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DESCRIPTION 

BONDING WIRE FOR SEMICONDUCTOR DEVICE 

5 TECHNICAL FIELD 

[0001] 	The present invention relates to a bonding wire 

for a semiconductor device used to connect electrodes on a 

semiconductor device and wiring of a circuit wiring board 

such as external leads. 

10 

BACKGROUND ART 

[0002] 	As a bonding wire for a semiconductor device 

which connects electrodes on a semiconductor device and 

external leads 	(hereinafter referred to as a "bonding 

15 wire"), 	a thin wire with a wire diameter of about 15 to 50 

µm is mainly used today. 	For a bonding method with bonding 

wire, there is generally used a thermal compressive bonding 

technique with the aid of ultrasound, in which a general 

bonding device, a capillary tool used for bonding by 

20 passing a bonding wire therethrough, and the like are used. 

A bonding process of a bonding wire is carried out by 

heating and melting a tip of wire by arc heat input to form 

a ball 	(FAB: 	free air ball) 	through surface tension; crimp- 

bonding the ball part onto an electrode of the 

25 semiconductor device heated within a range of 150 to 300°C 

(hereinafter referred to as "ball bonding"); 	forming a 

loop; and finally crimp-bonding a wire part onto an 

electrode of the external lead 	(hereinafter referred to as 

"wedge bonding"). 	For the electrode on the semiconductor 

30 device as an object to be bonded with the bonding wire, 

there is used an electrode structure in which a film of 

alloy mainly containing Al is formed on a Si substrate. 

For the electrode of the external lead, there is used an 
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electrode structure with Ag plating or Pd plating. 

[0003] 	Although Au has been mainly used for a material 

of the bonding wire, a replacement of Au with Cu is being 

conducted mainly in LSI use. 	On the background of recent 

5 proliferation of electric vehicles and hybrid vehicles, 

needs for replacing Au with Cu are increasing also in on-

vehicle device use. 

[0004] 	As for a Cu bonding wire, there has been proposed 

a wire using high-purity Cu 	(purity: 	99.99% by mass or 

10 more) 	(for example, 	Patent Literature 1). 	Cu has the 

drawback of being more susceptible to oxidation than Au and 

has problems in that bonding reliability, ball formability 

and wedge bondability are inferior. 	As a method for 

preventing surface oxidation of a Cu bonding wire, there 

15 

20 

has been proposed a structure in which a surface of Cu core 

material is coated with a metal such as Au, Ag, 	Pt, 	Pd, Ni, 

Co, 	Cr and Ti 	(Patent Literature 2). 	There has been also 

proposed a structure in which a surface of Cu core material 

is coated with Pd and a surface thereof is coated with Au, 

Ag, 	Cu or an alloy thereof 	(Patent Literature 3). 

RELATED ART REFERENCE 

Patent Literature 

[0005] 	Patent Literature 1: 	JP-A-S61-48543 

25 Patent Literature 2: 	JP-A-2005-167020 

Patent Literature 3: 	JP-A-2012-36490 

SUMMARY OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

30 [0006] 	In comparison to general electronic devices, 	on- 

vehicle devices require bonding reliability in a rigorous 

high-temperature and high-humidity environment. 	In 

particular, the biggest concern is a bonding longevity of a 
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ball bonded part that is formed by bonding a ball of wire 

to an electrode. 	Some methods are developed for evaluating 

the bonding reliability in a high-temperature and high-

humidity environment, and a representative evaluation 

5 method includes a highly accelerated temperature and 

humidity stress test 	(HAST) 	(a high-temperature and high- 

humidity environment exposure test). 	When a bonding 

reliability of a ball bonded part is evaluated by HAST, a 

ball bonded part to be evaluated is exposed to a high- 

10 temperature and high-humidity environment with a 

temperature of 130°C and a relative humidity of 85%, and 

then, the bonding longevity of the ball bonded part is 

evaluated by measuring temporal changes in a resistance 

value of the bonded part or by measuring temporal changes 

15 in shear strength of the ball bonded part. 	There has been 

recently required a bonding longevity of 100 hours or more 

in HAST with such conditions. 

[0007] 	It has been revealed that, 	in a case when a 

conventional Cu bonding wire having a Pd coating layer is 

20 used to perform a bonding operation with a pure Al 

electrode where 1st bonding is ball bonding and 2nd bonding 

is wedge bonding, followed by performing a sealing 

operation with a mold resin and evaluating a resulting ball 

bonded part in the above mentioned HAST condition, the 

25 bonding longevity of the ball bonded part may be less than 

100 hours, and the bonding reliability thereof is not 

sufficient for on-vehicle devices. 

[0008] 	An object of the present invention is to provide 

a Cu bonding wire having a Pd coating layer on a surface 

30 thereof, that improves bonding reliability of a ball bonded 

part in a high-temperature and high-humidity environment 

and is suitable for on-vehicle devices. 
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MEANS FOR SOLVING PROBLEM 

[0009] 	The present invention employs the following 

structures. 

(1) A bonding wire for a semiconductor device comprising: 

5 a Cu alloy core material; and a Pd coating layer formed on 

a surface of the Cu alloy core material, wherein the 

bonding wire contains In, a concentration of In is 0.011 to 

1.2% by mass relative to the entire wire, and a thickness 

of the Pd coating layer is 0.015 to 0.150 Rm. 

10 (2) The bonding wire for a semiconductor device according 

to 	(1), wherein the Cu alloy core material contains at 

least one element selected from Pt, 	Pd, Rh and Ni, and a 

concentration of each of the elements contained in the Cu 

alloy core material is 0.05 to 1.2% by mass. 

15 (3) The bonding wire for a semiconductor device according 

to 	(1) 	or 	(2), 	further comprising an Au skin layer on the 

Pd coating layer. 

(4) The bonding wire for a semiconductor device according 

to 	(3), 	wherein a thickness of the Au skin layer is 0.0005 

20 to 0.050 Rm. 

(5) The bonding wire for a semiconductor device according 

to any one of 	(1) 	to 	(4), wherein the bonding wire further 

contains at least one element selected from B, 	P, Mg, 	Ga 

and Ge, and a concentration of each of the elements is 1 to 

25 100 ppm by mass relative to the entire wire. 

(6) The bonding wire for a semiconductor device according 

to any one of 	(1) 	to 	(5), 	wherein, 	in a measurement result 

when measuring crystal orientations on a surface of the 

bonding wire, a crystal orientation <111> angled at 15 

30 degrees or less to a longitudinal direction of the bonding 

wire has a proportion of 30 to 100% in terms of areal 

percentage. 
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EFFECT OF THE INVENTION 

[0010] 	The present invention is a bonding wire for a 

semiconductor device which includes a Cu alloy core 

material and a Pd coating layer formed on a surface of the 

5 Cu alloy core material. 	The bonding wire contains In of 

0.011 to 1.2% by mass, 	and thereby, 	the present invention 

increases a bonding longevity of a ball bonded part in a 

high-temperature and high-humidity environment and can 

improve bonding reliability. 

10 

EMBODIMENT FOR CARRYING OUT THE INVENTION 

[0011] 	Firstly, 	the bonding wire of the present 

invention is a bonding wire for a semiconductor device 

including a Cu alloy core material and a Pd coating layer 

15 formed on a surface of the Cu alloy core material, wherein 

the bonding wire contains In, a concentration of In is 

0.011 to 1.2% by mass relative to the entire wire, 	and a 

thickness of the Pd coating layer is 0.015 to 0.150 pm. 

With this configuration, the bonding wire can improve a 

20 bonding reliability of a ball bonded part in a high-

temperature and high-humidity environment required for on-

vehicle devices. 

