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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. 

BACKGROUND ART 

[00 02] 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 

fam 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 through surface tension; crimp-bonding the ball part 

onto an electrode of the semiconductor device heated within 

25 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 device as an object to be bonded with the 

3 0 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, an 

electrode structure with Ag plating or Pd plating is used. 
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[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 

proliferation of electric vehicles and hybrid vehicles, 

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

vehicle device use. 

[0004] In comparison to general electronic devices, on-

vehicle devices are required to operate under a rigorous 

high-temperature and high-humidity environment. It is 

10 therefore required for on-vehicle devices to have an 

excellent bonding longevity of a ball bonded part 

(hereinafter referred to as a "bonding reliability"), and 

to enable a stable formation of ball with excellent 

sphericity (hereinafter referred to as a "ball 

15 formability") for achieving a stable bonding strength. 

[0005] It is also required for on-vehicle devices to 

cope with a densification of mounting associated with high 

functionalization and miniaturization. With an increase in 

mounting density, a diameter of bonding wire becomes 

2 0 thinner and then an area that contributes to bonding at the 

time of wedge bonding decreases, which results in 

difficulty to achieve a bonding strength. Therefore, it is 

necessary to achieve a high bonding strength at a wedge 

bonded part, that is, to improve wedge bondability. There 

25 is also required a technique of deforming a ball to a true 

circular shape at the time of ball bonding, because a 

distance narrows between electrodes on a semiconductor 

device and it is thus concerned that a ball becomes in 

contact with an adjacent electrode to cause short circuit. 

3 0 Furthermore, when subjected to resin sealing, it is 

necessary to obtain a linearity of loop and to reduce 

variation in loop height in order to prevent adjacent wires 

from coming in contact with each other due to deformation 



of bonding wires caused by resin flow. 

[0006] As for a Cu bonding wire, there has been proposed 

a wire using high-purity Cu (purity: 99.99 wt.% or 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 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 

[0007] Patent Literature 1: JP-A-S61-48543 

Patent Literature 2: JP-A-2005-167020 

Patent Literature 3: JP-A-2012-36490 

SUMMARY OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0 008] The present inventors studied in light of 

properties required for on-vehicle devices and, as a result, 

found that practical problems still remain in the 

conventional Cu bonding wire having Pd coating layer as 

noted below. 

[0009] In comparison to general electronic devices, on-

vehicle devices require bonding reliability in a rigorous 

high-temperature and high-humidity environment. Some 

methods are developed for evaluating the bonding 

reliability, and a representative evaluation method 



includes a high-temperature and high-humidity test. In a 

case of general electronic devices, the high-temperature 

and high-humidity test is usually conducted under a 

condition of a temperature of 13 0°C and a relative humidity 

of 85%. In contrast, on-vehicle devices require a 

practical performance at higher temperature and thus 

require a bonding reliability of 1500 hours or more in a 

condition of a temperature of 150°C and a relative humidity 

of 85%. 

[0010] It has been found that, in a case when a 

conventional Cu bonding wire having a Pd coating layer is 

used to perform a bonding operation with a pure Al 

electrode, followed by performing a sealing operation with 

an epoxy resin and conducting a high-temperature and high-

humidity test in a condition of a temperature of 150°C and 

a relative humidity of 85%, a bonding strength decreases 

within 1500 hours or less due to the occurrence of cracks 

in bonding interface, and the bonding reliability required 

for on-vehicle devices is not achieved. According to 

detailed observation on the bonding interface, a plurality 

of intermetallic compounds based on Al and Cu are formed. 

The decrease in bonding strength is estimated to be caused 

by a preferential corrosion of Cu9Al4 among these compounds. 

[0011] As a result of evaluating a ball formability, it 

has been found that, a conventional Cu bonding wire having 

a Pd coating layer cannot meet the ball formability 

required for on-vehicle devices. In particular, there was 

frequently observed a ball having voids on surface thereof 

and a ball having poor sphericity. As for a cause of voids 

occurrence, it is considered because H2 and N2 that were 

absorbed when Pd was melt with an arc discharge are 

released during a solidification of Pd. As for a cause of 
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decrease in sphericity, it is considered an effect of 

thermal conductivity. A ball is solidified by releasing 

heat toward a wire. Pd has a low thermal conductivity 

compared to Cu and Cu is solidified earlier than Pd, which 

5 results in that a surface Pd cannot be deformed so as to 

follow a solidification and shrinkage of Cu and a surface 

irregularity occurs. Such phenomenon becomes more marked 

with increasing a thickness of Pd coating layer. Even in a 

case where Au, Ag or Cu was coated on a Pd coating layer, a 

10 ball formability could not be improved. 

