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[Title of Document] Description 

[Title of Invention] PALLADIUM (PD)-COATED COPPER W IRE FOR 

BALL BONDING 

[Technical Field] 

[0001] 

The present invention relates to a palladium (Pd)-c oated 

copper wire for ball bonding, the wire being suitab le for 

connecting an IC chip electrode to an external lead  or the 

like on a substrate in a semiconductor device.  Mor e 

specifically, the present invention relates to an e xtra 

fine palladium (Pd)-coated copper wire having a dia meter of 

10 to 25 µm and capable of giving a stable molten ball. 

[Background Art] 

[0002] 

Generally, a process called ball bonding is employe d for 

the first bonding of a coated copper bonding wire t o an 

electrode, and a process called wedge bonding is em ployed 

for the second bonding of the coated copper bonding  wire to 

wiring on a semiconductor circuit wiring board.  In  the 

first bonding, a discharge current in an electronic -flame-

off (EFO) process is used to apply arc input heat t o the 

tip of the coated copper bonding wire.  In the EFO process, 

in general, an angle formed between the tip of the bonding 

wire and the tip of a discharge torch is 60 degrees  or less 
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with respect to the longitudinal direction of the w ire.  In 

the process, arc discharge is formed between the ti ps of 

the discharge torch and the wire, a molten ball por tion is 

formed at the tip of the bonding wire and the ball portion 

is connected to an aluminum pad on an electrode. 

[0003] 

The tip portion of the bonding wire is molten to fo rm the 

ball, and thereafter surface tension is utilized to  

solidify its molten item.  Specifically, at the tip  of the 

molten bonding wire, a sphericity called a free air  ball 

(FAB) is formed.  Then, while the initial ball and the 

electrode are being heated at a temperature of 150 to 300 °C, 

ultrasonic waves are applied, and thus the initial ball and 

the electrode are crimped and are thereby bonded to  the 

aluminum pad on a chip. 

[0004] 

Here, the FAB refers to a molten ball that is forme d at the 

tip of the bonding wire by performing spark dischar ge on 

the tip of the bonding wire while spraying a non-ox idizing 

gas such as nitrogen or nitrogen-hydrogen or a redu cing gas 

to the tip of the coated copper bonding wire which is 

extended out from the tip of a bonding tool.  Examp les of 

the material of the aluminum pad include 99.99% by mass or 

more of pure aluminum (Al), an alloy of aluminum (A l) − 1% 
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by mass of silicon (Si), an alloy of aluminum (Al) − 0.5% 

by mass of copper (Cu) and an alloy of aluminum (Al ) − 1% 

by mass of silicon (Si) − 0.5% by mass of copper (Cu). 

[0005] 

Conventionally, as a bonding wire for connecting an  IC chip 

electrode to an external lead in a semiconductor de vice, a 

palladium (Pd)-coated copper wire is used.  For exa mple, 

Japanese Utility Model Application Publication No. Sho 60-

160554 proposes “a bonding fine wire for a semicond uctor 

comprising a coating layer made of Pd or a Pd alloy  

directly or via an intermediate layer on the outer 

periphery of a core wire made of Cu or a Cu alloy.”   

Thereafter, as a practical palladium (Pd)-coated co pper 

wire, as disclosed in Japanese Patent Application 

Publication No. 2004-014884 (Patent Literature 1 wh ich will 

be described later), “a bonding wire which includes  a core 

and a coating layer formed on the core, in which th e core 

is formed of a material, other than gold, having a micro 

Vickers hardness of 80 Hv or less and in which the coating 

layer is formed of a metal whose melting point is 3 00°C or 

more higher than that of the core and whose oxidati on 

resistance is more excellent than that of copper” w as 

developed. 

[0006] 
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On 47 and the subsequent pages of SEI Technical Rev iew 

magazine No. 169 published in July, 2006, in a pape r titled 

“Development of Hybrid Bonding Wire” (Non Patent Li terature 

1 which will be described later) written by Kaimori  Shingo 

et al., “a plating-coated wire which is coated with  0.1 µm 

of an oxidation-resistant metal and which has the d iameter 

of 25 µm” is introduced.  A patent application on the 

analysis of an interface between the core and the c oating 

layer thereof (Japanese Patent Application Publicat ion No. 

2010-272884) is also filed. 

[0007] 

In these palladium (Pd)-coated copper wires, as see n in 

photograph 5 on page 50 in Non Patent Literature 1,  on a 

surface in the vicinity of the root of the molten b all, 

palladium (Pd) particles are dispersed, and thus a wire 

loop is stabilized.  In the palladium (Pd)-coated c opper 

wires, palladium (Pd) fine particles from a palladi um (Pd) 

drawn layer are dispersed in the molten ball.  Henc e, it is 

said that even when in the interface between the mo lten 

ball and the aluminum pad, an intermetallic compoun d of 

aluminum (Al) and copper (Cu) is produced, the grow th rate 

of the intermetallic compound is lowered as compare d with a 

case of a gold bonding wire. 

[0008] 
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However, since the conventional palladium (Pd) draw n layer 

is thinner than the copper (Cu) of the core, most o f the 

palladium (Pd) particles are embedded in the molten  ball so 

as to be formed into an alloy.  Hence, although it is known 

that the palladium (Pd) fine particles function to prevent 

the formation of an Al-Cu intermetallic compound in  the 

interface with the aluminum pad, the palladium (Pd)  fine 

particles only slightly contribute to the preventio n in the 

interface. 

[0009] 

Hence, Japanese Patent Application Publication No. 2013-

42105 (Patent Literature 2 which will be described later) 

proposes an invention of “a bonding wire where on t he core 

of copper and inevitable impurities, a coating laye r is 

formed whose cross-sectional area is 0.1 to 1.0% of  the 

total of the cross-sectional area of the wire and w hich is 

formed of Pd” (claim 1 in the publication described  above).  

In a photograph of the surface of the molten ball i n Fig. 

2a(C) of the publication described above, it is ind icated 

that “Pb (black points) are spread over the FAB (ba ll b).” 

