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DESCRIPTION

TITLE OF THE INVENTION:

BONDING WIRE FOR SEMICONDUCTOR DEVICES

5

TECHNICAL FIELD

[0001] The present invention relates to a bonding wire 

for semiconductor devices.  The present invention further 

relates to a method for manufacturing a semiconductor 

device using the bonding wire, and a semiconductor device 10

including the bonding wire.

BACKGROUND ART

[0002] In semiconductor devices, electrodes formed on a 

semiconductor element are connected with electrodes on a 15

lead frame or a substrate using a bonding wire.  As a 

bonding wire for wedge bonding having a diameter smaller 

than 100 μm, there is mainly used a bonding wire primarily 

composed of aluminum (Al) that can be bonded at the room 

temperature (25±10°C) (hereinafter also simply referred to 20

as an "Al wire") (for example, Patent Literature 1).

[0003] On the other hand, regarding a packaging 

(sealing) technique for semiconductor devices, a hermetic 

sealing with metal, glass, and/or ceramics has been 

conventionally employed, but a resin sealing using a 25

thermosetting epoxy resin has been increasingly used in 

view of cost and mass productivity.

RELATED ART REFERENCE

Patent Literature30

[0004] Patent Literature 1: JP-T-2016-511529

SUMMARY OF INVENTION



2

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] Due to the change in the sealing technique for 

semiconductor devices, the bonding wire tends to be 

subjected to an environment including ionic impurities and 

moisture unlike the conventional hermetic sealing.  In such 5

an environment, a corrosion of the Al wire remarkably 

proceeds, and a bond reliability is difficult to maintain.  

Furthermore, the Al wire is easily recrystallized and has a 

large coefficient of thermal expansion due to its physical 

property, so that the Al wire is difficult to be applied to 10

a high-temperature use.

[0006] As a bonding wire for ball bonding, a copper (Cu) 

wire coated with palladium (Pd) is known (for example, JP-

A-2005-167020), but it has been confirmed that, in a case 

of using such a Pd-coated Cu wire for wedge bonding, 15

bonding is difficult at the room temperature.  Although a 

sufficient bonding strength can be obtained by heating the 

wire at the time of bonding, its application is limited 

because an oxidation is caused by heating, a thermal stress 

is caused in respective members due to heating and cooling, 20

and further a time is required for heating.

[0007] Regarding a bare Cu wire without a coating, a 

sufficient bonding strength can be obtained at an initial 

bonding stage of wedge bonding at the room temperature, but 

a favorable bond reliability cannot be obtained due to 25

proceeding of corrosion at a bonded part with an electrode.

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

a boding wire that exhibits a favorable bondability when 

being applied to wedge bonding at the room temperature, and 

also achieves an excellent bond reliability.30

MEANS FOR SOLVING PROBLEM
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[0009] As a result of earnest investigation as to the 

problem described above, the present inventors have found 

that the problem described above can be solved by the 

bonding wire having the configuration described below, and 

further investigated the problem based on such knowledge to 5

complete the present invention.

That is, the present invention includes the following 

content.

[1] A bonding wire for semiconductor devices, the bonding 

wire comprising:10

a core material of Cu or Cu alloy (hereinafter 

referred to as a "Cu core material"); and

a coating containing a noble metal formed on a surface 

of the Cu core material (hereinafter referred to as a 

"noble metal coating"), wherein15

a concentration of Cu at a surface of the wire is 30 

to 80 at%.

[2] The bonding wire according to [1], wherein the 

concentration of Cu at the surface is measured by Auger 

electron spectroscopy (AES) under the following 20

<Condition>:

<Condition> a center of width of a measuring surface 

is aligned with a center of width of the wire, the width of 

the measuring surface is 10% or more and 15% or less of a 

diameter of the wire, and a length of the measuring surface 25

is five times the width of the measuring surface.

[3] The bonding wire according to [1] or [2], wherein the 

noble metal coating contains Pd.

[4] The bonding wire according to [3], wherein the noble 

metal coating further contains Au.30

[5] The bonding wire according to any one of [1] to [4], 

wherein a maximum concentration of the noble metal in the 

noble metal coating is 50 at% or more.
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[6.] The bonding wire according to [4] or [5], wherein, in 

the noble metal coating, a position indicating a maximum 

concentration of Au is closer to the surface of the wire 

than a position indicating a maximum concentration of Pd.

[7] The bonding wire according to [5] or [6], wherein a 5

maximum concentration of the noble metal in the noble metal 

coating is determined from a concentration profile in a 

depth direction that is obtained by performing measurement 

by Auger electron spectroscopy (AES) under the following 

<Condition> while digging down the wire from its surface in 10

the depth direction by Ar sputtering:

<Condition> a center of width of a measuring surface 

is aligned with a center of width of the wire, the width of 

the measuring surface is 10% or more and 15% or less of a 

diameter of the wire, and a length of the measuring surface 15

is five times the width of the measuring surface.

[8] The bonding wire according to any one of [1] to [7], 

wherein the Cu core material consists of Cu and inevitable 

impurities.

[9] The bonding wire according to any one of [1] to [8], 20

wherein the noble metal coating consists of the noble metal 

and inevitable impurities.

[10] The bonding wire according to any one of [1] to [7], 

wherein

the bonding wire contains at least one element 25

selected from the group consisting of Ni, Zn, Rh, In, Ir 

and Pt (hereinafter referred to as a "first additive 

element"), and

a concentration of the first additive element in total 

is 0.1 to 1.5% by mass relative to the entire wire.30

[11] The bonding wire according to any one of [1] to [7], 

and [10], wherein
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the boning wire contains at least one element selected 

from the group consisting of P, B, Be, Fe, Mg, Ti, Zn, Ag 

and Si (hereinafter referred to as a "second additive 

element"), and

a concentration of the second additive element in 5

total is 0.1 to 200 ppm by mass relative to the entire 

wire.

[12] The bonding wire according to [10] or [11], wherein 

the Cu core material consists of Cu, at least one element 

selected from the first additive element and the second 10

additive element, and inevitable impurities.

[13] The bonding wire according to any one of [10] to [12], 

wherein the noble metal coating consists of the noble 

metal, at least one element selected from the first 

additive element and the second additive element, and 15

inevitable impurities.

[14] The bonding wire according to any one of [1] to [13], 

wherein an average crystal grain size in a cross-section of 

the Cu core material in a direction perpendicular to a wire 

axis is 1.4 to 3.2 μm.20

[15] The bonding wire according to any one of [1] to [14] 

used for wedge-wedge bonding.

[16] A method for manufacturing a semiconductor device, the 

method comprising:25

a step of connecting a first electrode on a 

semiconductor element to a second electrode on a lead frame 

or circuit board with using the bonding wire according to 

any one of [1] to [15], wherein

a first connection between the first electrode and the 30

bonding wire and a second connection between the second 

electrode and the bonding wire are both performed by wedge 

bonding.
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[17] The method according to [16], wherein the first 

connection and the second connection are performed at the 

room temperature.

