Invention]
[Technical Problem]
[0019]

The present invention has been made for solving th

problem of deformation of the wire tip into a J-lik
awedgebondingstepforasecondbondwhenacoppe
wireispulledupdirectlyafterwedgebondingand
the shortest time. It is an object of the present

lamper
a small
byThe
.85
J.
266
No.
No.
tional
No.
No.
No.
No.
e shapein
ralloybonding
iscutwithin
invention



to provide a copper alloy bonding wire of which the
not deformed into a J-like shape by restricting the
grain size and forming a non-oriented state.
[Solution to Problem]

[0020]

The causes of deformation into a J-like shape can
understoodasfollows,withreferencetoFig.1. A
(1)iswedge bondedtolead (3), and the capillary
raised. Asaresult,thebondingwire(1)ispulle
tipofthe capillary (2). Thebondingwire (1)is
apredeterminedlengthfromthetip ofthe capillar
wire clamper (4) above the capillary (2) is then cl
retaining the bonding wire (1) in the extended stat
wire clamper (4) and the capillary (2) are raised t
[0021]

Consequently,thebondingwire(1)isstretchedac
to the Young's modulus and is then torn off by furt
This cutting releases the elastic energy of the bon
(1). On this occasion, if the bonding wire (1) has
mechanically weak part between the wire clamper (4)
cutting position, energy is concentrated atthe wea
thewiremaybeslightlybentintoaJ-likeshape(

The present inventors have found that this causes a
bending of the bonding wire (1) into a J-like shape
[0022]

The copper alloy bonding wire of the presentinven
for solving the above-mentioned problems is charact
that a cross section of the bonding wire contains 5
crystal grains of a copper alloy, the crystal grain
maximum grain size of one third or less of the diam
bonding wire, and the proportions of specific orien
including <111> and <100> orientations, are each 40
to give a non-oriented state. Throughout the prese
invention, the term "specific orientation"referst
orientation is within an allowable angle of £20
to alignment in a certain orientation.
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[0023]

Oneembodimentofthepresentinventionischaract
in that the copper alloy is composed of 100 mass pp
and 3,000 mass ppm or less of gold (Au), 10 mass pp
and 1,000 mass ppm or less of silver (Ag), 5 mass p
and500massppmorlessofphosphorus(P),100mas
of total other impurity elements, and a remainder o
(Cu).

[0024]

Another embodiment of the present invention
characterizedinthatthe copperalloyiscomposed
mass or more and 1% by mass or less of nickel (Ni),

(Pd), or platinum (Pt), 5 mass ppm or more and 500
less of phosphorus (P), 100 mass ppm or less of tot
impurity elements, and a remainder of copper (Cu).
[0025]

Another embodiment of the present invention
characterizedinthatacoreofthe copperalloyis
a palladium (Pd) stretched layer.

[0026]

Another embodiment of the present invention
characterizedinthatacoreofthe copperalloyis
apalladium(Pd)stretchedlayerandagold(Au)st
layer.

[0027]

Another embodiment of the present invention
characterizedinthatacrosssectioncontains80t
grains.

[0028]

Another embodiment of the present invention
characterized in that the maximum grain size is one
less of the diameter of the bonding wire.

[0029]

Another embodiment of the present invention
characterizedinthattheproportionsofspecifico
are each 38% or less to give a non-oriented state.
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[0030]

Inthe presentinvention, across sectioncontains
250crystalgrainsofacopperalloy, whichallows
wiretobereadilytornoffalongthegrainboundar
bonding evenifatexture ofadouble core structur
in the longitudinal direction of the bonding wire.
number of the crystal grains is less than 50, coars
grains are readily formed in the bonding wire in th
refining heat treatment. In contrast, if the numbe
crystal grains is larger than 250, the bonding wire
hard, resultinginunstableloopformation. Thenu
crystalgrainsis preferably80to 240and more pre
to 220.

[0031]

Inthe presentinvention, the maximum grain size o
crystalgrainsisonethirdorlessofthediameter
wire. Ifthebondingwireincludesalarge crystal
wireisreadilybentatthepositionofthelargec
The bending of the bonding wire causes defectsin|
in loop formation and wire sweep. The maximum grai
preferably one fifth or less, more preferably one e
less, of the diameter of the bonding wire.