[0012] In view of the above result of study, it has been 

revealed that, when using a conventional Cu bonding wire 

having a Pd coating layer, it is not able to meet a 

criterion for a bonding reliability and a ball formability 

15 required for on-vehicle devices. It has been also revealed 

that, even when using improved methods focused on a 

thickness and structure of Pd coating layer which has been 

conventionally studied, there cannot be achieved a bonding 

reliability and a ball formability required for on-vehicle 

2 0 devices at the same time. 

[0013] It is therefore an object of the present 

invention to provide a bonding wire that improves bonding 

reliability of a ball bonded part and a ball formability 

and is suitable for on-vehicle devices. 

MEANS FOR SOLVING PROBLEM 

[0014] A 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 formed on a 

3 0 surface of the Cu alloy core material, and is characterized 

in that the Cu alloy core material contains Ni, a 

concentration of Ni is 0.1 to 1.2 wt.% relative to the 

entire wire, and a thickness of the Pd coating layer is 
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0.015 to 0.150 |am. 

EFFECT OF THE INVENTION 

[0015] The present invention includes a Pd coating layer 

5 and a Cu alloy core material containing Ni. In the present 

invention, Pd or Ni is concentrated at a bonding interface 

with electrode in a ball bonded part and a diffusion of Cu 

and Al at the bonding interface during a high-temperature 

and high-humidity test is reduced, which can reduce a 

10 growth rate of corrodible compound. It is thus able to 

improve the bonding reliability. Also, in the present 

invention, a concentration of Ni is 0.1 wt.% or more 

relative to the entire wire, and thus, an occurrence of 

surface irregularity of ball can be reduced, which leads to 

15 improvement in a ball formability. 

EMBODIMENT FOR CARRYING OUT THE INVENTION 

[0016] There will be described an embodiment of the 

present invention in detail bellow. 

2 0 [0017] 1. Embodiment 

(General constitution) 

A bonding wire of an embodiment of the present 

invention includes a Cu alloy core material and a Pd 

coating layer formed on a surface of the Cu alloy core 

25 material. The Cu alloy core material contains Ni, a 

concentration of Ni is 0.1 to 1.2 wt.% relative to the 

entire wire, and a thickness of the Pd coating layer is 

0.015 to 0.150 jam. With this configuration, the bonding 

wire can improve a bonding reliability and ball formability 

30 required for on-vehicle devices. 

[0018] There will be described the definition of the Cu 

alloy core material and the Pd coating layer of the bonding 

wire. A boundary between the Cu alloy core material and 



the Pd coating layer was determined based on a 

concentration of Pd. 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 

determined to be the Pd coating layer, and 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 in the 

Pd coating layer, there can be expected an effect of 

improving characteristics from the structure of the Pd 

coating layer. The Pd coating layer may contain a region 

of a Pd single layer and a region having concentration 

gradients of Pd and Cu in a wire depth direction. The 

reason why the region having the concentration gradients is 

formed in the Pd coating layer is that atoms of Pd and Cu 

may diffuse through heat treatment or the like in a 

manufacturing process. In addition, the Pd coating layer 

may contain inevitable impurities. Furthermore, Ni 

contained in the Cu alloy core material may be diffused to 

the Pd coating layer through heat treatment or the like and 

may be present in the Pd coating layer. 

[0019] When a ball is formed using such bonding wire by 

arc discharge, an alloy layer having a higher concentration 

of Pd or Ni 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 or Ni to be concentrated 

at a bonding interface. A concentrated layer formed by the 

concentrated Pd or Ni 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 corrodible 

compound. Thus, the bonding wire can increase the bonding 
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reliability. On the other hand, when a concentration of Ni 

is less than 0.1 wt.% or a thickness of Pd coating layer is 

less than 0.015 (am, the concentrated layer is not 

sufficiently formed and thus the bonding reliability cannot 

5 be increased. 

[0020] The alloy layer with a high concentration of Pd 

or Ni 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 

10 center of the bonding wire at the time of ball formation. 

[0021] In addition, an occurrence of surface 

irregularity of ball can be reduced by the configuration 

that a Cu alloy of core material contains Ni and a 

concentration of Ni is 0.1 wt.% or more relative to the 

15 entire wire. This is considered because a thermal 

conductivity of a Cu alloy core material is decreased by 

adding Ni into a Cu alloy of core material and becomes 

closer to a thermal conductivity of a Pd coating layer, 

which can reduce a difference between ball surface and ball 

20 inside for a required time from molten state to completing 

solidification. 

[0022] On the other hand, when a concentration of Ni 

becomes more than 1.2 wt.% relative to the entire wire, it 

is not suitable for practical use because a ball hardens 

25 and Si chip damage at the time of ball bonding becomes a 

problem. When a thickness of Pd coating layer becomes 

0.150 |am or more, there cannot be obtained good ball 

formability because voids occur in a ball surface when 

forming a ball. 

