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[Document Name] SPECIFICATION 
[Title of Invention] 
NOBLE METAL-COATED COPPER WIRE FOR BALL BONDING 
[Technical Field] 
[0001] 
 The present invention relates to a noble metal-coa ted copper wire for 
ball bonding having a wire diameter of 10 µm or more and 25 µm or less, and 
suitable for connection between IC chip electrodes and substrates, such as 
external leads, used in semiconductor devices.  In particular, the present 
invention relates to a noble metal-coated copper wi re for ball bonding in 
which a high-concentration palladium (Pd) concentra ted layer is stably 
formed on the surface of a solidified ball. 
[Background Art] 
[0002] 
 In general, a method called “ ball bonding” is used in first bonding 
between coated copper bonding wires and electrodes,  and a method called 
“wedge bonding” is used in second bonding between c oated copper bonding 
wires and wiring on circuit wiring boards for semic onductors.  In the first 
bonding, arc heat input is applied to the tip of th e coated copper bonding 
wire by electronic flame-off (EFO) discharge curren t.  In the EFO process, 
the angle between the tip of the bonding wire and t he tip of the discharge 
torch is generally 60 degrees or less from the long itudinal direction of 
the wire.  According to the EFO process, spark disc harge is ignited between 
the discharge torch and the wire tip to form a molt en ball portion at the 
tip of the bonding wire for about several hundreds of microseconds, and the 
ball portion is connected to an aluminum pad on the  electrode. 
[0003] 
 When the process from the formation of a molten ba ll to the 
solidification thereof is observed, the tip of the bonding wire first 
starts to melt, and a small molten ball is formed.  The molten ball 
autonomously becomes spherical due to the surface t ension.  Thereafter, the 
small molten ball grows to form a true sphere calle d a “free air ball 
(FAB)” at the tip of the wire, like a Japanese spar kler.  After the FAB is 
melted and solidified, it is ball-bonded to the alu minum pad.  At this 
point, ultrasonic waves are applied while heating t he electrode on the 
aluminum pad at a temperature within a range of 150  to 300°C to press-bond 
the FAB, thereby bonding the bonding wire in a hemi spherical shape to the 
aluminum pad on the chip. 
[0004] 
 The term “FAB” used herein refers to a molten ball  formed at the tip 
of a coated copper bonding wire extending from the tip of a bonding tool by 
spark discharge of the tip of the bonding wire whil e spraying non-oxidative 
gas or reducing gas, such as nitrogen or nitrogen-h ydrogen, to the tip of 
the bonding wire. 
[0005] 
 Moreover, examples of the material of the aluminum  pad include 99.99 
mass% or higher pure aluminum (Al), an aluminum (Al )-1 mass% silicon (Si) 
alloy, an aluminum (Al)-0.5 mass% copper (Cu) alloy , an aluminum (Al)-1 
mass% silicon (Si)-0.5 mass% copper (Cu) alloy, and  the like. 
[0006] 
 Conventionally, palladium (Pd)-coated copper wires  have been used as 
bonding wires for connecting IC chip electrodes and  external leads in 
semiconductor devices.  For example, Japanese Unexa mined Utility Model 
Application Publication No. 60-160554 proposes “a b onding fine wire for 
semiconductors, wherein a coating layer of Pd or a Pd alloy is provided 
around the outer periphery of a core wire of Cu or a Cu alloy directly or 
via an intermediate layer.”  Thereafter, a practica l palladium (Pd)-coated 
copper wire was developed in Japanese Unexamined Pa tent Application 
Publication No. 2004-014884 (PTL 1, described later ) as “a bonding wire 
having a core material and a coating layer formed o n the core material, 
wherein the core material comprises a material, oth er than gold, having a 
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micro Vickers hardness of 80 Hv or less, and the co ating layer comprises a 
metal having a melting point higher by 300°C or mor e than that of the core 
material and having higher oxidation resistance tha n copper.” 
[0007] 
 Further, an article under the title of “Developmen t of Hybrid Bonding 
Wire” by Shingo Kaimori et. al. (SEI Technical Revi ew, July 2006, No. 169, 
starting from page 47; NPL 1, described later) intr oduces “a plating 
coating wire having a diameter of 25 µm coated with 0.1 µm of oxidation-
resistant metal.”  There is also a patent applicati on in which the 
interface between the core material and the coating  layer is analyzed 
(Japanese Unexamined Patent Application Publication  No. 2010-272884). 
[0008] 
 In these palladium (Pd)-coated copper wires, palla dium (Pd) is 
distributed on the surface of the bonding wire, as shown in photograph 5 on 
page 50 of NPL 1, and the wire loop is thus stable.   Moreover, in the 
palladium (Pd)-coated copper wires, palladium (Pd) from a palladium (Pd) 
stretched layer is distributed on the surface of th e molten ball.  Due to 
the presence of palladium (Pd) on the surface, when  an intermetallic 
compound of aluminum (Al) and copper (Cu) is produc ed in the interface 
between the molten ball and the aluminum pad, the g rowth rate of this 
intermetallic compound is supposed to be slower tha n in the cases of gold 
bonding wires. 
[0009] 
 Accordingly, there has been a demand for palladium  (Pd)-coated copper 
wires in which palladium (Pd) is uniformly disperse d in the bonding 
interface between the molten ball and the aluminum pad.  However, the 
following problems have existed: when the thickness  of the palladium (Pd) 
stretched layer in the palladium (Pd)-coated copper  wire is increased, the 
molten ball is unstable, whereas when the thickness  of the palladium (Pd) 
stretched layer is reduced, most of palladium (Pd) is buried in the molten 
ball and alloyed with the core material component, and palladium (Pd) is 
not present in the bonding interface with the alumi num pad.  Moreover, when 
the wire diameter of a bonding wire is reduced from  25 µm to 20 µm or less, 
the so-called erratic ball problem occurrs, wherein  a molten ball is less 
likely to be formed on the central axis line of the  wire. 
[0010] 
 That is, it has been known so far that, when palla dium (Pd) is 
present on the surface of the molten ball, the form ation of AlCu 
intermetallic compounds in the interface with the a luminum pad is 
prevented. In those cases, however, stable formatio n of a palladium (Pd) 
concentrated layer on the entire surface of the mol ten ball was not 
realized, as shown in Fig. 10A of Re-publication of  PCT International 
Publication No. 2013-111642. 
[0011] 
 Moreover, Japanese Unexamined Patent Application P ublication No. 
2013-42105 (PTL 2, described later) proposes an inv ention relating to “a 
bonding wire comprising a core material of copper a nd inevitable 
impurities, and a Pd coating layer formed on the co re material, the Pd 
coating layer having a cross-sectional area of 0.1 to 1.0% based on the 
total cross-sectional area of the wire (Claim 1 of PTL 2).  Fig. 2a (c) of 
PTL 2, which shows a photograph of the surface of a  molten ball, indicates 
that “Pd (white dots) is spread over the entire FAB  (ball b).” 
[0012] 
 However, when noble metal-coated copper wires for ball bonding are 
mass-produced, the surface shape of the core wire o r the coated core wire 
always changes due to the abrasion of diamond dies.   Moreover, the shape of 
the cut surface of the tip of the coated copper wir e when the wire is torn 
off during the second bonding always changes as wel l.  Accordingly, when a 
FAB is formed, it is extremely difficult to retain,  on the surface of the 
molten ball, palladium (Pd) within a thin palladium  (Pd) stretched layer.  
If the thickness of the palladium (Pd) stretched la yer is increased, the 
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molten ball tends to vary.  Therefore, it is extrem ely difficult to put in 
practical use the invention disclosed in Japanese U nexamined Patent 
Application Publication No. 2013-42105 (PTL 2, desc ribed later). 
[0013] 
 On the other hand, for the purpose of providing a palladium (Pd)-
coated copper wire for ball bonding suitable for ma ss production, wherein 
palladium (Pd) can be uniformly dispersed on the su rface of the molten 
ball, Japanese Patent Application No. 2015-172778 f iled by the present 
applicant disclosed an invention relating to “a pal ladium (Pd)-coated 
copper wire for ball bonding, the wire having a wir e diameter of 10 to 25 
µm, and comprising a core material comprising pure c opper (Cu) or a copper 
alloy having a copper (Cu) purity of 98 mass% or hi gher, and a palladium 
(Pd) stretched layer formed on the core material; w herein the palladium 
(Pd) stretched layer is a palladium (Pd) layer cont aining sulfur (S), 
phosphorus (P), boron (B), or carbon (C).” 
[0014] 
 According to this invention, the surface of the mo lten and solidified 
ball could be almost uniformly coated with palladiu m (Pd), as shown in the 
photograph of the surface of the molten ball in Fig . 2a (c) of Japanese 
Unexamined Patent Application Publication No. 2013- 42105 (PTL 2, described 
later). 
[0015] 
 However, when such a solidified ball coated with p alladium (Pd) is 
cut in half and the cross-section thereof was obser ved, it has been found 
that the palladium (Pd) layer flowed into the insid e of the solidified 
ball, as shown in Fig. 5 which shows a photograph o f the cross-sectional 
distribution of palladium (Pd) taken by an Auger el ectron spectrometer, and 
that voids were formed along the flow of palladium (Pd) in the inside of 
the solidified ball, as shown in Fig. 6 which shows  a photograph of the 
cross-section of a bonding wire taken by a scanning  electron microscope.  
It also has been found that such voids changed depe nding on the amount of 
palladium (Pd) entrained. 
[0016] 
 When a thick palladium (Pd) stretched layer has be en provided on a 
copper core material, unlike the invention disclose d in Japanese Patent 
Application No. 2015-172778, it has been found that  there were cases in 
which the palladium (Pd) stretched layer was comple tely entrained into the 
inside of the molten ball during the formation proc ess of the molten ball, 
as shown in Fig. 7 which shows a photograph of the cross-sectional 
distribution of palladium (Pd) in a bonding wire ta ken by an Auger electron 
spectrometer.  In this case, no palladium (Pd) conc entrated layer is 
present on the surface of the molten and solidified  copper ball.  On the 
contrary, when a thin palladium (Pd) stretched laye r is provided on a 
copper core material, it will be alloyed with the m olten ball in the 
process of formation of the molten ball, as stated above.  In this case as 
well, no palladium (Pd) concentrated layer is prese nt on the surface of the 
molten and solidified copper ball. 
[0017] 
 Under these circumstances, there has been a demand  for a structure of 
a bonding wire that allows stable dispersion of pal ladium (Pd) on the 
entire surface of the molten copper ball, and is su itable for mass 
production. 
[Citation List] 
[Non-Patent Literature] 
[0018] 
[NPL 1] Shingo Kaimori et. al., “Development of Hyb rid Bonding Wire,” SEI 
Technical Review, July 2006, No. 169, starting from  page 47 
[Patent Literature] 
[0019] 
[PTL 1] Japanese Unexamined Patent Application Publ ication No. 2004-014884 
[PTL 2] Japanese Unexamined Patent Application Publ ication No. 2013-42105 
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[Summary of Invention] 
[Technical Problem] 
[0020] 
 An object of the present invention is to provide a  noble metal-coated 
copper wire for ball bonding suitable for mass prod uction, wherein a 
palladium (Pd) concentrated layer can be stably and  uniformly dispersed on 
the entire surface of the molten copper ball of the  core material.  Another 
object of the present invention is to provide a nob le metal-coated copper 
wire for ball bonding, wherein palladium (Pd) does not flow into the inside 
of the solidified copper ball, and no voids are for med. 
[0021] 
 The present inventors re-examined in detail the pr ocess of formation 
of molten copper balls in conventional noble metal- coated copper wires.  
The process of formation of molten copper balls is a phenomenon occurring 
in a short period of time, such as about several hu ndreds of microseconds.  
In outline, the process of formation of molten ball s in noble metal-coated 
bonding wires, which have a thin noble metal coatin g, is mostly the same as 
the process of formation of molten balls in pure co pper wires.  When spark 
current by discharge flows in the tip of a pure cop per wire, the tip of the 
core material first generates heat, and a small mol ten ball is formed. The 
small molten ball climbs up the wire, and grows to a large molten ball to 
form a FAB. 
[0022] 
 Considering the molten ball, regardless of the siz e of the molten 
ball, it becomes a sphere due to the surface tensio n.  The bottom of the 
molten ball distant from the wire is a high-tempera ture side, and the upper 
portion is a low-temperature side.  Because of this  temperature difference, 
a large convection flowing from the top to the bott om along the center line 
of the wire is formed, and the large convection flo ws on the surface of the 
molten ball.  However, conventional noble metal-coa ted copper wires have 
been developed without understanding the process of  formation of molten 
copper balls.  Accordingly, the palladium (Pd) conc entrated layer cannot be 
stably and uniformly dispersed on the entire surfac e of the molten ball.  
In fact, the distribution of the conventional palla dium (Pd) concentrated 
layer has been limited to part of the surface of th e molten copper ball 
(see Fig. 2a (c) of PTL 2). 
[0023] 
 In addition, the present inventors also re-examine d the coating 
process of palladium (Pd) in conventional noble met al-coated copper wires.  
In conventional noble metal-coated copper wires, co nventional wet palladium 
(Pd) plating layers have been used as substitutes t o form noble metal-
coating layers on the copper wires.  This is becaus e a well-known wet 
palladium (Pd) plating bath used for printed circui t boards and electrical 
parts, such as connectors and electrical contacts, have been used as 
substitutes for palladium (Pd) plating of noble met al-coated copper wires. 
[0024] 
 However, these electrical parts use a palladium (P d) plating layer 
itself as the product surface.  Accordingly, in ord er to maintain the 
product quality of palladium (Pd) plating, it was n ecessary to prevent 
embrittlement by hydrogen within the plating layer.   Specifically, since 
palladium (Pd) metal is a hydrogen-absorbing metal,  palladium (Pd) has a 
characteristic of absorbing a large amount of hydro gen.  Moreover, in wet 
plating of palladium (Pd), palladium (Pd) is deposi ted together with 
hydrogen.  Therefore, the palladium (Pd) deposited under such conditions 
has characteristics of absorbing hydrogen and havin g a large 
electrodeposition stress (“Kinzoku Hyomen Gijutsu B inran” (Handbook of 
Metal Surface Finishing Technology) edited by The S urface Finishing Society 
of Japan, (1976) page 367).  The wet plating bath a lso includes plating 
bathes using an alcohol-containing aqueous solution , such as ethanol. 
[0025] 
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 In order to eliminate the hydrogen absorbed in the  palladium (Pd) 
coating, baking treatment is generally performed in  a baking oven as the 
post-treatment of palladium (Pd) wet plating (“Guid ebook for Plating 
Technique,” edited by Tokyo Plating Material Cooper ative Association, 
(1967) page 619).  Similarly, when nickel plating i s performed, heat 
treatment is generally performed to eliminate hydro gen embrittlement after 
plating (see Annex 6 of JIS H8617).  The study resu lts of the present 
inventors revealed that, in conventional noble meta l-coated copper wires, 
such a conventional wet palladium (Pd) plating laye r have been used as 
substitutes to form a noble metal-coating layer on the copper wires. 
[0026] 
 However, in noble metal-coated copper wires for us e in ball bonding, 
the deposited palladium (Pd) coating forms a pallad ium (Pd) concentrated 
layer of the molten ball. Thus, the wet plating lay er itself is not used as 
the bonding surface, as is the case with other prod ucts.  In the first 
bonding, a molten ball is formed, and in the second  bonding, the clean 
copper (Cu) surface is bonded by wedge bonding.  It  is important here that 
fine particles of palladium (Pd) are dispersed on t he surface of the molten 
copper ball, and that a palladium (Pd) concentrated  layer is formed on the 
surface of the solidified ball.  Therefore, the cop per wire after noble 
metal coating does not require baking treatment or intermediate heat 
treatment after primary wire drawing and before sec ondary wire drawing, in 
order to increase the product quality.  In the pres ent invention, the term 
“palladium (Pd) cavitating layer” was used in order  to clarify that the 
palladium (Pd)-coating layer is easily divided from  the core material 
during the formation of a molten ball. 
[0027] 
 Even if hydrogen molecules and atoms are present i n the palladium 
(Pd) cavitating layer or the palladium (Pd) cavitat ed layer, these hydrogen 
molecules and the like cannot remain in the palladi um (Pd) concentrated 
layer when the palladium (Pd) cavitating layer is m elted.  The palladium 
(Pd) cavitated layer in which Group 13 to 16 contai ned elements are 
discharged and released from the palladium (Pd) cav itating layer is likely 
to be divided by a large convection, regardless of the presence of hydrogen 
molecules and the like.  Furthermore, even if hydro gen molecules and the 
like are dissolved in the palladium (Pd) cavitating  layer, when the amount 
of palladium (Pd) which enters the inside of the mo lten copper due to the 
division is low, defects on the bonding surface cau sed by large voids can 
be avoided. 
[0028] 
 The present inventors examined the above-mentioned  process of 
formation of molten balls, and consequently succeed ed in uniformly forming 
a palladium (Pd) concentrated layer on the surface of a molten copper ball 
by using as a palladium (Pd) coating layer a pallad ium (Pd) cavitating 
layer in which one or two or more contained element s selected from Group 13 
to 16 elements and oxygen elements, which easily fl ow out, are finely 
dispersed.  That is, in the production process of a  bonding wire, contained 
elements, such as Group 13 to 16 elements having a low melting point, may 
be transferred to the interface of the core materia l.  Moreover, since the 
palladium (Pd) cavitating layer is thin, when the c ontained elements are 
transferred to the interface of the core material d uring the formation of 
the molten copper ball, the palladium (Pd) cavitati ng layer becomes a 
palladium (Pd) cavitated layer. 
[0029] 
 On the other hand, during the growth process of th e molten copper 
ball, the palladium (Pd) cavitated layer is divided  in the shape of wedges 
by the flow of the large convection on the surface of the molten ball.  The 
palladium (Pd) cavitated layer divided on the surfa ce of the molten ball is 
dispersed in the form of fine particles.  The dispe rsed palladium (Pd) is 
not in the form of metal ions, but binds to the mol ten copper (Cu).  The 
present inventors succeeded in stably forming a pal ladium (Pd) concentrated 
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layer on the entire surface of the molten copper ba ll by the quantum-
mechanical bond in the core material interface. 
[0030] 
 According to the present invention, the process of  formation of a 
molten ball can be considered as follows.  When spa rk current reaches the 
noble metal-coated copper wire, a small molten ball  is initially formed 
from the copper core material.  Since the order of melting depends on the 
melting point, Group 13 to 16 surface-active elemen ts are melted first.  
When a gold (Au) layer is present, gold (Au) is mel ted, then the copper 
(Cu) of the core material is melted, and finally pa lladium (Pd) is melted.  
The palladium (Pd) cavitated layer from which the G roup 13 to 16 surface-
active elements are released is fragile and is easi ly formed into fine 
particles. 
[0031] 
 As a result, when the solid palladium (Pd) cavitat ed layer having a 
high melting point receives the surface tension of the molten ball, the 
palladium (Pd) cavitated layer is divided and melte d.  The palladium (Pd) 
cavitated layer melted in the surface side is coole d by the air, 
immediately forms a thin layer and is fixed.  On th e other hand, the 
palladium (Pd) cavitated layer melted in the copper  ball side is entrained 
into the inside of the copper ball.  Even if a thin  layer is formed, copper 
(Cu) has a melting point lower than that of palladi um (Pd) by 500°C or 
more; therefore, the molten copper (Cu) still forms  a large convection in 
the inside of the thin layer.  Therefore, a less am ount of the palladium 
(Pd) cavitated layer is melted in the inside, and i t is uniformly mixed and 
alloyed due to the large convection. 
[0032] 
 When the small molten ball grows to several tens o f µm, the part of 
the palladium (Pd) cavitated layer divided from the  noble metal-coated 
copper wire is formed into wedges, and the palladiu m (Pd) cavitated layer 
successively follows.  The above phenomenon is repe ated.  Therefore, even 
if there is a large convection on the surface of th e molten ball, the 
palladium (Pd) cavitated layer melted on the surfac e is not entrained into 
the solidified ball, and the palladium (Pd) concent rated layer can be 
stably and uniformly distributed on the surface of the molten copper ball 
of the core material.  Thus, it is possible to prov ide a noble metal-coated 
copper wire for ball bonding suitable for mass prod uction. 
[Solution to Problem] 
[0033] 
 One of the noble metal-coated copper wires for bal l bonding for 
solving the problem of the present invention is a n oble metal-coated copper 
wire for ball bonding, the wire having a wire diame ter of 10 µm or more and 
25 µm or less, and comprising a core material comprisin g a copper alloy 
having a copper (Cu) purity of 98 mass% or higher, and a noble metal-
coating layer formed on the core material; 
 wherein the noble metal-coating layer comprises: 
 a palladium (Pd) cavitating layer in which at leas t one or two or 
more contained elements selected from Group 13 to 1 6 elements and oxygen 
elements are finely dispersed; and 
 a diffusion layer of palladium (Pd) and copper (Cu ). 
[0034] 
 Another one of the noble metal-coated copper wires  for ball bonding 
for solving the problem of the present invention is  a noble metal-coated 
copper wire for ball bonding, the wire having a wir e diameter of 10 µm or 
more and 25 µm or less, and comprising a core material comprisin g a copper 
alloy having a copper (Cu) purity of 98 mass% or hi gher, and a noble metal-
coating layer formed on the core material; 
 wherein the noble metal-coating layer comprises: 
 a gold (Au) ultra-thin stretched layer; 
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 a palladium (Pd) cavitating layer in which at leas t one or two or 
more contained elements selected from Group 13 to 1 6 elements and oxygen 
elements are finely dispersed; and 
 a diffusion layer of palladium (Pd) and copper (Cu ). 
[0035] 
 Another one of the noble metal-coated copper wires  for ball bonding 
for solving the problem of the present invention is  a noble metal-coated 
copper wire for ball bonding, the wire having a wir e diameter of 10 µm or 
more and 25 µm or less, and comprising a core material comprisin g a copper 
alloy having a copper (Cu) purity of 98 mass% or hi gher, and a noble metal-
coating layer formed on the core material; 
 wherein the noble metal-coating layer comprises a palladium (Pd) 
cavitating layer in which at least one or two or mo re contained elements 
selected from Group 13 to 16 elements and oxygen el ements are finely 
dispersed; and 
 wherein a nickel (Ni) intermediate layer is presen t between the core 
material and the noble metal-coating layer. 
[0036] 
 Another one of the noble metal-coated copper wires  for ball bonding 
for solving the problem of the present invention is  a noble metal-coated 
copper wire for ball bonding, the wire having a wir e diameter of 10 µm or 
more and 25 µm or less, and comprising a core material comprisin g a copper 
alloy having a copper (Cu) purity of 98 mass% or hi gher, and a noble metal-
coating layer formed on the core material; 
 wherein the noble metal-coating layer comprises a gold (Au) ultra-
thin stretched layer, and a palladium (Pd) cavitati ng layer in which at 
least one or two or more contained elements selecte d from Group 13 to 16 
elements and oxygen elements are finely dispersed; and 
 wherein a nickel (Ni) intermediate layer is presen t between the core 
material and the noble metal-coating layer. 
[0037] 
 Preferred embodiments of the present invention are  as follows. 
 It is preferable that the at least one or two or m ore contained 
elements comprise one or two or more elements selec ted from sulfur (S), 
carbon (C), phosphorus (P), boron (B), silicon (Si) , germanium (Ge), 
arsenic (As), selenium (Se), indium (In), tin (Sn),  antimony (Sb), 
tellurium (Te), bismuth (Bi), and oxides thereof.  Further, it is more 
preferable that the at least one or two or more con tained elements comprise 
one or two or more contained elements selected from  sulfur (S), phosphorus 
(P), selenium (Se), tellurium (Te), and oxygen elem ents.  In particular, it 
is most preferable that the at least one or two or more contained elements 
comprise sulfur (S).  Also, it is more preferable t hat the at least one or 
two or more contained elements comprise carbon (C).  
[0038] 
 Moreover, it is preferable that the noble metal-co ating layer has a 
theoretical film thickness of 20 nanometers (nm) or  more and 300 nanometers 
(nm) or less. 
 It is also preferable that oxygen elements are det ected on the 
surface of the noble metal-coating layer. 
 It is also preferable that copper (Cu) is detected  on the surface of 
the noble metal-coating layer. 
[0039] 
 It is also preferable that the core material is a copper alloy 
containing 0.003 mass% or more and 0.2 mass% or les s of phosphorus (P). 
 It is also preferable that the core material is a copper alloy 
containing at least one or two or more members sele cted from platinum (Pt), 
palladium (Pd), and nickel (Ni) in a total amount o f 0.1 mass% or more and 
2 mass% or less. 
 It is also preferable that the core material is a copper alloy 
containing 0.1 mass ppm or more and 10 mass ppm or less of hydrogen. 
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[0040] 
 Meanwhile, it is preferable that the palladium (Pd ) cavitating layer 
or the palladium (Pd) cavitated layer is a stretche d wet plating layer. 
 The grounds for the existence of each component ar e described below. 
 