[18] A semiconductor device comprising the bonding wire 

according to any one of [1] to [15].5

EFFECT OF THE INVENTION n

[0010] The present invention can provide a bonding wire 

that exhibits a favorable bondability when being applied to 

wedge bonding at the room temperature, and also achieves an 10

excellent bond reliability.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0011] Hereinafter, the present invention will be 

described in detail based on a preferred embodiment 15

thereof.

[0012] [Bonding wire for semiconductor devices]

A bonding wire for semiconductor devices of the 

present invention includes:

a core material of Cu or Cu alloy (hereinafter also 20

referred to as a "Cu core material"), and

a coating containing a noble metal (hereinafter also 

referred to as a "noble metal coating") formed on a surface 

of the Cu core material,

wherein a concentration of Cu at a surface of the wire 25

is 30 to 80 at%.

[0013] As described above, the Pd-coated Cu wire is 

known as a bonding wire for ball bonding, but it has been 

confirmed that, in a case of using such a Pd-coated Cu wire 

for wedge bonding, bonding is difficult at the room 30

temperature.  In the Pd-coated Cu wire for ball bonding, a 

high concentration of Pd coating is provided on a surface 

of the wire to suppress oxidation at the time of ball 
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formation.  On the other hand, in bonding using a Cu wire, 

a sufficient bonding strength is achieved by a diffusion 

bonding between Cu and an electrode metal.  It is estimated 

that, when the Pd-coated Cu wire for ball bonding is used 

for wedge bonding at the room temperature (25±10°C), the 5

diffusion bonding between Cu and the electrode metal is 

suppressed due to a high concentration of Pd coating that 

is present on the surface of the wire, so that sufficient 

bonding cannot be achieved.  Although a sufficient bonding 

strength can be obtained by heating the wire at the time of 10

bonding, its application is limited because an oxidation is 

caused by heating, a thermal stress is caused in respective 

members due to heating and cooling, and further a time is 

required for heating.  An Al wire or a bare Cu wire without 

a coating may be applied, but these wires have the problem 15

that a favorable bond reliability is hardly obtained as 

described above.

[0014] In a process of carrying out earnest 

investigation to provide a bonding wire that exhibits a 

favorable bondability when being applied to wedge bonding 20

at the room temperature and also achieves an excellent bond 

reliability, the present inventors have found that, by 

increasing the concentration of Cu at a surface of the Cu 

wire having the noble metal coating, the Cu wire exhibits a 

favorable bondability even when being applied to wedge 25

bonding at the room temperature.  Additionally, the present 

inventors have also found that the Cu wire having the noble 

metal coating and the concentration of Cu at the surface 

thereof falling within a predetermined range can achieve 

the favorable bond reliability even in a case of 30

manufacturing a semiconductor device by the resin sealing.  

It is estimated that a region including a certain 

concentration of noble metal is present on a bonding 
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interface because the noble metal coating is included, and 

a proceeding of corrosion at a bonded part with an 

electrode is remarkably suppressed by such a region 

containing the noble metal.  Additionally, even when being 

applied to the use where a remarkable temperature change is 5

occurred in accordance with an operation cycle of device 

such as a power semiconductor device, the Cu wire having 

the noble metal is mainly made of Cu, so that it is 

possible to remarkably suppress the generation of a crack 

(a bond crack or a heel crack) at an interface of a 10

connection part or in the vicinity thereof due to a thermal 

stress, which becomes a problem for the Al wire.  

Therefore, the present invention greatly contributes to 

putting a Cu-based wire into practical use in a wedge 

bonding including a room-temperature bonding, and 15

contributes to achieving an inexpensive and high-

performance semiconductor device.

[0015] In the bonding wire for semiconductor devices of 

the present invention (hereinafter also simply referred to 

as "the wire of the present invention", or "the wire"), a 20

lower limit of the concentration of Cu at the surface is 30 

at% or more, preferably 35 at% or more, and more preferably 

40 at% or more, 42 at% or more, 44 at% or more, or 45 at% 

or more, in view of achieving a favorable bondability even 

when the wire is applied to wedge bonding at the room 25

temperature.  The present inventors have confirmed that, 

when the concentration of Cu at the surface falls within 

such a range, an excellent effect of suppressing the 

proceeding of galvanic corrosion can be achieved even in a 

case of applying the wire to a high-temperature use.30

[0016] The present inventors have found that, 

particularly when the concentration of Cu at the surface is 

45 at% or more, a remarkably excellent bondability can be 
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achieved in a case of applying the wire to wedge bonding at 

the room temperature.  The concentration of Cu at the 

surface is more preferably 46 at% or more, 48 at% or more, 

50 at% or more, or more than 50 at%.

[0017] In view of achieving a favorable bond reliability 5

even in a case of manufacturing the semiconductor device 

with the resin sealing, and in view of achieving a 

favorable bond reliability especially in a high-temperature 

and high-humidity environment, an upper limit of the 

concentration of Cu at the surface is 80 at% or less, 10

preferably 75 at% or less, and more preferably 70 at% or 

less, 65 at% or less, or 60 at% or less.

[0018] In the present invention, the concentration of Cu 

at the surface can be determined by measuring the wire 

surface as a measuring surface with using Auger electron 15

spectroscopy (AES).  Specifically, the composition analysis 

is performed on the wire surface by the Auger electron 

spectroscopy (AES).  Herein, when determining the 

concentration of Cu at the surface, a gas component such as 

carbon (C), sulfur (S), oxygen (O) or nitrogen (N), a 20

nonmetallic element, and the like are not considered.

[0019] When performing the composition analysis on the 

wire surface by the Auger electron spectroscopy (AES), a 

position and dimensions of the measuring surface are 

determined as follows.  In the following description, the 25

width of the measuring surface indicates the dimension of 

the measuring surface in a direction perpendicular to a 

wire axis (a thickness direction of the wire), and the 

length of the measuring surface indicates the dimension of 

the measuring surface in a direction along the wire axis (a 30

length direction of the wire).

[0020] First, the wire to be measured is fixed to a 

sample holder in a linear arrangement.  Next, the measuring 
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surface is determined so that a center of width of the 

measuring surface is aligned with a center of width of the 

wire in the direction perpendicular to the wire axis, and 

the width of the measuring surface is 10% or more and 15% 

or less of a diameter of the wire.  The length of the 5

measuring surface is set to be 5 times the width of the 

measuring surface.  By determining the position and 

dimensions of the measuring surface as described above, it 

is possible to measure the concentration of Cu at the 

surface, which is required for achieving a favorable 10

bondability even when being applied to wedge bonding at the 

room temperature, with high accuracy.  It is preferable to 

perform the measurement for measuring surfaces at a 

plurality of points (n ≥ 3) which are separated from each 

other by 1 mm or more in the direction of the wire axis, 15

and employ an average value thereof.