[0012] 	When a ball is formed using the bonding wire of 

the present invention by arc discharge, an alloy layer 

25 having a higher Pd concentration than an inside of the ball 

is formed in a surface of the ball during the process when 

the bonding wire melts and solidifies. 	Such ball is used 

to bond with an Al electrode and a high-temperature and 

high-humidity test is performed, which allows Pd to be 

30 concentrated at a bonding interface. 	A concentrated layer 

formed by the concentrated Pd can reduce a diffusion of Cu 

and Al at a bonding interface during a high-temperature and 

high-humidity test and can reduce a growth rate of 



6 

corrodible compound. 	It is thus able to improve the 

bonding reliability of the bonding wire. 	If the thickness 

of the Pd coating layer is less than 0.015 µm, the 

concentrated layer is not sufficiently formed, and the 

5 bonding reliability cannot be improved. 	The thickness of 

the Pd coating layer is more preferably 0.02 µm or more. 

On the other hand, if the thickness of the Pd coating layer 

exceeds 0.150 µm, FAB shape tends to remarkably degrade, 

and an upper limit thereof is 0.150 µm. 

10 [0013] 	The alloy layer with a high Pd concentration 

formed on a surface of the ball is excellent in oxidation 

resistance and can thereby reduce failures such as 

deviation of a ball forming position relative to a center 

of the bonding wire at the time of ball formation. 

15 [0014] 	Further, 	in the present invention, 	the bonding 

wire contains In, and a concentration of In is 0.011% by 

mass or more relative to the entire wire. 	With this 

configuration, the present invention can further improve a 

bonding longevity of a ball bonded part in a high- 

20 temperature and high-humidity environment of a temperature 

of 130°C and a relative humidity of 85%. 

[0015] 	When forming a ball using a Pd-coated Cu bonding 

wire containing In and observing a resultant FAB with a 

scanning electron microscope 	(SEM), many precipitates with 

25 a diameter of about a few tens of nanometers were found on 

a surface of the FAB. 	From an analysis on the precipitates 

by energy dispersive X-ray spectroscopy (EDS), 	it was 

revealed that In was concentrated. 	Although a detailed 

mechanism is unclear, it is considered from the above 

30 situation that these precipitates observed on the FAB 

becomes to be present at the bonding interface of the ball 

and the electrode, whereby improving a bonding reliability 
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of a ball bonded part in a high-temperature and high-

humidity environment of a temperature of 130°C and a 

relative humidity of 85%. 	More preferably, 	the 

concentration of In is more preferably 0.031 % by mass or 

5 more relative to the entire wire. 	If the concentration of 

In is 0.031% by mass or more, there can be further improved 

a bonding longevity of a ball bonded part in a high- 

temperature and high-humidity environment. 	Further 

preferably, 	the amount of In is 0.100% by mass or more. 	If 

10 the concentration of In is 0.100% by mass or more, 	there 

can be still further improved a bonding longevity of a ball 

bonded part in a high-temperature and high-humidity 

environment, and thus being able to address a more rigorous 

requirement for bonding reliability. 

15 [0016] 	A mold resin (an epoxy resin) 	as a package of a 

semiconductor device contains chlorine 	(C1) 	in its 

molecular skeleton. 	In a high-temperature and high-

humidity environment of a temperature of 130°C and a 

relative humidity of 85% as a HAST evaluation condition, Cl 

20 in the molecular skeleton hydrolyzes and dissolves as a 

chloride ion 	(C1-). 	In a case where a Cu bonding wire is 

bonded to an Al electrode, when a Cu/Al bonding interface 

is placed in high temperature, Cu and Al mutually diffuse, 

and Cu9A14  as an intermetallic compound is finally formed. 

25 Cu9A14  is susceptible to corrosion by halogen such as Cl 

and undergoes corrosion by Cl dissolved from the mold resin, 

leading to degradation in the bonding reliability. 	In a 

case where a Cu wire has a Pd coating layer, a bonding 

interface between the Pd-coated Cu wire and the Al 

30 electrode has a structure of Cu/Pd-concentrated layer/Al, 

whereby a formation of the Cu9A14  intermetallic compound is 

reduced compared with a case of the Cu wire, but it is 

still insufficient in a bonding reliability in a high- 
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temperature and high-humidity environment required for on-

vehicle devices. 

[0017] 	In contrast, 	it is considered that, 	when a Pd- 

coated Cu wire contains In as in the present invention, a 

5 formation of the Cu9A14  intermetallic compound in the 

bonded part tends to be further reduced. 	During a 

formation of FAB of a ball bonded part, In in the wire 

diffuses also into the Pd coating layer. 	It is considered 

that In being present in a Pd-concentrated layer of a Cu/A1 

10 interface in the ball bonded part has an effect of reducing 

mutual diffusion of Cu and Al, resulting in the reduction 

of formation of Cu9A14. 	In addition, 	In being contained in 

the wire may have an effect of directly inhibiting 

formation of Cu9A14. 

15 [0018] 	Although it is preferable that In is present in 

the Cu core material, a sufficient effect can be obtained 

even when it is contained in the Pd coating layer or the Au 

skin layer. 	A method of adding In into the Cu core 

material is easy in terms of accurate control of 

20 concentration, and improves wire productivity and quality 

stability. 	Further, a part of In is contained also in the 

Pd coating layer or the Au skin layer due to a diffusion 

through a heat treatment or the like, whereby improving an 

adhesiveness of interfaces among the layers, and thus being 

25 able to further improve a wire productivity. 

[0019] 	On the other hand, 	if the amount of In in wire is 

excessive and a concentration of In exceeds 1.2% by mass 

relative to the entire wire, an FAB shape degrades, and 

moreover, the bonding wire hardens to be insufficient in 

30 deformation of a wire bonded part, which causes a problem 

of degradation in wedge bondability. 

[0020] 	In some cases, 	Cu is present at an outermost 

surface of the Pd coating layer. 	If the concentration of 
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Cu is 30 at% or more, there may be a case where the bonding 

wire is not suitable for practical use because a sulfur 

resistance of wire surface decreases and a service life of 

the bonding wire degrades. 	Consequently, when Cu is 

5 present at an outermost surface of the Pd coating layer, 

the concentration of Cu is preferably less than 30 at%. 

The outermost surface refers to a region of surface of the 

bonding wire to be measured by an Auger electron 

spectroscopic apparatus without performing sputtering or 

10 the like. 

[0021] 	A mold resin (an epoxy resin) as a package of a 

semiconductor device contains a silane coupling agent. 	The 

silane coupling agent has a function of improving 

adhesiveness between organic matter (resin) 	and inorganic 

15 matter (silicon or metal) and can thereby improve 

adhesiveness with a silicon substrate or metal. 	In a case 

where a higher adhesiveness is required such as a case of 

on-vehicle semiconductors that require reliability at 

higher temperatures, a "sulfur-containing silane coupling 

20 agent" is added therein. 	Sulfur contained in the mold 

resin is not liberated at about 130°C as a temperature 

condition of HAST, but is liberated when being used under a 

condition of 175°C to 200°C or more. 	When sulfur liberated 

at a high temperature of 175°C or more comes in contact 

25 with Cu, Cu drastically corrodes to produce a sulfide 

(Cu2S) 	or an oxide 	(Cu0). 	When the corrosion of Cu occurs 

in a semiconductor device using Cu bonding wire, a bonding 

reliability, 	in particular of a ball bonded part, degrades. 

[0022] 	As means for evaluating reliability of the ball 

30 bonded part in a high-temperature environment at 175°C or 

more, 	there is used a high temperature storage test 	(HTS) 

(a high-temperature shelf test). 	For a sample to be 
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evaluated that has been exposed to a high-temperature 

environment, a bonding longevity of a ball bonded part is 

evaluated by measuring temporal changes in a resistance 

value of the bonded part, or measuring temporal changes in 

5 shear strength of the ball bonded part. 	For on-vehicle 

semiconductor devices, it is required an improvement in the 

reliability of the ball bonded part in HTS of 175°C to 

200°C. 

[0023] 	In the bonding wire of the present invention, it 

10 is preferable that the Cu alloy core material contains at 

least one element selected from Pt, Pd, Rh and Ni, and a 

concentration of each of the elements contained in the Cu 

alloy core material is preferably 0.05 to 1.2% by mass. 

