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DESCRIPTION 

COPPER ALLOY BONDING WIRE FOR SEMICONDUCTOR DEVICES 

TECHNICAL FIELD 

[0001] 	The present invention relates to a copper alloy 

5 bonding wire for semiconductor devices for connecting 

electrodes on semiconductor devices with wiring of printed 

circuit boards, such as external leads. 

BACKGROUND ART 

10 	[0002] 	Fine wire approximately 15 to 50 µm in diameter 

is now mainly used as a bonding wire for semiconductor 

devices (hereinafter referred to as "bonding wire"), for 

bonding the electrodes on a semiconductor device with 

external leads. A method for bonding the bonding wire with 

15 the electrodes on a semiconductor device is generally a 

thermal compressive bonding technique with the aid of 

ultrasound, which uses a general-purpose bonder, a 

capillary tool used for bonding by passing the bonding wire 

therethrough, and the like. The bonding process of a 

20 bonding wire is carried by heating and melting a tip end of 

wire by arc heat input to form a ball (FAB: Free Air Ball) 

under surface tension; compression-bonding the ball part 

onto an electrode on a semiconductor device heated within a 

range of 150 to 300°C (hereinafter referred to as "ball 

25 bonding"); forming a loop; and finally compression-bonding 

the wire to an electrode on the external lead side 

(hereinafter referred to as "wedge bonding"). For example, 

an electrode structure formed by depositing an Al-based 

alloy on a Si substrate is used as the electrode on the 

30 semiconductor device to which a bonding wire is bonded, and 

an electrode structure plated with Ag or Pd is used as the 

electrode on the external lead side. 

[0003] 	Gold (Au) has been the common material of bonding 
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wires but has been increasingly replaced with copper (Cu) 

particularly in the LSI applications. Meanwhile, with the 

recent proliferation of electric vehicles and hybrid 

vehicles, there has been a growing demand for replacement 

5 of Au with Cu in the vehicle-mounted device applications. 

[0004] 	The copper bonding wire including high-purity Cu 

(purity: 99.99% by mass or more) has been proposed (for 

example, Patent Literature 1). When a copper bonding wire 

is used, bonding reliability and loop stability in high- 

10 density packing are also required. Bonding reliability is 

evaluated for the purpose of evaluating a bonding longevity 

in the actual use environment of semiconductor devices. 

Bonding reliability is usually evaluated by a high-

temperature exposure test and a high-temperature and high- 

15 humidity test. A common high-temperature and high-humidity 

test is a test called pressure cooker test (PCT) performed 

under the conditions: temperature of 121°C and relative 

humidity of 100%. 

[0005] 	Patent Literature 2 describes a copper alloy 

20 bonding wire for semiconductor applications, including a 

copper alloy containing Pd in a concentration range of 0.13 

to 1.15% by mass. The addition of Pd in the concentration 

range above can improve the high-humidity heating 

reliability in the PCT test. 

25 

RELATED ART REFERENCE 

Patent Literature 

[0006] 	Patent Literature 1: JP-A-S61-48543 

Patent Literature 2: W02010/150814 

30 

SUMMARY OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0007] 	Vehicle-mounted devices require bonding 
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reliability under severer high-temperature and high-

humidity environments, compared with general electronic 

devices. In particular, the bonding longevity of a ball 

bonded part in which the ball part of the wire is bonded to 

5 the electrode is the biggest issue. There have been 

proposed several methods of evaluating bonding reliability 

under high-temperature and high-humidity environments, and 

a typical method recently used is a highly accelerated 

temperature and humidity stress test (HAST) (high- 

10 temperature and high-humidity environment exposure test). 

HAST is characterized in that humidity absorbed in the 

evaluation package is uniform and the reproducibility of 

the evaluation result is high. When the bonding 

reliability of the ball bonded part is evaluated by HAST, 

15 the ball bonded part to be evaluated is exposed in a high-

temperature and high-humidity environment with temperature 

of 130°C and relative humidity of 85%, and the bonding 

longevity of the ball bonded part is evaluated by measuring 

change over time in a resistance value of the bond and 

20 measuring change over time in shear strength of the ball 

bond. By applying bias voltage, evaluation stricter than 

PCT is also possible. The bonding longevity of 100 hours 

or longer in HAST under such conditions has recently been 

required. 

25 	[0008] 	An object of the present invention is to provide 

a bonding wire for semiconductor devices, suitable for 

vehicle-mounted devices, by improving the bonding 

reliability of the ball bonded part in high-temperature and 

high-humidity environments in the bonding wire. 

30 Specifically, the present invention is based on the finding 

of added elements suited for a copper alloy bonding wire 

having sufficient bonding reliability and suitable addition 

concentrations thereof, even in HAST with application of 
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bias voltage, which is a severer evaluation method. 

MEANS FOR SOLVING PROBLEM 

[0009] 	That is, the summary of the present invention is 

as follows. 

5 (1) 	A copper alloy bonding wire for semiconductor devices, 

comprising in total 0.03% by mass or more to 3% by mass or 

less of at least one or more kinds of elements selected 

from Ni, Zn, Ga, Ge, Rh, In, Ir, and Pt, with the balance 

comprising Cu and inevitable impurities. 

10 (2) 	The copper alloy bonding wire for semiconductor 

devices according to (1), wherein an average crystal grain 

size (µm) in core cross section in a direction vertical to 

a wire axis of the copper alloy bonding wire is 

0.02 x R + 0.4 or more (1a) 

15 	0.1 x R + 0.5 or less 	(lb) 

where R (µm) is a diameter of the wire. 

(3) The copper alloy bonding wire for semiconductor 

devices according to (1) or (2), wherein an average film 

thickness of copper oxide on a surface of the wire is in a 

20 	range of 0.0005 to 0.02 RM. 