[0021] The concentration of Cu at the surface described 

above is based on a result of measurement under the 

conditions described in [Composition analysis on wire 

surface by Auger electron spectroscopy (AES)] described 20

later.

[0022] -Cu core material-

The wire of the present invention includes a core 

material of Cu or Cu alloy, that is, a Cu core material.

[0023] The Cu core material is not limited so long as it 25

is made of Cu or Cu alloy, and there may be used a known Cu 

core material constituting a conventional Pd-coated Cu wire 

that is known as a bonding wire for ball bonding.

[0024] The Cu core material may contain at least one 

dopant selected from a first additive element and a second 30

additive element described later, for example.  Preferable 

contents of these dopants are described later.
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[0025] In a preferred embodiment, the Cu core material 

consists of Cu and inevitable impurities.  In another 

preferred embodiment, the Cu core material consists of Cu, 

at least one element selected from the first additive 

element and the second additive element described later, 5

and inevitable impurities.  The term "inevitable 

impurities" used in relation to the Cu core material 

encompasses elements constituting the noble metal coating 

described later.

[0026] When being contained in other metal, Cu easily 10

diffuses at a high temperature.  When a heat treatment is 

performed at the time of manufacturing the wire of the 

present invention which includes the Cu core material and 

the noble metal coating formed on the surface of the Cu 

core material, Cu in the Cu core material can diffuse in 15

the noble metal coating to reach the surface of the wire.  

The wire of the present invention is characterized in that 

the concentration of Cu at the surface falls within a 

predetermined range, and Cu at the surface of the wire may 

be Cu that has reached the surface due to such diffusion.  20

In the wire of the present invention, a state of Cu at the 

surface is not particularly limited.  A part of Cu may be 

oxidized, or may be dissolved in the noble metal in the 

noble metal coating as a solid solution.

[0027] In view of achieving a particularly favorable 25

bondability in a case of applying the wire of the present 

invention to wedge bonding at the room temperature 

(furthermore, in a case of reducing a load and an 

ultrasonic condition at the time of bonding), an average 

crystal grain size in a cross-section of the Cu core 30

material (a C cross-section of the Cu core material) in a 

direction perpendicular to the wire axis is preferably 1.4 

μm or more, and more preferably 1.5 μm or more, 1.6 μm or 
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more, 1.8 μm or more, or 2 μm or more.  In view of 

achieving a favorable loop shape stability, an upper limit 

of the average crystal grain size is preferably 3.2 μm or 

less, and more preferably 3.1 μm or less, or 3 μm or less.  

Thus, in a preferred embodiment, the average crystal grain 5

size in the C cross-section of the Cu core material is 1.4 

to 3.2 μm.  As for the average crystal grain size, a 

measuring method such as EBSD (Electron Back Scatter 

Diffraction Patterns) is used to determine the area of each 

crystal grain and then to calculate the average of diameter10

of each crystal grain on the supposition that each crystal 

grain is a circle.  The average crystal grain size in the C 

cross-section of the Cu core material can be measured by 

the method described in [Measurement of average crystal 

grain size on C cross-section of Cu core material] 15

described later.

[0028] -Noble metal coating-

The wire of the present invention includes a coating 

containing a noble metal formed on the surface of the Cu 

core material, that is, the noble metal coating.20

[0029] The noble metal contained in the noble metal 

coating is not limited so long as it does not inhibit the 

effect of the present invention.  The noble metal coating 

preferably contains palladium (Pd) or gold (Au) in view of 

achieving a particularly favorable bond reliability even in 25

a case of manufacturing the semiconductor device by the 

resin sealing.  More preferably, the noble metal contained 

in the noble metal coating is palladium (Pd).

[0030] When defining the total content of noble metals 

contained in the noble metal coating as 100% by mass, a30

content of Pd is preferably 50% by mass or more, and more 

preferably 60% by mass or more, 70% by mass or more, 80% by 

mass or more, or 90% by mass or more.  An upper limit of 



13

the content is not limited, and may be 100% by mass.  For 

example, the upper limit of the content may be 99% by mass 

or less, 98% by mass or less, or 97% by mass or less.

[0031] The noble metal coating may further contain at 

least one dopant selected from the first additive element 5

and the second additive element described later, for 

example.  Preferable contents of these dopants are 

described later.

[0032] In a preferred embodiment, the noble metal 

coating consists of a noble metal and inevitable 10

impurities.  In another preferred embodiment, the noble 

metal coating consists of a noble metal, at least one 

element selected from the first additive element and the 

second additive element described later, and inevitable 

impurities.  The term "inevitable impurities" used in 15

relation to the noble metal coating encompasses elements 

constituting the Cu core material.

[0033] In view of achieving a favorable bond reliability 

even in a case of manufacturing the semiconductor device by 

the resin sealing, especially in view of achieving a 20

favorable bond reliability under a high-temperature and 

high-humidity environment, a maximum concentration of the 

noble metal in the noble metal coating is preferably 50 at% 

or more.  In view of achieving a particularly favorable 

bond reliability under the high-temperature and high-25

humidity environment, the maximum concentration is more 

preferably 60 at% or more, 70 at% or more, 75 at% or more, 

or 80 at% or more.  An upper limit of the maximum 

concentration is not limited, and may be 100 at%.  For 

example, the upper limit of the maximum concentration may 30

be 99.5 at% or less, 99 at% or less, or 98 at% or less.  

Particularly, when the thickness of the noble metal coating 

(a calculation method therefor will be described later) is 
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20 nm or more while satisfying a preferred condition of the 

maximum concentration, it is preferable because the wire of 

the present invention can achieve a particularly excellent 

bond reliability even under the high-temperature and high-

humidity environment.  The thickness of the noble metal 5

coating is more preferably 25 nm or more, and further 

preferably 30 nm or more, 35 nm or more, 40 nm or more, 45 

nm or more, or 50 nm or more.  Although an upper limit of 

the thickness of the noble metal coating is not limited, it 

is preferably 0.5 μm or less, and more preferably 0.4 μm or 10

less, 0.3 μm or less, 0.2 μm or less, 0.15 μm or less, or 

0.1 μm or less.

[0034] In the present invention, the maximum 

concentration of the noble metal in the noble metal coating 

can be determined by performing the composition analysis by 15

the Auger electron spectroscopy (AES) while digging down 

the wire from its surface in a depth direction by Ar 

sputtering.  Specifically, a concentration profile in the 

depth direction is obtained by repeating 1) sputtering 

treatment by Ar and 2) surface composition analysis after 20

the sputtering treatment, and the maximum concentration of 

the noble metal in the noble metal coating can be 

determined from the concentration profile.