The Cu alloy core material containing these elements 

15 improves performance in HTS of 175°C or more among the 

bonding reliability of the ball bonded part in a high 

temperature environment. 	If the concentration of each of 

these components contained in the Cu alloy core material is 

less than 0.05% by mass, 	the above effect is not obtained. 

20 If the concentration exceeds 1.2% by mass, an FAB shape 

degrades, and moreover, the bonding wire hardens to be 

insufficient in deformation of a wire bonded part, which 

causes a problem of degradation in wedge bondability. 

Furthermore, by containing the above elements in an amount 

25 within the range mentioned above, there can be improved a 

loop formability, 	that is, 	there can be reduced a leaning, 

which becomes a problem for high-density mounting. 	This is 

because a yield strength of a bonding wire increases and a 

deformation of the bonding wire can be reduced when the Cu 

30 alloy core material contains Pt, 	Pd, 	Rh or Ni. 	The 

concentration of the elements contained in the Cu alloy 

core material is more preferably 0.1% by mass or more, 	0.2% 
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by mass or more, 	0.3% by mass or more, or 0.5% by mass or 

more. 	The concentration of the elements contained in the 

Cu alloy core material is more preferably 1% by mass or 

less or 0.8% by mass or less. 	Examples of a method for 

5 determining a concentration of elements contained in the Cu 

alloy core material from a bonding wire product include a 

method that exposes a cross-section of a bonding wire and 

performs a concentration analysis of a region of the Cu 

alloy core material, and a method that performs a 

10 concentration analysis of a region of the Cu alloy core 

material while trimming the bonding wire from its surface 

in a depth direction by sputtering or the like. 	When the 

Cu alloy core material contains a region having a 

concentration gradient of Pd, for example, line analysis 

15 may be performed on a cross-section of the bonding wire, 

and a concentration analysis may be performed on a region 

that has no concentration gradient of Pd (a region in which 

a degree of a change in Pd concentration in the depth 

direction is less than 10 mol% per 0.1 gm, 	for example). 	A 

20 method of concentration analysis will be described below. 

[0024] 	The bonding wire of the present invention may 

further include an Au skin layer on the Pd coating layer. 

In the bonding wire of the present invention, the Au skin 

layer of 0.0005 to 0.050 RM may be further formed on a 

25 surface of the Pd coating layer, 	for example. 	With this 

formation, a wedge bondability of the bonding wire can be 

improved. 

30 

[0025] 	The Au skin layer reacts with the Pd coating 

layer to improve adhesive strength among the Au skin layer, 

the Pd coating layer and the Cu alloy core material and to 

prevent the Pd coating layer and the Au skin layer from 

peeling at the time of wedge bonding. 	Accordingly, a wedge 

bondability of the bonding wire can be improved. 	If a 
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thickness of the Au skin layer is less than 0.0005 pm, the 

above effect is not obtained. 	If the thickness exceeds 

0.050 pm, an FAB shape becomes eccentric. 	The thickness of 

the Au skin layer is preferably 0.0005 pm or more and more 

5 preferably 0.001 I= or more, 	0.003 pm or more, 	or 0.005 pm 

or more. 	The thickness of the Au skin layer is preferably 

0.050 pm or less. 	The Au skin layer can be formed by a 

method similar to that of the Pd coating layer. 

[0026] 	In some cases, 	Cu is present at an outermost 

10 surface of the Au skin layer. 	If the concentration of Cu 

is 35 at% or more, there may be a case where the bonding 

wire is not suitable for practical use because a sulfur 

resistance of wire surface decreases and a service life of 

the bonding wire degrades. 	Consequently, when Cu is 

15 present at an outermost surface of the Au skin layer, the 

concentration of Cu is preferably less than 35 at%. 	The 

outermost surface refers to a region of surface of the 

bonding wire to be measured by an Auger electron 

spectroscopic apparatus without performing sputtering or 

20 the like. 

[0027] 	When the bonding wire further contains at least 

one element selected from B, 	P, Mg, Ga and Ge and a 

concentration of each of the elements is 1 to 100 ppm by 

mass relative to the entire wire, there can be improved a 

25 crushed shape of a ball bonded part required for high-

density mounting, that is, there can be improved a 

circularity of shape of a ball bonded part. 	This is 

because an addition of the elements can allow a size of 

crystal grain in the ball to be fine and can reduce a 

30 deformation of the ball. 	If a concentration of the 

elements relative to the entire wire is less than 1 ppm by 

mass, 	the above effect is not obtained. 	If the 
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concentration exceeds 100 ppm by mass, 	it is not suitable 

for practical use because the ball hardens and chip damage 

at the time of ball bonding becomes a problem. 	The 

concentration of each of the elements relative to the 

5 entire wire is more preferably 3 ppm by mass or more or 5 

ppm by mass or more. 	The concentration of each of the 

elements relative to the entire wire is more preferably 95 

ppm by mass or less, 	90 ppm by mass or less, 	85 ppm by mass 

or less, 	or 80 ppm by mass or less. 

10 [0028] 	At interfaces among the Cu alloy core material, 

the Pd coating layer and the Au skin layer of the bonding 

wire, alloy layers having a concentration gradient may be 

formed due to a diffusion of atoms through heat treatment 

in a manufacturing process. 	In such a case, a boundary 

15 between the Cu alloy core material and the Pd coating layer 

was determined based on a concentration of Pd. 

Specifically, the boundary was set to be a position at 

which a concentration of Pd was 50 at%, and a region in 

which a concentration of Pd was 50 at% or more was 

20 determined to be the Pd coating layer, whereas a region in 

which a concentration of Pd was less than 50 at% was 

determined to be the Cu alloy core material. 	This is 

because if a concentration of Pd is 50 at% or more, 	there 

can be expected an effect of improving characteristics from 

25 the structure of the Pd coating layer. 	A boundary between 

the Pd coating layer and the Au skin layer was determined 

based on a concentration of Au. 	Specifically, the boundary 

was set to be a position at which a concentration of Au was 

10 at%, and a region in which a concentration of Au was 10 

30 at% or more was determined to be the Au skin layer, whereas 

a region in which a concentration of Au was less than 10 

at% was determined to be the Pd coating layer. 	This is 

because if a concentration of Au is 10 at% or more, there 
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can be expected an effect of improving characteristics from 

the structure of the Au skin layer. 

[0029] 	For a concentration analysis of the Pd coating 

layer and the Au skin layer and a concentration analysis of 

5 Pt, 	Pd, Rh and Ni in the Cu alloy core material, a method 

of performing an analysis while trimming the bonding wire 

from its surface in the depth direction by sputtering or 

the like, or a method of exposing a cross-section of the 

wire and performing a line analysis, a point analysis or 

10 the like thereon is effective. 	For an analyzer used for 

such concentration analysis, an Auger electron 

spectroscopic apparatus installed in a scanning electron 

microscope or a transmission electron microscope, an energy 

dispersive X-ray analyzer, and an electron probe micro 

15 analyzer, etc., 	can be applied. 	As a method for exposing a 

cross-section of wire, a mechanical polishing, an ion 

etching, 	etc., 	can be applied. 	Trace components such as In, 

B, 	P, Mg, Ga and Ge can be detected, as the concentrations 

of elements contained in the entire bonding wire, using an 

20 ICP emission spectrometer or an ICP mass spectrometer. 

[0030] 	If a crystal orientation <111> angled at 15 

degrees or less to a wire longitudinal direction has a 

proportion of 30 to 100% in terms of areal percentage among 

crystal orientations in the wire longitudinal direction on 

25 a surface of the bonding wire, there can be improved a loop 

formability, that is, there can be reduced a leaning, which 

becomes a problem for high-density mounting. 	This is 

because when a surface crystal orientation is aligned, 	the 

bonding wire is resistant to lateral deformation and a 

30 lateral deformation thereof is reduced, and thus leaning 

failures can be reduced. 	Consequently, 	in an embodiment, 

in a measurement result when measuring crystal orientations 

on a surface of the bonding wire, a crystal orientation 
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<111> angled at 15 degrees or less to a longitudinal 

direction of the bonding wire has a proportion of 30 to 

100% in terms of areal percentage. 	From a view point of 

reducing leaning failures, the above crystal orientation 

5 <111> has a proportion of more preferably 35% or more, and 

further preferably 40% or more, 45% or more, 50% or more, 

or 55% or more in terms of areal percentage. 