(Basic structure) 
[0041] 
 As for the palladium (Pd) cavitated layer of the p resent invention, 
when one or two or more contained elements having a  low melting point are 
released from the palladium (Pd) cavitating layer, the palladium (Pd) 
cavitating layer becomes a palladium (Pd) cavitated  layer, which has a 
shell-like structure.  Since the palladium (Pd) cav itated layer is 
originally thin, when this layer is divided into fi ne particles, palladium 
(Pd) becomes an aggregate of several or several ten s of palladium (Pd) 
atoms.  The shell-like palladium (Pd) is strongly a ffected by the 
electromagnetic field because the bonding strength between the palladium 
(Pd) atoms is weak.  Thus, the palladium (Pd) atoms  are rearranged in the 
interface of the core material to form together wit h copper (Cu) atoms a 
stable palladium (Pd) concentrated layer. 
[0042] 
 The one or two or more contained elements having a  low melting point 
in this case comprise at least one or two or more c ontained elements 
selected from Group 13 to 16 elements and oxygen el ements.  In the 
palladium (Pd)-coated copper wire for bonding of th e present invention, the 
one or two or more contained elements selected from  Group 13 to 16 surface-
active elements and oxygen elements were selected a s elements that are 
easily released from the layer in which they coexis t with palladium (Pd), 
and form a palladium (Pd) cavitating layer.  Moreov er, these contained 
elements modify the surface of the molten copper. 
[0043] 
 The reason for using either a palladium (Pd) cavit ating layer or a 
palladium (Pd) cavitated layer in the present inven tion is that the above 
palladium (Pd) cavitated layer may be formed before  a molten ball is 
formed.  For example, after a palladium (Pd) cavita ting layer is formed, 
during a general intermediate heat treatment proces s of copper wire 
materials between the so-called primary wire-drawin g process and secondary 
wire-drawing process, the one or two or more contai ned elements can be 
extracted from the palladium (Pd) cavitating layer in which the above 
contained elements are finely dispersed.  Moreover,  since the palladium 
(Pd) cavitating layer is thin, a palladium (Pd) cav itated layer from which 
the one or two or more contained elements are remov ed can also be formed 
during the secondary wire-drawing process and the f inal tempering heat 
treatment process.  In this case, either a palladiu m (Pd) cavitated layer 
from which the above contained elements are complet ely removed, or a 
palladium (Pd) cavitated layer from which part of t he above contained 
elements are removed can be formed. 
[0044] 
 The presence or absence of a palladium (Pd) cavita ting layer or a 
palladium (Pd) cavitated layer in the present inven tion can be confirmed by 
examining the distribution of the above contained e lements in the interface 
of the core material and the surface of the wire.  More specifically, even 
if no contained element is present in the palladium  (Pd) coating, when the 
interface of the core material shows a high content , the presence of a 
palladium (Pd) cavitating layer or a palladium (Pd)  cavitated layer is 
estimated.  This is because, despite that the conta ined elements do not 
undergo surface segregation with the core material,  when the interface of 
the core material shows a high content of the conta ined elements, it is 
estimated that the high content is derived from the  contained elements 
released from the palladium (Pd) cavitating layer. 
 