[0035] 2) The surface composition analysis after the 

sputtering treatment can be performed under the same 25

condition as that for composition analysis performed by the 

Auger electron spectroscopy (AES) for determining the 

concentration of Cu at the surface.  Specifically, when 

performing the composition analysis by the Auger electron 

spectroscopy (AES) on the surface after the sputtering 30

treatment, the position and the dimensions of the measuring 

surface are determined as follows.
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[0036] The measuring surface is determined so that a 

center of width of the measuring surface is aligned with a 

center of width of the wire in the direction perpendicular 

to the wire axis, and the width of the measuring surface is 

10% or more and 15% or less of a diameter of the wire.  The 5

length of the measuring surface is set to be 5 times the 

width of the measuring surface.  By determining the 

position and dimensions of the measuring surface as 

described above, it is possible to measure the maximum 

concentration of the noble metal in the noble metal 10

coating, which is required for achieving a favorable bond 

reliability even in a case of manufacturing the 

semiconductor device by the resin sealing, with high 

accuracy.  It is preferable to perform the measurement for 

measuring surfaces at a plurality of points (n ≥ 3) which 15

are separated from each other by 1 mm or more in the 

direction of the wire axis, and employ an average value 

thereof.

[0037] There will be described a tendency of the 

concentration profile in the depth direction obtained for 20

the wire of the present invention according to an 

embodiment.  Up to a certain depth position from the 

surface of the wire, the concentration of Cu tends to be 

decreased, and the concentration of the noble metal tends 

to be increased.  Further proceeding in the depth 25

direction, the concentration of the noble metal tends to be 

decreased and the concentration of Cu tends to be increased 

from a certain depth position (d).  In such a concentration 

profile, focusing on the increase or decrease in the 

concentration of the noble metal, the maximum concentration 30

of the noble metal can be determined from a position at 

which the concentration of the noble metal becomes the 

maximum (in the embodiment described above, the depth 
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position d).  In a case where the noble metal coating 

contains a plurality of noble metals, there may be focused 

on the increase or decrease in a total concentration of the 

noble metals to determine the "maximum concentration of the 

noble metal".  For example, the increase or decrease in a 5

concentration of Pd may be focused on in a case where the 

noble metal coating contains only Pd, and the increase or 

decrease in the total concentration of Pd and Au may be 

focused on in a case where the noble metal coating contains 

Pd and Au in combination.10

[0038] The preferred range of the maximum concentration 

of the noble metal in the noble metal coating described 

above is based on a result of measurement under the 

conditions described in [Obtaining of concentration profile 

in depth direction by Auger electron spectroscopy (AES)] 15

described later.

[0039] In the wire of the present invention, the noble 

metal coating may contain gold (Au) in addition to Pd.  If 

the noble metal coating further contains Au in addition to 

Pd, it is possible to achieve the bonding wire that 20

exhibits a particularly favorable bondability when being 

applied to wedge bonding at the room temperature, and also 

achieves a particularly excellent bond reliability.

[0040] In a case where the noble metal coating contains 

Au, a content of Au is preferably 0.5% by mass or more, and 25

more preferably 1% by mass or more, 1.5% by mass or more, 

or 2% by mass or more, when defining the total content of 

noble metals contained in the noble metal coating as 100% 

by mass.  In view of preventing an excessive increase in 

cost, an upper limit of the content may be 10% by mass or 30

less, 7% by mass or less, 5% by mass or less, or 3% by mass 

or less, for example.
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[0041] In a case where the noble metal coating further 

contains Au in addition to Pd, it is preferable that, in 

the noble metal coating, a position indicating the maximum 

concentration of Au is closer to the surface of the wire 

than a position indicating the maximum concentration of Pd 5

in view of further obtaining the effect of the present 

invention.  In this case, in the concentration profile in 

the depth direction obtained as described above, there may 

be focused on the increase or decrease in the concentration 

of Au and the increase or decrease in the concentration of 10

Pd, respectively.

[0042] In the wire of the present invention, a boundary 

between the Cu core material and the noble metal coating is 

determined based on the total concentration of the noble 

metals.  The position at which the total concentration of 15

the noble metals is 20 at% is defined as the boundary, a 

region where the total concentration of the noble metals is 

20 at% or more is determined to be the noble metal coating, 

and a region where the total concentration of the noble 

metals is lower than 20 at% is determined to be the Cu core 20

material.  A phase (layer) closer to the surface of the 

wire than the noble metal coating as determined above is 

determined to be the noble metal coating even if the total 

concentration of the noble metals thereof is lower than 20 

at%.25

[0043] In the concentration profile in the depth 

direction obtained by the Auger electron spectroscopy 

(AES), the thickness of the noble metal coating can be 

determined, by checking the concentration profile from the 

wire axis toward the wire surface, as a distance from a 30

depth position at which the total concentration of the 

noble metals reaches 20 at% for the first time to the wire 

surface position.  The thickness of the noble metal coating 
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described above is based on  the concentration profile in 

the depth direction obtained by the Auger electron 

spectroscopy (AES), specifically, based on the 

concentration profile in the depth direction in which the 

unit of the depth is in terms of SiO2.5

[0044] The wire of the present invention may further 

contain at least one element ("first additive element") 

selected from the group consisting of Ni, Zn, Rh, In, Ir 

and Pt.  The concentration of the first additive element in 

total is preferably 0.1% by mass relative to the entire 10

wire.  Accordingly, it is possible to achieve the bonding 

wire that can further suppress the proceeding of galvanic 

corrosion even when being applied to a high-temperature 

use, and can achieve a particularly excellent bond 

reliability.  The concentration of the first additive 15

element in total relative to the entire wire is more 

preferably 0.3% by mass or more, and further preferably 

0.5% by mass or more.  In view of suppressing a hardening 

of the wire and readily achieving a favorable bondability 

in a case of applying the wire to wedge bonding at the room 20

temperature, an upper limit of the total concentration of 

the first additive element is preferably 1.5% by mass or 

less, and more preferably 1.4% by mass or less, 1.3% by 

mass or less, or 1.2% by mass or less.  Thus, in a 

preferred embodiment, the wire of the present invention 25

contains the first additive element, and the concentration 

of the first additive element in total is 0.1 to 1.5% by 

mass respective to the entire wire.  Alternatively, 

regarding the first additive element, the concentration of 

Ni relative to the entire wire may be lower than 0.1% by 30

mass, for example, may be 0.09% by mass or less, or 0.08% 

by mass or less.
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[0045] The wire of the present invention may further 

contain at least one element ("second additive element") 

selected from the group consisting of P, B, Be, Fe, Mg, Ti, 

Zn, Ag and Si.  The concentration of the second additive 

element in total is preferably 0.1 ppm by mass or more 5

relative to the entire wire.  Accordingly, it is possible 

to achieve the wire that is further excellent in loop shape 

stability.  The concentration of the second additive 

element in total relative to the entire wire is more 

preferably 1 ppm by mass or more, further preferably 2 ppm 10

by mass or more, 3 ppm by mass or more, 5 ppm by mass or 

more, 8 ppm by mass or more, 10 ppm by mass or more, 20 ppm 

by mass or more, 30 ppm by mass or more, or 40 ppm by mass 

or more, and further more preferably 50 ppm by mass or 

more, or 55 ppm by mass or more.  In view of suppressing a 15

hardening of the wire and readily achieving a favorable 

bondability in a case of applying the wire to wedge bonding 

at the room temperature, an upper limit of the total 

concentration of the second additive element is preferably 

200 ppm by mass or less, and more preferably 190 ppm by 20

mass or less, 180 ppm by mass or less, 170 ppm by mass or 

less, 160 ppm by mass or less, or 150 ppm by mass or less.