30 [0023] In some cases, Cu is present at an outermost 

surface of the Pd coating layer. 

[0 024] The bonding wire may further include an Au skin 



layer of a thickness of 0.0005 to 0.050 |im formed on a 

surface of the Pd coating layer. With this configuration, 

the bonding wire can further increase the bonding 

reliability and can improve the wedge bondability. 

[0025] There will be described the definition of the Au 

skin layer of the bonding wire. A boundary between the Au 

skin layer and the Pd coating layer was determined based on 

a concentration of Au. 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 at.% or more 

was determined to be the Au skin layer, and a region in 

which a concentration of Au was less than 10 at.% was 

determined to be the Pd coating layer. Even in the region 

in which a concentration of Pd was 50 at.% or more, a 

region in which Au was present at 10 at.% or more was 

determined to be the Au skin layer. These determinations 

are because if a concentration of Au falls within the range 

mentioned above, there can be expected an effect of 

improving characteristics from the structure of the Au skin 

layer. The Au skin layer is an Au-Pd alloy and a region 

including a region having concentration gradients of Au and 

Pd in the wire depth direction. The reason why the region 

having the concentration gradients is formed in the Au skin 

layer is that atoms of Au and Pd diffuse through heat 

treatment or the like in the manufacturing process. 

Furthermore, the Au skin layer may contain inevitable 

impurities. 

[0026] In a high-temperature and high-humidity test, Au 

forms a concentrated layer of ternary system alloy of Au, 

Ni and Pd in combination with Ni and Pd at a bonding 

interface in a ball bonded part, which can remarkably 

reduce a growth rate of corrodible compound. Thus, the 

bonding wire can further increase a bonding reliability. 



The Au skin layer also reacts with Ni contained in the Pd 

coating layer or the Cu alloy core material to increase 

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, the bonding wire can 

improve the wedge bondability. If a thickness of the Au 

skin layer is less than 0.0005 |^m, the above effect is not 

obtained. If the thickness becomes more than 0.050 (am, it 

is not suitable for practical use because a propagation of 

ultrasonic wave at the time of wedge bonding degrades and a 

good bonding strength cannot be obtained. The Au skin 

layer can be formed by the same method as the Pd coating 

layer. In some cases, Cu is present at an outermost 

surface of the Au skin layer. 

[0027] In the bonding wire, when the Cu alloy core 

material further contains at least one element selected 

from B, In, Ca, P and Ti and a concentration of the 

elements is 3 to 100 wt. ppm relative to the entire wire, 

there can be improved a 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 deformation of the ball. If a concentration of the 

elements relative to the entire wire is less than 3 wt. ppm, 

the above effect is not obtained. If the concentration 

exceeds 100 wt. ppm, it is not suitable for practical use 

because the ball hardens and chip damage at the time of 

ball bonding becomes a problem. 

[0028] In the bonding wire, when the Cu alloy core 

material further contains Pt or Pd and a concentration of 

Pt or Pd contained in the Cu alloy core material is 0.05 to 
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1.2 0 wt.%, there can be increased a loop formability, that 

is, there can be increased a linearity of loop required for 

high density mounting and can be decreased a variation in 

loop height. This is because the Cu alloy core material 

5 contains Pd or Pt to increase a yield strength of bonding 

wire, which can reduce a deformation of bonding wire. In 

order to increase a linearity of loop and to reduce a 

variation in loop height, it is more effective that the Cu 

alloy core material has higher strength. There cannot be 

10 obtained sufficient effect even when improving a coating 

structure such as increasing a thickness of the Pd coating 

layer. If a concentration of Pt or Pd contained in the Cu 

alloy core material is less than 0.05 wt.%, the above 

effect is not obtained. If the concentration exceeds 1.20 

15 wt.%, the bonding wire hardens and a deformation of a 

bonded part of wire becomes insufficient, and a decrease in 

wedge bondability becomes a problem. 

[0029] For a concentration analysis of wire surface in 

order to determine the Pd coating layer and the Au skin 

20 layer, a method of performing 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 the like thereon is effective. As a method 

25 for exposing a cross-section of wire, a mechanical 

polishing, an ion etching, etc., can be applied. For an 

analyzer used for concentration analysis, an Auger electron 

spectroscopic apparatus installed in a scanning electron 

microscope or a transmission electron microscope, an energy 

30 dispersive X-ray analyzer, and an electron probe micro 

analyzer, etc., can be applied. Among these concentration 

analysis methods, an analysis method using a scanning 

electron microscope in which both of a sputtering apparatus 
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and an Auger electron spectroscopic apparatus are installed 

is preferable because it can obtain a concentration profile 

in a depth direction with regard to a plurality of elements 

in a relatively short time. For a concentration analysis 

of elements contained in the entire bonding wire, there can 

be used an ICP emission spectrometer. 