(Contained element) 
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[0045] 
 It is preferable that the one or two or more speci fic contained 
elements of the present invention comprise one or t wo or more elements 
selected from sulfur (S), carbon (C), phosphorus (P ), boron (B), silicon 
(Si), germanium (Ge), arsenic (As), selenium (Se), indium (In), tin (Sn), 
antimony (Sb), tellurium (Te), bismuth (Bi), and ox ides thereof.  It is 
more preferable that the above contained elements c omprise sulfur (S), 
phosphorus (P), or carbon (C).  In particular, a co mbination of sulfur (S) 
and one or more other contained elements is still m ore preferable. 
[0046] 
 Moreover, in the present invention, the palladium (Pd) cavitating 
layer containing one or two or more contained eleme nts, which are selected 
from the group consisting of Group 13 to 16 surface -active elements, such 
as sulfur (S), phosphorus (P), boron (B), and carbo n (C), and oxygen 
elements, may be an eutectoid plating layer or an a morphous alloy layer, or 
the like, of palladium (Pd)-sulfur (S), phosphorus (P), boron (B), carbon 
(C), or the like.  Plating of a laminated structure  having alternating 
layers may also be used.  Moreover, a copper (Cu) d iffusion layer can be 
provided in one layer among, or a part of all palla dium (Pd) cavitating 
layers by changing the drawing conditions, or the c onditions for 
intermediate heat treatment or final heat treatment .  However, with a 
palladium (Pd) cavitating layer using the abovement ioned amorphous alloy 
and the like, a fine palladium (Pd) concentrated la yer can be obtained 
during the formation of a molten ball.  Eutectoid p lating is performed by 
wet plating, such as electroplating, electroless pl ating, pulse plating, PR 
plating, and the like. 
[0047] 
 In the process of forming the palladium (Pd) cavit ating layer of the 
present invention containing the one or two or more  specific contained 
elements, the one or two or more specific contained  elements can be 
interposed in a palladium (Pd)-deposited layer depo sited from the vapor or 
liquid phase.  Thereby, when the palladium (Pd) cav itating layer is 
subjected to heat treatment or strong wire drawing,  the formation of 
metallic bonds between the palladium (Pd) depositio n particles can be 
inhibited.  Moreover, when a molten ball is formed,  the palladium (Pd) 
cavitating layer has been converted into a palladiu m (Pd) cavitated layer, 
and the palladium (Pd) concentrated layer can be un iformly dispersed on the 
surface of the molten ball. 
[0048] 
 Secondarily, these contained elements interact wit h the copper (Cu) 
surface faster than palladium (Pd) during the forma tion of a FAB, and 
generates a large convection of the molten copper b all.  Moreover, the 
surface activity of copper (Cu) melted below the pa lladium (Pd) cavitated 
layer having a high melting point in which copper ( Cu) is not diffused is 
reduced.  In such a state, the palladium (Pd) atoms  in the form of fine 
particles formed from the palladium (Pd) cavitated layer and the molten 
copper (Cu) atoms interact with each other in the i nterface of the core 
material, and a stable palladium (Pd) concentrated layer is formed.  Since 
the palladium (Pd) concentrated layer is  immediately solidified, it is not 
melted into the molten copper (Cu) having a low mel ting point.  As a 
result, the palladium (Pd) concentrated layer havin g a high melting point 
can be retained on the surface of the molten copper  (Cu). 
[0049] 
 Oxygen elements (O) can be contained in the form o f oxides of the 
abovementioned Group 13 to 16 surface-active elemen ts.  Moreover, when 
appropriate tempering heat treatment is applied to the noble metal-coated 
copper wire, oxygen elements are detected before co pper (Cu) is detected on 
the surface of the noble metal-coating layer.  Simi lar to sulfur (S), 
phosphorus (P), selenium (Se), or tellurium (Te), t he oxygen elements on 
the surface have the effect of steering the directi on of the large 
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convection from the center of the wire toward the c ircumferential 
direction, as shown in Fig. 3. 
[0050] 
 Meanwhile, the oxygen elements (O) on the surface are detected as a 
concentrated layer from the surface, even if there is no gold (Au) ultra-
thin stretched layer or copper (Cu) deposition laye r, or even if a carbon 
(C) layer is present, as shown in Fig. 2.  Accordin gly, the oxygen elements 
(O) on the surface are considered to bind to pallad ium (Pd). 
[0051] 
 In wet plating, carbon (C) can be contained in a p lating solution as 
an alcohol, a stabilizing agent, a surfactant, a br ightener, or the like.  
Carbon (C) is preferably derived from an alcohol th at decomposes at the 
temperature of the molten copper, or from a surfact ant of a chain polymer 
compound.  In dry plating, carbon (C) can be contai ned in a master alloy of 
the Group 13 to 16 surface-active elements mentione d above.  Carbon (C) has 
the following effects: it lets the palladium (Pd) c oncentrated layer on the 
surface of the molten copper float on the large con vection, prevents 
oxidation of the molten ball, and delays the meltin g thereof.  Furthermore, 
carbon (C) is preferable because it does not alloy with palladium (Pd). 
[0052] 
 In the present invention, similar to the oxygen el ements stated 
above, certain contained elements, namely sulfur (S ), phosphorus (P), 
selenium (Se), or tellurium (Te), in the palladium (Pd) cavitating layer of 
the noble metal-coated copper wire also has the eff ect of steering the 
direction of the large convection from the center o f the wire toward the 
circumferential direction when a molten ball is for med, as shown in Fig. 3.  
Furthermore, these low-melting-point metal elements  are preferable because 
they do not alloy with palladium (Pd). 
[0053] 
 Sulfur is particularly preferable because it forms  a surface phase of 
Cu2S on the surface of the molten copper ball, reduces  the surface tension 
of the molten copper ball, and blocks the incorpora tion of oxygen elements 
in the air; thus, the film thickness of the palladi um (Pd) cavitated layer 
can be easily adjusted.  Further, phosphorus (P) is  more preferable because 
it forms phosphorus oxide volatile at 350°C, improv es the flow of the 
molten ball, and blocks the incorporation of oxygen  elements. 
[0054] 
 According to the experimental results of the prese nt inventors, to 
arrange the above contained elements in the stronge r order in terms of 
action regarding the palladium (Pd) concentrated la yer, the order is sulfur 
(s) > phosphorus (P) > carbon (C), and the like.  S ulfur (S) having a low 
melting point, and then phosphorus (P), more effect ively modify the surface 
of copper (Cu) and have a more powerful action to p revent the movement of 
copper (Cu) atoms, in comparison to carbon (C), and  the like.  In 
particular, sulfur (S), which has a high surface ac tivity, most effectively 
modifies the surface of the copper (Cu) of the core  material, or active 
copper (Cu) in the outermost surface layer. 
[0055] 
 Since the diameter of the bonding wire is small, a nd the noble metal-
coating layer is thin, it is impossible to directly  measure the content of 
these contained elements; however, the content of t hese contained elements 
is preferably roughly 5 to 2,000 mass ppm, and more  preferably 10 to 1,000 
mass ppm, based on the palladium (Pd) cavitating la yer. 
[0056] 
 It is preferable that the palladium (Pd) cavitatin g layer of the 
palladium (Pd)-coated copper wire for bonding of th e present invention 
contains at least one or two or more members select ed from sulfur (S), 
phosphorus (P), selenium (Se), tellurium (Te), and carbon (C) in a total 
amount of 30 mass ppm or more and 700 mass ppm or l ess (however, the 
phosphorus (P) content is 20 mass ppm or more and 8 00 mass ppm or less), 
and more preferably 50 mass ppm or more and 400 mas s ppm or less. 
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[0057] 
 These contained elements can be suitably selected depending on the 
thickness of the palladium (Pd) cavitating layer an d the formation method 
thereof; however, it is more preferable that the pa lladium (Pd) cavitating 
layer contains 30 mass ppm or more and 300 mass ppm  or less of sulfur (S).  
In particular, it is most preferable that sulfur (S ) is contained in an 
amount of 80 mass ppm or more and 200 mass ppm or l ess.  This is because it 
is easy to form a palladium (Pd) cavitated layer in  the palladium (Pd) 
cavitating layer by heat transfer in an atomic stat e, not by thermal 
diffusion. 
[0058] 
 The content of these contained elements is a theor etical conversion 
value from the total content thereof in the noble m etal-coated copper wire 
on the premise that the total content is contained in an ideal palladium 
(Pd) stretched layer.  The sulfur (S) content is a theoretical conversion 
value that does not take into consideration whether  sulfur (S) is derived 
from the air or not.  Further, the phosphorus (P) c ontent is a theoretical 
conversion value on the premise that phosphorus der ived from the core 
material is excluded, and there is no volatile comp onent.  Moreover, the 
oxygen element content on the surface in the presen t invention is an 
estimated value determined from the mass of oxide a nd the mass equivalent 
of the concentrated layer.  Therefore, this value d oes not always match 
actual analysis results of the elemental concentrat ion at a specific place 
in the depth direction. 
[0059] 
 As for the other contained elements, i.e., boron ( B), silicon (Si), 
germanium (Ge), arsenic (As), indium (In), tin (Sn) , antimony (Sb), and 
bismuth (Bi), when a molten ball is formed, the dir ection of a large 
convection is directed from the circumferential dir ection to the center of 
the wire; therefore, as shown in Fig. 7, in a conve ntional palladium (Pd) 
stretched layer, these contained elements tend to e ntrain the palladium 
(Pd) layer into the inside of the molten ball.  How ever, according to the 
palladium (Pd) cavitated layer of the present inven tion, it was found that 
these elements also formed a palladium (Pd) cavitat ed layer. 
[0060] 
 Of these, low-melting-point metals, such as tellur ium (Te), selenium 
(Se), indium (In), tin (Sn), and bismuth (Bi), and oxides thereof are 
preferable because they are elements that reduce th e surface entropy in the 
vicinity of the melting point of the molten copper,  so that the temperature 
coefficient of surface tension can be positive.  Mo reover, boron (B), and 
the like are preferable because they do not alloy w ith palladium (Pd). 
[0061] 
 Examples of tellurium salts for wet plating includ e ammonium 
tellurate, potassium tellurate, sodium tellurate, t elluric acid, potassium 
tellurite, sodium tellurite, tellurium bromide, tel lurium chloride, 
tellurium iodide, tellurium oxide, and the like.  F urther, examples of 
selenium salts include potassium selenate, sodium s elenate, barium 
selenate, selenium dioxide, potassium selenite, sod ium selenite, selenious 
acid, selenium bromide, selenium chloride, selenium  oxide, sodium hydrogen 
selenite, and the like. 
[0062] 
 The contained elements in the present invention ca n be used, for 
example, as general compounds, such as borates, in combination with a 
palladium (Pd) electrolysis plating bath or a palla dium (Pd) electroless-
plating bath.  Moreover, the deposit from such bath s can be provided in one 
layer of the laminated structure.  When eutectoid p lating is performed in 
such baths, fine particles in which the contained e lements are uniformly 
dispersed on the deposited palladium (Pd) crystalli tes are obtained. 
[0063] 
 Moreover, since the contained elements in the pres ent invention do 
not interact with each other in the palladium (Pd) cavitating layer until a 
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molten ball is formed, various elements can be used  in combination.  
Examples of the combination include sulfur (S) and phosphorus (P) or 
tellurium (Te); oxygen elements and one or two or m ore members selected 
from sulfur (S), phosphorus (P), tellurium (Te), an d carbon; phosphorus (P) 
and tellurium (Te) or selenium (Se); carbon (C) and  boron (B); and the 
like.  Further, indium (In), tin (Sn), bismuth (Bi) , and germanium (Ge) 
alloy can be sputtered to form a palladium (Pd) cav itating layer. 
[0064] 
 Furthermore, palladium (Pd) has a characteristic o f absorbing 
hydrogen, as stated above.  Intermediate annealing after primary wire 
drawing, and dry plating can be performed in a hydr ogen atmosphere.  
Moreover, palladium (Pd) can be deposited by wet pl ating.  The palladium 
(Pd) deposit, in which such contained elements are finely dispersed, 
contains hydrogen therein; however, the palladium ( Pd) cavitating layer is 
thin, and therefore, the hydrogen does not affect t he metal-coated copper 
wire.  Therefore, when secondary wire drawing is pe rformed while hydrogen 
is contained and without performing an intermediate  heat treatment after 
primary wire drawing or baking treatment, there is an effect that the 
palladium (Pd) atoms in the palladium (Pd) cavitate d layer are less likely 
to be thermally diffused during the formation of a molten ball.  For dry 
plating, magnetron sputtering and ion plating are m ore preferable than 
vacuum deposition. 
[0065] 
 Moreover, it is preferable that the noble metal-co ated copper wire 
contains 0.1 mass ppm or more and 10 mass ppm or le ss of hydrogen.  In the 
present invention, the amount of hydrogen contained  in the core material 
and the amount of hydrogen contained in the noble m etal-coated copper wire 
are almost equivalent.  It is more preferable that the noble metal-coated 
copper wire contains 0.3 mass ppm or more and 6 mas s ppm or less of 
hydrogen.  Most of the hydrogen in the noble metal- coated copper wire is 
derived from the copper alloy of the core material.   The analysis of 
hydrogen in the noble metal-coated copper wire of t he present invention can 
be performed using a thermal desorption analysis me thod (Journal of the 
Japan Copper and Brass Research Association, vol. 3 6 (1996) page 144, Isamu 
Sato, et al. “Gas Discharge Characteristics of Oxyg en-Free Copper,” Journal 
of Japan Research Institute for Advanced Copper-Bas e Materials and 
Technologies, vol. 43, No. 1 (2004) page 99, Mikihi ro Sugano, et al., 
“Thermal Desorption Analysis of Hydrogen in Copper and Copper Alloy,” and 
the like), in terms of atomic percent or mass perce nt. 
 