[0031] 	(Manufacturing Method) 

Next, there will be described a method for 

10 manufacturing the bonding wire according to the embodiment 

of the present invention. 	The bonding wire is obtained by 

manufacturing a Cu alloy used for a core material, working 

it into a thin wire, 	forming a Pd coating layer and an Au 

skin layer, and performing heat treatment. 	After forming 

15 the Pd coating layer and the Au skin layer, another wire 

drawing and heat treatment may be performed. 	There will be 

described in detail a method for manufacturing the Cu alloy 

core material, a method for forming the Pd coating layer 

and the Au skin layer, and a method of heat treatment. 

20 [0032] 	The Cu core alloy used for a core material is 

obtained by melting Cu as a raw material and additive 

elements together and solidifying them. 	An arc heating 

furnace, a high-frequency heating furnace, a resistance 

heating furnace, or the like can be used for the melting. 

25 In order to prevent gases such as 02  and H2 being mixed 

therein from air, the melting is preferably performed in a 

vacuum atmosphere or an inert atmosphere such as Ar and N2. 

[0033] 	A method for forming the Pd coating layer and the 

Au skin layer on a surface of the Cu alloy core material 

30 includes a plating method, a vapor deposition method, and a 

melting method. 	For a plating method, both of an 

electroplating method and an electroless plating method can 

be used. 	The electroplating, 	called a strike plating or a 
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flash plating, 	is high in plating speed and is favorable in 

adhesiveness with a substrate. 	A solution used for an 

electroless plating is classified into a substitutional 

type and a reduction type. 	Although performing the 

5 substitutional type plating alone is sufficient for a 

smaller thickness, 	it is effective for a larger thickness 

to perform the reduction type plating after the 

substitutional type plating in a step-by-step manner. 

[0034] 	For a vapor deposition method, there can be used 

10 a physical adsorption such as a sputtering method, an ion 

plating method and a vacuum vapor deposition, and a 

chemical adsorption such as plasma CVD. 	They are all dry 

processes, and are free from the necessity of cleaning 

after forming the Pd coating layer and the Au skin layer 

15 and from any concern about surface contamination and the 

like during cleaning. 

[0035] 	For a formation of the Pd coating layer and the 

Au skin layer, both a method of forming them after 

performing wire drawing to a final diameter of wire and a 

20 method of forming them on a Cu alloy core material of large 

diameter and then performing wire drawing several times 

until obtaining a target diameter of wire are effective. 

In the former in which the Pd coating layer and the Au skin 

layer are formed at the final diameter of wire, a 

25 manufacture, a quality control, 	and the like are simple. 

In the latter in which the wire drawing is performed in 

combination with the formed Pd coating layer and Au skin 

layer, there is the advantage that adhesiveness with the Cu 

alloy core material improves. 	Specific examples of the 

30 respective formation methods include a method of forming 

the Pd coating layer and the Au skin layer on a Cu alloy 

core material with a final diameter while successively 

sweeping the wire through an electroplating solution and a 
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method of forming the Pd coating layer and the Au skin 

layer by immersing a Cu alloy core material of large 

diameter into an electro or electroless plating solution 

and then drawing the wire to achieve a final diameter of 

5 wire. 

[0036] 	After forming the Pd coating layer and the Au 

skin layer, heat treatment may be carried out. 	By carrying 

out the heat treatment, diffusion of atoms occurs among the 

Au skin layer, the Pd coating layer and the Cu alloy core 

10 material, which improves adhesive strength therebetween and 

is effective in that the Au skin layer and the Pd coating 

layer are prevented from peeling during working, and thus, 

improving productivity. 	In order to prevent 02  being mixed 

therein from air, 	it is preferable to perform the heat 

15 treatment in a vacuum atmosphere or an inert atmosphere 

such as Ar or N2. 

[0037] 	The proportion of the crystal orientation <111> 

angled at 15 degrees or less to the wire longitudinal 

direction among the crystal orientations in the wire 

20 longitudinal direction on a surface of the bonding wire can 

be set to a range of 30 to 100% according to the following 

method. 	That is, a working rate after forming the Pd 

coating layer or after forming the Pd coating layer and the 

Au skin layer is made large, which allows texture having 

25 directivity on a surface of the wire (texture having a 

crystal orientation aligned to a wire drawing direction) to 

be developed. 	Specifically, a working rate after forming 

the Pd coating layer or after forming the Pd coating layer 

and the Au skin layer is set to be 90% or more, which 

30 allows the proportion of the crystal orientation <111> 

angled at 15 degrees or less to the wire longitudinal 

direction among the crystal orientations in the wire 

longitudinal direction on a surface of the bonding wire to 
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be 30% or more in terms of areal percentage. 	The working 

rate is represented by "working rate 	(%) 	= 	(cross-sectional 

area of wire before working - cross-sectional area of wire 

after working)/cross-sectional area of wire before working 

5 x 	100." 

[0038] 	In order to determine a proportion of the crystal 

orientation <111> angled at 15 degrees or less to the wire 

longitudinal direction among the crystal orientations in 

the wire longitudinal direction on a surface of the bonding 

10 wire, an evaluation of crystal structure is conducted with 

a surface of wire as an observation surface. 	A method of 

evaluation thereof includes an electron backscattered 

diffraction method (EBSD). 	The EBSD method can be used to 

observe crystal orientations on an observation surface and 

15 graphically shows an angle difference of the crystal 

orientations between adjacent measurement points. 	Further, 

the EBSD method can be used to relatively easily observe 

the crystal orientations with high accuracy, even for a 

thin wire like the bonding wire. 

20 [0039] 	The orientation proportion of <111> on surface is 

determined by calculating the proportion (areal percentage) 

of the crystal orientation <111> angled at 15 degrees or 

less to the wire longitudinal direction among the crystal 

orientations in the wire longitudinal direction with all 

25 crystal orientations identified by a dedicated software as 

a population. 

[0040] 	The present invention is not limited to the above 

embodiment, and appropriate alterations can be made within 

the scope of the spirit of the present invention. 

30 

Examples 

[0041] 	The bonding wire according to an embodiment of 

the present invention will be described in detail below 
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with reference to examples. 

[0042] 	(Sample) 

First, there will be described a method for 

manufacturing a sample. 	For Cu as a raw material of a core 

5 material, Cu with a purity of 99.99% by mass or more and 

containing inevitable impurities as the remainder was used. 

10 

For In, 	Pt, 	Pd, 	Rh, 	Ni, 	B, 	P, 	Mg, 	Ga and Ge, 	the ones with 

a purity of 99% by mass or more and containing inevitable 

impurities as the remainder were used. 	In, 	Pt, 	Pd, 	Rh, Ni, 

B, P, Mg, Ga and Ge as additive elements are mixed so that 

the core material will have a desired Cu alloy composition. 

Regarding the addition of In, 	Pt, 	Pd, 	Rh, Ni, B, 	P, Mg, Ga 

and Ge, they can be mixed singly. 	Alternatively, they may 

be mixed so as to be a desired amount using a Cu master 

15 alloy containing the additive elements manufactured in 

advance if the element has a high melting point as a single 

body or if the element is added in an infinitesimal amount. 

[0043] 	The Cu alloy for the core material was 

manufactured by charging the raw materials into a carbon 

20 crucible worked into a cylindrical shape with a diameter of 

3 to 8 mm, heating and melting the raw materials at 1,090 

to 1,300°C in vacuum or in an inert atmosphere such as an 

N2 or Ar gas using a high-frequency furnace, and performing 

furnace cooling. 	The obtained alloy with a diameter of 3 

25 to 8 mm was drawn to manufacture a wire with a diameter of 

0.3 to 1.4 mm. 	A commercially available lubricant was used 

for the wire drawing, and a wire drawing speed was 20 to 

400 m/min. 	In order to remove an oxide film on a surface 

of the wire, a pickling treatment with sulfuric acid was 

30 performed, and a Pd coating layer was formed by 1 to 15 µm 

so as to cover the entire surface of the Cu alloy as the 

core material. 	Furthermore, 	for some wires, an Au skin 



20 

layer was formed by 0.01 to 1.5 pm on the Pd coating layer. 