[0010] 

However, the shape of the surface of a core wire or  a 

coated core wire is constantly changed by the wear of a 

diamond die, and the shape of a cross-sectional sur face of 



 

6 

the tip of a coated copper wire when the coated cop per wire 

is torn by the second bonding is also constantly ch anged.  

Hence, it is extremely difficult to leave the palla dium 

(Pd) fine particles in the thin palladium (Pd) draw n layer 

on the surface of the molten ball when the FAB is f ormed.  

Thus, it is required that the structure of a bondin g wire 

in which even when the FAB is formed 10 or more tim es for 

one second, the palladium (Pd) particles can be uni formly 

dispersed on the molten copper ball and which is su itable 

for the mass production. 

[Citation List] 

[Non Patent Literature] 

[0011] 

[Non Patent Literature 1] “Development of Hybrid Bo nding 

Wire” written by Kaimori Shingo et al. on 47 and th e 

subsequent pages of SEI Technical Review magazine N o. 169 

published in July, 2006. 

[Patent Literature] 

[0012] 

[Patent Literature 1] Japanese Patent Application 

Publication No. 2004-014884 

[Patent Literature 2] Japanese Patent Application 

Publication No. 2013-42105 

[Summary of the Invention] 
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[Technical Problem] 

[0013] 

An object of the present invention is to provide a 

palladium (Pd)-coated copper wire for ball bonding in which 

even when the shape of the surface of a core wire i s 

changed by the wear of a diamond die, palladium (Pd ) 

particles can be uniformly dispersed on a molten co pper 

ball and which is suitable for the mass production.  

[Solution to Problem] 

[0014] 

In a palladium (Pd)-coated copper wire for ball bon ding 

that is formed so as to solve the problem in the pr esent 

invention, the palladium (Pd)-coated copper wire fo r ball 

bonding has a diameter of 10 to 25 µm, a palladium (Pd) 

drawn layer is formed on a core formed of a copper alloy in 

which the purity of pure copper (Cu) or copper (Cu)  is 98% 

by mass or more and the palladium (Pd) drawn layer is a 

palladium (Pd) layer which contains sulfur (S), pho sphorus 

(P), boron (B) or carbon (C). 

[0015] 

In another palladium (Pd)-coated copper wire for ba ll 

bonding that is formed so as to solve the problem i n the 

present invention, the palladium (Pd)-coated copper  wire 

for ball bonding has a diameter of 10 to 25 µm, a palladium 
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(Pd) drawn layer and a gold (Au) ultra-thin drawn l ayer are 

formed on a core formed of a copper alloy in which the 

purity of pure copper (Cu) or copper (Cu) is 98% by  mass or 

more and the palladium (Pd) drawn layer is a pallad ium (Pd) 

layer which contains sulfur (S), phosphorus (P), bo ron (B) 

or carbon (C). 

[0016] 

Preferred embodiments of the present invention are as 

follows. 

The copper alloy preferably contains 0.1 to 1.5% by  mass of 

platinum (Pt) or nickel (Ni).  The palladium (Pd) d rawn 

layer preferably has a theoretical film thickness w hich is 

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

The palladium (Pd) drawn layer is preferably a plat ing 

precipitate from a wet plating bath.  The palladium  (Pd) 

drawn layer is preferably a eutectoid of sulfur (S)  or 

phosphorus (P).  A total of 30 to 700 mass ppm (0.2  to 800 

mass ppm in a case where only phosphorus (P) is con tained) 

of at least one type or two types or more of sulfur  (S), 

phosphorus (P), boron (B) and carbon (C) is prefera bly 

contained in the palladium (Pd) drawn layer.  30 to  300 

mass ppm of sulfur (S) is particularly preferably c ontained 

in the palladium (Pd) drawn layer.  Preferably, on the 

front surface side of the palladium (Pd) drawn laye r, the 
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sulfur (S) is concentrated, and on the side of the core, 

the sulfur (S) is equal to or less than a detection  limit.  

The film thickness of the sulfur (S) in a direction  of 

depth thereof is preferably greater than the film t hickness 

of the gold (Au) ultra-thin drawn layer in a direct ion of 

depth thereof.  The gold (Au) ultra-thin drawn laye r 

preferably has a theoretical film thickness which i s 3 

nanometers (nm) or less. 

[0017] 

In the present invention, the palladium (Pd) drawn layer is 

used so that a contained element of sulfur (S), pho sphorus 

(P), boron (B) or carbon (C) is uniformly dispersed  in the 

palladium (Pd) layer.  The contained elements can b e 

preferably contained in the palladium (Pd) layer by  wet 

plating or dry plating or molten salt plating.  Cry stal 

grains are drawn by intense wire drawing processing  with a 

diamond die, and mechanical high strain occurs over  the 

crystal grains.  The high strain state is somewhat 

alleviated by final heat processing, and thus the p alladium 

(Pd)-coated copper wire for ball bonding is complet ed. 

[0018] 

In the present invention, the palladium (Pd) drawn layer 

and the gold (Au) ultra-thin drawn layer are used s o that 

the palladium (Pd) layer is sandwiched between the gold 
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(Au) layer and the core and that the intense wire d rawing 

processing is performed to uniformly disperse the c ontained 

element contained in the palladium (Pd) layer.  Nor mally, 

the gold (Au) layer is more satisfactory in malleab ility 

than the palladium (Pd) layer.  However, in a case where 

the gold (Au) layer is an ultra-thin drawn layer, e ven when 

the theoretical film thickness is equal to or less than the 

atomic radius of gold (Au), since the gold (Au) par ticles 

are present, the gold (Au) layer can be considered to 

follow the palladium (Pd) layer during the intense wire 

drawing processing. 

[0019] 

Here, the “theoretical film thickness” refers to a film 

thickness that is calculated with the assumption th at the 

cross section of the bonding wire before and after the 

intense wire drawing processing is a full circle an d that 

it is uniformly coated with the gold (Au) or the pa lladium 

(Pd) of its wire diameter.  The “theoretical film 

thickness” is a conception that is used because sin ce the 

shape of the surface of the core wire or the coated  core 

wire is changed by the wear of the diamond die and thus the 

film thickness of the gold (Au) ultra-thin drawn la yer or 

the like in the uppermost surface is extremely thin , it is 

impossible to measure it. 