(4) The copper alloy bonding wire for semiconductor 

devices according to any one of (1) to (3), wherein the 

copper alloy bonding wire further comprises 0.0001 to 

0.050% by mass of each of at least one or more kinds of 

25 elements selected from Ti, B, P, Mg, Ca, La, As, Te, and Se, 

with respect to the entire wire. 

(5) The copper alloy bonding wire for semiconductor 

devices according to any one of (1) to (4), wherein the 

copper alloy bonding wire further comprises in total 0.0005 

30 to 0.5% by mass of at least one or more kinds of elements 

selected from Ag and Au, with respect to the entire wire. 

(6) The copper alloy bonding wire for semiconductor 
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devices according to any one of (1) to (5), wherein the 

copper alloy bonding wire further comprises 1.15% by mass 

or less of Pd. 

(7) 	The copper alloy bonding wire for semiconductor 

5 devices according to any one of (1) to (6), wherein the 

copper alloy bonding wire comprises two or more kinds of 

elements selected from Ni, Zn, Ga, Ge, Rh, In, Ir, and Pt. 

EFFECT OF THE INVENTION 

10 	[0010] 	According to the present invention, the inclusion 

of in total 0.03% by mass or more to 3% by mass or less of 

at least one or more kinds of elements selected from Ni, Zn, 

Ga, Ge, Rh, In, Ir, and Pt in a copper alloy bonding wire 

for semiconductor devices improves the bonding longevity of 

15 a ball bonded part under high-temperature and high-humidity 

environments and improves the bonding reliability. 

EMBODIMENT FOR CARRYING OUT THE INVENTION 

[0011] 	<First Element and Effect Thereof> 

20 	A copper alloy bonding wire for semiconductor devices 

(hereinafter simply referred to as "bonding wire") 

according to the present invention is formed by drawing a 

copper alloy including in total 0.03% by mass or more to 3% 

by mass or less of at least one or more kinds of elements 

25 	(also referred to as "first element") selected from Ni, Zn, 

Ga, Ge, Rh, In, Ir, and Pt with the balance Cu and 

inevitable impurities. The bonding wire in the present 

invention is an alloy based on copper and may be called 

"copper alloy bonding wire". The copper alloy bonding wire 

30 for semiconductor devices in the present invention is a 

bonding wire that does not have a coating layer based on a 

metal other than copper and may be called "bare Cu alloy 

wire". The bonding wire in the present invention can 
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improve the bonding reliability of the ball bonded part in 

high-temperature and high-humidity environments as 

requested by vehicle-mounted devices. 

[0012] 	The molding resin (epoxy resin) serving as a 

5 package of a semiconductor device has chlorine (Cl) in its 

molecular framework. Under the high-temperature and high-

humidity environment at 130°C and a relative humidity of 

85% as the HAST evaluation conditions, Cl in the molecular 

framework is hydrolyzed and eluted as chloride ions (Cr). 

10 When the copper alloy bonding wire is bonded to an Al 

electrode, Cu and Al mutually diffuse in the Cu/Al bond 

interface under high temperature, resulting in an 

intermetallic compound Cu9A14. Cu9A14  is susceptible to 

corrosion by halogen such as Cl, and Cl eluted from the 

15 molding resin accelerates the corrosion, leading to 

reduction in bonding reliability. Thus, in a conventional 

copper alloy bonding wire, the bonding longevity of ball 

bonded part is not sufficient in the HAST evaluation. 

[0013] 	By contrast, as in the present invention, when a 

20 copper alloy bonding wire includes in total 0.03% by mass 

or more of the first element (at least one or more kinds of 

elements selected from Ni, Zn, Ga, Ge, Rh, In, Ir, and Pt), 

the bonding longevity of the ball bonded part is improved 

in the HAST evaluation for the ball bonded part using the 

25 copper alloy bonding wire. The inclusion of in total 0.03% 

by mass or more of the first element may be likely to 

suppress production of Cu9A14  intermetallic compound at the 

bond. Presumably, the first element present at the Cu-Al 

interface in the ball bonded part increases the effect of 

30 suppressing interdiffusion of Cu and Al and consequently 

suppresses production of Cu9A14  susceptible to corrosion 

under high-temperature and high-humidity environments. The 

first element included in the wire may be effective in 
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directly inhibiting the formation of Cu9A14. The first 

element in the vicinity of the bonding interface serves as 

the barrier function of inhibiting move of halogen that 

induces corrosion and the function of controlling 

5 interdiffusion of Cu and Al and the growth of intermetallic 

compound. 

[0014] 	A ball was formed using the copper alloy bonding 

wire including a predetermined amount of the first element, 

and the FAB was observed with a scanning electron 

10 microscope (SEM). A large number of deposits approximately 

a few tens of nanometers in diameter were found on the 

surface of the FAB. The analysis with an energy dispersive 

X-ray spectroscopy (EDS) showed that the first element was 

concentrated. Based on the situation described above, 

15 although the mechanism detail is not clear, the presence of 

the deposits observed on the FAB at the bonding interface 

between the ball and the electrode seems to significantly 

improve the bonding reliability of the ball bonded part 

under the high-temperature and high-humidity environment 

20 with temperature of 130°C and relative humidity of 85%. 

The bonding wire in the present invention can achieve a 

satisfactory result also in the PCT evaluation, as is clear 

from the satisfactory result in the HAST evaluation with 

severer conditions than the PCT evaluation. 

25 	[0015] 	In view of improving the bonding longevity of the 

ball bonded part under the high-temperature and high-

humidity environment with temperature of 130°C and relative 

humidity of 85% and improving the bonding reliability, the 

first element content (also referred to as "concentration") 

30 in the wire is in total 0.03% by mass or more, preferably 

0.050% by mass or more, more preferably 0.070% by mass or 

more, further preferably 0.090% by mass or more, 0.100% by 

mass or more, 0.150% by mass or more, or 0.200% by mass or 
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more. The concentration of in total 0.100% by mass or more 

of the first element in the wire can meet the severer 

requirements of bonding reliability. 