For the formation of the Pd coating layer and the Au skin 

layer, electroplating method was used. 	A commercially 

available semiconductor plating solution was used for a 

5 plating solution. 	Heat treatment at 200 to 700°C and wire 

drawing were then repeatedly carried out to perform working 

to a diameter of 20 pm. 	After working, heat treatment was 

performed while flowing an N2 or Ar gas so that breaking 

elongation will finally be about 7 to 15%. 	A method of 

10 heat treatment was carried out while successively sweeping 

the wire and was carried out while flowing an N2 or Ar gas. 

A wire feeding speed was 10 to 200 m/min, a heat treatment 

temperature was 200 to 700°C, 	and a heat treatment time was 

0.05 to 1.5 seconds. 

15 [0044] 	By adjusting the working rate after forming the 

Pd coating layer or after forming the Pd coating layer and 

the Au skin layer, the proportion (areal percentage) of the 

crystal orientation <111> angled at 15 degrees or less to 

the wire longitudinal direction among the crystal 

20 orientations in the wire longitudinal direction on a 

surface of the bonding wire was adjusted. 

[0045] 	In, 	B, 	P, 	Mg, 	Ga and Ge were analyzed as the 

concentrations of the elements contained in the entire 

bonding wire using an ICP emission spectrometer. 

25 [0046] 	For a concentration analysis of the Pd coating 

layer and the Au skin layer and a concentration analysis of 

Pt, 	Pd, Rh and Ni in the Cu alloy core material, an Auger 

electron spectrometry was performed while trimming the 

bonding wire from its surface in the depth direction by 

30 sputtering or the like. 	From an obtained concentration 

profile in the depth direction, there were determined a 

thickness of the Pd coating layer, a thickness of the Au 
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skin layer, 	and concentrations of Pt, 	Pd, Rh and Ni in the 

Cu alloy core material. 

[0047] 	The configurations of the respective samples 

manufactured according to the above procedure are listed in 

5 Table 1. 	In Table 1, 	items out of the range of the present 

invention are attached with underlines. 

[0048] 	(Method of Evaluation) 

A crystal structure was evaluated with a surface of 

wire as an observation surface. 	An electron backscattered 

10 diffraction method (EBSD) was used as a method of 

evaluation. 	The EBSD method is characterized in that it 

can observe crystal orientations on an observation surface 

and graphically shows an angle difference of the crystal 

orientations between adjacent measurement points. 	The EBSD 

15 method can relatively easily observe the crystal 

orientations with high accuracy, even for a thin wire like 

the bonding wire. 

[0049] 	Care should be taken when performing EBSD method 

with a curved surface like the wire surface as a subject. 

20 When a region with a large curvature is measured, 

measurement with high accuracy is difficult. 	However, a 

bonding wire to be measured is fixed to a line on a plane, 

and a flat part near the center of the bonding wire is 

measured, whereby measurement with high accuracy can be 

25 

30 

performed. 	Specifically, the following measurement region 

will work well. 	The size in the circumferential direction 

is 50% or less of the wire diameter with a center in the 

wire longitudinal direction as an axis, and the size in the 

wire longitudinal direction is 100 gm or less. 	Preferably, 

the size in the circumferential direction is 40% or less of 

the wire diameter, and the size in the wire longitudinal 

direction is 40 RM or less, whereby measurement efficiency 

can be improved by reducing a measurement time. 	In order 
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to further improve accuracy, it is desirable that three or 

more points are measured to obtain average information with 

variations taken into account. 	The measurement sites may 

be apart from each other by 1 mm or more so as not to be 

5 close to each other. 

[0050] 	The orientation proportion of <111> on surface 

was determined by calculating the proportion (areal 

percentage) 	of the crystal orientation <111> angled at 15 

degrees or less to the wire longitudinal direction among 

10 the crystal orientations in the wire longitudinal direction 

with all crystal orientation identified by a dedicated 

software as a population. 

[0051] 	The bonding reliability of the ball bonded part 

in a high-temperature and high humidity environment or a 

15 high-temperature environment was determined by 

manufacturing a sample for bonding reliability evaluation, 

performing HAST and HTS evaluation, and by evaluating the 

bonding longevity of the ball bonded part in each test. 

The sample for bonding reliability evaluation was 

20 manufactured by performing ball bonding onto an electrode, 

which has been formed by forming an alloy of A1-1.0%Si- 

0.5%Cu as a film with a thickness of 0.8 gm on a Si 

substrate on a general metallic frame, using a commercially 

available wire bonder and sealing it with a commercially 

25 available mold resin. 	A ball was formed while flowing an 

N2 + 5%H2 gas at a flow rate of 0.4 to 0.6 L/min, 	and its 

size was a diameter of 34 RM. 

[0052] 	For the HAST evaluation, 	the manufactured sample 

for bonding reliability evaluation was exposed to a high- 

30 temperature and high-humidity environment of a temperature 

of 130°C and a relative humidity of 85% using an 

unsaturated type pressure cooker tester and was biased with 
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5 V. 	A shear test on the ball bonded part was performed 

every 48 hours, and a time until a value of shear strength 

became half of the initial shear strength was determined to 

be the bonding longevity of the ball bonded part. 	The 

5 shear test after the high-temperature and high-humidity 

test was carried out after removing a resin by acid 

treatment and exposing the ball bonded part. 

[0053] 	A tester manufactured by DAGE was used for a 

shear tester for the HAST evaluation. 	An average value of 

10 measurement values on 10 ball bonded parts randomly 

selected was used for the value of the shear strength. 	In 

the above evaluation, the bonding longevity being less than 

96 hours was determined to be practically problematic to be 

marked with a symbol of "cross," being 96 to 144 hours was 

15 determined to be practicable but somewhat problematic to be 

marked with a symbol of "triangle," being 144 to 288 hours 

was determined to be practically no problem to be marked 

with a symbol of "circle," and being 288 hours or more was 

determined to be excellent to be marked with a symbol of 

20 "double circle" in the column "HAST" in Table 1. 

[0054] 	For the HTS evaluation, 	the manufactured sample 

for bonding reliability evaluation was exposed to a high-

temperature environment of a temperature of 200°C using a 

high-temperature thermostatic device. 	A shear test on the 

25 ball bonded part was performed every 500 hours, and a time 

until a value of shear strength became half of the initial 

shear strength was determined to be the bonding longevity 

of the ball bonded part. 	The shear test after the high-

temperature and high-humidity test was performed after 

30 removing a resin by acid treatment and exposing the ball 

bonded part. 

[0055] 	A tester manufactured by DAGE was used for a 

shear tester for the HTS evaluation. 	An average value of 
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measurement values on 10 ball bonded parts randomly 

selected was used for the value of the shear strength. 	In 

the above evaluation, the bonding longevity being 500 to 

1,000 hours was determined to be practicable but be desired 

5 to be improved to be marked with a symbol of "triangle," 

being 1,000 to 3,000 hours was determined to be practically 

no problem to be marked with a symbol of "circle," and 

being 3,000 hours or more was determined to be especially 

excellent to be marked with a symbol of "double circle." 

10 [0056] 	For the evaluation of ball formability 	(FAB 

shape), a ball before performing bonding was collected and 

observed, and the presence or absence of voids on a surface 

of the ball and the presence or absence of deformation of 

the ball, which is primarily a perfect sphere. 	The 

15 occurrence of any of the above was determined to be faulty. 