 

11 

[0020] 

For example, the proportion of the gold (Au) in the  entire 

bonding wire is determined by chemical analysis wit h a 

gravimetric analysis method.  The film thickness ca lculated 

from the determined value with the assumption that the 

cross section of the bonding wire is a full circle and that 

the uppermost surface of its wire diameter is unifo rmly 

coated with the gold (Au) is the theoretical film t hickness.  

The case where the palladium (Pd) drawn layer is th in is 

likewise supported.  On the nanoscale order, since 

projections and recesses are present in the actual surface 

of the bonding wire, the value of the theoretical f ilm 

thickness may be lower than the atomic radius of Au .  With 

respect to the expression of the gold (Au) ultra-th in drawn 

layer or the palladium (Pd) drawn layer in the uppe rmost 

surface, for convenience, the range where the fine 

particles of the gold (Au) or the palladium (Pd) ar e 

present is expressed by the “layer”. 

[0021] 

In the present invention, the palladium (Pd) drawn layer is 

a palladium (Pd) layer which contains sulfur (S), 

phosphorus (P), boron (B) or carbon (C) so that the  

distance between the palladium (Pd) fine particles is first 

increased to bring the palladium (Pd) into a state of 
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dispersed fine particles.  The predetermined contai ned 

element is preferably interposed between the pallad ium (Pd) 

fine particles precipitated from a liquid phase rat her than 

a gas phase.  Since as the chemical activity is inc reased, 

the thermal diffusion rate of the contained element  is 

increased, thermal processing or the intense wire d rawing 

processing is performed on the palladium (Pd) drawn  layer, 

with the result that it is possible to delay the gr owth of 

the palladium (Pd) fine particles caused by thermal  

diffusion.  Secondly, when the FAB is formed, the c ontained 

elements interact with the surface of copper (Cu) b efore 

interacting with the palladium (Pd), and thus the 

dissolution of the palladium (Pd) fine particles in to 

molten copper (Cu) is inhibited.  Consequently, it is 

possible to leave the palladium (Pd) fine particles  on the 

surface of the molten copper (Cu). 

[0022] 

The reason for this can be considered as follows.  The 

palladium (Pd) drawn layer on which the intense wir e 

drawing processing has been performed is higher in chemical 

reactivity than the core formed of the copper alloy  in 

which the purity of pure copper (Cu) or copper (Cu)  is 98% 

by mass or more.  Hence, even in the final thermal 

processing whose temperature is lower than a temper ature at 
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which the copper (Cu) in the core and the palladium  (Pd) in 

the drawn layer diffuse into each other, the contai ned 

element surrounding the palladium (Pd) fine particl es 

thermally diffuses much earlier than the palladium (Pd) to 

facilitate the formation of the palladium (Pd) fine  

particles.  The platinum (Pt) or nickel (Ni) in the  copper 

alloy does not thermally diffuse into the palladium  (Pd) 

drawn layer. 

[0023] 

Hence, when the molten ball is formed from the bond ing wire, 

the contained element surrounding the palladium (Pd ) fine 

particles is quickly passed out to individually for m the 

palladium (Pd) fine particles.  Then, the palladium  (Pd) 

fine particles of high melting point are dispersed and can 

be floated on the molten copper ball.  On the other  hand, 

it can be considered that the contained element is present 

in the interface between the copper (Cu) and the pa lladium 

(Pd), and thus the interface is modified into a che mically 

inert state.  In particular, the contained element is 

preferably sulfur (S). 

[0024] 

In the present invention, the gold (Au) ultra-thin drawn 

layer in the uppermost surface can be provided.  In  the 

present invention, when the gold (Au) ultra-thin dr awn 
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layer is provided, the gold (Au) ultra-thin drawn l ayer can 

stabilize a discharge current in an (EFO) process.  

Furthermore, it can be considered that sulfur (S), 

phosphorus (P), boron (B) or carbon (C) thermally d iffuses, 

by the final thermal processing, into the gold (Au)  ultra-

thin drawn layer which is high in chemical reactivi ty, and 

thus the surface of the palladium (Pd)-coated coppe r wire 

is modified into a chemically inert state.  Hence, the film 

thickness of the contained element in the direction  of 

depth thereof is preferably larger than the film th ickness 

of the gold (Au) ultra-thin drawn layer in the dire ction of 

depth thereof.  In particular, sulfur (S) is prefer able.  

In this way, the gold (Au) ultra-thin drawn layer i s 

brought into an inert state, and thus it is possibl e to 

leave the palladium (Pd) fine particles on the surf ace of 

copper (Cu). 

[0025] 

The intensity of the function of the contained elem ent on 

the palladium (Pd) fine particles is indicated by s ulfur 

(S) > phosphorus (P) > boron (B) ⋅ carbon (C).  The sulfur 

(S) or phosphorus (P) of low melting point has a gr eater 

function of modifying the surface of the cupper (Cu ) to 

reduce the movement of copper (Cu) atoms.  In parti cular, 

the sulfur (S) whose surface activity is high modif ies the 
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surface of the cupper (Cu) in the core the most 

significantly. 

[0026] 

The effect of the contained elements on the palladi um (Pd) 

fine particles can be understood as follows.  The p alladium 

(Pd) in the plating bath is present in the state of  

divalent ions, is then brought into a zero-valent s tate on 

the surface of the core of the cupper (Cu) and is 

precipitated as the metal of palladium (Pd).  Then,  the 

metal of palladium (Pd) precipitated is flocculated  to form 

the palladium (Pd) fine particles.  In a series of steps 

described above, when the ions of the contained ele ment are 

present together in the plating bath, and the palla dium 

(Pd) is brought from the state of divalent ions int o the 

zero-valent state, the contained element is simulta neously 

brought from the state of ions into the zero-valent  state, 

with the result that the palladium (Pd) fine partic les of 

the present invention are easily dispersed.  The co ntained 

element of the present invention is quickly moved t o the 

surface of the core of the cupper (Cu), and thus th e 

diffusion of the palladium (Pd) fine particles into  the 

core of the cupper (Cu) is reduced.  For example, e ven when 

carbon powder is dispersed in the plating path, it is 

impossible to obtain the effect of the present inve ntion. 
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[0027] 

With respect to the content of the contained elemen t, a 

total of 30 to 700 mass ppm (0.2 to 800 mass ppm in  a case 

where only phosphorus (P) is contained) of at least  one 

type or two types or more of sulfur (S), phosphorus  (P), 

boron (B) and carbon (C) is preferably contained in  the 

palladium (Pd) drawn layer.  Although it is possibl e to 

select, as necessary, the contained element accordi ng to 

the thickness of the palladium (Pd) drawn layer and  the 

method of forming the palladium (Pd) drawn layer, 3 0 to 300 

mass ppm of sulfur (S) is more preferably contained  in the 

palladium (Pd) drawn layer.  In particular, 80 to 2 00 mass 

ppm of sulfur (S) is preferably contained. 