[0016] 	In view of achieving a satisfactory FAB shape and 

5 in view of suppressing increase in hardness of the bonding 

wire and achieving a satisfactory wedge bondability, the 

concentration of the first element in the wire is in total 

3% by mass or less, preferably 2.5% by mass or less, more 

preferably 2.0% by mass or less, further preferably 1.9% by 

10 mass or less, or 1.5% by mass or less. By defining the 

upper limit of the first element content as described above, 

the initial bonding strength with the Al electrode in low-

temperature bonding is good, and a satisfactory result can 

be achieved in view of providing a bonding wire excellent 

15 in the longtime reliability in the HAST testing and the 

process margin in bonding to boards and tapes such as ball 

grid array (BGA) and chip size package (CSP), and in view 

of reducing chip damage. If the first element content 

exceeds 3.0% by mass, it is necessary to perform ball 

20 bonding under low load so as not to cause chip damage, 

which may reduce the initial bonding strength with the 

electrode and consequently deteriorate the HAST test 

reliability. In the bonding wire in the present invention, 

the reliability in the HAST test is further improved by 

25 setting the total first element content (concentration) in 

the preferable range above. For example, the life of the 

bonding wire until a failure occurs in the HAST test can 

exceed 250 hours. This may be equivalent to 1.5 times 

longer than the life of conventional Cu bonding wire and 

30 enables the usage in severe environments. 

[0017] 	In view of producing a copper alloy bonding wire 

remarkably excellent in the bonding longevity of the ball 

bonded part under the high-temperature and high-humidity 
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environment with temperature of 130°C and relative humidity 

of 85%, the Cu alloy bonding wire for semiconductor devices 

in the present invention preferably includes two or more 

kinds of elements (first element) selected from Ni, Zn, Ga, 

5 Ge, Rh, In, Ir, and Pt. Among those, preferable examples 

of the combination of first elements are: Ni and Zn; Ni and 

Ga; Ni and Ge; Ni and In; Pt and Zn; Pt and Ga; Pt and Ge; 

Pt and In; Ir and Zn; Ir and Ge; Rh and Ga; Rh and In; Ni, 

Pt, and Zn; Ni, Pt, and Ga; Ni, Pt, and Ge; Ni, Pt, and In; 

10 	Pt, Ir, and Zn; Pt, Ir, and Ga; Ir, Rh, and Ge; and Ir, Rh, 

and In. 

[0018] 	<Average Grain Size of Bonding Wire> 

The effects of crystal grain size in the bonding wire 

on the wire quality were evaluated. It has been found that 

15 the average crystal grain size in core cross section in a 

direction vertical to the wire axis of the bonding wire has 

a preferable range, and when the average crystal grain size 

(µm) is 

0.02 x R + 0.4 or more 	(1a) 

20 	0.1 x R + 0.5 or less 	(lb) 

where R (µm) is the wire diameter, the crushed shape of the 

ball bonded part and the wedge bondability are satisfactory. 

[0019] 	In measuring the crystal grain size, it is 

preferable to use an electron backscattered diffraction 

25 	(EBSD). The grain size can be determined using analysis 

software installed in the device for the measurement result 

by the EBSD method. The crystal grain size defined in the 

present invention is the arithmetic mean of the equivalent 

diameters of crystal grains included in the measurement 

30 region (the diameter of a circle equivalent to the area of 

the crystal grain). 

[0020] 	<Average Film Thickness of Copper Oxide on Wire 
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Surface> 

In the present invention, the average film thickness 

of copper oxide on the wire surface is preferably in a 

range of 0.0005 to 0.02 gm. In the copper alloy bonding 

5 wire including the first element in the concentration range 

of in total 0.03 to 3% by mass, the average film thickness 

of copper oxide on the wire surface in the range of 0.0005 

to 0.02 µm can further increase the effect of stably 

improving the HAST reliability in mass production level. 

10 If the film thickness of copper oxide on the wire surface 

is larger than 0.02 pm, the effect of improving HAST 

reliability in the ball bonded part of the bonding wire 

made of a copper alloy including the first element tends to 

vary and the bonding strength and the like after HAST 

15 heating tends to be unstable. The variation in HAST 

reliability may be more significant with bonding wire with 

a wire diameter of 20 µm or less. The reason why copper 

oxide on the surface of the copper alloy including the 

first element makes the HAST reliability unstable may be, 

20 although there are still unclear points, that the 

concentration distribution of the first element is uneven 

in the longitudinal direction of the copper alloy bonding 

wire or in the depth direction from the wire surface or 

that oxygen intrusion inside the ball or the residual oxide 

25 may inhibit the effect of improving the HAST reliability by 

the first element. In the copper alloy bonding wire 

including the first element, since surface oxidation can be 

delayed, the average film thickness of copper oxide can be 

controlled in a thin range of 0.0005 to 0.02 p.m. It has 

30 also been confirmed that the copper alloy bonding wire 

including the first element in the concentration range of 

in total 0.03 to 3% by mass has the effect of delaying the 
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growth of the copper oxide film on the wire surface in a 

low temperature range of about 20 to 40°C, compared with 

high-purity copper. 

[0021] 	If the average film thickness of copper oxide on 

5 the wire surface exceeds 0.02 Rm, the effect of improving 

HAST evaluation tends to vary, as previously mentioned. 