The formation of, the ball was performed while an N2 gas was 

blown at a flow rate of 0.5 L/min in order to reduce 

oxidation in a melting process. 	The size of the ball was 

34 gm. 	For one condition, 	50 balls were observed. 	A SEM 

20 was used for the observation. 	In the evaluation of the 

ball formability, a case where five or more failures 

occurred was determined to be problematic to be marked with 

a symbol of "cross," a case of three or four failures was 

determined to be practicable but somewhat problematic to be 

25 marked with a symbol of "triangle," a case of one or two 

failures was determined to be no problem to be marked with 

a symbol of "circle," and a case where no failure occurred 

was determined to be excellent to be marked with a symbol 

of "double circle in the column "FAB shape" in Table 1. 

30 [0057] 	The evaluation of wedge bondability on the wire 

bonded part was determined by performing 1,000 pieces of 

bonding on leads of a lead frame and evaluating by the 

occurrence frequency of peeling of the bonded part. 	An Fe- 
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42 wt% Ni alloy lead frame plated with 1 to 3 pm Ag was 

used for the lead frame. 	In this evaluation, assuming more 

rigorous bonding conditions than normal, a stage 

temperature was set to be 150°C, which was lower than a 

5 generally set temperature range. 	In the above evaluation, 

a case where 11 or more failures occurred was determined to 

be problematic to be marked with a symbol of "cross," a 

case of 6 to 10 failures was determined to be practicable 

but somewhat problematic to be marked with a symbol of 

10 "triangle," a case of 1 to 5 failures was determined to be 

no problem to be marked with a symbol of "circle," and a 

case where no failure occurred was determined to be 

excellent to be marked with a symbol of "double circle" in 

the column "wedge bondability" in Table 1. 

15 [0058] 	The evaluation of a crushed shape of the ball 

bonded part was determined by observing the ball bonded 

part from immediately above after bonding and evaluating by 

its circularity. 	For an object to be bonded with the 

bonding wire, an electrode in which an Al-0.5 wt% Cu alloy 

20 was formed as a film with a thickness of 1.0 gm on a Si 

substrate was used. 	The observation was performed using an 

optical microscope, and 200 sites were observed for one 

condition. 	Being elliptic with large deviation from a 

perfect circle and being anisotropic in deformation were 

25 determined to be faulty in the crushed shape of the ball 

bonded part. 	In the above evaluation, a case where six or 

more failures occurred was determined to be problematic to 

be marked with a symbol of "cross," a case of four or five 

failures was determined to be practicable but somewhat 

30 problematic to be marked with a symbol of "triangle," being 

one to three was determined to be no problem to be marked 

with a symbol of "circle," and a case where a favorable 
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perfect circle was obtained for all was determined to be 

especially excellent to be marked with a symbol of "double 

circle" in the column "crushed shape" in Table 1. 

[0059] 	[Leaning] 

5 To a lead frame for evaluation, 	100 pieces of bonding 

were performed with a loop length of 5 mm and a loop height 

of 0.5 mm. 	As a method of evaluation, a wire upright part 

was observed from a chip horizontal direction, and 

evaluation was performed based on spacing when spacing 

10 

15 

between a perpendicular line passing through the center of 

the ball bonded part and the wire upright part was 

maximized (leaning spacing). 	If the leaning spacing was 

smaller than the wire diameter, leaning was determined to 

be favorable, whereas if the leaning spacing was larger, 

the upright part leaned, and the leaning was determined to 

be faulty. 	One hundred bonded wires were observed with an 

optical microscope, and the number of leaning failures was 

counted. 	A case where seven or more failures occurred was 

determined to be problematic to be marked with a symbol of 

20 "cross," a case of four to six failures was determined to 

be practicable but somewhat problematic to be marked with a 

symbol of "triangle," a case of one to three failures was 

determined to be no problem to be marked with a symbol of 

"circle," and a case where no failure occurred was 

25 determined to be excellent to be marked with a symbol of 

"double circle" in the column "leaning" in Table 1. 



Component amount Component amount 
Wise characteristics Quality evaluation results C. 

(% by mass) (ppm by mass) CII. 
0-1 

Test 	Concentration 	Concentration Concentration Film thiclmess Film thicknes s Surface CD. 
No. 	m wire 	in core material m wire of Pd coating of Au alloy crystal FAB Wedge Crushed 

layer layer orientation NAST HTS shape bondabffity shape Leaning 

In 	Pd 	Pt 	Ni Rh 	B 	P 	Mg 	co 	Ge  
(Pm) (i) <111> 

(94) 

Working 	1 	0.011 	- 	- - 	- 	- 	- 	- 	- 0.015 • 32 A A 0 A 0 0 
Beimple 	2 	0.011 	- 	- . 	- 	- 	- 	- 	- 0.05 0.0005 60 A A 0 0 0 0 	Oa  

3 	0.011 	- 	- - 	- 	- 	- 	- 0.1 0.001 95 A A 0 0 0 0 	H 
4 	0.011 	- 0.15 0.003 30 A A 0 0 0 0 	(D 
5 	0.011 0.015 0.01 58 A A 0 0 0 0 	i_ 
6 	0.011 	- 	- 	- - 0.05 0.05 92 A A 0 0 0 0 	I 

I-' 
7 	0.011 	- 	- 	- - 	- 	- 	- 	- 	- 0.1 0.07 31 A A A 0 0 0 	I.-I 

8 	 0.011 	 - '. 0.15 62 A A 0 A 0 0 
9 	0.011 	- 	- 	- - 0.015 0.0005 97 A A 0 0 0 0 
10 	0.030 	- 	- 	- - 0.05 0.001 32 A A 0 0 0 0 
11 	0.030 	- 	- 	- - 0.1 0.003 64 A A 0 0 0 0 
12 	0.031 	- 	- 	- - 	- 	- 	- 	- 0.15 0.01 90 0 A 0 0 0 0 
13 	0.031 	- 	- 	- - 0.015 0.05 33 0 A 0 0 0 0 
14 	0.100 	- 	- 	- - 0.05 0.07 64 0 A A 0 0 0 
15 	0.100 	- 	- 	- - 0.1 - 95 0 A © A 0 0 
16 	0.100 	- 	- 	- - 0.15 0.0005 31 © A 0 0 0 0 
17 	0.100 	- 	- - 0.015 0.001 59 © A 0 0 0 0 
18 	0.100 	- 	- 	- - 0.05 0.003 90 0 A © 0 0 0 
19 	0.250 	- 	- - 0.1 0.01 32 0 A © 0 0 0 
20 	0.250 	- 	- 	- - 0.15 0.05 60 0  A 0 0 0 0 
21 	0.500 	- 	- 	- • 0.015 0.07 90 0 A A 0 0 0 
22 	0500 	- 	- 	- - 0.05 - 32 0 A © A 0 0 
23 	1.200 	-. 	- 	- - 0.1 0.0005 57 0 A A A 0 0 
24 	1.200 	- 	- 	- - 0.15 0.001 99 0 A A A 0 0 



Component amount Component amount 
Wire characteristics 	 Quality evaluation results 1-3 

(% by mass) (ppm by mass) Pi 

Test 	Concentration Concentration Concentration 
Film thiclmess Film thiclmess Surface crystal 

Oa  
H 

No. 	in wire in core material m wire 
of Pd coating of Au alloy orientation 	 FAB 	Wedge 	Crushed (D 

layer layer <111> 	
HAST 	HTS 	

shape 	bondability 	shape 
Leaning 	

I-' 
In Pd Pt Ni Rh B 	P Mg 	Co a (pin) (pm) (Y-) I 

iv 
Working 	25 	0.011 0 05 - - - - 	- - - 0.015 0.0005 36 	 A 	0 	0 	0 	0 0 
Emmple 	26 	0.011 0 70 - - - - - - 0.05 0.001 67 	 A 	0 	0 	0 	0 0 