[0028] 

The content of the contained element is determined from a 

difference between ICP analysis value of the contai ned 

element in the entire wire when an additive is put into the 

plating bath and the ICP analysis value when no add itive is 

put thereinto, and is a concentration which is dete rmined 

by calculation with the assumption that the total a mount of 

the contained element is uniformly distributed in t he 

theoretical film thickness of the palladium (Pd). 

[0029] 

In the present invention, the “coating” layer is a layer 
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which is precipitated from a gas phase or a liquid phase.  

The layer precipitated from the liquid phase can be  formed 

by wet plating or dry plating.  The palladium (Pd) fine 

particles precipitated from the liquid phase are pr eferable 

because its precipitation temperature is lower than  that in 

the gas phase.  The wet plating is preferable becau se the 

palladium (Pd) fine particles are precipitated at a  

relatively low temperature of room temperature to 9 0°C.  

The wet plating is divided into electrolytic platin g and 

electroless plating, and either of them may be used .  In 

order to finely disperse the palladium (Pd) fine pa rticles, 

a known additive may be put into the plating bath.  This is 

because the crystal grain diameter is preferably in  a close 

amorphous state. 

[0030] 

The contained element can be used as a normal compo und 

together in the palladium (Pd) electrolytic plating  bath or 

the palladium (Pd) electroless plating bath.  In th is way, 

eutectoid plating can be performed, and the fine pa rticles 

in which the contained element is uniformly dispers ed on 

the precipitated palladium (Pd) can be obtained.  

Furthermore, the palladium (Pd) fine particles whic h 

contain the contained element precipitated by wet p lating 

are more preferable because they incorporate hydrog en and 
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thus are more unlikely to be moved. 

[0031] 

The contained element can be used in dry plating su ch as 

magnetron sputtering either singly or as a palladiu m (Pd) 

base alloy.  Although in the dry plating, magnetron  

sputtering or ion plating is more preferable than v acuum 

deposition, the plating bath is more excellent. 

[0032] 

In the present invention, the palladium (Pd) layer which 

contains sulfur (S), phosphorus (P), boron (B) or c arbon 

(C) may be a palladium (Pd) − sulfur (S), phosphorus (P), 

boron (B) or carbon (C) alloy layer.  This is becau se 

although the containing layer can also be obtained by 

multilayer plating with an alternate layer, the all oy layer 

is used to obtain the fine palladium (Pd) fine part icles 

when the molten ball is formed. 

[0033] 

When in the present invention, a copper alloy which  

contains 0.1 to 1.5% by mass of platinum (Pt) or ni ckel 

(Ni) is used, the diffusion of the cupper (Cu) and the 

palladium (Pd) into each other is reduced, and thus  it is 

possible to further reduce the thickness of the pal ladium 

(Pd) drawn layer. 

[0034] 
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The palladium (Pd) drawn layer preferably has a the oretical 

film thickness which is 30 nanometers (nm) or more and 300 

nanometers (nm) or less because this range is desir able for 

uniformly dispersing the palladium (Pd) fine partic les on 

the molten ball.  In other words, this is because w hen the 

thickness is excessively increased, the surface of the core 

may be excessively modified whereas when the thickn ess is 

excessively decreased, the surface of the core may be 

prevented from being modified. 

[0035] 

When the film thickness of gold (Au) by depth profi le 

analysis with an Auger spectroscopy machine is thic k enough 

to be measured, e.g. several hundred nanometers, a so-

called a bunch of grapes phenomenon is observed in which 

the molten ball is wetted over the gold (Au) film o n the 

wire surface present on the root of the molten ball , and 

the molten ball creeps up onto the unmolten wire su rface by 

the surface tension of the molten ball.  However, w hen the 

actually measured film thickness of gold (Au) is 50  

nanometers (nm) or less and falls within the range of the 

theoretical film thickness, such a phenomenon is no t 

observed.  On the other hand, when the theoretical film 

thickness of gold (Au) is 50 nanometers (nm) or les s, it is 

difficult to control the film thickness of gold (Au ).  
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Hence, the film thickness of gold (Au) is extremely  

decreased, and thus the thermal diffusion of the co ntained 

element is stabilized. 

[0036] 

The reason why the gold (Au) ultra-thin drawn layer  has the 

theoretical film thickness which is 3 nanometers (n m) or 

less is that even when the gold (Au) layer is chemi cally 

active, the contained element in the palladium (Pd)  drawn 

layer is moved to reduce the activity.  This is bec ause 

when the gold (Au) layer is extremely thin, the con sumed 

amount of contained element is reduced.  Even when the gold 

(Au) ultra-thin drawn layer has the theoretical fil m 

thickness which is 3 nanometers (nm) or less, the F AB is 

prevented from becoming unstable due to variations in the 

destination of spark discharge at the time of the f ormation 

of the FAB.  The gold (Au) ultra-thin drawn layer m ore 

preferably has a theoretical film thickness which i s 2 

nanometers (nm) or less.  Even when the gold (Au) u ltra-

thin drawn layer has the theoretical film thickness  which 

is 2 nanometers (nm) or less, gold (Au) fine partic les are 

scattered on the palladium (Pd) drawn layer.  It is  thought 

that since gold (Au) is more excellent in conductiv ity than 

palladium (Pd), the spark discharge reaches the gol d (Au) 

fine particles, and thus the FAB is stabilized.  Th e lower 
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limit of the gold (Au) ultra-thin drawn layer is pr eferably 

0.1 nanometers (nm) or more. 