[0032]

In the present invention, the proportions of speci
orientationsareeach40%orlesstogiveanon-ori
which prevents the bonding wire from forming a doub
structure. Ifthe proportion of a specific orienta
asa<100> orientation, withinarange from0
ishigherthan40%, the tearing-offofthe bonding
dependingonwhetherthespecificorientationispr
The proportion of the specific orientation is prefe
or less and more preferably 37% or less. The range
specificorientationisdeterminedtobelessthan
of 15 °, for collecting as much information as possible fr
fine bonding wire.
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The copper alloy of the presentinventionis prefe

composed of 100 mass ppm or more and 3,000 mass ppm

gold (Au), 10 mass ppm or more and 1,000 mass ppm o
silver (Ag), 5 mass ppm or more and 500 mass ppm or
phosphorus (P), 100 mass ppm or less of total other
elements, and aremainder of copper (Cu). The cont
phosphorus (P) is more preferably 200 mass ppm or |
(Au) and silver (Ag) synergistically fix oxygen con
thecopperalloyingotandcanpreventsegregation
(P)atthesurface. Accordingly,thecoexistenceo
elementsisparticularlypreferred. Inaddition,g
thespecifiedamountincreasestheYoung'smodulus

alloy.

[0034]

The copper alloy of the presentinventionis prefe
composedof0.02%bymassormoreand1%bymassor
(Ni), palladium (Pd), or platinum (Pt); 5mass ppm
500 mass ppm or less of phosphorus (P); 100 mass pp
of total other impurity elements; and a remainder o
(Cu). Thecontentofphosphorus(P)ismoreprefer
ppmorless. Nickel(Ni)fixestooxygencontained
alloy ingot and can prevent segregation of phosphor
the surface. Nickel (Ni) in the specified amount i
dispersed in the copper alloy matrix and fixes to o
addition, nickel (Ni) in the specified amount incre
Young's modulus of the copper alloy.

[0035]

Herein, the amount of total other impurity element

regulated to 100 mass ppm or less for preventing fo
oxides of base metal elements in the copper alloy m

Formation of oxides of base metal elements at the g

boundariesofcopperreadilydeformsthespring-bac
wire. Theamountoftotalotherimpurityelements

50 mass ppmorless, andis more preferably 5 mass
whenthecostoftheingotisignored. Forexample
of a copper ingot having a nominal purity of 6N (99
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mass)ormore,thetotalamountofothermetalelem
thanlmassppm. Theterm"otherimpurityelements
forexample,sulfur(S)andoxygen(O). Thepresen
ppmofsulfur(S)hardensthe FAB,whichmaycause
during first bonding. However, the content of sulf
the copper alloy for an ordinary bonding wire does
10 mass ppm.

[0036]

In the copper alloy of the present invention, the
material can be a copper alloy having a high purity
6N. Suchabasematerialusuallycontains0.2mass
and 50 mass ppm or less of oxygen. This oxygen amo
copper alloy composition of the present invention d
substantially change even after, for example, re-me
casting, primary wire drawing, intermediate heat tr
secondarywiredrawing,finalheattreatment,ands
thecopper(Cu)matrixcontainsoxygen,thebaseme
readily form oxides. Therefore, an amount of oxyge
as possible is preferred. Incidentally, in a high-
copper alloy, gas components are generally excluded
AOKI, etal.,Copperandcopperalloy, January, 200
No. 1, p. 21).

[0037]

Inthe presentinvention, the core of a copper all
preferably coated with a palladium (Pd) stretched |
Furthermore, the core of a copper alloy is more pre
coated with a palladium (Pd) stretched layer and a
stretched thin layer. In such a case, the bonding
wedge bonding is readily torn off. Herein, althoug
expression”stretchedlayer"or"stretchedthinlay
necessarily express actual surface properties corre
area containing fine grains of palladium (Pd) or go
the depth direction from the surface of the bonding
defined as a theoretical thickness and is convenien
expressedasa’layer’havingathickness. Inthe
ofthepresentinvention,thethicknessissignific
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Accordingly, when the fine grains are detected by
high-frequency inductively  coupled plasma emission
spectrometry (ICP-AES) from the surface of the bond ing wire,
itisregardedthatthereisa"stretchedlayer"or "stretched
thin layer".
[0038]