For example, if the number of bonds to be evaluated is 

increased, it is more likely that the improving effect 

varies and becomes unstable. It is therefore preferable 

10 that the upper limit of the average film thickness of 

copper oxide on the wire surface is 0.02 µm. In view of 

reducing variation of the improving effect, the average 

film thickness of copper oxide on the wire surface is 

preferably 0.02 pm or less, more preferably 0.015 Rm or 

15 less, further preferably 0.013 pm or less. On the other 

hand, stably keeping the average film thickness of copper 

oxide on the wire surface at less than 0.0005 Rm requires 

special surface treatment and product control and may 

induce reduction in bonding characteristics and cost 

20 increase to make industrial adaptation difficult. It is 

therefore preferable that the lower limit of the average 

film thickness of copper oxide on the wire surface is 

0.0005 Rm. For example, if a coating film of rust 

preventive on the wire surface is increased for the purpose 

25 of keeping the average film thickness of copper oxide at 

less than 0.0005 Rm, the bonding strength is reduced and 

the continuous bonding capability is reduced. It may be 

industrially unacceptable if the guaranteed life of the 

wire product stored in the atmosphere is extremely reduced 

30 for the purpose of keeping the average film thickness of 

copper oxide at less than 0.0005 µm, because if so, 

operation in the mass production process of wire bonding is 
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difficult, causing scrap. In view of providing 

industrially suitable bonding wire, the average film 

thickness of copper oxide on the wire surface is preferably 

0.0005 um or more, more preferably 0.0008 um or more, 

5 further preferably 0.001 p.m or more. 

[0022] 	For the measurement of the average film thickness 

of copper oxide on the wire surface, Auger spectroscopy 

suitable for surface analysis is effective, and it is 

preferable to use the average value of the film thicknesses 

10 of copper oxide measured at at least three or more points, 

if possible, five or more points at random positions on the 

wire surface. Oxygen concentration refers to the ratio of 

the 0 concentration to the total concentration of Cu, 0, 

and metal elements. Since organic substances that are 

15 typical contamination of the wire surface are excluded, the 

amount of C is not included in the concentration 

calculation above. It is preferable to calculate the 

thickness of a copper oxide film using a value of 

equivalent SiO2  thickness, which is generally used in Auger 

20 spectroscopy, because accurately determining the absolute 

value of the film thickness of copper oxide is difficult. 

In the present invention, the oxygen concentration of 30% 

by mass is set as the boundary between copper oxide and 

metal copper. Major known copper oxides are Cu2O and CuO, 

25 out of which Cu2O is often formed first at low temperatures 

(25 to 500°C) on the surface of a copper alloy including 

the first element. For this reason, the oxygen 

concentration of 30% by mass is set as the boundary. 

[0023] 	<Second Element and Effect Thereof> 

30 	The bonding wire in the present invention preferably 

further includes 0.0001 to 0.050% by mass of each of at 

least one or more kinds of elements (also referred to as 
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"second element") selected from Ti, B, P, Mg, Ca, La, As, 

Te, and Se with respect to the entire wire. This inclusion 

improves the crushed shape of the ball bonded part as 

requested by high-density packaging, that is, the 

5 circularity of the ball bounded part can be improved. A 

better ball shape thus can be achieved. In view of 

improving the effect of achieving the circularity of the 

compression bonding shape of the ball bonded part, the 

second element content (concentration) is preferably in 

10 total 0.0001% by mass or more, more preferably 0.0002% by 

mass or more, further preferably 0.0003% by mass or more. 

In view of suppressing increase in hardness of the ball and 

suppressing chip damage during ball bonding, the second 

element content is preferably 0.050% by mass or less, more 

15 preferably 0.045% by mass or less, further preferably 

0.040% by mass or less. It is more preferable that each of 

the second elements is included in the amount of 0.0005% by 

mass or more because if so, defects in the wedge bond can 

be reduced. The addition of the second element can 

20 increase the effect of reducing work hardening when the 

wire is deformed and promoting wire deformation at the 

wedge bond. Although the detailed mechanism is unknown, 

the first element is soluble in Cu and the second element 

has a low solubility in Cu and thus deposits and segregates. 

25 These elements thus act complementarily to achieve a 

remarkable effect on wire deformation at the wedge bond. 

[0024] 	<Third Element and Effect Thereof> 

It is preferable that the bonding wire in the present 

invention further includes in total 0.0005 to 0.5% by mass 

30 of at least one or more kinds of elements (also referred to 

as "third element") selected from Ag and Au. In the 

narrow-pitch connection as requested by recent high-density 

packaging, the deformation shape of the ball bonded part is 
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important, and it is requested to suppress odd shapes such 

as a petal shape and eccentricity and achieve the 

circularity 

. The addition of the third element in combination with 

5 the first element increases the effect of facilitating 

isotropy in ball deformation and increases the circularity 

of the compression bonding shape. It has been confirmed 

that the bonding wire is sufficiently adapted to narrow 

pitch connection of 50 gm or less. This effect is more 

10 effectively achieved if the third element content is in 

total 0.0005 mass or more. In view of improving the effect 

of increasing the circularity of the compression bonding 

shape of the ball bonded part, the third element content is 

preferably in total 0.0005% by mass or more, more 

15 preferably 0.0007% by mass or more, further preferably 

0.001% by mass or more. In view of forming a satisfactory 

FAB shape, the third element content is preferably 0.5% by 

mass or less, more preferably 0.4% by mass or less, further 

preferably 0.3% by mass or less. On the other hand, if the 

20 third element content exceeds 0.5% by mass in total, the 

FAB shape may be deteriorated. The inclusion of Au in the 

bonding wire increases the recrystallization temperature 

and prevents dynamic recrystallization during wire drawing, 

so that the work structure is uniform and the crystal grain 

25 size after heat treatment is relatively uniform. The 

breaking elongation of the wire is thus improved, and 

stable wire loops can be formed during bonding. When Au is 

additionally included, the amount contained is preferably 

determined such that the total of the first elements in the 

30 wire exceeds 0.1% by mass. The bonding wire in the present 

invention may further include the third element together 

with the second element or may include the third element in 

place of the second element. 