[0030] (Manufacturing Method) 

Next, there will be described a method for 

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 

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. 

[0031] 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. 

In order to prevent gases such as 02, N2 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. 

[0032] A method for forming the Pd coating layer and the 

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

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 

flash plating, is high in plating speed and is favorable in 



13 

adhesiveness with a substrate. A solution used for 

electroless plating is classified into a substitutional 

type and a reduction type. Although performing the 

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. 

[0033] For a vapor deposition method, there can be used 

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 

and from any concern about surface contamination and the 

like during cleaning. 

[0034] 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 

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 

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 

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 by successively 

sweeping the wire through an electroplating solution and a 

method of forming the Pd coating layer and the Au skin 



14 

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 

wire. 

[0035] 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 

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 melting 

in a vacuum atmosphere or an inert atmosphere such as Ar or 

N2. 

[0036] 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. 

[0037] 2. Example 

The bonding wire according to an embodiment of the 

present invention will be described in detail below with 

reference to examples. 

[0038] (Sample) 

First, there will be described a method for 

manufacturing a sample. For Cu and Ni as a raw material of 

a core material, the ones with a purity of 99.99 wt.% or 

more and containing inevitable impurities as the remainder 

was used. For B, In, Ca, P, Ti, Pt and Pd, the ones with a 

purity of 99 wt.% or more and containing inevitable 

impurities as the remainder were used. 

[0039] The Cu alloy for the core material was 

manufactured by charging the raw materials into a carbon 



crucible worked into a cylindrical shape with a diameter of 

3 to 6 mm, heating and melting the raw materials at 1,090 

to 1,3 0 0°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 

mm was drawn to manufacture a wire with a diameter of 0.9 

to 1.2 mm. Thereafter, a wire with a diameter of 300 to 

600 (am was manufactured by successively performing wire 

drawing and the like using a die. A commercially available 

lubricant was used for the wire drawing, and a wire drawing 

speed was 2 0 to 150 m/min. In order to remove an oxide 

film on a surface of wire, a pickling treatment with 

hydrochloric acid was performed, and a Pd coating layer was 

formed by 1 to 15 (am so as to cover the entire surface of 

the Cu alloy as the core material. Furthermore, for some 

wires, an Au skin layer was formed by 0.05 to 1.5 (am on the 

Pd coating layer. For the formation of the Pd coating 

layer and the Au skin layer, electroplating was used. A 

commercially available semiconductor plating solution was 

used for a plating solution. Heat treatment at 200 to 

50 0°C and wire drawing were then repeatedly carried out to 

perform working to a diameter of 20 (am. After working, 

heat treatment was performed in vacuum or while being 

flowed with an Ar gas so that breaking elongation will 

finally be about 9 to 15%. A method of heat treatment was 

performed while successively sweeping the wire and was 

carried out while being flowed with an Ar gas. A wire 

feeding speed was 20 to 200 m/min, a heat treatment 

temperature was 2 00 to 6 00°C, and a heat treatment time was 

0.2 to 1.0 second. 

[0040] The configurations of the samples manufactured 

according to the above procedure are listed in Tables 1-1, 
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1-2, 1-3 and 2. The thicknesses of the Pd coating layer 

and the Au skin layer described in Tables are calculated 

values based on concentration profiles of Pd, Au and Cu in 

a depth direction which is obtained by conducting an Auger 

electron spectroscopy analysis while trimming a wire 

surface with an Ar ion sputtering. 

[0041] [Table 1-1] 

Remarks 

Con cent raton 
of Ni relative 
to entire wire 

(wt.%) 

Thickness of 
Pd coating 

layer 
(pn) 

Thickness of 
Au skin layer 

(jiin) 

Concentration of each element 
relative to entire wire 

B conc. In conc. Ca conc. P conc. 
(wt.ppin) (wt.ppin) (wt.ppin) (wt.ppin) 

Concentration of each element 
in Cu alloy core material 

Pt conc. 
(wt.%) 

Pd conc. 
(wt.%) 

Wire 
diameter 

(j.un) 

Example I 0.1 0.016 - 20 
Example 2 0.2 0.090 . 20 
Example 3 0.3 0.150 .... 20 
Example 4 