[0046] The contents of the first additive element and 

the second additive element in the wire can be measured by 

the method described in [Measurement of element content] 25

described later.

[0047] A diameter of the wire of the present invention 

is not limited and may be appropriately determined 

depending on specific purposes.  Preferably, the diameter 

of the wire may be 15 μm or more, 18 μm or more, or 20 μm 30

or more, for example.  An upper limit of the diameter is 

not limited and may be 200 μm or less, 150 μm or less, or 

100 μm or less, for example.
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[0048] <Manufacturing method for wire>

There will be described an example of a method for 

manufacturing the bonding wire for semiconductor devices 

according to the present invention.

[0049] First, raw material copper having high purity (4 5

N to 6 N; 99.99 to 99.9999% by mass or more) is processed 

to have a large diameter (diameter of about 3 to 6 mm) by 

continuous casting, and an ingot is obtained.

[0050] In a case of adding a dopant such as the first 

additive element and the second additive element described 10

above, examples of an addition method therefor may include 

a method of causing the dopant to be contained in the Cu 

core material, a method of causing the dopant to be 

contained in the noble metal coating, a method of 

depositing the dopant on the surface of the Cu core 15

material, and a method of depositing the dopant on the 

surface of the noble metal coating.  These methods may be 

combined with each other.  The effect of the present 

invention can be achieved by employing any addition method.  

In the method of causing the dopant to be contained in the 20

Cu core material, a copper alloy containing a required 

concentration of dopant may be used as a raw material to 

manufacture the Cu core material.  In a case of obtaining 

such a copper alloy by adding the dopant to Cu as the raw 

material, a dopant component having high purity may be 25

directly added to Cu, or alternatively, a mother alloy 

containing a dopant component at a concentration of about 

1% may be used.  In the method of causing the dopant to be 

contained in the noble metal coating, the dopant may be 

contained in a noble metal plating bath at the time of 30

forming the noble metal coating (in a case of wet plating), 

or in a target material (in a case of dry plating).  In the 

method of depositing the dopant on the surface of the Cu 
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core material and the method of depositing the dopant on 

the surface of the noble metal coating, at least one type 

of deposition treatment selected from (1) application of 

⇒ ⇒aqueous solution  drying  heat treatment, (2) a plating 

method (wet), and (3) a vapor deposition method (dry) may 5

be performed while the surface of the Cu core material or 

the surface of the noble metal coating being as a 

deposition surface.

[0051] The ingot having a large diameter is subjected to 

forging, rolling, and wire-drawing to manufacture a wire 10

with a diameter of about 0.9 to 1.2 mm (hereinafter also 

referred to as an "intermediate wire").

[0052] As a method for forming the noble metal coating 

on the surface of the Cu core material, an electroplating, 

an electroless plating, a vapor deposition, and the like 15

can be used.  Among them, the electroplating is preferable 

industrially because it can stably control film thickness.  

For example, in a case of forming the noble metal coating 

containing Pd and Au in combination, after forming a Pd 

coating on a surface of the intermediate wire, an Au 20

coating may be formed on a surface of the Pd coating.  The 

Pd coating and the Au coating may be deposited at a stage 

of the ingot having large diameter, or the Pd coating and 

the Au coating may be formed on the surface of the Cu core 

material after further thinning the intermediate wire by 25

performing the wire-drawing (for example, after carrying 

out the wire-drawing to a final diameter of the Cu core 

material).

[0053] The wire-drawing process can be performed by 

using a continuous wire-drawing machine in which a 30

plurality of diamond-coated dies can be set.  If necessary, 

heat treatment may be performed during the wire-drawing 

process.  By performing a heat treatment to diffuse Pd and 
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Au each other, the noble metal coating containing an alloy 

of Au and Pd may be formed.  As a method therefor, a method 

that promotes alloying by continuously sweeping the wire at 

a constant speed in an electric furnace at a constant 

furnace temperature is preferable in that the composition 5

and thickness of the alloy can surely be controlled.

[0054] After the wire-drawing process, surface refining 

heat treatment is performed.  In view of readily achieving 

the bonding wire having the concentration of Cu at the 

surface thereof falling within a predetermined range, the 10

surface refining heat treatment is preferably performed at 

a high temperature for a long time.  Although depending on 

the thickness of the noble metal coating, a desired 

concentration of Cu at the surface, and the like, the 

temperature of the surface refining heat treatment is 15

preferably determined within a range from 0.6 Tm to 0.8 Tm 

when defining that a melting point of copper is Tm (K).  

The melting point Tm of copper is 1358 K (= 1085°C), so 

that the temperature of the surface refining heat treatment 

preferably falls within a range from 540°C to 820°C.  A 20

time for the surface refining heat treatment is preferably 

5 seconds or more, and more preferably 7 seconds or more, 

or 10 seconds or more.  An upper limit of the time for the 

heat treatment may be 20 seconds or less, for example.

[0055] As an atmospheric gas for the surface refining 25

heat treatment, preferred is an inert gas containing 

hydrogen, for example, a helium gas containing hydrogen, a 

nitrogen gas containing hydrogen, and an argon gas 

containing hydrogen.  A hydrogen concentration in the inert 

gas containing hydrogen may fall within a range from 1 to 30

20%, for example.  In a preferred embodiment, the 

atmospheric gas for the surface refining heat treatment is 

a forming gas (5% H2-N2).  Alternatively, an inert gas such 
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as a nitrogen gas or an argon gas may be used as the 

atmospheric gas under strict control for the temperature 

and the time for the heat treatment.