[0037] 

In the palladium (Pd)-coated copper wire for ball b onding 

according to the present invention, a precious meta l 

coating layer formed with the palladium (Pd) drawn layer or 

the palladium (Pd) drawn layer and the gold (Au) ul tra-thin 

drawn layer is generally 0.5 micrometers ( µm) or less, is 

preferably 0.1 µm or less and is more preferably 0.05 µm or 

less.  Particularly preferably, the palladium (Pd) drawn 

layer has a theoretical film thickness which is 30 

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

and the gold (Au) ultra-thin drawn layer has a theo retical 

film thickness which is 3 nanometers (nm) or less.  The 

film thickness of the precious metal coating layer 

described above is negligible with respect to the b onding 

wire diameter of 10 to 25 µm.  Hence, when the molten ball 

is formed with the FAB, it does not depend on the f ilm 

thickness of the coating layer. 

[0038] 

Since the oxidation-resistant palladium (Pd) drawn layer is 

present, the core is prevented from being, for exam ple, 

sulfurized by sulfur, chlorine or the like in the 

atmosphere.  Hence, as with the composition of the core 
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formed of a known copper alloy in which the purity of 

copper (Cu) is 99.9% by mass or more, the molten ba ll is 

formed in the shape of a sphericity, and thus the p alladium 

(Pd)-coated copper wire for ball bonding according to the 

present invention is bonded to the aluminum pad. 

[0039] 

The copper alloy of the core is generally a copper alloy 

which is formed of copper (Cu) whose purity is 99.9 % by 

mass or more.  When in the copper alloy which is fo rmed of 

copper (Cu) whose purity is 99.9% by mass or more, 

phosphorus (P) is selected, for the remaining metal  

components other than those, the contained element can be 

determined as necessary with consideration given to  alloys 

in the known conventional technology.  However, a c opper 

alloy base material is more preferably a copper all oy which 

contains 0.1 to 1.5% by mass of platinum (Pt) or ni ckel 

(Ni).  This is because sulfur (S), phosphorus (P), boron 

(B) or carbon (C) is contained in the palladium (Pd ) drawn 

layer, and thus the palladium (Pd) fine particles c an be 

dispersed on the surface of the molten copper ball.  

[0040] 

For the copper alloy of the core, the type of eleme nt added 

is determined as necessary according to the type an d 

application of semiconductor required, and a combin ation of 
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elements added or the added amount can be determine d as 

necessary according to thermal and mechanical prope rties 

required as the bonding wire. 

[0041] 

It is known that phosphorus (P) is present in the c opper 

(Cu) of the core, and thus it is possible to form t he 

stable FAB (Japanese Patent Application Publication  No. 

2010-225722 and International Publication No. 

WO2011/129256).  Hence, the copper alloy can contai n 20 

mass ppm or more and 200 mass ppm or less of phosph orus (P). 

[0042] 

The ultra-thin palladium (Pd) drawn layer or the ul tra-thin 

palladium (Pd) drawn layer and the gold (Au) ultra- thin 

drawn layer present on the wire surface in the pres ent 

invention disappear when the FAB in the first bondi ng is 

bonded to the aluminum pad.  When ultrasonic bondin g is 

performed in the second bonding, they also disappea r in the 

place of the bonding. 

[Advantageous Effects of Invention] 

[0043] 

According to the palladium (Pd)-coated copper wire for ball 

bonding in the present invention, on the surface of  the FAB, 

the palladium (Pd) fine particles can be uniformly 

dispersed.  Hence, even in the mass-produced bondin g wire, 
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the first bonding on the aluminum pad with the FAB is 

stabilized.  Since the palladium (Pd) fine particle s are 

finely dispersed in the interface of the bonding be tween 

the aluminum pad and the copper ball without fail, it is 

possible to delay the formation of an Al-Cu interme tallic 

compound.  Since the palladium (Pd) drawn layer is thin, 

even when sulfur (S) is contained in the palladium (Pd) 

drawn layer, the total amount of sulfur (S) in the bonding 

wire is substantially equal to the amount of sulfur  (S) 

contained in the core.  Furthermore, at the time of  wedge 

bonding in the second bonding, since the palladium (Pd) 

fine particles are bonded to a lead while being dis persed 

due to the presence of the contained element, the w edge 

bonding is stabilized. 

[0044] 

According to the palladium (Pd)-coated copper wire in the 

present invention, the entrance of oxygen from the surface 

of the wire is interrupted by the palladium (Pd) la yer 

which contains sulfur (S), phosphorus (P), boron (B ) or 

carbon (C).  As the palladium (Pd) drawn layer is m ore 

finely formed, it is possible to obtain an effect o f 

preventing the formation of an oxide film of a copp er oxide 

on the copper alloy of the core as compared with a 

conventional pure palladium (Pd) layer.  Since in t he 
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palladium (Pd)-coated copper wire for ball bonding 

according to the present invention, the coating lay er is 

extremely thin, it is possible to satisfactorily pe rform 

the formation of a loop or the like. 

[0045] 

Furthermore, in a case where the gold (Au) ultra-th in drawn 

layer is formed in the uppermost surface of the wir e, the 

discharge current is stabilized, and moreover, even  when 

the wires are wounded multiple times, the wires are  

prevented from being attached.  Consequently, it is  easier 

to unwind the wires.  As an incidental effect, the slip of 

a capillary on the surface of the wire is facilitat ed.  

According to the palladium (Pd)-coated copper wire in the 

present invention, the gold (Au) ultra-thin drawn l ayer in 

the uppermost surface of the wire is prevented from  being 

separated from the coating layer.  Hence, even when  the 

bonding is repeatedly performed multiple times, an oxide of 

cupper (Cu) is prevented from being adhered to the 

capillary, with the result that the capillary is pr evented 

from being contaminated. 

[Examples] 

[0046] 

As the core, a core obtained by adding platinum (Pt ), 

nickel (Ni) or phosphorus (P) to copper (Cu) whose purity 
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was 99.9999% by mass or more or a core without the addition 

was used, and the core was continuously cast, was r olled 

while subjecting to previous heat processing, was 

thereafter primarily drawn into a wire, with the re sult 

that a thick wire (diameter of 1.0 mm) was obtained . 

