Description

Title of the Invention: Cu ALLOY BONDING WIRE FOR

SEMICONDUCTOR DEVICE

Technical Field

[0001] The present invention relates to a Cu alloy
bonding wire for a semiconductor device, where the Cu
alloy bonding wire is used to connect electrodes on
semiconductor elements with a circuit wiring board such

as external leads.

Background Art

[0002] Currently, as bonding wires for semiconductor
device (hereinafter referred to as bonding wires) for use
to bond electrodes on semiconductor elements with
external leads, fine wires approximately 15 to 50 pum in
diameter are mainly used. As a method for bonding the
bonding wires, a thermosonic bonding process is used
commonly, and a general-purpose bonding machine, a
capillary jig, and the like are used, where the capillary
jJig is used for connection while passing the bonding wire
therethrough. A bonding process for a bonding wire
involves heat-melting a wire tip by arc heat input,
forming a ball (FAB: Free Air Ball) by surface tension,
pressure-bonding a ball portion (hereinafter referred to

as ball bonding) to an electrode of a semiconductor



element heated in a range of 150 to 300°C, forming a loop
while drawing out a wire from a capillary, and then
pressure-bonding a wire portion to an electrode on an
external lead side (hereinafter referred to as wedge
bonding) to complete the process.

[0003] As a bonding wire material, gold (Au) has mainly
been used heretofore, but the alternative to copper (Cu)
has progressed recently. Bonding wires made of Cu are
roughly classified into bonding wires each having a
coating layer of Pd, Au, or the like on the surface of Cu
(hereinafter referred to as coated Cu wires) and bonding
wires each having no coating layer (hereinafter referred
to as bare Cu wires). The coated Cu wires are
characterized in that the coating layer is provided to
suppress the oxidation of Cu and improve the use
performance such as bondability, and are mainly used for
high density LSIs. On the other hand, bare Cu wires are
used mainly for applications of power devices having
relatively low required performance by making the most of
an advantage that they are inexpensive. Recently,
attempts have been made to apply bare Cu wires to most
advanced high-density LSIs by improving the
characteristics of the bare Cu wires.

[0004] However, there has been a problem to be solved in
order to apply the bare Cu wires to the most advanced
high-density LSIs. The problem is straightness of loops.

In high-density LSIs, miniaturization and pitch reduction



electrodes have been progressing along with an increase
in packaging density. In order to cope with such an
increase in packaging density, a technique for wiring
bonding wires at short intervals has been required. At
this time, if a loop portion is inclined or bent,
adjacent wires come into contact with each other, and a
defect such as a short-circuit occurs. Therefore,
bonding wires used for a high-density LSI are required to
have high straightness of loops. In the case of the bare
Cu wires, the output of ultrasonic waves tends to be high
in order to obtain the bonding strength of wedge bond
areas. In this case, the loop may be bent due to the
influence of the ultrasonic waves. In the wedge bonding
of bare Cu wires, an operation called a scrub, which
vibrates a stage at a low frequency, is often used
together while the wire is pressed by a capillary. The
scrub promotes the deformation of the wire and is
effective for improving the bonding strength of the wedge
bond areas. However, the vibration of the scrub has
caused bending of the loop and deterioration of the
straightness in some cases. Furthermore, a small wire
diameter of 25 um or less has been mainly adopted as the
diameters of bonding wires used in high-density LSIs.
However, as the wire diameter becomes smaller, the
strength of the loop portion becomes lower, so that it
has been more difficult to secure the straightness of

loops.



[0005] Patent Literature 1 discloses a bonding wire for a
semiconductor device having a core material made of a
conductive metal, and a skin layer mainly composed of a
metal different from that of the core material on the
core material, the bonding wire being characterized in
that the aspect ratio of the average size of crystal
grains on the surface of the skin layer in the wire
longitudinal direction/wire circumferential direction is
3 or more, and describes that the straightness of loops
is good in a 3 mm span under a normal condition.

[0006] Patent Literature 2 discloses a bonding wire for a
semiconductor device having a core material made of a
conductive metal and a skin layer mainly composed of a
metal different from that of the core material on the
core material, the bonding wire being characterized in
that the relationship between the average size "a" of
crystal grains of the skin layer in a wire
circumferential direction on the wire surface and the
average size "b" of crystal grains of the core material
in a vertical section that is a section in a direction
perpendicular to a wire axis satisfies a/b<0.7, and
describes that wire tilting (leaning property) right

above a ball can be improved.
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[0007] Patent Literature 1: Japanese Patent Laid-Open No.
2011-91404
Patent Literature 2: International Publication No.