(Terms) 
[0066] 
 In the present invention, the term “theoretical fi lm thickness” means 
a film thickness determined on the assumption that the cross-section of a 
bonding wire immediately after dry plating or wet p lating is a complete 
circle, and this cross sectional circle is double- or triple-coated with 
palladium (Pd) or gold (Au) concentrically, and tha t the diameter of the 
subsequent secondary wire drawing is supposed to be  reduced at the same 
ratio as the diameter reduction ratio of the wire d iameter.  The term 
“theoretical film thickness” is a concept created b ecause, the coating 
layer being extremely thin, the surface shape of th e core wire or the 
coated core wire changes due to the abrasion of dia mond dies, and the film 
thickness of the outermost gold (Au) ultra-thin str etched layer, and the 
like, is extremely thin so that it cannot be actual ly measured. 
[0067] 
 For example, the ratio of nickel (Ni) or gold (Au)  in the entire 
bonding wire is determined by chemical analysis usi ng a gravimetric 
analysis method.  Then, a film thickness is calcula ted from the determined 
value on the assumption that the cross-section of t he bonding wire is a 
complete circle, and that the uppermost surface of the wire diameter is 
uniformly coated with nickel (Ni) or gold (Au).  Th is film thickness is the 
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theoretical film thickness.  The case of a thin pal ladium (Pd) cavitating 
layer was also confirmed in the same manner.  In th e order of nanoscale, an 
actual bonding wire has an uneven surface, and ther efore, the theoretical 
film thickness value may be smaller than the atomic  radius of Ni, Au, and 
the like.  As for the film thickness of the gold (A u) ultra-thin stretched 
layer, gold (Au) atoms are considered to be distrib uted quantum-
theoretically. 
[0068] 
 The term “layer” used in the present invention is also a concept 
created because the film thickness is so extremely thin that it cannot be 
actually measured.  That is, in the case of the upp ermost gold (Au) ultra-
thin stretched layer and the palladium (Pd) cavitat ing layer, regions in 
which fine particles of gold (Au) and palladium (Pd ) are present are 
conveniently referred to as “layers.”  The amount o f the contained elements 
contained in these layers is also a theoretical val ue.  Since these layers 
are thin, both or one of the copper (Cu) of the cor e material and the 
oxygen elements can be detected on the surface thro ugh the noble metal-
coating layer.  This is also one of the characteris tics of the present 
invention. 
[0069] 
 In the “palladium (Pd) cavitating layer” before a molten ball is 
formed in the noble metal-coated copper wire of the  present invention, the 
contained elements may be detected in the palladium  (Pd) layer by Auger 
electron spectroscopy.  However, the palladium (Pd)  cavitated layer is not 
entrained into the inside of the “palladium (Pd) co ncentrated layer” in the 
bottom of the solidified ball, and there is no larg e void.  On the other 
hand, part of the region in which the copper (Cu) d iffusion layer is 
present is united with the molten copper ball, and melted into the molten 
copper ball.  Considering the above, it was assumed  that, for the 
“palladium (Pd) concentrated layer” present on the surface of the 
solidified ball, the palladium (Pd) coating layer w as divided. 
[0070] 
 For example, when a noble metal-coated copper wire  obtained by 
electroless plating of a Pd-8 mass% P alloy is firs t-bonded to an aluminum 
pad, and the surface of the solidified ball is anal yzed, high-concentration 
phosphorus (P) is not detected in the “palladium (P d) concentrated layer.”  
The “coating” layer of the present invention is a l ayer deposited from the 
vapor or liquid phase. 
[0071] 
 According to the noble metal-coated copper wire fo r ball bonding of 
the present invention, a method for uniformly formi ng a palladium (Pd) 
concentrated layer on the surface of a FAB, particu larly, a method for 
uniformly forming a palladium (Pd) concentrated lay er on the surface of a 
FAB by wet plating using a palladium (Pd) cavitatin g layer in which 
predetermined one or two or more specific low-melti ng-point contained 
elements are finely dispersed, is also disclosed.  Furthermore, a method 
for first bonding of the wire of the present invent ion to an aluminum pad 
is also disclosed. 
 