Inthecopperalloybondingwireofthepresentin vention,
evenifthecoreiscoatedwithapalladium(Pd)st retchedlayer
or with a palladium (Pd) stretched layer and a gold (Au)
stretchedthinlayer,sincethethicknessesofthes estretched
layersare verysmall, the Young's modulusofthec opperalloy
core is not substantially affected by these layers. The
palladium (Pd) stretched layer has an effect of del aying the
oxidation of the copper alloy thin wire. When the gold (Au)
stretchedthinlayeriscoated,effectsoffixinge lements,such
as sulfur (S), deposited on the surface from the co pper alloy
and of stabilizing the spark discharge of the palla dium (Pd)
stretchedlayer,whichdoesnotallowelectricalcu rrenttoflow
easily, are provided.
[0039]

Inthe presentinvention,aknowntechnologycanb eused
for producing athinwire inwhichacross section contains 50
to250crystalgrainsofacopperalloy,thecrysta Igrainshave
a maximum grain size of one third or less of the di ameter of
the thin wire, and the proportions of specific orie ntations,
including <111> and <100> orientations, are each 40 % or less
to give a non-oriented state. A relationship betwe en the
primary/secondary wire drawing processes and the pr ocess
annealingofhigh-purity copperisdescribedindet ailin,for
example, "9.3 Nizikakosei to sen-i soshiki (Seconda ry
workabilityandfiberstructure)"inChapter9"Sai kessyosen-i
syugo soshikito nizikako nioite (Inrecrystalliza tionfiber
aggregate structure and secondary working)" of "Kin zoku
hikinuki(MetalDrawing"writtenbyNaotsugulnakaz u,published
by Kindai Hensyu-sha on July 1, 1985 (Showa 60). | n the wire
drawing processofabondingwire, thefinalreduct ionofarea

12



statedinthisbookis99%ormore,andrefininghe attreatment

isfurther performed. Inthe presentinvention,in termediate
annealingisappropriatelyperformedataprimaryw ire-drawing
rate of 95% to 99.99% to produce a copper alloy bon ding wire

of the present invention.
[Advantageous Effects of Invention]

[0040]

The copper alloy bonding wire of the presentinven tion
iscutatthethinnestpositionofthebondingwire formedduring
wedge bonding. As a result, the tip of the bonding wire is
preventedfrombendingintoaJ-likeshape. Thus, thepresent
inventionhasaneffectofprovidingacopperalloy bondingwire
ofwhichthe cutend does not protrude fromacross section of
thebondingwire. The stabilization ofthe shapeo fabonding
wire has an effect of preventing the FAB in the fir stbonding
frombecoming aheteromorphicball. Furthermore,t he bonding
wire can be easily cutonly by pulling the bonding wire upward
andalsothereforehasaneffectofshorteningthe timeforthe
bonding. Inaddition,theeffectsofthepresenti nventioncan
be more exhibited by further reducing the wire diam eter from
20 pmto 15 pm.

[0041]

In the copper alloy bonding wire according to an
embodimentofthe presentinvention, sincenobase metaloxide
isdispersedinthecoppermatrix,thewireitself isflexible.

In addition, since the position of the spark discha rgeinthe
firstbondingisalsostabilized,thecopperalloy hasaneffect

of stabilizing the FAB in the first bonding, even i f the
thickness of the palladium (Pd) stretched layer or the
thicknessesofthepalladium(Pd)stretchedlayera ndgold(Au)
stretched thin layer are smaller than those of conv entional
layers.

[0042]

Furthermore, inthe copperalloy bonding wire acco rding
to an embodiment of the present invention, the wire does not
attach to the surface of the multiply wound wire, e venifthe

13



wireis 10,000 meterslong, by disposingagold (Au
layer on the outermost surface of the wire. Asar
wire has excellent rewinding properties. In additi
increasedsmoothnessofthewiresurfaceagainstth

is achieved as an accompanying effect. In the copp
bondingwireofthepresentinvention,thegold(Au

on the outermost surface of the wire do not detache
palladium (Pd) stretched layer. Accordingly, oxide
(Cu)doesnotattachtothe capillaryanddoesnot

the capillary, even if bonding is repeated a large
times.

[Examples]

[0043]

Copper (Cu) havingapurity 0f99.9998% by mass (5
used as the core material. Phosphorus (P), nickel
palladium (Pd), platinum (Pt),gold (Au),andsilve
used as additional elements. Elements that are usu
contained in high-purity copper were selected as ba
elements. That is, bismuth (Bi), selenium (Se), te
(Te), zinc (Zn), iron (Fe), nickel (Ni), and tin (S
appropriately selected. These elements were blende
predetermined ratios in Examples 1 to 5.