CO o
 0.017 - 20 

Example 5 0.8 0.110 • 20 
Example 6 0.8 0.150 - 20 
Example 7 1.2 0.150 . 20 
Example 8 1.2 0.110 > 20 
Example 9 1.2 0.150 - 20 
Example 10 0.2 0.016 0.002 - 20 
Example 11 0.1 0.016 0.050 - 20 
Example 12 0.1 0.150 0.003 - 20 
Example 13 0.2 0.150 0.040 . . • ? 20 
Example 14 0.7 . 0.016 0.002 . 20 
Example 15 0.7 0.016 0.050 - 20 
Example 16 0.7 0.150 0.004 20 
Exanple 17 0.7 0.150 0.040 - 20 
Example 18 1.2 0.016 0.002 20 
Example 19 1.2 0.016 0.040 20 
Example 20 1.2 0.150 0.002 - 20 
Example 21 1.2 0.150 0.050 - 20 
Example 22 0.2 0.016 - 4 20 
Example 23 0.3 0.016 20 20 
Example 24 1.2 0.150 - 45 20 
Example 25 0.3 0.016 •• 98 20 
Example 26 1.2 0.150 3 20 
Example 27 1.2 0.150 * 97 20 
Example 28 0.3 0.016 0.004 3 20 
Example 29 0.2 0.017 0.004 20 20 
Example 30 0.3 0.016 0.004 45 20 
Example 31 0.2 0.016 0.003 99 20 
Example 32 1.2 0.016 0.050 4 20 
Example 33 1.2 0.016 0.050 95 20 
Example 34 0.2 0.150 0.004 5 20 
Example 35 0.3 0.150 0.003 98 20 
Example 36 1.2 0.150 0.050 4 20 
Example 37 J.2 0.150 0.050 99 20 
Example 38 1.2 0.150 0.050 20 30 20 
Example 39 1.2 0.150 0.050 30 50 20 
Example 40 1.2 0.150 - 6 20 
Example 41 0.2 0.016 - 100 20 
Example 42 0.2 0.016 0.006 3 20 
Example 43 0.1 0.016 0.007 97 20 
Example 44 0.1 0.016 • 3 20 
Example 45 0.2 0.016 - 98 20 
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[0042] [Table 1-2] 

Concentraton 
of Ni relative 
to entire wire 

Thickness of . , . 
Thickness of 

Pd coating . ... 
Au skin layer 

Concentration of each element 
relative to entire wire 

Concentration ofeach element 
in Cu alloy core material Wire 

Reinaiks 

Concentraton 
of Ni relative 
to entire wire 

Thickness of . , . 
Thickness of 

Pd coating . ... 
Au skin layer 

B conc. In conc. Ca conc. P conc. Pt conc. Pd conc. 
diameter 

(H"i) (wt.%) ()i"0 (wt.ppm) (wt.ppm) (wt.ppm) (wt.ppm) (wt.%) (wt.%) 

diameter 
(H"i) 

Example 46 0.1 0.016 0.006 3 - * 20 
Example 47 0.1 0.016 0.008 99 • - 20 
Example 48 0.2 0,016 - 5 - •- 20 
Example 49 0.2 0.016 98 - 20 
Example 50 0.1 0.016 0.007 6 - 20 
Example 51 0.1 0.016 0.006 97 20 
Example 52 0.2 0.016 - . 0.05 20 
Example 53 0.2 0.016 - - 1.20 20 
Bainple 54 1.2 0.150 - - 0.05 20 
Example 55 1.2 0.150 - - 1.20 20 
Example 56 0.2 0.016 0.003 - 0.05 20 
Example 57 0.2 0.016 0.003 - 1.20 20 
Example 58 1.2 0.016 0.05 - 0.05 20 
Example 59 1.2 0.016 0.05 - 1.20 20 
Example 60 0.2 0.150 0.003 • 0.05 20 
Example 61 0.3 0.150 0.003 .. 1.20 20 
Example 62 1.2 0.150 0.05 - 0.05 20 
Example 63 1.2 0.150 0.05 1.20 20 
Example 64 1.2 0.150 0.05 20 0.30 20 
Example 65 1.2 0.150 0.05 30 60 0.40 20 
Example 66 0.3 0.016 - - - 0.05 20 
Example 67 0.2 0.016 - - - 1.20 20 
Example 68 0.2 0.016 0.006 - - 0.05 20 
Example 69 0.3 0.016 0.006 - 1.20 20 
Example 70 0.2 0.016 0.006 30 - 0.30 20 
Example 71 0.3 0.016 0.006 

o
 

1
/1 o

 - 0.35 20 
Example 72 0.7 0.100 0.0004 . - 20 
Example 73 0.7 0.100 - 2 - 20 
Example 74 0.7 0.100 - 115 - - 20 
Example 75 0.7 0.100 0.08 2 - 20 
Example 76 0.7 0.100 0.08 115 - 20 
Example 77 0.7 0.100 - 2 - 20 
Example 78 0.7 0.100 . 108 - 20 
Example 79 0.7 0.100 . 2 - 20 
Example 80 0.7 0.100 - 104 - 20 
Example 81 0.7 0.100 - 2 - 20 
Exan^le 82 0.7 0.100 106 - 20 
Example 83 0.7 0.100 - - 0.03 20 
Example 84 0.7 0.100 - - 1.30 20 
Example 85 0.7 0.100 0.006 . 0.03 20 
Example 86 0.7 0.100 0.100 - 1.30 20 
Example 87 0.7 0.100 - - - 0.03 20 
Example 88 0.7 0.100 • > - 1.30 20 
Example 89 0.7 0.100 0.006 - - 0.03 20 
Example 90 0.7 0.100 0.100 - - 1.30 20 