[0047] 

Then, a palladium (Pd) drawn layer and a gold (Au) ultra-

thin drawn layer shown in table 1 were prepared, an d the 

outer circumference of the thick wire was coated wi th them.  

The purity of the gold (Au) in the ultra-thin drawn  layer 

was 99.99% by mass or more, and the purity of the p alladium 

(Pd) was 99.9% by mass or more. 

[0048] 

[Examples 1 to 3] 

A coating layer of a palladium (Pd) − sulfur (S) amorphous 

alloy was formed as follows.  To a commercially ava ilable 

palladium (Pd) electroplating bath (ADP700 made by Japan 

Electro Plating Co., Ltd.), 0.1 g/L, 0.005 g/ L and  0.15 

g/L of ADP700 additive made by the company were 

individually added, and thus the concentration of s ulfur 

(S) in the plating bath was set medium, low and hig h.  In 

this plating bath, a current whose current density was 0.75 

A/dm2 was passed through the copper wire having the 

diameter of 1.0 mm, and the coating layer of the pa lladium 
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(Pd) − sulfur (S) amorphous alloy was formed.  These thre e 

types coated copper wires were coated with gold (Au ) by 

magnetron sputtering such that the gold (Au) had a 

predetermined thickness. 

[0049] 

Thereafter, baking processing was not performed, co ntinuous 

secondary wire drawing was performed under wet cond itions 

with a diamond die, refining heat processing was pe rformed 

at 480 °C for one second and palladium (Pd)-coated copper 

wires for ball bonding having the diameter of 18 µm were 

finally obtained.  They were referred to as example s 1 to 3.  

The average shrinkage diameter rate was 6 to 20%, a nd the 

final linear velocity was 100 to 1000 m/minute. 

[0050] 

[Example 4] 

A coating layer of a palladium (Pd) − phosphorus (P) 

amorphous alloy was formed as follows.  To a commer cially 

available palladium (Pd) electroless plating bath ( ADP700 

made by Japan Electro Plating Co., Ltd.), 0.2 g/L o f 

phosphorous acid (H 3PO3) was added.  In this plating bath, a 

current whose current density was 0.75 A/dm 2 was passed 

through the copper wire having a diameter of 1.0 mm , and 

the coating layer of the palladium (Pd) − phosphorus (P) 

amorphous alloy was formed.  Thereafter, as with ex ample 1, 
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a palladium (Pd)-coated copper wire for ball bondin g in 

example 4 was manufactured. 

[0051] 

[Example 5] 

A coating layer of an alloy containing palladium (P d) − 

carbon (C) − boron (B) was formed as follows.  To the 

commercially available palladium (Pd) electroplatin g bath 

(ADP700 made by Japan Electro Plating Co., Ltd.), 2  mL/L of 

a surfactant (JS wetter made by Nippon Electro Plat ing Co., 

Ltd.) and a predetermined amount of boron inorganic  

compound were added.  In this plating bath, a curre nt whose 

current density was 0.75 A/dm 2 was passed through the 

copper wire having the diameter of 1.0 mm, and the coating 

layer of the alloy containing palladium (Pd) − carbon (C) − 

boron (B) was formed.  Thereafter, as with example 1, a 

palladium (Pd)-coated copper wire for ball bonding in 

example 5 was manufactured. 

[0052] 

[Table 1] 
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Drawn

layer

Ultra-

thin

drawn

layer

Contained element

concentration in Pd

film

Pd Au S concentration P concentration C concentration Ot hers (Theoretical value)

(nm) (nm) (mass ppm) (ppm) (ppm) (ppm)

Example 1
Remaing

part
Pt 0.5 mass % 50 2 3 0.1 10 ― S 170 ppm

○

Example 2
Remaing

part
Ni 1 mass % 280 3 8 0.1 10 ― S 100 ppm

○

Pt 0.2 mass %+

Ni 1.2 mass %

Example 4
Remaing

part
None 40 ― 0.5 6 10 ― P 500 ppm

○

Example 5
Remaing

part
P 0.02 mass % 70 2 0.5 200 16 B 6 C 300 ppm + B 300 ppm

○

Comparative

example 1

Remaing

part
None 60 10 0.5 0.1 10 ― ―

☓

Comparative

example 2

Remaing

part
None 40 ― 0.5 0.1 10 As 20 ―

☓

Comparative

example 3

Remaing

part
P 1 mass % 70 0.1 0.5 10,000 10 ― ― ☓

No.

Core Contained element concentration in wire
HAST

Test

4N Cu Added element

10 ― S 300 ppm
○

Example 3
Remaing

part
100 1 10 0.1

 

[0053] 

Here, with respect to the values of the palladium i n the 

drawn layer and the gold in the ultra-thin drawn la yer 

shown in table 1, about 1000 m of the wire having a  

diameter of 18 µm was dissolved in aqua regia, the 

concentrations of gold (Au) and palladium (Pd) in t he 

solution were determined by high-frequency inductiv ely 

coupled plasma emission spectroscopy (ICPS-8100 mad e by 

Shimadzu Corporation) and the values were calculate d from 

the concentrations as the uniform film thickness in  the 

diameter of the bonding wire.  In other words, they  are 

corresponding values in the chemical analysis of IC P. 

[0054] 

With respect to the sulfur (S) contained the wires in 

examples 1 to 3, about 100 m thereof was individual ly 

dissolved in aqua regia, and the concentration of t he 

sulfur (S) in the solution was determined with an 

inductively coupled plasma mass spectrometer (Agile nt 8800 
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made by Agilent Technologies Co., Ltd.). 

[0055] 

The concentration of the sulfur (S) in the palladiu m (Pd) 

drawn layer was determined as follows.  Specificall y, the 

ICP analysis value of the sulfur (S) when the ADP70 0 

additive was not added to the commercially availabl e 

palladium (Pd) electroplating bath in example 1 is 0.5 mass 

ppm as indicated in examples 4 and 5.  On the other  hand, 

the ICP analysis value of the sulfur (S) when the A DP700 

additive was added in example 1 is 3 mass ppm.  Sin ce the 

film thickness of the palladium (Pd) drawn layer is  50 nm, 

when it is assumed that a substantial increase of 2 .5 mass 

ppm in the sulfur (S) caused by the additive in exa mple 1 

was all uniformly contained in the palladium (Pd) d rawn 

layer, the theoretical concentration of the sulfur (S) is 

170 mass ppm. 