(Palladium cavitating layer) 
[0072] 
 In the present invention, the palladium (Pd) cavit ating layer is 
stretched, because one or two or more contained ele ments selected from 
Group 13 to 16 surface-active elements and oxygen e lements are finely and 
uniformly dispersed in the palladium (Pd) layer, wi thout forming a solid 
solution.  Due to the fine and uniform dispersion, when these contained 
elements are released, a palladium (Pd) cavitated l ayer, which is easily 
dispersed in the form of fine particles on the surf ace of the molten ball, 
can be formed.  The palladium (Pd) cavitated layer is observed as a trace 
of a palladium (Pd) concentrated layer carried by t he flow of a large 
convection in the solidified ball. 
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[0073] 
 That is, the palladium (Pd) cavitating layer of th e present invention 
means a palladium (Pd) coating layer that is to be cavitated and divided 
during FAB formation at the latest.  The contained elements contained in 
the palladium (Pd) cavitating layer can be containe d in the palladium (Pd) 
layer or the laminated structure by wet plating, dr y plating, molten salt 
plating, or the like.  Further, the oxygen elements , which are gas 
components, can be intentionally incorporated from the oxides or from the 
air or water, together with the deposit. 
[0074] 
 In the stretched palladium (Pd) coating layer, the  palladium (Pd) 
crystal grains are drawn by secondary wire drawing through diamond dies, 
and high mechanical strain remains in the palladium  (Pd) crystal grains.  
This high strain state is relieved to some extent b y the final heat 
treatment.  In this case, the contained elements ge nerally form a palladium 
(Pd) cavitating layer through the process of second ary wire drawing and 
final heat treatment.  The noble metal-coated coppe r wire for ball bonding 
of the present invention is completed in this manne r. 
[0075] 
 Copper (Cu) wires coated with palladium (Pd) are m ore resistant to 
oxidation than pure copper (Cu) wires.  In the pres ent invention, due to 
the presence of the oxidation-resistant palladium ( Pd) cavitating layer, 
the core material is not sulfurized by corrosive ga s in the air, such as 
sulfur and chlorine.  Therefore, similar to a known  core material 
composition comprising a copper alloy having a copp er (Cu) purity of 99.9 
mass% or more, the noble metal-coated copper wire f or ball bonding of the 
present invention is bonded to an aluminum pad whil e the molten ball has a 
true spherical shape.  Moreover, ultrasonic bonding  as second bonding is 
also stable, as with a pure copper (Cu) wire. 
[0076] 
 The film thickness of the noble metal-coating laye r in the present 
invention, particularly when the film thickness is a theoretical film 
thickness of 20 nanometers (nm) or more and 300 nan ometers (nm) or less, 
can almost be ignored with respect to the wire diam eter (10 µm or more and 
25 µm or less) of the bonding wire.  Therefore, when a molten ball is 
formed by a FAB, the molten ball is not affected by  the film thickness of 
the coating layer. 
[0077] 
 A wet-type palladium (Pd) coating layer deposited from the liquid 
phase can be formed from an electroplating bath or an electroless-plating 
bath.  A palladium (Pd) cavitating layer deposited from the liquid phase is 
preferable, since the deposition temperature on the  wire surface is lower 
than that in the case of the vapor phase.  Moreover , wet plating using an 
aqueous solution is more preferable, since a pallad ium (Pd) coating layer 
can be deposited at a relatively low temperature, n amely from room 
temperature to 90°C.  In wet plating, well-known ad ditives may be added to 
the plating bath in order to finely disperse the pa lladium (Pd) deposit.  
The content of additives, such as a surfactant and a tempering compound, 
may be much less than the content of contained elem ents.  In spite of 
containing such less amounts of additives, denser a morphous palladium (Pd) 
crystallites can be deposited. 
[0078] 
 In the noble metal-coated copper wire for ball bon ding of the present 
invention, the thickness of the noble metal-coating  layer comprising a 
palladium (Pd) cavitating layer, or a palladium (Pd ) cavitating layer and a 
gold (Au) ultra-thin stretched layer, is generally 0.5 micrometers ( µm) or 
less.  This is because the thicker the noble metal- coating layer is, the 
less likely the heat transfer of the contained elem ents in the atomic state 
occurs, and the molten copper ball tends to be unst able.  Conversely, the 
thinner the noble metal-coating layer is, the more likely the transfer of 
the copper (Cu) of the core material in the atomic state occurs, and the 
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copper can be expressed on the surface of the noble  metal-coated copper 
wire. 
[0079] 
 It is preferable that the abovementioned palladium  (Pd) cavitating 
layer has a theoretical film thickness of 20 nanome ters (nm) or more and 
300 nanometers (nm) or less.  This is because this range is preferable for 
the copper (Cu) of the core material to be deposite d on the wire surface by 
means other than thermal diffusion, and for oxygen elements (by Auger 
electron spectroscopy) to be expressed on the wire surface. 
[0080] 
 That is, if the theoretical film thickness is as o verly thick as more 
than 300 nanometers (nm), the copper (Cu) depositio n state is likely to be 
unstable.  Conversely, if the theoretical film thic kness is as overly thin 
as less than 20 nanometers (nm), the film thickness  of the palladium (Pd) 
cavitating layer is overly thin, and it is difficul t to form a uniform 
palladium (Pd) concentrated layer on the solidified  ball.  Therefore, it is 
preferable that the palladium (Pd) cavitating layer  has a theoretical film 
thickness of 20 nanometers (nm) or more and 300 nan ometers (nm) or less. 
[0081] 
 When the heat treatment temperature is raised or t he heat treatment 
time is lengthened in the production process of the  noble metal-coated 
copper wire, a copper (Cu) diffusion layer is first  grown in the palladium 
(Pd) cavitating layer or the palladium (Pd) cavitat ed layer.  If the heat 
treatment temperature is further raised, the copper  (Cu) diffusion layer 
containing copper (Cu) dominates a large part of th e noble metal-coating 
layer, and the palladium (Pd) cavitated layer consi sting of palladium (Pd) 
disappears.  Therefore, in the noble metal-coated c opper wire of the 
present invention, in which the palladium (Pd) cavi tating layer is thin, 
the temperature and time of the final heat treatmen t are important, 
depending on the composition of the core material u sed, the type of 
palladium (Pd) cavitating layer, and the like. 
[0082] 
 When a FAB is bonded to an aluminum pad by first b onding, the noble 
metal-coating layer on the wire surface of the pres ent invention disappears 
in the bonding part.  Moreover, this layer disappea rs in the bonding part 
during ultrasonic bonding as second bonding.  As a result, a palladium (Pd) 
concentrated layer depending on the film thickness of the palladium (Pd) 
cavitating layer can be uniformly dispersed in the bonding interface, and 
the deterioration of the bonding interface can be d elayed. 
[0083] 
 As stated above, when the contained elements are r eleased from the 
palladium (Pd) cavitating layer, the palladium (Pd)  cavitating layer 
becomes a palladium (Pd) cavitated layer, which is mechanically more 
fragile to a degree corresponding to the amount of the contained elements 
released.  Moreover, the palladium (Pd) cavitated l ayer is divided into a 
solid phase portion and a liquid phase portion by t he large convection of 
the molten ball.  On the other hand, the palladium (Pd) cavitating layer 
can be recognized as an aggregate of the palladium (Pd) fine particles, 
according to the deposition form.  Therefore, the p alladium (Pd) cavitated 
layer in the solid phase portion is melted and soli dified on the surface of 
the large convection of the molten copper (Cu), and  forms a palladium (Pd) 
concentrated layer having a high melting point on t he surface of the molten 
ball.  This palladium (Pd) concentrated layer becom es uniformly distributed 
over the entire surface of the molten ball in accor dance with the growth of 
the molten ball. 
[0084] 
 On the other hand, the contained elements in the p alladium (Pd) 
cavitating layer are present in the form of small p articles or atoms in the 
palladium (Pd) cavitating layer, according to the d eposition form.  The 
release of the contained elements proceeds faster t han the formation of an 
interdiffusion region of the copper (Cu) of the cor e material and palladium 
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(Pd).  Moreover, a phenomenon in which copper (Cu) atoms entered the 
palladium (Pd) cavitated layer in which the contain ed elements were 
released was not observed.  On the other hand, a ph enomenon in which copper 
(Cu) atoms were deposited on the palladium (Pd) cav itated layer was 
observed.  In the palladium (Pd) cavitating layer, residual hydrogen may be 
absorbed or alloyed, as stated above.   This hydrog en is considered to be 
the remainder of what was released by the above sec ondary wire-drawing 
process and final tempering heat treatment process.  
[0085] 
 The palladium (Pd) cavitating layer can be formed by wet plating or 
dry plating.  Both can be combined to form a lamina ted structure.  In wet 
plating, electroplating or electroless plating can be used for formation.  
Both can be used in combination, or two types of pa lladium (Pd) 
electroplating (including eutectoid plating) can be  performed to form a 
laminated structure.  Furthermore, alternating elec trolytic plating with 
pulse current and the like can also be performed. 
[0086] 
 When the palladium (Pd) cavitating layer has a lam inated structure, 
the lower layer of the palladium (Pd) cavitating la yer can be formed by 
nickel (Ni) plating, such as Pd-Ni alloy plating, N i-S alloy plating, Ni-P 
alloy plating, or the like.  Furthermore, the palla dium (Pd) cavitating 
layer can have a laminated structure, such as a lay ered structure having 
three or more layers comprising a pure palladium (P d) plating layer, a 
palladium (Pd) layer in which one or two or more co ntained elements 
selected from Group 13 to 16 surface-active element s and oxygen elements 
are finely dispersed, and a Pd-Ni alloy plating lay er. 
[0087] 
 The palladium (Pd) cavitating layer in the noble m etal-coated copper 
wire of the present invention is not metallurgicall y in an alloy state, and 
palladium (Pd) and one or two or more contained ele ments selected from 
Group 13 to 16 surface-active elements and oxygen e lements are independent 
from each other at the crystal grain level.  For ex ample, the Group 13 to 
16 surface-active elements and the oxygen element c an be in the form of 
oxides.  This is because, in an alloy state uniform ly dissolved 
metallurgically, the contained elements cannot be s ingly separated from the 
palladium (Pd) cavitating layer. 
[0088] 
 When a molten ball is formed in the present invent ion, a large 
convection is generated due to the surface tension.   The palladium (Pd) 
cavitated layer, from which the contained elements are released, floats on 
the molten ball, and the solidified cavitated layer  slowly moves along the 
flow of the large convection.  When the entire molt en ball is solidified in 
the noble metal-coated copper wire of the present i nvention, a uniform 
palladium (Pd) concentrated layer, in which a trace  of the convection 
remains, is formed on the surface. 
[0089] 
 For example, when the large convection flows from the bottom to the 
top of the central axis of the wire and, furthermor e, from the 
circumference of the wire to the outer periphery, a  trace of the flowing 
convection remains in the bottom of the solidified ball.  In this case, the 
palladium (Pd) concentrated layer can be more stabl y distributed on the 
spherical surface of the molten ball than when the convection flows in an 
opposite direction.  When the large convection flow s in the opposite 
direction, its trace remains in the upper cross-sec tion of the solidified 
ball.  In this case, the molten ball tends to be di slocated from the axial 
center of the noble metal-coated copper wire, and t o be eccentric.  If the 
palladium (Pd) concentrated layer becomes thick, sm all voids are likely to 
be formed.  If palladium (Pd) concentrated layers a re stacked together to 
become overly thick, a large void is formed, and bo nding to an aluminum pad 
is failed. 
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(Gold (Au) ultra-thin stretched layer) 
[0090] 
 In the present invention, a gold (Au) ultra-thin s tretched layer can 
be used as the noble metal-coating layer.  When a g old (Au) ultra-thin 
stretched layer is used, the palladium (Pd) cavitat ing layer is held 
between the gold (Au) layer and the core material, and strong wire drawing 
is performed, so that the one or two or more contai ned elements contained 
in the palladium (Pd) cavitating layer can be thinl y and uniformly 
dispersed in the palladium (Pd) cavitating layer.  This is because the 
stretchability of the gold (Au) ultra-thin stretche d layer is superior to 
that of the palladium (Pd) cavitating layer. 
[0091] 
 Even if the film thickness of the gold (Au) ultra- thin stretched 
layer during secondary wire drawing is a theoretica l film thickness equal 
to or less than the atomic radius of gold (Au), gol d (Au) can be detected 
by Auger electron spectroscopy.  This specifically indicates that the gold 
(Au) of the gold (Au) ultra-thin stretched layer fi lls uneven grooves on 
the wire surface, and is 99.99 mass% or more of hig h purity gold.  This 
also indicates that the gold (Au) ultra-thin stretc hed layer under 
secondary wire drawing follows the palladium (Pd) c avitating layer. 
[0092] 
 Moreover, the gold (Au) ultra-thin stretched layer  can be present in 
the outermost surface to stabilize the spark curren t.  Furthermore, due to 
the presence of a gold (Au) ultra-thin stretched la yer, the palladium (Pd) 
cavitating layer can be efficiently stretched durin g secondary wire 
drawing, and the dispersion state of the one or two  or more contained 
elements in the palladium (Pd) cavitating layer can  be stabilized. 
[0093] 
 When a gold (Au) ultra-thin stretched layer is pre sent, the one or 
two or more contained elements selected from Group 13 to 16 surface-active 
elements, such as sulfur (S), phosphorus (P), boron  (B) and carbon (C), and 
oxygen elements are considered to be diffused in th e gold (Au) ultra-thin 
stretched layer as well, which has a high chemical reactivity, due to the 
final heat treatment.  Therefore, the surface of th e noble metal-coated 
copper wire is modified to be chemically inert.  On  the other hand, as 
stated above, sulfur (S) coexists with gold (Au) an d is fixed to the wire 
surface, and thus, the active gold (Au) ultra-thin stretched layer is also 
modified to be chemically inert. 
[0094] 
 When the film thickness of gold (Au) is as thick a s several hundreds 
of nanometers sufficient for actual measurement by depth direction analysis 
using an Auger electron spectrometer, a lump of mel ting heat is previously 
formed in the gold (Au) layer, which has a lower me lting point than copper 
(Cu).  Therefore, the copper (Cu) molten ball becom es unstable dragged by 
the golden (Au) lump.  Moreover, the golden (Au) lu mp wets the gold (Au) 
film on the wire surface in the root of the molten ball, and climbs up on 
the unmelted wire surface due to the surface tensio n of the molten ball, 
and an erratic ball is likely to be formed.  Theref ore, the film thickness 
of gold (Au) is preferably less than 20 nanometers.  
[0095] 
 The thickness of the gold (Au) ultra-thin stretche d layer is more 
preferably a theoretical film thickness of 3 nanome ters (nm) or less.  Even 
if the gold (Au) ultra-thin stretched layer has a t heoretical film 
thickness of 3 nanometers (nm) or less, the destina tion of spark discharge 
during FAB formation does not vary.  The thickness of the gold (Au) ultra-
thin stretched layer is even more preferably a theo retical film thickness 
of 2 nanometers (nm) or less.  Even if the thicknes s is a theoretical film 
thickness of 2 nanometers (nm) or less, gold (Au) f ine particles are dotted 
on the palladium (Pd) cavitating layer on the surfa ce of an actual noble 
metal-coated copper wire.  Since the electrical con ductivity of gold (Au) 
is higher than that of palladium (Pd), it is unders tood that spark 
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discharge reaches the gold (Au) fine particles to s tart the formation of a 
molten ball.  The lower limit of the thickness of t he gold (Au) ultra-thin 
stretched layer is preferably 0.1 nanometers (nm) o r more. 
[0096] 
 When a gold (Au) ultra-thin stretched layer is pre sent, sulfur (S) 
tends to be easily formed to the same depth, as sho wn in Fig. 2.  That is, 
it can be said that sulfur (S) in the palladium (Pd ) cavitating layer can 
be combined with sulfur (S) on the gold (Au) ultra- thin stretched layer so 
that the sulfur (S) is concentrated on the gold (Au ) ultra-thin stretched 
layer.  When a gold (Au) ultra-thin stretched layer  is present, even if the 
copper (Cu) of the core material is deposited on th e surface, sulfide 
(Cu 2S) is formed, and thus, the surface state of the no ble metal-coated 
copper wire is stabilized. 
 