[0056] The wire of the present invention can be used for 

connecting a first electrode on a semiconductor element to 5

a second electrode on a lead frame or a circuit board when 

manufacturing the semiconductor device.  Wedge bonding may 

be used for both of the first connection (1st bonding) with 

the first electrode on the semiconductor element and the 

second connection (2nd bonding) with the second electrode 10

on the lead frame or the circuit board.  With the wire of 

the present invention having the noble metal coating and

the concentration of Cu at the surface thereof falling 

within the predetermined range, a favorable bondability can 

be achieved even in a case of performing wedge bonding at 15

the room temperature.  Thus, the wire of the present 

invention can be preferably used for wedge bonding 

(specifically, for wedge-wedge bonding), and can be also 

preferably used for room-temperature wedge bonding 

(specifically, for room-temperature wedge-wedge bonding).20

[0057] [Method for manufacturing semiconductor device]

The semiconductor device can be manufactured by 

connecting the electrode on the semiconductor element to 

the electrode on the lead frame or the circuit board by 

using the bonding wire for semiconductor devices of the 25

present invention.

[0058] In an embodiment, the method for manufacturing 

the semiconductor device of the present invention 

(hereinafter also simply referred to as a "method of the 

present invention") includes a step of connecting the first 30

electrode on the semiconductor element to the second 

electrode on the lead frame or circuit board with using the 

wire of the present invention, and is characterized in that 
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the first connection between the first electrode and the 

wire of the present invention and the second connection 

between the second electrode and the wire of the present 

invention are both performed by wedge bonding.

[0059] In the wedge bonding, the wire part is 5

compression-bonded onto the electrode by applying 

ultrasonic waves, and pressure to the wire part without 

forming the ball.  With the wire of the present invention 

having the noble metal coating and the concentration of Cu 

at the surface thereof falling within the predetermined 10

range, a favorable bondability can be achieved even in a 

case of performing wedge bonding at the room temperature.  

Accordingly, in a preferred embodiment, the first 

connection and the second connection are performed at the 

room temperature in the method of the present invention.15

[0060] With the wire of the present invention having the 

noble metal coating and the concentration of Cu at the 

surface thereof falling within the predetermined range, a 

favorable bond reliability can be achieved even in a case 

of manufacturing the semiconductor device by the resin 20

sealing.  Thus, in a preferred embodiment, the method of 

the present invention further includes a step of performing 

the resin sealing after the wedge bonding.  As resin used 

for the resin sealing, there may be used a known 

thermosetting resin composition (for example, an epoxy 25

resin composition) that may be used for the resin sealing 

in manufacturing the semiconductor device.  By using the 

wire of the present invention, a favorable bond reliability 

can be advantageously achieved irrespective of 

specifications of the thermosetting resin composition.30

[0061] [Semiconductor device]

The semiconductor device can be manufactured by 

connecting the electrode on the semiconductor element to 
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the electrode on the lead frame or the circuit board by 

using the bonding wire for semiconductor devices of the 

present invention.

[0062] In an embodiment, the semiconductor device of the 

present invention includes a circuit board, a semiconductor 5

element, and a bonding wire for electrically connecting the 

circuit board and the semiconductor element with each 

other, and is characterized in that the bonding wire is the 

bonding wire of the present invention.

[0063] In the semiconductor device of the present 10

invention, the circuit board and the semiconductor element 

are not particularly limited, and a known circuit board and 

semiconductor element that may be used for constituting the 

semiconductor device may be used.  Alternatively, a lead 

frame may be used in place of the circuit board.  For 15

example, like the semiconductor device disclosed in JP 

2002-246542 A, the semiconductor device may include a lead 

frame and a semiconductor element mounted on the lead 

frame.

[0064] Examples of the semiconductor device may include 20

various semiconductor devices used for electric products 

(for example, a computer, a cellular telephone, a digital 

camera, a television, an air conditioner, a solar power 

generation system), vehicles (for example, a motorcycle, an 

automobile, an electric train, a ship, and an aircraft), 25

and the like.

Examples

[0065] There will be specifically described the present 

invention with Examples.  However, the present invention is 30

not limited to the Examples described below.

[0066] (Sample)
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First, the method of preparing a sample will be 

described.  For Cu as a raw material of the Cu core 

material, Cu having a purity of 99.99% by mass or more (4N) 

with the balance composed of inevitable impurities was 

used.  In a case of adding the first additive element or 5

the second additive element, an additive element having a 

purity of 99% by mass or more with the balance composed of 

inevitable impurities was used, or alternatively a mother 

alloy of Cu with a high concentration of these additive 

elements was used.10

[0067] The Cu alloy as the core material was 

manufactured by charging raw materials into a carbon 

crucible, heating and melting the raw materials at 1,090 to 

1,300°C in vacuum or in an inert atmosphere such as an N2

or Ar gas using a high-frequency furnace.  The obtained 15

alloy was processed to have a large diameter by continuous 

casting, and subsequently subjected to wire-drawing 

processing to be thinned to have a final wire diameter.  

The resultant core material of copper or copper alloy of φ3 

to 6 mm was drawn to manufacture the core material of φ0.9 20

to 1.2 mm, and then, wire-drawing processing and the like 

were continuously performed thereon using dies to further 

reduce the diameter of the wire.  A commercially available 

lubricant was used in a case of performing wire-drawing 

processing, and a wire-drawing speed was 20 to 150 m/min.  25

After performing an acid washing with hydrochloric acid to 

remove an oxide film on the wire surface, a Pd coating was 

formed to cover the entire surface of the Cu alloy of the 

core material.  Furthermore, in some of wires (Example Nos. 

1 to 6, 9 to 14, 17 to 28, and Comparative Example Nos. 1 30

to 4), an Au coating was formed on the Pd coating.  An 

electroplating method was used for forming the Pd coating 

and the Au coating.  A commercially available plating 
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solution was used as a Pd plating solution and an Au 

plating solution.

[0068] Thereafter, the wire was further subjected to 

wire-drawing processing and the like to be processed to 

have a final wire diameter of φ35 μm.  During the wire-5

drawing processing, heat treatment was performed 0 to 2 

times at 300 to 700°C for 2 to 15 seconds as needed.  After 

the wire was processed to have the final wire diameter, the 

surface refining heat treatment was performed.  The heat 

treatment temperature for the surface refining heat 10

treatment was 500 to 750°C, a wire feeding speed was 30 to 

100 m/min, and a heat treatment time was 2 to 15 seconds.  

A method of heat treatment for the intermediate heat 

treatment and the surface refining heat treatment was 

performed while continuously sweeping the wire and was 15

carried out while flowing an Ar gas.

[0069] (Test and evaluation methods)

There will be described test and evaluation methods.

[0070] [Composition analysis on wire surface by Auger 

electron spectroscopy (AES)]20

The concentration of Cu at the surface of the wire was 

determined by performing a measurement by the Auger 

electron spectroscopy (AES) where the measuring surface was 

a surface of the wire as follows.