[0043] [Table 1-3] 

Concentrator! Thickness of 
rvf'Ni PH frtatiniT 

Thickness of 
Concentration of each element 

relative to entire wire 
Concentration of each element 

in Cu alloy core material Wire 
Remarks 

to entire wire layer 
Au skin layer 

Bconc. In conc. Caconc. Pconc, Ticonc 
(wt.ppm) (wt ppm) (wt ppm) (wt.ppm) (wt.ppm) 

Pt conc. Pd conc. 
diameter 

(jim) 
(wt.%) (urn) 

Au skin layer 
Bconc. In conc. Caconc. Pconc, Ticonc 

(wt.ppm) (wt ppm) (wt ppm) (wt.ppm) (wt.ppm) (wt.%) (wt.%) 

diameter 
(jim) 

Example 91 0,7 0.1 - 2 - • 20 
Example 92 0.7 0.1 - 103 - - 20 
Example 93 0.7 0.1 0.080 2 20 
Example 94 0.7 o.i 0.080 103 - 20 
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[0044] [Table 2] 

Concentraton 
of Ni relative 
to entire wire 

Thickness of 
Pd coating 

layei 

Thickness of 
Concentration of each element 

relative to entire wire 
Concentration of each element 

in Cu alloy core material Wire 
Remarks 

Concentraton 
of Ni relative 
to entire wire 

Thickness of 
Pd coating 

layei 
Au skin layer 

(Mm) Bconc. In conc. Ca conc Pconc. Pt conc. Pd conc. 
diameter 

(Mm) (wt.%) (nm) 
Au skin layer 

(Mm) 
(wt.ppm) (wt.ppm) (wtppm) (wt.ppm) (wt.%) (wt.%) 

diameter 
(Mm) 

Comparative Example 1 0,05 0.010 - r 20 
Comparative Example 2 0.05 0.110 - - 20 
Comparative Example 3 0.05 0.010 - 20 
Comparative Example 4 1.30 0.120 r r . 20 
Comparative Example 5 0,80 0.160 - - 20 

[0045] (Method of Evaluation) 

5 The bonding reliability was determined by 

manufacturing a sample for bonding reliability evaluation, 

followed by evaluating the bonding longevity of the ball 

bonded part when exposed to a high-temperature and high 

humidity environment. 

10 [0046] The sample for bonding reliability evaluation was 

manufactured by performing ball bonding onto an electrode, 

which has been formed by forming an alloy of Al-0.5%Cu as a 

film with a thickness of 1.0 (am on a Si substrate on a 

general metallic frame, using a commercially available wire 

15 bonder and sealing it with a commercially available epoxy 

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 a range from 34 to 3 6 ^im. 

[0047] The manufactured sample for bonding reliability 

2 0 evaluation was exposed to a high-temperature and high-

humidity environment of a temperature of 15 0°C and a 

relative humidity of 85% using an unsaturated type pressure 

cooker tester. A shear test on the ball bonded part was 

performed every 100 hours, and a time until a value of 

25 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 carried out after removing a resin 

by acid treatment and exposing the ball bonded part. 
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[0048] A tester manufactured by DAGE was used for a 

shear tester. An average value of 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 15 0 0 hours was determined 

to be practically problematic to be marked with a symbol of 

"triangle," being 1500 to 2000 hours was determined to be 

practically no problem to be marked with a symbol of 

"circle," being 2000 hours or more was determined to be 

especially excellent to be marked to with a symbol of 

"double circle" in the column "High-temperature and high-

humidity test" in Tables 3-1, 3-2 and 4. 

[0049] For the evaluation of ball formability, a ball 

before performing bonding was collected and observed, and 

there were evaluated 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 occurrence of any of the above was determined 

to be faulty. The formation of the ball was performed 

while an N2 + 5%H2 gas was blown at a flow rate of 0.4 to 0.6 

L/min in order to reduce oxidation in a melting process. 

The size of the ball was 26, 32 and 38 (.im. For one 

condition, 3 0 balls were observed. An SEM was used for the 

observation. In the evaluation of the ball formability, a 

case where three or more failures occurred was determined 

to be problematic to be 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 

"Ball formability" in Tables 3-1, 3-2 and 4. 