[0056] 

About 100 m of the wire in example 4 was dissolved in aqua 

regia, and the concentration of sulfur (S) in the s olution 

was determined with the inductively coupled plasma mass 

spectrometer (Agilent 8800 made by Agilent Technolo gies Co., 

Ltd.).  500 m and about 1 g of the wire in example 5 was 

taken, and the concentration of carbon (C) was dete rmined 

by a combustion method (CS844 made by LECO Corp.).  The 
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results thereof are shown in middle columns of tabl e 1. 

[0057] 

When the bonding wire in example 1 was subjected to  

elemental analysis on the elements of palladium (Pd ), 

copper (Cu), gold (Au) and sulfur (S) in the direct ion of 

depth thereof with a scanning Auger analysis device  

(MICROLAB-310D made by VG Corp.), a sulfur (S) laye r having 

a long distance was detected as compared with a gol d (Au) 

layer, and it was shorter than the length of the pa lladium 

(Pd) layer.  In other words, it can be understood t hat the 

palladium (Pd) layer precipitated in the plating ba th was 

the drawn layer of a palladium (Pd) particle group in which 

the sulfur (S) was more likely to be removed. 

[0058] 

Then, in the bonding wire in example 1, an arch dis charge 

voltage was increased to 6000 volts with a fully au tomatic 

bonder ICONN ProCu-type ultrasonic device made by K  & S 

Corp. to form 1000 molten balls of 34 µm.  When the entire 

uppermost surface thereof was subjected to qualitat ive 

analysis with the scanning Auger analysis device (M ICROLAB-

310D made by VG Corp.), the palladium (Pd) was unif ormly 

distributed on the surface of the balls.  A cross-s ectional 

photograph of the molten ball is shown in Fig. 1.  As is 

clear from Fig. 1, it is found that with the pallad ium (Pd) 
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− sulfur (S) electroplating alloy layer of the prese nt 

invention, the palladium (Pd) was uniformly dispers ed on 

the molten ball. 

[0059] 

In the palladium (Pd)-coated copper wire for ball b onding 

in the other examples 2 to 5, as with example 1, it  was 

observed that the palladium (Pd) was uniformly disp ersed on 

the molten ball. 

[0060] 

(Corrosion test on intermetallic compound) 

With respect to the wires in examples 1 to 5, with a fully 

automatic ribbon bonder ICONN-type ultrasonic devic e made 

by K & S Corp., on the pad of an Al − 1% by mass of Si − 

0.5% by mass of Cu alloy with a thickness of 2 µm on an Si 

chip having a thickness of 400 µm on a BGA substrate, 

molten balls of 34 µm were produced with an EFO current of 

60 mA for an EFO time of 144 µs, and 1000 wires were bonded 

with the crimp diameter of 50 µm and the loop length of 2 

mm.  Here, in the pad of the Al − 1% by mass of Si − 0.5% 

by mass of Cu alloy, only bond portions adjacent to  each 

other were electrically connected, the wires adjace nt to 

each other electrically form one circuit and a tota l of 500 

circuits were formed.  Thereafter, the Si chip on t he BGA 
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substrate was sealed with resin with a commercially  

available transfer molding machine (GP-PRO-LAB80 ma de by 

Dai-ichi Seiko Co., Ltd.). 

[0061] 

The samples (examples 1 to 5) were held with a HAST  device 

(PC-R8D made by Hirayama Manufacturing Corp.) at 13 0°C × 85 

RH (relative humidity) for 200 hours.  Before and a fter the 

holding, the electrical resistance values of the 50 0 

circuits described above were measured, and the res ults 

thereof are indicated in the right columns of table  1 such 

that a case where at least one circuit was present in which 

the electrical resistance value after the holding e xceeded 

1.1 times the electrical resistance value before th e 

holding is represented by × whereas a case where in all the 

500 circuits, the resistance values were less than 1.1 

times the resistance value is represented by O. 

[0062] 

As is clear from the results of the HAST test descr ibed 

above, it is found that in all examples 1 to 5 of t he 

present invention, the resistance values were less than 1.1 

times the resistance value in all the 500 circuits.  

[Comparative Examples] 

[0063] 

As compared with example 1, a coating layer of pall adium 
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(Pd) was formed from a commercially available palla dium 

bath to which sulfur (S) was not added.  Thereafter , as in 

example 1, gold (Au) was applied by magnetron sputt ering, 

and bonding wires formed in example 1 were referred  to as 

comparative examples 1 and 3.  Likewise, a bonding wire 

which was formed by applying no gold (Au) and addin g a 

predetermined amount of arsenic (As) inorganic comp ound to 

a commercially available palladium bath was referre d to as 

comparative example 2. 

[0064] 

About 100 m of the wire in comparative example 1 wa s 

dissolved in aqua regia, and the concentration of s ulfur 

(S) in the solution was determined with the inducti vely 

coupled plasma mass spectrometer (Agilent 8800 made  by 

Agilent Technologies Co., Ltd.).  About 100 m of th e wire 

in comparative example 2 was dissolved in aqua regi a, and 

the concentration of sulfur (S) in the solution was  

determined with the inductively coupled plasma mass  

spectrometer (Agilent 8800 made by Agilent Technolo gies Co., 

Ltd.).  500 m and about 1 g of the wire in comparat ive 

example 3 was taken, and the concentration of carbo n (C) 

was determined by the combustion method (CS844 made  by LECO 

Corp.).  The results thereof are shown in middle co lumns of 

table 1.  The concentrations of added elements in a  
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palladium film were determined from differences in the 

concentrations of the added elements between the wi res to 

which these additives were added and the wires to w hich 

these additives were not added, and the results the reof are 

shown in middle columns of table 1. 