[0044]

Subsequently,themixtureswereeachmoltenandsu
to continuous casting, followed by primary wire dra
a reduction in area of 95% to 99.99% to prepare a t
(diameter: 1.0 mm) before being coated with a stret
material. Subsequently,intermediateheattreatmen
to 600 °C for 0.5 to 3 hours) was performed (Examples 4 and
or was not performed (Examples 1 to 3). Then, opti
gold(Au)stretchedthinlayer(Examples4and5)o
(Pd) stretched layer (Examples 3 to 5) was disposed
semi-processed wires were subjected to wet-type con
secondary wire drawingwith areductionin areaof
usingadiamonddieandthentorefiningheattreat
for 1 second to prepare a copper alloy bonding wire
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final diameter of 15 um. The average diameter reduction rate

was 6% to 20%, and the final linear velocity was 10
m/min. Thegold(Au)hadapurity0f99.9999%bym
andthepalladium (Pd)hadapurity 0f99.999%bym
[0045]

0t0 1000
assormore,
assormore.

[Table 1]
Core |Additiondl element Other impurity element Pd layer Aulayer Number | Preferred | Nummber of bending into | Number of protrusion
material (mess ppm) (mess ppm) (Thickness: nm) | (Thickness:nm) | of crystal | orientation Jlike shape from cross section (per
6N Cu P | Au|Ag| Bi|Se|[Te|Zn| Fe| Ni | Sn gains (%) (per 100 wires) 1000 wires)

Exanplel |remainder| 45 | 450 | 25 [ 5 5 5 5 5 5 5 - - 205 <100>(37%) 0 0
Exanple 2 | remainder | 180 |1200| 45 [ 10 | 10 { 10 | 10 | 10 | 10 | 10 - - 103 <100>(35%) 0 0
Exanple 3 | remainder| 10 | 200 [ 550 10 | 10 [ 10 | 10 | 10 | 10 | 10 60 = 230 <100>(35%) 0 0
Exanple4 | remeinder| 60 | 600 | 55 [ 1 1 1 1 1 1 1 60 1 170 <100>(38%) 0 0
Exanple5 | remainder | 199 | 1450|850 ( 1 1 1 1 1 1 1 30 1 65 <100>(36%) 0 0
Cm:: i;e remainder | 400 | 120 | 450| 10 | 10 | 10 | 10 | 10 | 10 | 10 - - 13 <100>(57%) 5 8
C&ﬁgz‘* remeinder| 2 | 70 | 0 | 20| 20| 20| 20| 20 | 20| 20 60 - Courtless| <111>(45%) 3 14
(Measurement of crystal grains)

[0046]

The number of crystal grains in a cross section of a
bonding wire was measured as follows: The bonding wire of
Examplelwascutwithanionmillingapparatus(mo del:IM4000,
manufactured by Hitachi High-Technologies Corporati on).
Subsequently, the cross section was observed with a n FE-SEM
(JSM-7800F, manufacturedbyJEOLLtd.). Thenumber ofcrystal
grainsinthecrosssectionwascountedwithanEBS Dapparatus
(OIMDataCollectionSystem,manufacturedbyTSL). Theresults
of the measurement are shown in right column of Tab le 1.
(Measurement of orientation)

[0047]

The orientation of a bonding wire was measured wit h an
FE-SEM (JSM-7800F, manufactured by JEOL Ltd.) and a n EBSD
apparatus (OIM Data Collection System, manufactured by TSL).
The results of the measurement are shown in the rig ht column
of Table 1.

(Bending test of bonding wire)
[0048]

Abendingtestofabondingwirewasperformedas follows:
Ahundredwireswerewedgebondedtoasilver(Ag) platedcopper
(Cu) plate with a wire bonder (UTC-3000, manufactur ed by
Shinkawa Ltd.) at an ambient temperature of 25 °C under
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conditions of a ultrasonic power of 100 mA and a bo nding load

of 90 gf. After completion of the wedge bonding, a sshownin
Fig. 1, the capillary (2) was raised to pull out th e bonding
wire (1) atthetipofthecapillary (2). Thewire clamper(4)
wasthenclosed,andthecapillary (2)andthewire clamper(4)
were then raised together to cut the wire in a stat e that a
predeterminedlengthofthebondingwire (1)wasex tendedfrom
thetipofthecapillary(2). Thisprocedurewasr epeated1000
times, and the number of bent bonding wires was inv estigated
with an enlarging projector. The results of the me asurement

are shown in the right column of Table 1.
[Comparative Examples]