27 	0.011 120 - - - 	- - 	- - O 1 0.003 91 	 A 	@ 	@ 	0 	0 0 
28 	0.011 - 0.05 - - - 	- - 	- - 0.15 0.01 30 	 A 	0 	0 	0 	0 0 
29 	0.011 - 0.70 - - - 	- - - 0.015 0.05 57 	 A 	0 	0 	0 	0 0 
30 	0.011 - L20 - - - - 0.05 0.0005 89 	 A 	0 	0 	0 	0 0 
31 	0.011 - - 005 - - 	- . 0.1 0.001 35 	 A 	0 	0 	0 	0 0 
32 	0.011 - 0. 70 - 015 0.003 59 	 A 	0 	0 	@ 	0 0 
33 	0.011 - 120 - 0.015 0.01 95 	 A 	0 	0 	0 	0 0 
34 	0.011 - - - 0 05 0.05 0.05 33 	A 	0 	0 	0 	0 0 
35 	0.011 - - 0 70 0.1 0.0005 59 	 A 	0 	0 	0 	0 0 
36 	0.011 - - - 120 0.15 0 001 96 	A 	0 	0 	0 	0 0 
37 	0.011 - - - - 0.015 0.003 33 	ZS, 	A 	0 	0 	0 0 
38 	0.011 - 100 	- - 	- - 0.05 0 01 63 	A 	A 	@ 	0 	@ 0 
39 	0.011 - - - 0.1 0.05 92 	A 	A 	@ 	0 	0 0 
40 	0.011 - - - - 0.15 00005 31 	A 	A 	0 	0 	0 0 
41 	0.011 - - - 5 	- 0.015 0.001 64 	 A 	A 	0 	0 	0 0 
42 	0.011 - - 0.05 0.003 89 	A 	A 	@ 	0 	@ 0 
43 	0.011 - - - 0.1 0.01 33 	A 	A 	© 	0 	0 0 
44 	0.011 . - _ - 0.15 0.05 60 	 A 	A 	0 	0 	0 0 
45 	0.011 - - - 5 0.015 0.0005 90 	 A 	A 	0 	0 	0 0 
46 	0.011 - - - - 0.05 0.001 33 	 A 	A 	@ 	0 	0 0 
47 	0,100 0.1 0.003 62 	 © 	0 	0 	0 	0 0 
48 	0.100 0.15 0.01 98 	 © 	0 	0 	0 	0 0 
49 	0.100 11015 0.05 31 	 © 	0 	0 	0 	0 0 
50 	0.100 0.05 0.0005 60 	 © 	0 	0 	0 	0 0 
51 	0.100 0.1 0.001 93 	0 	0 	0 	0 	0 0 
52 	0.100 - 12 - - 0.15 0.003 33 	0 	0 	0 	0 	0 0 



Component amount Component amount 
(% by mass) (ppm by mass) Wire characteristics Quality evaluation results H 

B.) 

Test 
No. 

Concentration 
in wire 

Concentration 
in core material 

Concentration 
in was Film 

of 

	

thicknes s 	Film thiclaie s s 

	

Pd coating 	of Au alloy 

Surface 
crystal 

FAB Wedge Crushed 

CY. 
I-. 
(D 

In Pd Pt Ni Rh B P 	Mg Ga  Ge  
layer 	layer 
(gm) 	61m) 

orientation 
<111> 
(%) 

HAST HTS 
shape bondabBny shape  

Leaning 

I 
CA) 

Working 	53 
Example 	54 

0.100 
0.100 

----- 0.015 	0.01 
0.05 	0.05 

59 
90 

0 
0 

0 
© 

0 
© 

© 
0 

0 
0 

© 
0 

55 0.100 0.0005 33 0 © © 0 0 © 
56 - - - 0.3 0.100

0.1 
0.15 	0.001 62 © 0 0 0 0 0 

57 0.100 - . - 0.8 0.015 	0.003 92 © 0 0 © 0 © 
58 0.100 - - - 12 

-
0.05 0.01 32 @ 0 © 0 0 0 

59 0.100 0.3 - 3 - - - 0.1 	0.05 62 © 0 © 0 0 0  
60 0.100 0 3 - - - 100 - 	_ _ _ 0.15 	0.0005 90 © 0 0 0 0 0 
61 0.100 0.8 - - - 0.015 	0.001 32 © 0 0 0 0 0 
62 0.100 0.8 - - - 100 - 	_ 0.05 	0.003 60 © 0 © 0 0 0 
63 0.100 1.2 - - . 3 - 	_ _ 

" 
_ 0.1 	0.01 94 0 0 © 0 0 0 

64 0.100 12 - - - 100 - 	_ - - 0.15 	0.05 33 © 0 0 0 0 0  
65 0.100 - 0.8 - - 10 - 0.015 	0.0005 64 © 0 0 0 © © 
66 0.100 - 0.8 - - - 	- - , 0.05 	0.001 50 

 
92 © 0 © 0 0 0  

67 0.100 - - 0.3 . - 20 	- - _ 0.1 	0.003 30 0 0 © 0 0 0  
68 0.100 - - 0.3 - - 70 	- - 0.15 	0.01 60 0  0 0 0 0 0 
69 0.100 . - 0.7 - 0.015 	0.05 95 0  0 0 0 0 0 
70 0.100 - 80 	- _ 0.05 	0.0005 32 0 © © 0 0 0 
71 0.100 - 12 - 0.1 	0.001 62 0 0 © 0 0 0  
72 0.100 0.15 	0.003 92 0  0 0 0 0 0 
73 0.100 - . - 0.3 0.015 	0.01 32 0  0 0 0 0 0 
74 0.100 - - - L2 - 100 	- _ , 0.05 	0.05 54 0 0 © 0 0 0 
75 0.100 - - - - 0.1 	0.0005 97 0 .L © 0 © © 
76 
77 
78 

0.100 
0.100 
0.100 

- 
- 
- 

- 
- 

- 

- 

- 

- 
- 
- 

- 
- 

. 	- 
- 

5 
100 

- 
- 

	

0.15 	0.001 

	

0.015 	0.003 

	

0.05 	0.01 

33 
57 
87 

© 
@ 
0  

A 
A 
A 

0 
0 
© 

0 
0 
© 

0 
0 
© 

0 
0 
© 

79 0.100 - _ _ - - 0.1 	0.05 31 0  A CI C) C) 0 
80 0.100 - - - - 0.15 	0.0005 63  Q A. 0 0 0 0 



Component amount Component amount 
(% by mass) (ppm by mass) Wire characteristics Quality evaluation results 

Test Concentration Concentration Concentration 
Film thickness 	Hmthiclmess 

Surface 

No. in Wire in core material m wire 
of Pd coatmg 	of Au alloy 

crystal 
orientation HAST HTS 

FAB Wedge Crushed 
Leaning layer 	layer shape bondabBity shape 

In Pd Pt Ni Rh B P Mg Co Ge (1110 	(Pm) 
<111> 

(%) 

Working 	81 0.500 12 - - - 0.015 	0.001 96 0 0 0 0 0 0 
ample 	82 0.500 - 0.7 - - 0.05 	0.003 33 0 0 © 0 0 0 