[0050] The evaluation of wedge bondability on the wire 

bonded part was determined by performing 1,000 pieces of 
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bonding on leads of a lead frame and evaluating by the 

occurrence frequency of peeling of the bonded part. An Fe-

42 at.% Ni alloy lead frame plated with 1 to 3 (am 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 

generally set temperature range. In the above evaluation, 

a case where six or more failures occurred was determined 

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

a case of one to five 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 Tables 3-1, 3-2 and 4. 

[0051] 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 sphericity. For an object to be bonded with the 

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

was formed as a film with a thickness of 1.0 (am 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 

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 "triangle," being one to five 

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

of "circle," and a case where a favorable 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 Tables 3-1, 3-2 and 4. 

[0052] The evaluation of a loop formability was 

determined based on linearity and variation in height. The 

forming condition of loop was a loop length of 2 mm and a 

maximum height of 80 (im. The maximum height of loop was a 

distance from an electrode surface of ball bonded part to a 

topmost height of wire. For the evaluation of linearity, 

5 0 bonding wires were observed for one condition using a 

scanning electron microscope. A case where a maximum gap 

between an axis that connects a ball bonded part and a wire 

bonded part with straight line and a bonding wire was less 

than 45 (am was determined to be good, and a case of 4 5 fim 

or more was determined to be faulty. For the evaluation of 

variation in height, 50 bonding wires were observed for one 

condition using a scanning electron microscope and an 

average height was calculated. A case where a deviation 

from average value was less than 15 jam was determined to be 

good, and a case of 15 p,m or more was determined to be 

faulty. In the above evaluation, a case where six or more 

failures of any of linearity and variation in height 

occurred was determined to be problematic to be marked with 

a symbol of "triangle," a case of one to five 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 "Loop formability" in Tables 

3 -1, 3-2 and 4. 
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[0053] [Table 3-1] 

Remarks 

High-temperature and high-
humidity test 

(Temp.: 150°C; 
Relative humidity: 85%) 

Ball formability 

Ball 
diameter 

Ball 
diameter 

Ball 
diameter 

Wedge 
bondability 

Crushed 
shape 

Loop 
formability 

Example 1 O © © © o o o 
Example 2 O © © © o o o 
Example 3 O © © © o o o 
Example 4 O © © © o o o 
Exaitple 5 O © © © o o o 
Example 6 O © © © o o o 
Example 7 O © © © o o o 
Example 8 O © © © o o o 
Example 9 O © © © o o o 
Example 10 © © © © © o o 
Example 11 © © © © © o o 
Example 12 © © © © © o o 
Example 13 © © © © © o o 
Exairple 14 © © © © © o o 
Example 15 © © © © © o o 
Example 16 © © © © © o o 
Example 17 © © © © © o o 
Example 18 © © © © © o o 
Example 19 © © © © © o o 
Example 20 © © © © © o o 
Example 21 © © © © © o o 
Example 22 o © © © o © o 
Example 23 o © © © o © o 
Example 24 o © © © o © o 
Example 25 o © © © o © o 
Example 26 o © © © o © o 
Example 27 o © © © o © o 
Example 28 © © © © © © o 
Example 29 © © © © © © o 
Example 30 © © © © © © o 
Example 31 © © © © © © o 
Example 32 © © © © © © o 
Example 33 © © © © © © o 
Example 34 © © © © © © o 
Example 35 © © © © © © o 
Example 36 © © © © © © o 
Example 37 © © © © © © o 
Example 38 © © © © © © o 
[Example 39 © © © © © © o 
Example 40 o © © © o © o 
Example 41 o © © © o © o 
Example 42 © © © © © © o 
Example 43 © © © © © © o 
Example 44 o © © © o © o 
Example 45 o © © © o © o 
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~46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
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[Table 3-2] 

High-temperature and high-
humidity test 

(Temp.: 150°C; 
Relative humidity: 85%) 

Ball formability 

Ball Ball Ball 
diameter diameter diameter 
(|>26|jjn 4)32 i^m <t>38|im 

Wedge 
bondability 

Crashed 
shape 

o © © © o © 
o 
© 

© 
© 

© 
© 

© 
© 

o 
© 

© 
© 

© 
o 

© 
© 

© 
© 

© 
© 

© 
o 

© 
O 

o © © © o O 
o © © © o O 
o © © © o O 
© © © © © o 
© © © © © o 
© © © © © o 
© © © © © o 
© © © © © o 
© © © © © o 
© © © © © o 
© 
© 