First, the bonding wire to be measured was fixed to 25

the sample holder in a linear arrangement.  Next, the 

measuring surface was determined so that the center of 

width of the measuring surface was aligned with the center 

of width of the wire in the direction perpendicular to the 

longitudinal axis of the wire, and the width of the 30

measuring surface was 10% or more and 15% or less of the 

diameter of the wire.  The length of the measuring surface 

was set to be 5 times the width of the measuring surface.  
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With using an AES device (PHI-700 manufactured by ULVAC-

PHI, INC.), the composition analysis was performed on the 

surface of the wire under a condition of acceleration 

voltage of 10 kV to obtain a surface Cu concentration 

(at%).5

The composition analysis by the AES was performed on 

the measuring surfaces at three points which were separated 

from each other by 1 mm or more in the longitudinal 

direction of the wire, and an average value thereof was 

employed.  When determining the concentration of Cu at the 10

surface, a gas component such as carbon (C), sulfur (S), 

oxygen (O), or nitrogen (N), a nonmetallic element, and the 

like were not considered.

[0071] [Obtaining of concentration profile in depth 

direction by Auger electron spectroscopy (AES)]15

The concentration profile in the depth direction of 

the wire was obtained by performing a composition analysis 

by the AES while digging down the wire from its surface in 

the depth direction by Ar sputtering after the composition 

analysis on the wire surface by the AES.20

Specifically, the concentration profile in the depth 

direction was obtained by repeating 1) sputtering treatment 

by Ar and 2) surface composition analysis after the 

sputtering treatment, after the composition analysis on the 

wire surface by the AES.  The sputtering treatment in 1) 25

was performed at an acceleration voltage of 1 kV with Ar+

ion.  In the surface composition analysis in 2), the 

dimensions of the measuring surface and the conditions for 

the composition analysis by the AES were the same as those 

described in [Composition analysis on wire surface by Auger 30

electron spectroscopy (AES)] described above.

The concentration profile in the depth direction was 

obtained for the measuring surfaces at three points which 
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were separated from each other by 1 mm or more in the 

longitudinal direction of the wire.

[0072] -Maximum concentration of noble metal in noble 

metal coating-

In the concentration profile in the depth direction as 5

obtained above, focusing on the increase or decrease in the 

concentration of the noble metal, the maximum concentration 

of the noble metal was determined from a position at which 

the concentration of the noble metal becomes the maximum.  

An average value of numerical values obtained for the 10

measuring surfaces at three points was employed as the 

maximum concentration of the noble metal.

Regarding the wires of Examples and Comparative 

Examples in which the noble metal coating contains Pd and 

Au, it was confirmed that the position indicating the 15

maximum concentration of Au is closer to the surface of the 

wire than the position indicating the maximum concentration 

of Pd.

[0073] -Thickness of noble metal coating-

In the concentration profile in the depth direction as 20

obtained above, the concentration profile was checked from 

the wire axis toward the wire surface, and the thickness of 

the noble metal coating was determined as a distance from 

the depth position at which the total concentration of the 

noble metals reaches 20 at% for the first time to the wire 25

surface position.  An average value of numerical values 

obtained for the measuring surfaces at three points was 

employed as the thickness of the noble metal coating.

The thickness of the noble metal coating was 

determined based on the concentration profile in the depth 30

direction in which the unit of the depth was in terms of 

SiO2.

[0074] [Measurement of element content]
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The contents of the first additive element and the 

second additive element in the wire were analyzed as 

concentrations of elements contained in the entire wire 

using an ICP emission spectroscopic analysis device and an 

ICP mass spectroscopic device.  As an analysis device, ICP-5

OES ("PS3520UVDDII" manufactured by Hitachi High-Tech 

Corporation) or ICP-MS ("Agilent 7700x ICP-MS" manufactured 

by Agilent Technologies, Inc.) was used.

[0075] [Measurement of average crystal grain size in C 

cross-section of Cu core material]10

The average crystal grain size in the C cross-section 

of the Cu core material was measured by using an Electron 

Backscattered Diffraction (EBSD) method (measurement 

device: EBSD analysis system "AZtec HKL" manufactured by 

Oxford Instruments).  Specifically, areas of respective 15

crystal grains were obtained for the entire C cross-section 

of the Cu core material, the areas of the respective 

crystal grains were converted into areas of circles to 

calculate an average of diameters thereof, and the average 

was employed as the average crystal grain size.  The area 20

of each crystal grain was obtained while a position at 

which an orientation difference between adjacent 

measurement points was 15 degrees or more was defined as a 

grain boundary.

[0076] [Room-temperature wedge bondability]25

Wedge bonding was performed, at the room temperature 

(25°C), on an electrode that was disposed by depositing an 

Al-0.5 mass% Cu alloy having a thickness of 3.0 μm on a 

silicon substrate.  Bonding strengths were measured by 

performing a shear test for bonded parts at 20 points that 30

were randomly selected, and average value thereof was 

employed as a bonding strength of a wedge bonded part.  
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Evaluation was then performed in accordance with the 

following criteria.

[0077] Evaluation criteria:

◎: 100 gf or more

○: 75 gf or more and smaller than 100 gf5

Δ: 50 gf or more and smaller than 75 gf

×: smaller than 50 gf

[0078] [Bond reliability]

The bond reliability was evaluated by both of a Highly 

Accelerated Temperature and Humidity Stress Test (HAST) and 10

a High Temperature Storage Life Test (HTSL).

[0079] -HAST-

A sample was prepared by performing wedge bonding, at 

the room temperature, on an electrode that was disposed by 

depositing an Al-0.5 mass% Cu alloy having a thickness of 15

3.0 μm on a silicon substrate.  The resultant sample was 

sealed by a commercially available thermosetting epoxy 

resin to manufacture a sample for bond reliability 

evaluation.  The manufactured sample for bond reliability 

evaluation was exposed to a high-temperature and high-20

humidity environment with a temperature of 130°C and a 

relative humidity of 85% using an unsaturated type pressure 

cooker tester and was biased with 7 V.  The shear test on 

the wedge bonded part was performed every 48 hours, and a 

time until a value of shear force became half of the 25

initial shear force was determined to be the bonding life 

of the wedge bonded part.  An average value of measurement 

values of 50 wedge bonded parts randomly selected was used 

for the value of the shear force.  The shear test was 

performed after removing the resin by acid treatment, and 30

exposing the wedge bonded part.  Evaluation was then 

performed in accordance with the following criteria.

[0080] Evaluation criteria:
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◎: bonding life of 384 hours or more

○: bonding life of 240 hours or more and less than 384 

hours

×: bonding life of less than 240 hours

[0081] -HTSL-5

The sample for bond reliability evaluation 

manufactured by the same procedure as that described above 

was exposed to an environment with a temperature of 175°C 

using a high-temperature thermostatic device.  The pull 

test on the wedge bonded part was performed every 500 10

hours, and a time until a value of pull force became half 

of the initial pull force was determined to be the bonding 

life of the wedge bonded part.  An average value of 

measurement values of 50 wedge bonded parts randomly 

selected was used for the value of the pull force.  The 15

pull test after the High Temperature Storage Life Test was 

performed after removing the resin by acid treatment, and 

exposing the wedge bonded part.  Evaluation was then 

performed in accordance with the following criteria.