[0065] 

As with example 1, molten balls were produced from the 

bonding wire in comparative example 1.  A cross-sec tional 

photograph of the molten ball is shown in Fig. 2.  As is 

clear from Fig. 2, it is found that in the palladiu m (Pd)-

coated copper wire in comparative example 1, a smal l 

turbulence was produced on the right side of the ro ot 

portion of the wire and that palladium (Pd) fine pa rticles 

were molten into the molten ball.  In other words, since a 

small turbulence is constantly changed depending on  

conditions, this indicates that it is impossible to  

uniformly disperse the palladium (Pd) on the molten  ball. 

[0066] 

As with example 1, the bonding wires in comparative  

examples 1 and 3 were subjected to elemental analys is on 

the elements of palladium (Pd), copper (Cu), gold ( Au) and 

sulfur (S) in the direction of depth thereof with t he 

scanning Auger analysis device (MICROLAB-310D made by VG 

Corp.), a sulfur (S) layer corresponding to the thi ckness 
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of a gold (Au) layer was only detected.  In the pal ladium 

(Pd) layer where the gold (Au) layer was not presen t in 

comparative example 2, sulfur (S) was not detected.   In 

other words, the palladium (Pd) layer is a drawn la yer of 

the palladium (Pd) fine particles which was kept dr awn. 

[0067] 

(Corrosion test on intermetallic compound) 

With respect to the wires in comparative examples 1  to 3, 

as with examples 1 to 5, variations in the electric al 

resistance values of the circuits before and after the 

holding of a high temperature and a high humidity ( 130 °C × 

85 RH) were checked.  It is found that since the wi res in 

comparative examples 1 to 3, the electrical resista nce 

values of the circuits were increased, they were no t 

suitable for bonding wires.  The results thereof we re 

represented by × in the right columns of table 1. 

[Industrial Applicability] 

[0068] 

The palladium (Pd)-coated copper wire for ball bond ing in 

the present invention is applied, instead of conven tional 

gold alloy wires, not only to general-purpose ICs, discrete 

ICs and memory ICs but also to semiconductors such as IC 

packages for LEDs and automobile semiconductor IC p ackages 

in which low costs are required even in a high temp erature 
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and a high humidity. 

[Brief Description of Drawings] 

[0069] 

[Fig. 1] Fig. 1 is a photograph of distribution of 

palladium (Pd) in a cross section of the bonding wi re of 

the present invention; and 

[Fig. 2] Fig. 2 is a photograph of distribution of 

palladium (Pd) in a cross section of a conventional  bonding 

wire. 
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[Title of Document] Claims 

[Claim 1] 

  A palladium (Pd)-coated copper wire for ball bonding, 

  wherein the palladium (Pd)-coated copper wire for ball 

bonding has a diameter of 10 to 25 µm, a palladium (Pd) drawn 

coated layer is formed on a core formed of a copper alloy in 

which a purity of pure copper (Cu) or copper (Cu) is 98% by 

mass or more and the palladium (Pd) drawn coated layer is a 

palladium (Pd) layer which contains sulfur (S), phosphorus (P), 

boron (B) or carbon (C). 

 

[Claim 2] 

  A palladium (Pd)-coated copper wire for ball bonding, 

  wherein the palladium (Pd)-coated copper wire for ball 

bonding has a diameter of 10 to 25 µm, a palladium (Pd) drawn 

coated layer and a gold (Au) ultra-thin drawn coated layer are 

formed on a core formed of a copper alloy in which a purity 

of pure copper (Cu) or copper (Cu) is 98% by mass or more and 

the palladium (Pd) drawn coated layer is a palladium (Pd) layer 

which contains sulfur (S), phosphorus (P), boron (B) or carbon 

(C). 

 

[Claim 3] 

 The palladium (Pd)-coated copper wire for ball bonding 
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according to claim 1 or 2, 

 wherein the copper alloy contains 0.1 to 1.5% by mass of 

platinum (Pt) or nickel (Ni). 

 

[Claim 4] 

 The palladium (Pd)-coated copper wire for ball bonding 

according to claim 1 or 2, 

 wherein the palladium (Pd) drawn coated layer has a 

theoretical film thickness which is 30 nanometers (nm) or more 

and 300 nanometers (nm) or less. 

 

[Claim 5] 

  The palladium (Pd)-coated copper wire for ball bonding 

according to claim 1 or 2, 

 wherein the palladium (Pd) drawn coated layer is a drawn 

layer of a plating precipitate from a wet plating bath. 

 

[Claim 6] 

 The palladium (Pd)-coated copper wire for ball bonding 

according to claim 1 or 2, 

 wherein the palladium (Pd) drawn coated layer is a drawn 

layer of an eutectoid of sulfur (S) or phosphorus (P). 

 

[Claim 7] 
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 The palladium (Pd)-coated copper wire for ball bonding 

according to claim 1 or 2, 

 wherein a total of 30 to 700 mass ppm (0.2 to 800 mass 

ppm in a case where only phosphorus (P) is contained) of at least 

one type or two types or more of sulfur (S), phosphorus (P), 

boron (B) and carbon (C) is contained in the palladium (Pd) drawn 

coated layer. 

 

[Claim 8] 

 The palladium (Pd)-coated copper wire for ball bonding 

according to claim 1 or 2, 

 wherein 30 to 300 mass ppm of sulfur (S) is contained in 

the palladium (Pd) drawn coated layer. 

 

[Claim 9] 

 The palladium (Pd)-coated copper wire for ball bonding 

according to claim 1 or 2, 

 wherein on a front surface side of the palladium (Pd) drawn 

coated layer, the sulfur (S) is concentrated, and on a side of 

the core, the sulfur (S) is equal or less than a detection limit. 

 

[Claim 10]  

 The palladium (Pd)-coated copper wire for ball bonding 

according to claim 2, 
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 wherein a film thickness of the sulfur (S) in a direction 

of depth thereof is greater than a film thickness of the gold 

(Au) ultra-thin drawn coated layer in a direction of depth 

thereof. 

 

[Claim 11]  

  The palladium (Pd)-coated copper wire for ball bonding 

according to claim 2, 

  wherein the gold (Au) ultra-thin drawn coated layer has 

a theoretical film thickness which is 3 nanometers (nm) or less. 

 

 

 

 