15 

[0025] 	<Inclusion of Pd and Effect Thereof> 

The bonding wire in the present invention preferably 

further includes Pd in a range of 1.15% by mass or less. 

This inclusion can further improve the high-humidity 

5 heating reliability of the ball bond. When Pd is included 

in the bonding wire in the concentration range above, Pd 

may diffuse or concentrate to the bonding interface to 

affect the interdiffusion of Cu and Al, thereby delaying 

the corrosion reaction of the Cu-Al intermetallic compound 

10 grown on the bonding interface of the ball bonded part. In 

view of remarkably increasing the HAST reliability, the Pd 

content is preferably 1.15% by mass or less, more 

preferably 1.0% by mass or less, further preferably 0.9% by 

mass or less. On the other hand, if the Pd concentration 

15 exceeds 1.15% by mass, the loop shape may vary and the 

wedge bondability may be reduced because of increase in the 

room-temperature strength and the high-temperature strength 

of the wire. It is therefore preferable that the upper 

limit of the Pd content is 1.15% by mass. The bonding wire 

20 in the present invention may include Pd together with the 

second element and/or the third element or may include Pd 

in place of one or both of the second element and the third 

element. 

[0026] 	<Method of Manufacturing Bonding Wire> 

25 	An overview of the method of manufacturing the bonding 

wire for semiconductor devices in the present invention 

will be described. 

[0027] 	A copper alloy including an additional element at 

a necessary concentration is produced by melting using 

30 high-purity copper with a copper purity of 4N to 6N (99.99 

to 99.9999% by mass). An arc furnace, a high frequency 

furnace, a resistance furnace, etc. can be used for melting. 
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In order to prevent inclusion of gas such as 02  and H2 in 

the air, the melting is preferably performed in a vacuum 

atmosphere or an inert atmosphere such as Ar and N2. 

Subsequently, the melt is cooled slowly in the furnace to 

5 yield an ingot (solid metal casting). The ingot surface is 

washed with acid and water and then dried. Inductively 

coupled plasma (ICP) analysis may be effective for the 

analysis of the concentration of the additional element in 

copper. 

10 	[0028] 	This alloying includes a method of directly 

adding a high-purity component and a method of using a 

mother alloy containing additional element at a high 

concentration of about 1%. The method of using a mother 

alloy is effective for adding a low concentration and 

15 making element distribution uniform. In the added 

components in the present invention, when a relatively high 

concentration 0.5% by mass or more of the first element is 

included, the high-purity direct addition can be employed. 

In order to stably include a low concentration of the first 

20 element and the second element, the method of adding a 

mother alloy is effective. 

[0029] 	In adding the first element, the second element, 

the third element, and other elements in the bonding wire, 

instead of the method of adding elements during melting as 

25 described above, the alloy element may be attached to the 

bonding wire surface. This method can achieve the effect 

of the present invention as described above. 

[0030] 	During the wire manufacturing process, an alloy 

component may be attached to the wire surface. In this 

30 case, this process may be introduced in any process in the 

wire manufacturing process or may be performed multiple 

times or may be introduced in a plurality of processes. An 

attaching method can be selected from (1) application of 
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aqueous solution, drying, and then heat treatment, (2) 

plating (wet), and (3) vapor deposition (dry). 

[0031] 	A produced copper alloy mass is first processed 

into a larger diameter by rolling and then thinned to a 

5 final wire diameter by wire drawing. In the rolling 

process, for example, groove-shaped rolls or swaging is 

used. In the wire drawing process, a continuous wire 

drawing machine is used in which a plurality of diamond-

coated dies can be set. If necessary, heat treatment is 

10 performed during the processing or in the final wire 

diameter. 

[0032] 	When the copper alloy bonding wire includes the 

first element, the material strength (hardness) of the wire 

is increased. Therefore, in wire drawing of bonding wire, 

15 the area reduction ratio in wire drawing has been as low as 

5 to 8%. In the heat treatment after wire drawing, heat 

temperature has been performed at temperature of 700°C or 

higher, because of the high hardness, in order to soften 

the wire to the level usable as a bonding wire. Because of 

20 the high heat treatment temperature, the average crystal 

grain size (gm) in core cross section exceeds (0.1 x R + 

0.5) (where R is the wire diameter (µm)), and the wedge 

bondability is slightly reduced. On the other hand, if the 

heat treatment temperature is reduced, the average crystal 

25 grain size (µm) in core cross section is less than (0.02 x 

R + 0.4), and consequently, the crushed shape of the ball 

bonded part is slightly deteriorated. 

[0033] 	Then, in the present invention, it is preferable 

that the area reduction ratio is set to 10% or more in at 

30 least half of all the dies in wire drawing using dies, and 

the heat treatment temperature in heat treatment after wire 

drawing is set to a low temperature of 600°C or lower. As 
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a result, the average crystal grain size (pm) in core cross 

section in the direction vertical to the wire axis of the 

bonding wire falls within a preferable range (0.02 x R + 

0.4 or more, 0.1 x R + 0.5 or less) (where R is the wire 

5 diameter (pm)). The latest wire drawing technique is 

applied,'the lubricant is designed such that the 

concentration of nonionic surfactant included in the 

lubricant is higher than the conventional one, the die 

shape is designed such that the approach angle of the die 

10 is gentler than the conventional one, and the cooling water 

temperature for the dies is set lower than conventional. 

The synergy of these settings enables wire drawing with an 

area reduction ratio of 10% or more in spite of increased 

hardness by inclusion of in total 0.03% by mass or more of 

15 the first element in the copper alloy bonding wire. 