(Copper (Cu) diffusion layer) 
[0097] 
 As described above, the copper (Cu) diffusion laye r is a region in 
which the copper (Cu) of the core material is diffu sed in the palladium 
(Pd) cavitating layer.  During the formation of a m olten ball, the copper 
(Cu) diffusion layer flows in the large convection of the surface of the 
molten ball and is incorporated into the inside of the molten ball.  
Accordingly, it is preferable to make the thickness  of the copper (Cu) 
diffusion layer as thin as possible.  The thickness  of the copper (Cu) 
diffusion layer is preferably 1/3 or less, more pre ferably 1/4 or less, of 
the entire thickness of the palladium (Pd) cavitati ng layer.  When a nickel 
(Ni) intermediate layer is provided, the thickness of the copper (Cu) 
diffusion layer can be reduced. 
[0098] 
 It is preferable that a nickel (Ni) intermediate l ayer is provided in 
the palladium (Pd) cavitating layer, because the th ickness of the copper 
(Cu) diffusion layer, which contains copper (Cu), c an be reduced.  However, 
when the nickel (Ni) intermediate layer is thick, t he shape of the 
solidified ball tends to be unstable, and the solid ified ball tends to be 
hard.  Therefore, it is preferable that the nickel (Ni) intermediate layer 
has a theoretical film thickness of 40 nanometers ( nm) or less, and more 
preferably 20 nanometers (nm) or less. 
[0099] 
 The nickel (Ni) intermediate layer can have a lami nated structure.  
Further, the layer may contain at least one or two or more contained 
elements selected from Group 13 to 16 surface-activ e elements and oxygen 
elements.  The nickel (Ni) intermediate layer can c ontain sulfur (S) or 
phosphorus (P) in a part of the monolayer or lamina ted structure by wet 
plating.  It is more preferable that the nickel (Ni ) intermediate layer 
contains sulfur (S) or phosphorus (P), because a le ss amount of sulfur (S) 
or phosphorus (P) is transferred from the palladium  (Pd) cavitating layer 
to the core material side, and the palladium (Pd) c avitating layer can be 
stably formed.  In particular, it is even more pref erable that the nickel 
(Ni) intermediate layer contains sulfur (S). 
 
(Core material) 
[0100] 
 For the copper alloy of the core material, the typ e of additive 
element is suitably required, depending on the type  and application of the 
required semiconductor device.  The combination of additive elements and 
the amount thereof to be added can be suitably dete rmined, depending on the 
thermal and mechanical properties required for bond ing wires.  On the other 
hand, the large convection on the surface of the mo lten ball is likely to 
form a turbulent flow when a small convection is ge nerated.  Therefore, a 
core material composition that can form a uniform m olten ball is required.  
When alloying, it is preferable that additive eleme nts described later are 
contained. 
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[0101] 
 For example, in the present invention, a copper al loy containing 0.01 
mass% or more and 2.0 mass% or less of phosphorus ( P) is preferred.  It is 
known that stable FAB can be formed when phosphorus  (P) is present in 
copper (Cu) of a core material (Japanese Unexamined  Patent Application 
Publication No. 2010-225722, and International Publ ication No. WO 
2011/129256).  In the present invention, it was als o found that the flow of 
the large convection was improved, the smoothness o f the divided palladium 
(Pd) cavitated layer was enhanced, and a uniform pa lladium (Pd) 
concentrated layer was distributed. 
[0102] 
 It is preferable that the copper alloy contains 0. 001 mass% or more 
and 2.0 mass% or less of phosphorus (P).  If the ph osphorus (P) content is 
less than 0.001 mass%, this effect cannot be exhibi ted.  In contrast, if 
the phosphorus (P) content is more than 2.0 mass%, the palladium (Pd) 
cavitating layer is not stable.  Therefore, when ph osphorus (P) is 
contained, the content thereof is preferably 0.001 mass% or more and 2.0 
mass% or less, and more preferably 0.01 mass% or mo re and 1.6 mass% or 
less.  When phosphorus (P) is selected, for the oth er metal components, 
elements can be suitably selected putting alloys of  the existing prior art 
into consideration. 
[0103] 
 It is also possible to use a copper alloy containi ng 0.1 mass% or 
more and 2 mass% or less of platinum (Pt), palladiu m (Pd), or nickel (Ni).  
This is because the molten ball is stabilized, and the shrinkage cavities 
of the solidified ball are reduced.  Another reason  for this is that the 
wedge bonding strength of second bonding is stable.   To arrange the metals 
in the order of preferability, the order is platinu m (Pt) > palladium (Pd) 
> nickel (Ni).  Among the three metals, platinum (P t) is the most 
preferable. 
[0104] 
 However, the above effect is not exhibited if the content of the 
element of platinum (Pt), palladium (Pd), or nickel  (Ni) is less than 0.1 
mass%, whereas the molten ball becomes hard if thei r content is more than 2 
mass%.  Thus, it is preferable that the copper allo y contains 0.1 mass% or 
more and 2 mass% or less of platinum (Pt), palladiu m (Pd), or nickel (Ni).  
The platinum (Pt) content is more preferably in the  range of 0.3 to 1 
mass%.  The palladium (Pd) content is more preferab ly in the range of 0.5 
to 1.5 mass%.  The nickel (Ni) content is more pref erably in the range of 
0.5 to 1 mass%.  When a copper alloy containing a p redetermined amount of 
platinum (Pt), palladium (Pd), or nickel (Ni) is us ed, the thickness of the 
palladium (Pd) cavitating layer can be further redu ced. 
[0105] 
 It is also preferable to use an oxygen-free copper  alloy containing 
0.1 mass ppm or more and 10 mass ppm or less of hyd rogen.  This is because, 
in the present invention, the amount of hydrogen co ntained in the core 
material and the amount of hydrogen contained in th e noble metal-coated 
copper wire are almost equivalent.  As a result, th e noble metal-coated 
copper wire contains 0.1 mass ppm or more and 10 ma ss ppm or less of 
hydrogen.  This is because, when the palladium (Pd)  layer having a high 
melting point is melted therein, such an oxygen-fre e copper alloy does not 
allow vapor to form due to binding with oxygen elem ents.  Vapor is 
considered to cause voids.  More preferred is an ox ygen-free copper alloy 
containing 0.3 mass ppm or more and 5 mass ppm or l ess of hydrogen. 
 
[Advantageous Effects of Invention] 
[0106] 
 According to the noble metal-coated copper wire fo r ball bonding of 
the present invention, during the formation of a mo lten ball, the palladium 
(Pd) coating layer is reliably divided due to the p alladium (Pd) cavitated 
layer; therefore, a palladium (Pd) concentrated lay er can be uniformly 
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formed on the surface of the FAB.  Accordingly, eve n in the case of mass-
produced bonding wires, first bonding of the FAB to  an aluminum pad is 
stable. 
[0107] 
 Moreover, since the palladium (Pd) concentrated la yer covers the 
entire surface of the molten ball, palladium (Pd) r emains in the bonding 
interface between the aluminum pad and the copper b all, and the formation 
of AlCu intermetallic compounds can be delayed.  Fu rthermore, when a gold 
(Au) ultra-thin stretched layer is present, spark c urrent is stable even if 
the tip of the wire is slightly deformed.  Therefor e, spark current can be 
supplied to the noble metal-coated copper wire. 
[0108] 
 Even if one or two or more contained elements sele cted from Group 13 
to 16 surface-active elements and oxygen elements r emain in the palladium 
(Pd) cavitating layer, these contained elements fir st move during the 
formation of a molten ball, and thus, the molten ba ll does not become 
unstable.  Further, similar to the case of oxygen e lements, the contained 
elements, i.e., sulfur (S), phosphorus (P), seleniu m (Se), and tellurium 
(Te), have the effect of steering the direction of a large convection from 
the periphery of the upper portion of the wire to t he circumferential 
direction when a molten ball is formed.  Thus, ther e is also an effect of 
suppressing the eccentricity of the molten ball. 
[0109] 
 Furthermore, during wedge bonding as second bondin g, these contained 
elements are released from the palladium (Pd) cavit ating layer, and the 
active copper (Cu) of the core material is exposed;  thus, bonding to the 
lead is performed while the palladium (Pd) concentr ated layer is 
distributed.  As a result, there is an effect of im proving the bonding 
properties of the second bonding. 
[0110] 
 Moreover, according to the palladium (Pd)-coated c opper wire of the 
present invention, the entrance of oxygen elements from the air is blocked 
by a palladium (Pd) cavitating layer, particularly by a palladium (Pd) 
cavitating layer containing one or two or more cont ained elements selected 
from Group 13 to 16 surface-active elements and oxy gen elements, until a 
molten ball is formed.  The denser the initial pall adium (Pd) plating film 
that forms the palladium (Pd) cavitating layer is, the higher the effect of 
preventing the formation of an oxide film of copper  oxide on the copper 
alloy of the core material is, in comparison to con ventional pure palladium 
(Pd) layers.  Moreover, the noble metal-coated copp er wire for ball bonding 
of the present invention has a very thin noble meta l-coating layer; 
therefore, mechanical bending, such as loop formati on, can also be 
enhanced, as in conventional copper wires for ball bonding. 
[0111] 
 When a gold (Au) ultra-thin stretched layer is for med on the 
outermost surface of the wire, discharge current be comes stable.  Further, 
even when wires are multi-wound, the wires do not a dhere to each other.  
Consequently, the unwinding properties of the wires  are improved.  As an 
accompanying effect, the smoothness of the wire sur face for the capillary 
is enhanced.  Moreover, according to the noble meta l-coated copper wire for 
ball bonding of the present invention, the gold (Au ) ultra-thin stretched 
layer on the outermost surface of the wire is not r emoved from the 
palladium (Pd) coating layer.  Therefore, even when  bonding is repeated 
many times, copper (Cu) oxide does not adhere to th e capillary; thus, the 
capillary is not contaminated. 