[0049]

The compositions of the bonding wires of Comparati ve
Examplesland2areshowninTablel. Thewireso fComparative
Examplesland2eachcontainedcrystalgrainsofw hichnumbers
were outside the definition in the present inventio n and
respectively had intrinsic preferred orientations. Thatis,
in the wire of Comparative Example 1, the temperatu re for
intermediate heat treatment was higher than that in the wire
ofExample5,andthenumberofcrystalgrainswas small,i.e.,

13, and the proportion of the preferred orientation <100>was
57% of the total orientations. In the wire of Comp arative
Example 2, the reduction in area in the primary wir e drawing
process was higher than that in the wire of Example 3,andno
crystal grains were observed. This result is shown as
"countless”. In addition, the proportion of the pr eferred
orientation <111> was 45% of the total orientations , and the
proportion of the preferred orientation <100> was 1 0% of the
total orientations.

[0050]

The bonding wires of Comparative Examples 1 and 2 were
subjected to measurement of crystal grains, measure ment of
orientation, and bending test and protrusion test o f bonding
wires,asinExamples. Theresultsareshowninth erightcolumn
of Table 1.
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[0051]

Asobviousfromtheseresultsofthetests,inall
of the present invention, the bonding wire containe
appropriate particle grains and did not have a pref
orientation. Thetipofthebondingwirewasthere
intoaJ-likeshape. Incontrast, thetipsof8bo
of Comparative Example 1 and 14 bonding wires of Co
Example 2 were bent into a J-like shape. It was th
demonstratedthatthewiresofComparativeExamples
the FAB.

[Industrial Applicability]
[0052]

The copper alloy bonding wire of the presentinven
canreplace conventional gold alloy wires and can
tonotonlyversatilelCs,discretelCs,andmemory
semiconductors, suchasICpackagesforLEDsorfor
semiconductors, which are required to be low cost r
of being used under high-temperature and high-humid
[Brief Description of Drawings]

[0053]

[Fig. 1] Fig. 1 is a cross-sectional view of a bond
prepared by wedge bonding of a copper alloy thin wi
present invention.

[Fig. 2] Fig. 2isaperspective viewillustrating

wedge bonding a copper alloy thin wire.
[Fig.3]Fig.3isacross-sectionalviewillustrat

state prepared by wedge bonding of a copper alloy t
[Fig.4]Fig.4isacross-sectionalviewofabond

in a J-like shape.

Reference Signs List

[0054]

1 bonding wire

2 capillary

3 lead

4 wire clamper
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CLAIMS

[Claim 1]
A copper alloy bonding wire, wherein
a cross section of the bonding wire contains 50 to
crystal grains of a copper alloy;
thecrystalgrainshaveamaximumgrainsizeofon
or less of the diameter of the bonding wire; and
proportionsofspecificorientationsareeach40%
to give a non-oriented state.

[Claim 2]
The copper alloy bonding wire according to Claim 1
wherein
the copperalloyis composed of 100 mass ppm ormo
3,000 mass ppm or less of gold (Au), 10 mass ppm or
1,000 mass ppm or less of silver (Ag), 5 mass ppm o
500 mass ppm or less of phosphorus (P), 100 mass pp
of total other impurity elements, and a remainder o
(Cu).

[Claim 3]

The copper alloy bonding wire according to Claim 1
wherein

thecopperalloyiscomposedof0.02%bymassorm
1% by massorless of nickel (Ni), palladium (Pd),
(Pt),5massppmormoreand500massppmorlesso
(P),100massppmorlessoftotalotherimpuritye
a remainder of copper (Cu).

[Claim 4]

The copper alloy bonding wire according to Claim 1
wherein a core of the copper alloy is coated with a
(Pd) stretched layer.
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[Claim 5]
The copper alloy bonding wire according to Claim 1 :

wherein a core of the copper alloy is coated with a palladium
(Pd) stretched layer and a gold (Au) stretched thin layer.
[Claim 6]

The copper alloy bonding wire according to Claim 1 :
wherein a cross section contains 80 to 200 crystal grains.
[Claim 7]

The copper alloy bonding wire according to Claim 1 :
wherein the maximum grain size is one fifth or less of the
diameter of the bonding wire.

[Claim 8]

The copper alloy bonding wire according to Claim 1 :
whereinthe proportions of specific orientations ar eeach38%
or less to give a non-oriented state.
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