[0034] 	As the production condition for controlling the 

average film thickness of copper oxide on the wire surface 

in the range of 0.0005 to 0.02 gm in the mass production 

level, it is preferable to suppress oxidation in the wire 

20 manufacturing process. In order to control the formation 

of copper oxide in the heat treatment process, it is 

effective to control, for example, temperature (200 to 

850°C), the flow rate (1 to 8 L/min) of inert gas in the 

heat treatment process, and the oxygen concentration in the 

25 furnace. It is effective to regulate the oxygen 

concentration such that the range of concentration measured 

in the center of the furnace is 0.1 to 6% by volume. The 

oxygen concentration can be maintained in the range above, 

for example, by keeping the proper gas flow rate and 

30 preventing intrusion of the external air into the heat 

treatment furnace by modifying the shape of the entrance 

and the exit of the furnace. Furthermore, in the mass 
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production level, controlling the wire drawing is also 

desirable. For example, it is effective to actively remove 

the moisture on the wire surface by drying (blowing hot air 

at 40 to 6000) before winding the wire after one pass in 

5 the wire drawing process in water and to control the 

humidity in storage during the manufacturing process 

(relative humidity of 60% or less in storage for two days 

or longer). 

10 EXAMPLES 

[0035] 	In the following, the bonding wire according to 

embodiments of the present invention will be specifically 

described with Examples. 

[0036] 	(Samples) 

15 	First of all, the method of preparing a sample will be 

described. Cu having a purity of 99.99% by mass or more 

(in the present example, 6N (the one with a concentration 

of 99.9999% by mass or more was used)) with the balance 

inevitable impurities was used as the raw material of core. 

20 The first element, the second element, the third element, 

and Pd having a purity of 99% by mass or more with the 

balance inevitable impurities were used. In order to 

achieve the composition of wire or core as intended, 

additional elements to the core, that is, alloy elements 

25 including the first element, the second element, the third 

element, and Pd are prepared. Although the elements may be 

prepared singly, a Cu mother alloy including an additional 

element may be produced in advance and then prepared so as 

to achieve the desired amount of addition, if the element 

30 alone has a high melting point or the amount of addition is 

extremely small. 

[0037] 	The copper alloy was produced by continuous 

casting so as to have a wire diameter of a few millimeters. 
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The resultant alloy of a few millimeters was drawn to yield 

wire having a diameter of 0.3 to 1.4 mm. In the wire 

drawing, a commercially available lubricant was used, and 

the wire drawing rate was 20 to 150 m/min. Except for some 

5 examples, acid washing with hydrochloric acid or the like 

was performed to remove an oxide film on the wire surface. 

Subsequently, wire drawing was performed using dies, in 

which at least half of all the dies had an area reduction 

ratio of 10 to 21%, and in the meantime, heat treatment at 

10 200 to 600°C was performed once to three times, achieving a 

diameter of 20 µm or a diameter of 18 µm. After the 

processing, heat treatment was performed such that the 

final breaking elongation was about 5 to 15%. The heat 

treatment was performed by continuously sweeping the wire 

15 and supplying N2 or Ar gas. The wire feeding speed was 10 

to 90 m/min, the heat treatment temperature was 350 to 

600°C, and the heat treatment time was 1 to 10 seconds. As 

for the production process in Examples 6, 10, 11, 23, 55, 

56, 62, and 77, the heat treatment temperature in Examples 

20 11 and 56 was low, 300°C or lower, and the heat treatment 

temperature in Examples 6, 10, 55, 62, and 77 was high, 

700°C or higher. 

[0038] 	(Method of Evaluation) 

[Element Content] 

25 	The alloy element contents in the wire were analyzed 

using an ICP optical emission spectrometer. 

[0039] 	[Crystal Grain Size] 

The crystal grain size was determined by the EBSD 

method. For analysis of EBSD measurement data, dedicated 

30 software (for example, OIM Analysis manufactured by TSL 

Solutions) was used. The crystal grain size is the 

arithmetic mean of equivalent diameters (the diameter of a 
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circle equivalent to the area of the crystal grain) of 

crystal grains included in the measurement region. 

[0040] 	[Average Film Thickness of Copper Oxide] 

In the measurement of the average film thickness of 

5 copper oxide on the wire surface, depth analysis by Auger 

spectroscopy was performed, and the average value of the 

film thicknesses of copper oxide measured at at least three 

points or more at random positions on the wire surface was 

used. With sputtering by Ar ions, the measurement was 

10 performed in the depth direction, and the unit of the depth 

is that of equivalent SiO2  thickness. The oxygen 

concentration of 30% by mass is set as the boundary between 

copper oxide and metal copper. As used herein the oxygen 

concentration is the ratio of the oxygen concentration to 

15 the total concentration of Cu, oxygen, and metal elements. 

In measurement, SAM-670 (type FE manufactured by PHI Inc.) 

was used, and the measurement was conducted with 

acceleration voltage of electron beams of 5 kV, the 

measurement region of 10 nA, the acceleration voltage of Ar 

20 ion sputtering of 3 kV, and the sputtering rate of 11 

nm/min. The measurement results of average film thickness 

of the copper oxide are provided in the column "Copper 

oxide average film thickness" in each table. 

[0041] 	[HAST] 

25 	Samples for bonding reliability evaluation were 

produced and subjected to HAST evaluation, and the bonding 

reliability of the ball bonded part under high-temperature 

and high-humidity environment or high-temperature 

environment was determined by the bonding longevity of the 

30 ball bonded part. The sample for bonding reliability 

evaluation was produced by performing ball bonding using a 

commercially available wire bonder on electrodes formed by 

deposing an Al-1.0% Si-0.5% Cu alloy with a thickness of 
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0.8 µm on a Si substrate on a common metal frame, followed 

by encapsulation with a commercially available epoxy resin. 

The balls were formed while N2+5%H2  gas was supplied at a 

flow rate of 0.4 to 0.6 L/min, and their size was in the 

5 range of 33 to 34 µm in diameter. 