© 
© 

© 
© 

© 
© 

© 
© 

o 
© 

© 
o 

© 
© 

© 
© 

© 
© 

© 
o 

© 
o 

o © © © o o 
© © © © © o 
© 
© 

© 
© 

© 
© 

© 
© 

© 
© 

o 
© 

© 
o 

© 
© 

© 
© 

© 
© 

© 
o 

© 
o 

o © © © o o 
o © © © A © 
© © © © A o 
© © © © A © 
o © © © o o 
o © © © A © 
o © © © o o 
o © © © A © 
o © © © o o 
o © © © A © 
o © © © o o 
o © © © A o 
© © © © © o 
© © © © A o 
o © © © o o 
o © © © A o 
© © © © © o 
© © © © A o 
0 © © © O o 
0 © © © A © 
© © © © A o 
© © © © A © 
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[0055] [Table 4] 

High-temperature and high-
humidity test 

(Temp.: 150°C; 
Relative humidity: 85%) 

Ball formability 
Wedge 

bondability 
Crushed 

shape 
Loop 

formability 
Remarks 

High-temperature and high-
humidity test 

(Temp.: 150°C; 
Relative humidity: 85%) 

Ball 
diameter 
<j>26 jim 

Ball 
diameter 
$32 LUTI 

Ball 
diameter 
4)38 jim 

Wedge 
bondability 

Crushed 
shape 

Loop 
formability 

Comparative Example 1 A A A A O O A 
Comparative Example 2 A ® @ © O O A 
Comparative Example 3 A A A O o O O 
Conparative Example 4 O A A A 0 O O 
Comparative Example 5 O A A A o O O 

[0056] (Evaluation Results) 

5 The bonding wires according to Examples 1 through 94 

each include a Cu alloy core material and a Pd coating 

layer formed on the surface of the Cu alloy core material, 

and the bonding wire contains Ni, the concentration of Ni 

is 0.1 to 1.2 wt.% relative to the entire wire, and the 

10 thickness of the Pd coating layer is 0.015 to 0.150 |am. It 

has been revealed that with this configuration the bonding 

wires according to Examples 1 through 94 can achieve a good 

bonding reliability and excellent ball formability. In 

contrast, for Comparative Examples 1 through 4, the 

15 concentration of Ni was out of the above range; and for 

Comparative Example 5, the thickness of the Pd coating 

layer was out of the above range. Therefore, there were 

not achieved sufficient effects in a bonding reliability 

and ball formability for Comparative Examples. 

20 [0057] In Examples 10 through 21, 28 through 39, 42, 43, 

46, 47, 50, 51, 56 through 65, 68 through 72, 75, 76, 85, 

86, 89, 90, 93 and 94, it has been revealed that excellent 

bonding reliability can be obtained because they further 

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

25 Examples 10 through 21, 28 through 39, 42, 43, 46, 47, 50, 

51, 56 through 65, 68 through 71, 85 and 89, it has been 

revealed that further excellent wedge bondability can be 

obtained because a thickness of the Au skin layer is 0.0005 
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to 0.050 jam. 

[0058] In Examples 22 through 51, 64, 65, 70, 71, 74, 76, 

78, 80, 82, 92 and 94, it has been revealed that crushed 

shape of ball bonded part with excellent circularity can be 

5 achieved because the Cu alloy core material further 

contains at least one element selected from B, In, Ca, P 

and Ti, and a concentration of the elements is 3 wt. ppm or 

more relative to the entire wire. 

[0059] In Examples 52 through 71, it has been revealed 

10 that good loop formability can be obtained because the Cu 

alloy core material further contains Pt or Pd and a 

concentration of Pt or Pd contained in the Cu alloy core 

material is 0.05 to 1.20 wt.%. In Examples 83, 85, 87 and 

89, excellent loop formability was not obtained because the 

15 concentration of Pt or Pd was less than the lower limit of 

the above range. In Examples 84, 86, 88 and 90, excellent 

loop formability was obtained but wedge bondability 

decreased because the concentration of Pt or Pd exceeded 

the upper limit of the above range. 

20 



CLAIMS 

1. A bonding wire for a semiconductor device comprising: 

a Cu alloy core material; and 

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

core material, wherein 

the Cu alloy core material contains Ni, 

a concentration of Ni is 0.1 to 1.2 wt.% relative to 

the entire wire, and 

a thickness of the Pd coating layer is 0.015 to 0.150 

jam. 

2. The bonding wire for a semiconductor device according 

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

coating layer. 

3. The bonding wire for a semiconductor device according 

to claim 2, wherein a thickness of the Au skin layer is 

0.0005 to 0.050 (J,m. 

4. The bonding wire for a semiconductor device according 

to any one of claims 1 to 3, wherein 

the Cu alloy core material further contains at least 

one element selected from B, In, Ca, P and Ti, and 

a concentration of the elements is 3 to 100 wt. ppm 

relative to the entire wire. 

5. The bonding wire for a semiconductor device according 

to any one of claims 1 to 4, wherein 

the Cu alloy core material further contains Pt or Pd, 

and 

a concentration of Pt or Pd contained in the Cu alloy 

core material is 0.05 to 1.20 wt.%. 