 
[Examples] 
[0112] 
 As shown in Table 1, the core materials used were obtained by adding 
or not adding platinum (Pt), nickel (Ni), or phosph orus (P) to oxygen-free 
copper (Cu) having different hydrogen contents and a purity of 99.99 mass% 
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or more.  The core materials were continuously cast ed, and rolled while 
performing pre-heat treatment, followed by primary wire drawing, thereby 
obtaining thick wires (diameter: 1.0 mm).  Subseque ntly, the outer 
periphery of each thick wire was coated with a pall adium (Pd) cavitating 
layer and a gold (Au) ultra-thin stretched layer sh own in Table 1.  The 
purity of gold (Au) in the ultra-thin stretched lay er is 99.99 mass% or 
higher. 
[0113] 
[Examples 1 to 3] 
 A coating layer of a palladium (Pd)-sulfur (S) amo rphous alloy was 
formed in the following manner.  An ADP700 additive  (manufactured by 
Electroplating Engineers of Japan Ltd.) was added i n amounts of 0.1 g/L, 
0.005 g/L, and 0.15 g/L to a commercially available  palladium (Pd) 
electroplating bath (ADP700, manufactured by Electr oplating Engineers of 
Japan Ltd.).  The sulfur (S) concentration of the e lectroplating bath was 
adjusted to a medium concentration, a low concentra tion, and a high 
concentration, depending on the amount of the addit ive added.  In each 
bath, an electric current was applied at a current density of 0.75 A/dm 2 to 
a copper wire having a diameter of 1.0 mm, and a co ating layer of palladium 
(Pd)-sulfur (S) eutectoid plating was formed.  The resulting three types of 
coated copper wires were each coated with gold (Au)  to a predetermined 
thickness by magnetron sputtering. 
[0114] 
 Thereafter, baking treatment was not performed, co ntinuous secondary 
wire drawing was performed through diamond dies, an d tempering heat 
treatment was performed at 480°C for 1 second.  As a result, noble metal-
coated copper wires for ball bonding having a diame ter of 18 µm were 
obtained.  These wires were regarded as Examples 1 to 3.  The average 
diameter reduction rate is 6 to 20%, and the final linear velocity is 100 
to 1,000 m/min. 
[0115] 
 The hydrogen concentrations of the noble metal-coa ted copper wires of 
Examples 1 to 3 were 0.5 mass ppm, 3 mass ppm, and 1 mass ppm, 
respectively, and the contained sulfur (S) concentr ations of the palladium 
(Pd) cavitating layers were 170 mass ppm, 50 mass p pm, and 250 mass ppm, 
respectively. 
[0116] 
[Example 4] 
 A coating layer of a palladium (Pd)-phosphorus (P)  amorphous alloy 
was formed in the following manner.  First, nickel (Ni) electroplating was 
performed as base plating.  In a Watts bath, an ele ctric current was 
applied at a current density of 2 A/dm 2 to a copper wire having a diameter 
of 1.0 mm, and a 0.2- µm nickel (Ni)-coating layer was formed.  Then, 0.2 
g/L of phosphorous acid (H 3PO3) was added to a commercially available 
palladium (Pd) electroplating bath (ADP700, manufac tured by Electroplating 
Engineers of Japan Ltd.).  In this bath, an electri c current was applied at 
a current density of 0.75 A/dm 2 to the copper wire having a diameter of 1.0 
mm, and a coating layer of a palladium (Pd)-phospho rus (P) amorphous alloy 
was formed.  The subsequent procedures were perform ed in the same manner as 
in Example 1 to thereby produce a noble metal-coate d copper wire for ball 
bonding of Example 4. 
 The hydrogen concentration of the noble metal-coat ed copper wire of 
Example 4 was 6 mass ppm, and the contained phospho rus (P) concentration of 
the palladium (Pd) cavitating layer was 420 mass pp m. 
[0117] 
[Example 5] 
 A coating layer of a palladium (Pd)-carbon (C)-bor on (B)-containing 
alloy was formed in the following manner.  A surfac tant (2 mL/L; JS Wetter, 
manufactured by Electroplating Engineers of Japan L td.) and a predetermined 
amount of boron inorganic compound were added to a commercially available 
palladium (Pd) electroplating bath (ADP700, manufac tured by Electroplating 
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Engineers of Japan Ltd.).  Further, a chain polymer  brightener was added.  
In this bath, an electric current was applied at a current density of 0.75 
A/dm2 to a copper wire having a diameter of 1.0 mm, and a coating layer of 
palladium (Pd)-carbon (C)-boron (B) eutectoid plati ng was formed.  The 
subsequent procedures were performed in the same ma nner as in Example 1 to 
thereby produce a noble metal-coated copper wire fo r ball bonding of 
Example 5. 
[0118] 
 The hydrogen concentration of the noble metal-coat ed copper wire of 
Example 5 was 0.3 mass ppm, and the concentrations of the contained 
elements in the palladium (Pd) cavitating layer wer e as follows: carbon 
(C): 630 mass ppm, and boron (B): 300 mass ppm. 
[0119] 
[Examples 6 to 8] 
 Coating layers of palladium (Pd)-selenium (Se), te llurium (Te), or 
sulfur (S) eutectoid plating were formed in the fol lowing manner.  A 
predetermined amount of selenium (Se) compound or t ellurium (Te) compound 
was added as a crystal regulator to a commercially available palladium (Pd) 
electroplating bath (ADP700, manufactured by Electr oplating Engineers of 
Japan Ltd.).  Further, the same sulfur (S) compound  as that of Example 1 
was added. 
[0120] 
 In each bath, an electric current was applied at a  current density of 
0.75 A/dm 2 to a copper wire having a diameter of 1.0 mm, and a coating 
layer of palladium (Pd)-selenium (Se) or tellurium (Te) eutectoid plating 
was formed.  The subsequent procedures were perform ed in the same manner as 
in Example 1 to thereby produce noble metal-coated copper wires for ball 
bonding of Examples 6 to 8. 
[0121] 
 The hydrogen concentration of the noble metal-coat ed copper wire of 
Example 6 was 0.3 mass ppm, and the concentration o f the contained element, 
i.e., selenium (Se), in the palladium (Pd) cavitati ng layer was 180 mass 
ppm.  Moreover, in Example 7, the hydrogen concentr ation was 0.7 mass ppm, 
and the tellurium (Te) concentration was 680 mass p pm.  Furthermore, in 
Example 8, the hydrogen concentration was 0.7 mass ppm, the sulfur (S) 
concentration was 90 mass ppm, the selenium (Se) co ncentration was 170 mass 
ppm, and the tellurium (Te) concentration was 170 m ass ppm. 
[0122] 
[Table 1] 

 
[0123] 

Additive
element

(mass%)
Example 1 Balance Pt 0.5 50 2 3 - - - S 170 0.5 ○

Example 2 Balance Ni 1 280 3 5 - - - S 50 3 ○

Pt 0.2+ 1 ○

 Ni 1.2   
Example 4 Balance P 0.02 40 - - 210 - - P 420 6 ○

C 630 0.3 ○

+B 30   
Example 6 Balance Pd 0.5 130 4    Se 7 Se 180 0.3 ○

Example 7 Balance P 0.005 50 2    Te 10 Te 680 0.7 ○

Se 3 S 40､
+Te 3 +Se 170

 +Te 170
Comparative
Example 1

Balance - 60 100 0.5 - - - - 0 ☓

Comparative
Example 2

Balance - 40 - - - - - Ni 20 11 ☓

2   2 ○Example 8 Balance P 0.04 60 1

- - 13 -

Example 3 Balance 100

Example 5 Balance - 70 2

1 8

Containing
element

concentration of
Pd cavitating

layer
(mass ppm)

Hydrogen
concentration

of wire
(mass ppm)

HAST test

- - - S 250

No.

Core material Thickness of
Pd cavitating

layer
(nm)

Thickness of
Au ultra-thin

stretched
layer
(nm)

Containing element
concentration of wire

(mass ppm)

4N
Cu

S P C Other
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 Here, the values of palladium in the cavitating la yer and gold in the 
ultra-thin stretched layer shown in Table 1 were ob tained as follows. About 
1,000 m of a wire having a diameter of 18 µm was dissolved in aqua regia, 
and the concentrations of gold (Au) and palladium ( Pd) in the solution were 
determined by a high-frequency inductively coupled plasma emission 
spectroscopy (ICPS-8100, manufactured by Shimadzu C orp.).  Based on the 
determined concentrations, the above values were ca lculated as uniform film 
thicknesses in the wire diameter of the bonding wir e.  That is, they are 
conversion values by ICP chemical analysis. 
[0124] 
 About 100 m of each of the wires of Examples 1 to 8 was dissolved in 
aqua regia, and the contained element concentration  of the solution was 
determined by using an inductively coupled plasma m ass spectrometer 
(Agilent 8800, manufactured by Agilent Technologies  Japan, Ltd.).  However, 
the carbon (C) concentration of the wire of Example  5 was determined by 
taking 500 m (about 1 g) of the wire, and determini ng the carbon (C) 
concentration by a combustion method (CS844, manufa ctured by Leco Japan 
Corporation).  The middle columns of Table 1 show t he results. 
[0125] 
 The bonding wire of Example 1 was subjected to ele mental analysis for 
each of the elements: palladium (Pd), copper (Cu), gold (Au), oxygen 
elements, and sulfur (S), in the depth direction us ing a scanning Auger 
electron spectrometer (MICROLAB-310D, manufactured by VG Scientific).  
Consequently, the analysis results shown in Fig. 2 were obtained. 
[0126] 
 As is clear from the analysis results in Fig. 2, d epth-wise from the 
surface of the wire, from shallow to deep, the orde r was as follows: gold 
(Au) layer and oxygen element layer < sulfur (S) la yer and copper (Cu) 
layer < carbon (C) layer < palladium (Pd) layer.  T he low concentration of 
gold (Au) means that the gold (Au) layer is an ultr a-thin layer.  Moreover, 
the oxygen elements in the surface layer are consid ered to bind to 
palladium (Pd).  On the other hand, the carbon (C) layer is considered to 
be present in the palladium (Pd) layer.  The amount  of sulfur (S) is the 
total amount of sulfur (S) attached from the air an d sulfur (S) released 
from the palladium (Pd) cavitating layer. 
[0127] 
 Subsequently, the bonding wire of Example 1 was tr eated with a fully 
automatic bonder ICONN ProCu ultrasonic device (man ufactured by K&S) at a 
spark discharge voltage of 6,000 volts, thereby for ming 1,000 molten balls 
(34 µm).  All of the solidified balls had a white metall ic luster similar 
to that of palladium (Pd). 
[0128] 
 When the entire surface of the ball was analyzed b y a scanning Auger 
electron spectrometer (MICROLAB-310D, manufactured by VG Scientific), the 
ratio in terms of mass% was 90% Cu-10% Pd alloy.  W hen the cross-section of 
the solidified ball was observed, a palladium (Pd) concentrated portion was 
not particularly observed in the bottom of the ball , and a palladium (Pd) 
concentrated layer was uniformly distributed.  Fig.  3 shows a photograph of 
the cross-sectional distribution of palladium (Pd) in the bonding wire 
taken by an Auger electron spectrometer, and Fig. 4  shows a photograph of 
the cross-section of the same portion taken by a sc anning electron 
microscope. 
[0129] 
 As is clear from Fig. 3, according to the palladiu m (Pd)-sulfur (S) 
electroplating alloy layer of the present invention , a palladium (Pd) 
concentrated layer of Cu-10 mass% Pd alloy is unifo rmly dispersed on the 
solidified ball.  Further, as is clear from Fig. 4,  according to the 
palladium (Pd)-sulfur (S) electroplating alloy laye r of the present 
invention, the palladium (Pd) cavitated layer is di vided, and the palladium 
(Pd) cavitated layer having a high melting point is  not entrained in the 
inside of the molten copper; therefore, no large vo id is formed in the 



24 

 