[0042] 	For the HAST evaluation, an unsaturated pressure 

cooker was used, and the produced sample for bonding 

reliability evaluation was exposed under high-temperature 

and high-humidity environment with temperature of 130°C and 

10 relative humidity of 85%, and 7 V bias was applied. A 

shear test was conducted on the ball bonded part every 48 

hours, and the time when the value of shear strength was 

1/2 of the initially obtained shear strength was determined 

as the bonding longevity of the ball bonded part. The 

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

test was performed by removing the resin by acid treatment 

to expose the ball bonded part. 

[0043] 	A tester manufactured by DAGE was used as a shear 

tester in HAST evaluation. The value of shear strength is 

20 the average value of the values measured at 10 points in 

the ball bonded part selected at random. In the evaluation 

above, the bonding longevity being less than 96 hours was 

determined to be practically unacceptable to be marked with 

a symbol of "cross",being 96 hours to less than 144 hours 

25 was determined to be practicable but with some problem to 

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

less than 192 hours was determined to be practically 

acceptable to be marked with a symbol of "circle", being 

192 hours or longer was determined to be excellent to be 

30 marked with a symbol of "double circle" in the column 

"HAST" in each table. Only the symbol "cross" indicates 

fail and the other symbols indicate pass. 
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[0044] 	[FAB Shape] 

In the evaluation of ball formability (FAB shape) in 

the ball, the balls before bonding were taken and observed, 

and the presence/absence of voids on the ball surface and 

5 the presence/absence of deformation of the ball, which 

should be spherical, were determined. If any one of them 

occurred, the sample was determined as fail. The balls 

were formed by blowing N2 gas at a flow rate of 0.5 L/min 

in order to suppress oxidation in the melting process. The 

10 diameter of the ball was 1.7 times as large as the wire 

diameter. For one condition, 50 balls were observed. An 

SEM was used for observation. In the evaluation of the 

ball formability, a case in which five or more failures 

occurred was determined to be problematic to be marked with 

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

determined to be practicable but somewhat 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 in which no failure 

20 occurred was determined to be excellent to be marked with a 

symbol of "double circle" in the column "FAB shape" in each 

table. Only the symbol "cross" indicates fail and the 

other symbols indicate pass. 

[0045] 	[Wedge Bondability] 

25 	The wedge bondability in the wire bonded part was 

evaluated by bonding 1000 wires to leads of a lead frame 

and determined by the frequency of separation of the bonds. 

The lead frame used was an Fe-42 at% Ni alloy lead frame 

with 1 to 3 pm Ag plated. In this evaluation, considering 

30 a condition severer than usual, the stage temperature was 

set to 150°C, lower than the typical setting temperature 

range. In the evaluation above, a case in which 11 or more 

failures occured was determined to be unacceptable to be 
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marked with a symbol of "cross", a case 6 to 10 failures 

was determined to be practicable but with some problem to 

be marked with a symbol of "triangle", a case of 1 to 5 

failures was determined to be acceptable to be marked with 

5 a symbol of "circle", a case of no failure was determined 

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

circle" in the column 	"Wedge bondability" in each table. 

Only the symbol "cross" indicates fail and the other 

symbols indicate pass. 

10 	[0046] 	[Crushed Shape] 

In the evaluation of the crushed shape of the ball 

bonded part, the ball bonded part was observed from 

immediately above after bonding and its circularity was 

determined. For a bonding counterpart, an electrode in 

15 which an Al-0.5 % Cu alloy was formed as a film with a 

thickness of 1.0 µm on a Si substrate was used. An optical 

microscope was used for observation, and 200 points were 

observed for one condition. 	Being elliptic with large 

deviation from a perfect circle and being anisotropic in 

20 deformation were determined to be faulty in the crushed 

shape of the ball bonded part. In the evaluation above, a 

case in which 6 or more failures occured was determined to 

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

case of 4 to 5 failures was determined to be practicable 

25 but with some problem to be marked with a symbol 

of "triangle", a case of 1 to 3 failures was determined to 

be acceptable to be marked with a symbol of "circle", a 

case in which a favorable circle was obtaind for all was 

determined to be especially excellent to be marked with a 

30 symbol of "double circle" in the column" Crushed shape" in 

each table. 

[0047] 	[Table 1] 
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[0053] 	(Evaluation Result) 

As shown in Tables 1 and 2, in the copper alloy 

bonding wires in Examples 1 to 103 in which the 

concentration of the first element is in total 0.03 to 3.0% 

5 by mass, it has been confirmed that bonding reliability of 

the ball bonded part is achieved in the HAST test under the 

high-temperature and high-humidity environment with 

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

[0054] 	In all of the bonding wires in Examples 1 to 103 

10 in which the average film thickness of copper oxide on the 

wire surface is in the range of 0.0005 to 0.02 µm, the HAST 

evaluation result is satisfactory. 

[0055] 	Of the bonding wires in Examples, in the bonding 

wires in Examples 1 to 5, 7 to 9, 12 to 22, 24 to 54, 57 to 

15 	61, 63 to 69, 71 to 76, and 78 to 103 in which the area 

reduction ratio in wire drawing is 10% or more in at least 

half of all the dies and the heat treatment temperature in 

heat treatment after wire drawing is 600°C or lower, the 

average crystal grain size (µm) in core cross section in 

20 the direction vertical to the wire axis of the bonding wire 

is in the range of 0.02 x R + 0.4 or more to 0.1 x R + 0.5 

or less (where R is the wire diameter (µm)). Here, when 

the evaluation results of Examples 7 to 14 with the first 

element content of 0.8 to 1.0% by mass are compared, the 

25 wedge bondability and the crushed shape of the ball bond 

are better in the bonding wire with the average crystal 

grain size within the range above (Examples 7 to 9, 

Examples 12 to 14) than in the bonding wire with the 

average crystal grain size outside the range above 

30 	(Examples 10 and 11). This result indicates that when the 

average crystal grain size (µm) in core cross section in 

the direction vertical to the wire axis of the bonding wire 
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is in the range of 0.02 x R + 0.4 or more to 0.1 x R + 0.5 

or less (where R is the wire diameter (µm)), the wedge 

bondability and the crushed shape of the ball bond are 

satisfactory. 