83 0.500 - - 0 7 - 12 - - - - 0.1 	0.01 58 0 0 0 0 0 0 
84 0.500 - - - 0 7 0.15 	0.05 90 0 0 0 0 0 0 
85 0.500 0.7 - - - 70 - - , 0.015 	0.0005 30 0 0 0 0 0 0 
86 0.500 - 0.7 - - - 70 • 0.05 	0.001 66 0 0 0 0 0 0 
87 0.500 - - 0 7 - - 70 - 0.1 	0.003 32 0 0 0 0 0 0 
88 0300 - - - 0 7 0.15 	0.01 91 0 0 0 0 0 0 
89 0.500 0.7 - - ._ - 20 - - 0.015 	0.05 31 0 0 0 0 0 0 
90 0.500 20 - - 0.05 	0.0005 62 0 0 0 0 0 0 
91 0.500 20 - - 0.1 	0.001 93 0 0 0 0 0 0 
92 0.500 - - - 0 7 0.15 	0.003 33 0 0 0 0 0 0 
93 0.500 - - 30 - 0.015 	0.01 63 0 0 0 0 0 0 
94 0.500 - 30 - 0.05 	0.05 99 0 0 0 0 0 0 
95 0 500 0.7 30 0.1 	0.0005 33 0 0 0 0 0 0 
96 0,500 0.15 	0.001 65 0 0 0 0 0 0 
97 Q500 0.7 20 0.015 	0.003 94 0 0 0 0 0 0 
98 0,500 - 0.7 - - 0.05 	0.01 32 0 0 0 i'D 0 0 
99 0.500 - - - 20 0.1 	0.05 59 0 0 0 0 0 0 
100 0.500 0.15 	0.0005 94 0 0 0 0 0 0 
101 1.200 0.5 - 0.3 - am 	0.001 34 0 0 A A 0 0 
102 1.200 0.5 - 0.7 - 0.05 	0.003 61 0 0 A A 0 0 
103 1.200 0.5 - 1.2 - - 100 - - 0.1 	0.01 92 0 0 A A 0 0 
104 1.200 - 0.5 - 0.3 0.15 	0.05 31 0 0 A A 0 0 
105 1.200 - 0.5 - 0.8 0.015 	0.0005 63 0 0 A A 0 0 
106 1200 - 0.5 - 12 0.05 	0.001 95 0 0 A A 0 0 
107 1.200 0.1 	0.003 30 0 0 A A 0 0 
108 1.200 - - 10 - 0.15 	0.01 62 0 0 A A 0 0 
109 1.200 0.015 	0.05 91 0 0 A A 0 0 
110 1200 ,,,,, 0.05 	0.0005 32 0 0 A A 0 0 
111 1200 0.1 	0.001 65 0 a A A © ©o 
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(% by mass) 	 (ppmby mass) Wire characteristics Quality evaluation results 1-3 

Test 	Concentration Concentration 	 Concentration 
in core material 	 in wire No. 	in wire 

 

Film thickness 
of Pd coating 

layer 
11an) 

Film thickness 
of Au alloy 

layer 
(WO 

Surface 

orientationcrYstal  
<111> 

HAST 	HTS FAB 
shape 

Wedge 
bondabilily 

Crushed 
shape 

O.' 
F-. 

Leaning 	
(I) 

1--1  
I 1.11 Pd 	Pt 	Ni 	Rh 	B 	P Mg 	Cia 	Ge  

Comparative 	1
(%) 

0001 _ 	- 	_ 	_ 	_ 

. 	. 	- 	- 	- 

. 	. 	. 

. 	- 

0006 

0.1 

0.001 

0.003 32 

X 	A 

X 	A 

X 
© 

21
U,  

0 

0 

0 

0 

A 

0 
Example 

2 	0.001 

3 	0.001 _ 	 - 	- 	- - 	_ 	_ 0.2 0.01 19 X 	A X 0 0 A 
4 	1.500 _ 	_ 	- 	- 	- 	- - 	- 	- 0.05 0.001 60 © 	A X X 0 0 
5 	1.500 - 	- 	- 	- 	_ ' 	- 	- 0.1 0.003 28 © 	A X X 0 A 
6 	L500 - 	 - 	_ 	- - 	- 	- 0.15 0.01 94 © 	A X X 0 0 
7 	0.010 • - 	- 	- 	- 	- . 	- 	- 0.006 0.001 21 x 	A x 0 0 A 
S 	a010 - 	- 	- 	- - 	- 0.1 0.003 31 X 	A © © Q Q 
9 	0.010 - 	- 	- 	- 	- . 	- 	- 0.2 0.01 29 X 	A x 0 0 A 

10 	1300 - 	- 	- 	- . 	- 	- 0.05 0.001 62 © 	A X X 0 0 
11 	1.300 - 	- 	- 	- . 	- 	- 0.1 0.003 10 © 	A X X 0 A 
12 	1.300 - 	- 	- 	- 	- 	- . 	- 	- 0.15 0.01 94 © 	A x X 0 0 
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[0061] 	(Evaluation Results) 

The bonding wires according to Working Examples 1 

through 111 each include a Cu alloy core material and a Pd 

coating layer formed on the surface of the Cu alloy core 

5 material, and the bonding wire contains In, a concentration 

of In is 0.011 to 1.2% by mass relative to the entire wire, 

and a thickness of the Pd coating layer is 0.015 to 0.150 

µm. 	It has been revealed that with this configuration the 

bonding wires according to Working Examples 1 through 111 

10 can achieve the reliability of the ball bonded part in the 

HAST test in the high temperature and high humidity 

environment of a temperature of 130°C and a relative 

humidity of 85%RH with 5 V bias applied. 	It has been 

revealed from Working Examples 12 and 13 that if a 

15 concentration of In is 0.031% by mass or more relative to 

the entire wire, the ball bonding reliability in the HAST 

test is determined to be a symbol of "circle" and that the 

range is more preferable concentration range. 	It has been 

revealed from Working Examples 14 through 24 and 47 through 

20 111 that if a concentration of In is 0.100% by mass or more 

relative to the entire wire, 	the ball bonding reliability 

in the HAST test is determined to be a symbol of "double 

circle" and that the range is further preferable 

concentration range. 

25 [0062] 	In contrast, 	in Comparative Examples 1 through 3 

and 7 through 9, a concentration of In was out of the lower 

limit, and the reliability of the ball bonded part was not 

obtained in the HAST test. 	In Comparative Examples 4 

through 6 and 10 through 13, a concentration of In was out 

30 of the upper limit, and the FAB shape and the wedge 

bondability were faulty. 	In Comparative Examples 1, 	4, 	7 

and 19, a thickness of the Pd coating layer was out of the 

lower limit, and the FAB shape was faulty. 
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[0063] 	In the working examples further including an Au 

skin layer on the Pd coating layer, it has been revealed 

that excellent wedge bondability can be obtained when a 

thickness of the Au skin layer is 0.0005 to 0.050 µm. 

5 

10 

[0064] 	In Working Examples 25 through 36, 	47 through 74, 

and 81 through 111, 	it has been revealed that the high-

temperature reliability of the ball bonded part by the HTS 

evaluation is favorable and the leaning is favorable 

because the Cu alloy core material further contains Pt, Pd, 

Rh and Ni, and a concentration of each of these elements 

contained in the wire is 0.05 to 1.2% by mass. 

[0065] 	In Working Examples 37 through 46, 	59 through 106, 

108, 	109 and 111, 	the crushed shape of the ball bonded part 

was favorable because the bonding wire further contains at 

15 least one element selected from B, 	P, Mg, Ga and Ge, and a 

concentration of each of the elements was 1 ppm by mass or 

more relative to the entire wire. 
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CLAIMS 

1. A bonding wire for a semiconductor device comprising: 

a Cu alloy core material; and 

5 a Pd coating layer formed on a surface of the Cu alloy 

core material, wherein 

the bonding wire contains In, 

a concentration of In is 0.011 to 1.2% by mass 

relative to the entire wire, and 

10 a thickness of the Pd coating layer is 0.015 to 0.150 

gm. 

2. The bonding wire for a semiconductor device according 

to claim 1, wherein 

15 the Cu alloy core material contains at least one 

element selected from Pt, Pd, Rh and Ni, and 

a concentration of each of the elements contained in 

the Cu alloy core material is 0.05 to 1.2% by mass. 

20 3. The bonding wire for a semiconductor device according 

to claim 1 or 2, further comprising an Au skin layer on the 

Pd coating layer. 

4. The bonding wire for a semiconductor device according 

25 to claim 3, wherein a thickness of the Au skin layer is 

0.0005 to 0.050 Rm. 

5. The bonding wire for a semiconductor device according 

to any one of claims 1 to 4, wherein 

30 the bonding wire further contains at least one element 

selected from B, 	P, Mg, Ga and Ge, and 

a concentration of each of the elements is 1 to 100 

ppm by mass relative to the entire wire. 
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6. 	The bonding wire for a semiconductor device according 

to any one of claims 1 to 5, wherein, in a measurement 

result when measuring crystal orientations on a surface of 

5 the bonding wire, a crystal orientation <111> angled at 15 

degrees or less to a longitudinal direction of the bonding 

wire has a 

percentage. 

proportion of 30 to 100% in terms of areal 