inside of the molten copper.  It can be thus unders tood that when a FAB is 
bonded to an aluminum pad, palladium (Pd) is unifor mly dispersed in the 
bonding interface with the aluminum pad, and the bo nding strength is 
stable. 
[0130] 
 As for the other noble metal-coated copper wires f or ball bonding of 
Examples 2 to 8, which are not shown in the figures , it was observed that a 
palladium (Pd) concentrated layer was uniformly dis tributed on the surface 
of each solidified ball, as in Example 1.  In parti cular, in the noble 
metal-coated copper wire for ball bonding of Exampl e 5, a palladium (Pd) 
concentrated layer was uniformly distributed on the  surface of the 
solidified ball, even though the direction of a lar ge convection in the 
upper portion of the wire was directed from the cir cumferential direction 
to the center of the wire.  It can be understood fr om the above that a HAST 
test, described later, showed excellent results due  to the effect that the 
palladium (Pd) cavitated layer was divided into the  shape of wedges, and 
the palladium (Pd) cavitated layer remained on the surface of the molten 
copper ball. 
[0131] 
(Corrosion test of intermetallic compound) 
 The wires of Examples 1 to 8 were treated with a f ully automatic 
ribbon bonder ICONN ultrasonic device (manufactured  by K&S) to produce 34 µm 
molten balls on an Al-1 mass% Si-0.5 mass% Cu alloy  pad (thickness: 2 µm) 
on an Si chip (thickness: 400 µm) on a BGA substrate under the following 
conditions: EFO electric current: 60 mA, and EFO ti me: 144 microseconds.  
Then, 1,000 bondings were performed with a bonding diameter of 50 µm and a 
loop length of 2 mm. 
[0132] 
 In this case, in the Al-1 mass% Si-0.5 mass% Cu al loy pad on the 
chip, only adjacent bond parts are electrically con nected. Moreover, 
adjacent wires electrically form together one circu it, and a total of 500 
circuits are formed.  Thereafter, the Si chip on th e BGA substrate was 
sealed with resin using a commercially available tr ansfer molding machine 
(GPGP-PRO-LAB80, manufactured by Dai-ichi Seiko Co. , Ltd.). 
[0133] 
 These test pieces (Examples 1 to 8) were held at 1 30°C x 85 RH 
(relative humidity) for 200 hours using a HAST cham ber (PC-R8D, 
manufactured by Hirayama Manufacturing Corporation) .  The electric 
resistance values of the 500 circuits were measured  before and after 
holding.  When there was at least one circuit in wh ich the electric 
resistance value after holding was 1.1 times higher  or more than the 
electric resistance value before holding, this case  was noted as ×; and 
when all of the 500 circuits showed a resistance va lue of less than 1.1 
times, this case was noted as ○.  The right column of Table 1 shows the 
results.  As is clear from the test results of the HAST test, all of the 
test pieces of Examples 1 to 8 of the present inven tion showed a resistance 
value of less than 1.1 times in all of the 500 circ uits. 
[0134] 
 For contained elements other than those used in th e Examples, namely 
silicon (Si), germanium (Ge), arsenic (As), indium (In), tin (Sn), antimony 
(Sb), and bismuth (Bi), a predetermined amount of a  known compound was 
singly added to a palladium (Pd) electroplating bat h (ADP700, manufactured 
by Electroplating Engineers of Japan Ltd.) in the s ame manner as in Example 
1, and noble metal-coated copper wires for ball bon ding were prepared.  It 
was observed that in all of these wires, a palladiu m (Pd) concentrated 
layer was uniformly distributed on the surface of t he molten ball, as in 
Example 5. 
[0135] 
 Moreover, about 200 mass ppm of germanium (Ge) and  silica (SiO 2) was 
mixed in a palladium (Pd) coating layer using a mag netron sputtering device 
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(manufactured by Tanaka Denshi Kogyo K.K.), and eva luation was conducted in 
the same manner as in Example 4.  Consequently, the  same results as in 
Example 4 were obtained.  The test results of the H AST test were also 
excellent. 
[Comparative Example 1] 
[0136] 
 A bonding wire was produced in the same manner as in Example 1, 
except that the film thickness was increased, and i ntermediate annealing 
and baking treatment was performed at 450°C for 60 minutes after gold (Au) 
plating.  This bonding wire was regarded as Compara tive Example 1.  In the 
bonding wire, the film thickness of the Au ultra-th in stretched layer was 
as thick as 100 nm, a half or more of the palladium  (Pd) cavitating layer 
was a copper (Cu) diffusion layer, and there was a small copper (Cu) non-
diffusion region.  The hydrogen concentration of th e bonding wire was less 
than 0.1 mass ppm, which was below the measuring li mit.  The sulfur (S) 
concentration was 5 mass ppm. 
[0137] 
 Further, molten balls were produced from the bondi ng wire of 
Comparative Example 1 in the same manner as in Exam ple 1.  Fig. 5 shows a 
photograph of the cross-sectional distribution of p alladium (Pd) in the 
molten and solidified ball taken by an Auger electr on spectrometer, and 
Fig. 6 shows a photograph of the cross-section of t he same portion taken by 
a scanning electron microscope.  More specifically,  Fig. 5 shows an AES 
image taken by a scanning Auger electron spectromet er (MICROLAB-310D, 
manufactured by VG Scientific).  Fig. 6 shows a sca nning electron 
microscope (SEM) image taken by the same spectromet er. 
[0138] 
 As is clear from Fig. 5, in the palladium (Pd)-coa ted copper wire of 
Comparative Example 1, there is a trace that a smal l turbulent flow was 
produced in the right side of the root of the wire,  that the palladium (Pd) 
concentrated layer had uneven tone, and that a part  of the palladium (Pd) 
concentrated layer was melted into the inside of th e molten ball.  That is, 
the photograph of Fig. 5 suggests that since the sm all turbulent flow 
continuously changes depending on the conditions, p alladium (Pd) cannot be 
uniformly dispersed on the molten ball. 
[0139] 
 As is clear from the photograph of the cross-secti onal distribution 
of palladium (Pd) in Fig. 5, the palladium (Pd) con centrated layer flows 
into the inside of the molten ball due to a large c onvection flowing from 
the bottom of the molten ball.  Further, as is clea r from the cross-
sectional photograph taken by a scanning electron m icroscope in Fig. 6, 
large and small voids are formed along the flow of palladium (Pd) having a 
high melting point. 
[Comparative Example 2] 
[0140] 
 A bonding wire was produced in the same manner as in Example 1, 
except that gold (Au) was not coated, intermediate annealing and baking 
treatment was performed at 450°C for 60 minutes in a hydrogen atmosphere, a 
predetermined amount of a nickel (Ni) compound was added to a commercially 
available palladium bath for formation of the wire,  and tempering heat 
treatment was performed at 600°C for 1 second.  Thi s bonding wire was 
regarded as Comparative Example 2.  Further, molten  balls were produced 
from the bonding wire of Comparative Example 2 in t he same manner as in 
Example 1.  The hydrogen concentration of the bondi ng wire was 15 mass ppm.  
The nickel (Ni) concentration was 20 mass ppm. 
[0141] 
 As is clear from the photograph of the cross-secti onal distribution 
of palladium (Pd) in the bonding wire taken by an A uger electron 
spectrometer shown in Fig. 7, a palladium (Pd) conc entrated layer flows 
into the inside of the molten ball due to a large c onvection flowing from 
the upper portion of the molten ball to the root of  the wire.  This 
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indicates that even though a palladium (Pd) cavitat ing layer is provided, 
the surface of the molten ball cannot be coated wit h the cavitated layer, 
and that the palladium (Pd) concentrated layer cann ot be uniformly 
dispersed on the solidified ball, unlike the case o f the present invention. 
(Contained element concentration in Comparative Exa mples) 
[0142] 
 About 100 m of each of the wires of Comparative Ex amples 1 and 2 were 
dissolved in aqua regia, and the sulfur (S) concent ration and nickel (Ni) 
concentration of the solution were determined by an  inductively coupled 
plasma mass spectrometer (Agilent 8800, manufacture d by Agilent 
Technologies Japan, Ltd.).  The middle column of Ta ble 1 shows the 
contained element concentration (theoretical amount ) in the palladium (Pd) 
cavitating layer converted from the results. 
[0143] 
(Corrosion test of intermetallic compound) 
 The wires of Comparative Examples 1 and 2 were exa mined for the 
change in the electric resistance value of circuits  before and after 
holding at a high temperature and a high humidity ( 130°C x 85 RH) in the 
same manner as in Examples 1 to 5.  The wires of Co mparative Examples 1 and 
2 showed an increase in the electric resistance val ue of the circuits; this 
demonstrates that these wires are not suitable as b onding wires.  The right 
column of Table 1 shows the results as symbol ×. 
 
[Industrial Applicability] 
[0144] 
 The noble metal-coated copper wire for ball bondin g of the present 
invention can take the place of conventional gold a lloy wires, and can be 
used for semiconductors, such as general ICs, discr ete ICs, and memory ICs, 
as well as IC package for LEDs, IC package for auto mobile semiconductors, 
and the like, for which low cost is required in spi te of high-humidity, 
high-temperature applications. 
 
[Brief Description of Drawings] 
[0145] 
 [Fig. 1] Fig. 1 shows a copper (Cu) diffusion laye r on the surface of 
the bonding wire of the present invention. 
 [Fig. 2] Fig. 2 shows the element distribution in the outermost 
surface of the bonding wire of the present inventio n analyzed using an 
Auger electron spectrometer. 
 [Fig. 3] Fig. 3 is a photograph of the cross-secti onal distribution 
of palladium (Pd) in the bonding wire of the presen t invention taken by an 
Auger electron spectrometer. 
 [Fig. 4] Fig. 4 is a photograph of the cross-secti on of the bonding 
wire of the present invention taken by a scanning e lectron microscope. 
 [Fig. 5] Fig. 5 is a photograph of the cross-secti onal distribution 
of palladium (Pd) in the bonding wire of the Compar ative Example taken by 
an Auger electron spectrometer. 
 [Fig. 6] Fig. 6 is a photograph of the cross-secti on of the bonding 
wire of the Comparative Example taken by a scanning  electron microscope. 
 [Fig. 7] Fig. 7 is a photograph of the cross-secti onal distribution 
of palladium (Pd) in the bonding wire of the Compar ative Example taken by 
an Auger electron spectrometer. 
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[Document Name] CLAIMS 

[Claim 1] 

 A noble metal-coated copper wire for ball bonding, the 

wire having a wire diameter of 10 m or more and 25 m or less, 

and comprising a core material comprising a copper alloy having 

a copper (Cu) purity of 98 mass% or higher, and a noble 

metal-coating layer formed on the core material; 

 wherein the noble metal-coating layer comprises: 

 a palladium (Pd) cavitating layer in which at least one 

or two or more contained elements selected from Group 13 to 16 

elements and oxygen elements are finely dispersed; and 

 a diffusion layer of palladium (Pd) and copper (Cu). 

[Claim 2] 

 A noble metal-coated copper wire for ball bonding, the 

wire having a wire diameter of 10 m or more and 25 m or less, 

and comprising a core material comprising a copper alloy having 

a copper (Cu) purity of 98 mass% or higher, and a noble 

metal-coating layer formed on the core material; 

 wherein the noble metal-coating layer comprises: 

 a gold (Au) ultra-thin stretched layer; 

 a palladium (Pd) cavitating layer in which at least one 

or two or more contained elements selected from Group 13 to 16 

elements and oxygen elements are finely dispersed; and 

 a diffusion layer of palladium (Pd) and copper (Cu). 

[Claim 3] 

 A noble metal-coated copper wire for ball bonding, the 

wire having a wire diameter of 10 m or more and 25 m or less, 

and comprising a core material comprising a copper alloy having 

a copper (Cu) purity of 98 mass% or higher, and a noble 

metal-coating layer formed on the core material; 

 wherein the noble metal-coating layer comprises a 

palladium (Pd) cavitating layer in which at least one or two 

or more contained elements selected from Group 13 to 16 elements 

and oxygen elements are finely dispersed; and 

 wherein a nickel (Ni) intermediate layer is present 

between the core material and the noble metal-coating layer. 
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[Claim 4] 

 A noble metal-coated copper wire for ball bonding, the 

wire having a wire diameter of 10 m or more and 25 m or less, 

and comprising a core material comprising a copper alloy having 

a copper (Cu) purity of 98 mass% or higher, and a noble 

metal-coating layer formed on the core material; 

 wherein the noble metal-coating layer comprises a gold 

(Au) ultra-thin stretched layer, and a palladium (Pd) 

cavitating layer in which at least one or two or more contained 

elements selected from Group 13 to 16 elements and oxygen 

elements are finely dispersed; and 

 wherein a nickel (Ni) intermediate layer is present 

between the core material and the noble metal-coating layer. 

[Claim 5] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the at least one 

or two or more contained elements comprise one or two or more 

elements selected from sulfur (S), carbon (C), phosphorus (P), 

boron (B), silicon (Si), germanium (Ge), arsenic (As), selenium 

(Se), indium (In), tin (Sn), antimony (Sb), tellurium (Te), 

bismuth (Bi), and oxides thereof. 

[Claim 6] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the at least one 

or two or more contained elements comprise one or two or more 

elements selected from sulfur (S), phosphorus (P), selenium 

(Se), tellurium (Te), and oxygen elements. 

[Claim 7] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the at least one 

or two or more contained elements comprise sulfur (S). 

[Claim 8] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the at least one 

or two or more contained elements comprise carbon (C). 

[Claim 9] 
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 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the noble 

metal-coating layer has a theoretical film thickness of 20 

nanometers (nm) or more and 300 nanometers (nm) or less. 

[Claim 10] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein oxygen elements 

are detected on the surface of the noble metal-coating layer. 

[Claim 11] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein copper (Cu) is 

detected on the surface of the noble metal-coating layer. 

[Claim 12] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the core material 

is a copper alloy containing 0.003 mass% or more and 0.2 mass% 

or less of phosphorus (P). 

[Claim 13] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the core material 

is a copper alloy containing at least one or two or more members 

selected from platinum (Pt), palladium (Pd), and nickel (Ni) 

in a total amount of 0.1 mass% or more and 2 mass% or less. 

[Claim 14] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the core material 

is a copper alloy containing 0.1 mass ppm or more and 10 mass 

ppm or less of hydrogen. 

[Claim 15] 

 The noble metal-coated copper wire for ball bonding 

according to any one of claims 1 to 4, wherein the palladium 

(Pd) cavitating layer is a stretched wet plating layer. 

 