	

5 	[0056] 	In Example 11, since the heat treatment 

temperature is low, 300°C or lower, the average crystal 

grain size is smaller than the lower limit of the 

preferable range, and the wedge bondability is " triangle" 

and slightly worse. 

	

10 	In Example 10, since the heat treatment temperature is 

high, 700°C or higher, the average crystal grain size 

exceeds the upper limit of the preferable range. 

Consequently, in Example 10, the crushed shape is 

"triangle" and slightly worse. 

	

15 	[0057] 	In the bonding wires in Examples 24 to 43 

including two or more first elements, the result of HAST 

test is more satisfactory than in the bonding wires in 

Examples 7 to 14 including a single first element with the 

equivalent content. This result indicates that in the 

20 bonding wire including two or more first elements, the ball 

bond reliability is even more satisfactory in the HAST test 

under the high-temperature and high-humidity environment 

with temperature of 130°C and relative humidity of 85%. 

[0058] 	Of the bonding wires in Examples, in the bonding 

25 wires in Examples 44 to 66 further including 0.0001 to 

0.050% by mass of each of the second elements, the crushed 

shape of the ball bonded part is satisfactory. 

Of the bonding wires in Examples, in the bonding wires 

in Examples 67 to 92 including in total 0.0005 to 0.5% by 

30 mass of at least one or more kinds of elements (third 

element) selected from Ag and Au, the crushed shape of the 

ball bonded part is satisfactory. 
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Of the bonding wires in Examples, in the bonding wires 

in Examples 93 to 103 further including 1.15% by mass or 

less of Pd, it has been confirmed that the bonding 

reliability of the ball bonded part is even more 

5 satisfactory in the HAST test under the high-temperature 

and high-humidity environment with temperature of 130°C and 

relative humidity of 85%. 

Of the bonding wires in Examples, in the bonding wires 

in Examples 75, 76, 84, 85, and 90 to 92 including 0.0001 

10 to 0.050% by mass of each of the second elements and in 

total 0.0005 to 0.07% by mass of at least one or more kinds 

of elements (third element) selected from Ag and Au, in 

addition to the first element, all of the HAST evaluation 

results, the wedge bondability, and the crushed shape of 

15 the ball bonded part are satisfactory. Among others, in 

Examples 75 and 76 including two or more first elements, 

the HAST evaluation result is particularly good. 

Of the bonding wires in Examples, in the bonding wires 

in Examples 98 to 99 further including 0.0001 to 0.050% by 

20 mass of each of the second elements and 1.15% by mass or 

less of Pd, in addition to the first element, the HAST 

evaluation result is even more satisfactory, and the FAB 

shape, the wedge bondability, and the crushed shape of the 

ball bonded part are satisfactory. 

25 	[0059] 	On the other hand, of the bonding wires in 

Comparative Examples, in the bonding wires in Comparative 

Examples 3 and 4 in which the total concentration of the 

first element is less than 0.03% by mass, bonding 

reliability of the ball bonded part is not achieved in the 

30 HAST test, and in the bonding wires in Comparative Examples 

1, 2, 5, and 6 in which the total concentration of the 

first element is greater than 3% by mass, the FAB shape and 

the wedge bondability are bad. 
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CLAIMS 

1. A copper alloy bonding wire for semiconductor devices, 

comprising in total 0.03% by mass or more to 3% by mass or 

less of at least one or more kinds of elements selected 

5 from Ni, Zn, Ga, Ge, In, and Ir, with the balance 

comprising Cu and inevitable impurities, wherein the copper 

alloy bonding wire is bare Cu alloy wire. 

2. The copper alloy bonding wire for semiconductor 

10 devices according to claim 1, wherein an average crystal 

grain size (pm) in core cross section in a direction 

vertical to a wire axis of the copper alloy bonding wire is 

0.02 x R + 0.4 or more (la) 

0.1 x R + 0.5 or less 	(lb) 

15 where R (µm) is a diameter of the wire. 

3. The copper alloy bonding wire for semiconductor 

devices according to claim 1 or 2, wherein an average film 

thickness of copper oxide on a surface of the wire is in a 

20 	range of 0.0005 tim or more and 0.02 pum or less. 

4. The copper alloy bonding wire for semiconductor 

devices according to any one of claims 1 to 3, wherein the 

copper alloy bonding wire further comprises 0.0001% by mass 

25 or more and 0.050% by mass or less of each of at least one 

or more kinds of elements selected from Ti, B, Ca, La, As, 

Te, and Se, with respect to the entire wire. 

5. The copper alloy bonding wire for semiconductor 

30 devices according to any one of claims 1 to 4, wherein the 

copper alloy bonding wire further comprises in total 

0.0005% by mass or more and 0.5% by mass or less of at 
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least one or more kinds of elements selected from Ag and Au, 

with respect to the entire wire. 

6. The copper alloy bonding wire for semiconductor 

5 devices according to any one of claims 1 to 5, wherein the 

copper alloy bonding wire further comprises 1.15% by mass 

or less of Pd. 

7. The copper alloy bonding wire for semiconductor 

10 devices according to any one of claims 1 to 6, wherein the 

copper alloy bonding wire comprises two or more kinds of 

elements selected from Ni, Zn, Ga, Ge, In, and Ir. 

8. The copper alloy bonding wire for semiconductor 

15 devices according to any one of claims 1 to 7, wherein the 

copper alloy bonding wire does not have a coating layer 

based on a metal other than copper. 

20 