[0082] Evaluation criteria:20

◎: bonding life of 2000 hours or more

○: bonding life of 1000 hours or more and less than 

2000 hours

×: bonding life of less than 1000 hours

[0083] [Loop shape stability]25

In the evaluation of the loop shape stability, 100 

trapezoid loops were connected so as to achieve a wire 

length of 2 mm and a loop height of 300 μm, and the loop 

shape stability (reproducibility of a loop profile) was 

evaluated based on a standard deviation of the maximum loop 30

height.  An optical microscope was used for measuring the 

height, and evaluation was performed in accordance with the 

following criteria.



33

[0084] Evaluation criteria:

◎: 3σ was smaller than 20 μm

○: 3σ was 20 μm or more and smaller than 25 μm

×: 3σ was 25 μm or more

[0085] Evaluation results of Examples and Comparative 5

Examples are shown in Table 1.
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[0088] Regarding all of Example Nos. 1 to 37, the noble 

metal coating was formed on the surface of the Cu core 

material and the concentration of Cu at the surface fell 

within the range of the present invention, and it was 

confirmed that a favorable bondability was achieved in 5

wedge bonding at the room temperature, and excellent bond 

reliability was also achieved.

Further, it was confirmed that Example Nos. 2 to 8, 10 

to 15, 17 to 23, 31, 32, 35 and 37 containing 0.1% by mass 

or more in total of the first additive element (especially, 10

Example Nos. 2, 4 to 6, 8, 10 to 12, 14, 15, 17 to 21, 23, 

31, 32, 35 and 37 in which the content of the first 

additive element was 0.5% by mass or more) was able to 

further suppress the proceeding of galvanic corrosion in a 

high-temperature environment, and achieved a particularly 15

excellent bond reliability (HTSL).

It was confirmed that Example Nos. 1 to 24, 33 to 35 

and 37 containing 0.1 ppm by mass or more in total of the 

second additive element (especially, Example Nos. 3, 4, 6 

to 8, 10, 14, 17, 19, 33 to 35 and 37 in which the content 20

of the second additive element was 50 ppm by mass or more) 

achieved a particularly excellent loop shape stability.

On the other hand, it was confirmed that, in 

Comparative Example Nos. 1 to 4, the noble metal coating 

was formed on the surface of the Cu core material, but the 25

concentration of Cu at the surface was out of the range of 

the present invention, and it was confirmed that a bonding 

failure was caused or a bond reliability became unfavorable 

in a case of applying the wire to wedge bonding at the room 

temperature.30
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CLAIMS

1. A bonding wire for semiconductor devices, the bonding 

wire comprising:

a core material of Cu or Cu alloy (hereinafter 5

referred to as a "Cu core material"); and

a coating containing a noble metal formed on a surface 

of the Cu core material (hereinafter referred to as a 

"noble metal coating"), wherein

a concentration of Cu at a surface of the wire is 30 10

to 80 at%.

2. The bonding wire according to claim 1, wherein the 

concentration of Cu at the surface is measured by Auger 

electron spectroscopy (AES) under the following 15

<Condition>:

<Condition> a center of width of a measuring surface 

is aligned with a center of width of the wire, the width of 

the measuring surface is 10% or more and 15% or less of a 

diameter of the wire, and a length of the measuring surface 20

is five times the width of the measuring surface.

3. The bonding wire according to claim 1 or 2, wherein 

the noble metal coating contains Pd.

25

4. The bonding wire according to claim 3, wherein the 

noble metal coating further contains Au.

5. The bonding wire according to any one of claims 1 to 

4, wherein a maximum concentration of the noble metal in 30

the noble metal coating is 50 at% or more.
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6. The bonding wire according to claim 4 or 5, wherein, 

in the noble metal coating, a position indicating a maximum 

concentration of Au is closer to the surface of the wire 

than a position indicating a maximum concentration of Pd.

5

7. The bonding wire according to claim 5 or 6, wherein a 

maximum concentration of the noble metal in the noble metal 

coating is determined from a concentration profile in a 

depth direction that is obtained by performing measurement 

by Auger electron spectroscopy (AES) under the following 10

<Condition> while digging down the wire from its surface in 

the depth direction by Ar sputtering:

<Condition> a center of width of a measuring surface 

is aligned with a center of width of the wire, the width of 

the measuring surface is 10% or more and 15% or less of a 15

diameter of the wire, and a length of the measuring surface 

is five times the width of the measuring surface.

8. The bonding wire according to any one of claims 1 to 

7, wherein the Cu core material consists of Cu and 20

inevitable impurities.

9. The bonding wire according to any one of claims 1 to 

8, wherein the noble metal coating consists of the noble 

metal and inevitable impurities.25

10. The bonding wire according to any one of claims 1 to 

7, wherein

the bonding wire contains at least one element 

selected from the group consisting of Ni, Zn, Rh, In, Ir 30

and Pt (hereinafter referred to as a "first additive 

element"), and
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a concentration of the first additive element in total 

is 0.1 to 1.5% by mass relative to the entire wire.

11. The bonding wire according to any one of claims 1 to 

7, and 10, wherein5

the boning wire contains at least one element selected 

from the group consisting of P, B, Be, Fe, Mg, Ti, Zn, Ag 

and Si (hereinafter referred to as a "second additive 

element"), and

a concentration of the second additive element in 10

total is 0.1 to 200 ppm by mass relative to the entire 

wire.

12. The bonding wire according to claim 10 or 11, wherein 

the Cu core material consists of Cu, at least one element 15

selected from the first additive element and the second 

additive element, and inevitable impurities.

13. The bonding wire according to any one of claims 10 to 

12, wherein the noble metal coating consists of the noble 20

metal, at least one element selected from the first 

additive element and the second additive element, and 

inevitable impurities.

14. The bonding wire according to any one of claims 1 to 25

13, wherein an average crystal grain size in a cross-

section of the Cu core material in a direction 

perpendicular to a wire axis is 1.4 to 3.2 μm.

15. The bonding wire according to any one of claims 1 to 30

14 used for wedge-wedge bonding.
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16. A method for manufacturing a semiconductor device, the 

method comprising:

a step of connecting a first electrode on a 

semiconductor element to a second electrode on a lead frame 

or circuit board with using the bonding wire according to 5

any one of claims 1 to 15, wherein

a first connection between the first electrode and the 

bonding wire and a second connection between the second 

electrode and the bonding wire are both performed by wedge 

bonding.10

17. The method according to claim 16, wherein the first 

connection and the second connection are performed at the 

room temperature.

15

18. A semiconductor device comprising the bonding wire 

according to any one of claims 1 to 15.