W02009/093554

Summary of Invention

Technical Problem

[0008] FIG. 1 schematically shows a case where the
straightness of loops is high, and FIGS. 2A and 2B
schematically show a case where the straightness of loops
is low. In this schematic diagram, a loop portion is
observed from immediately above. A loop 1 having high
straightness of loops has neither an inclination nor a
bend at the loop portion, and has a linear shape or a
shape close to a straight line. On the other hand, when
the straightness of loops is low, for example, the loop
often has such a shape that the loop is inclined as a
whole in one direction like a loop 2 or a part of the
loop is curved right and left like a loop 3.

[0009] Patent Literatures 1 and 2 are a technique
relating to a bonding wire for a semiconductor device
having a core material made of a conductive metal, and a
skin layer mainly composed of a metal different from that
of the core material on the core material. This
technique is premised on a coating structure, and it has
been unclear whether this technique is effective to bare

Cu wires. Therefore, the inventors investigated whether



the straightness of loops of the bare Cu wires could be
improved by using these techniques for the bare Cu wires
and the straightness of loops required for high-density
LSIs could be satisfied.

[0010] In consideration of Patent Literature 1, a
verification was made as to whether the straightness of
loops could be improved by setting the aspect ratio of
the average size of crystal grains on the surface of a
bare Cu wire in the wire longitudinal direction/the wire
circumferential direction to 3 or more. Prototype bare
Cu wires in which the aspect ratio of the average size of
crystal grains on the wire surface in the wire
longitudinal direction/the wire circumferential direction
was 3 or more were produced, and the straightness of
loops thereof was evaluated. An evaluation result
indicated that the prototype bare Cu wires could not
satisfy the straightness of loops required for high-
density LSIs. From this result, it has been clarified
that it is impossible to satisfy the straightness of
loops required for high-density LSIs even if the average
size of crystal grain sizes on the surface of the bare Cu
wire is controlled in consideration of the technique
disclosed in Patent Literature 1.

[0011] In consideration of Patent Literature 2, a
verification was made as to whether the straightness of
loops could be improved when the relationship between the

average size "a" in the wire circumferential direction of



crystal grains on the surface of the bare Cu wire and the
average size "b" of crystal grains in a vertical section
which was a section in a direction perpendicular to a
wire axis satisfied a/b<0.7. Prototype bare Cu wires in
which the relationship between the average size "a" of
the crystal grains in the wire circumferential direction
on the wire surface and the average size "b" of the
crystal grains in the vertical section in a direction
perpendicular to the wire axis satisfies a/b<0.7 were
produced, and the straightness of loops thereof was
evaluated. An evaluation result indicated that the
prototype bare Cu wires could not satisfy the
straightness of loops required for high-density LSTIs.
From this result, it has been clarified that it is
impossible to satisfy the straightness of loops required
for high-density LSIs even if the average size of crystal
grains on the surface of the bare Cu wire is controlled
in consideration of the technique disclosed in Patent
Literature 2.

[0012] As described above, even when the techniques
disclosed in Patent Literatures 1 and 2 are considered
and applied to bare Cu wires, it has been impossible to
satisfy the straightness of loops required for
application to the most advanced high-density LSIs.
[0013] After semiconductor elements and a wiring board
are connected to each other with bonding wires, the

surroundings are sealed with resin to protect them from



shock, temperature, humidity, and the like. Transfer
molding using a thermosetting resin such as an epoxy-
based resin is mainly used as a resin sealing method. 1In
the transfer molding, first, a thermosetting resin is
charged into a mold which has been heated to 160 to
190°C, thereby reducing the viscosity of the
thermosetting resin. Thereafter, the resin is poured
into a mold to which a lead frame and a resin substrate
are fixed, and molded into a desired shape. Further, the
resin is heated in the mold for several minutes, and
finally cured, thereby completing the molding. A problem
in a resin sealing step in a high-density LSI resides in
deformation of a loop portion when resin is poured into a
mold. In the transfer molding, since a resin flows along
the surface of a substrate, the resin comes into contact
with the loop portion, and the loop portion is deformed,
so that the straightness of loops tends to be lost. As
described above, in order to apply the bare Cu wire to
the most advanced high-density LSI, there has been
required a technique in which deformation of the loop
portion is suppressed as much as possible in the resin
sealing step to maintain high straightness of loops.
[0014] A bent portion immediately above a ball in loop
portions is called a neck portion. Since the neck
portion suffers a large bending deformation as compared
with the other loop portions, there is a problem that the

neck portion cannot withstand the bending deformation and



thus damage such as a crack occurs. In order to apply
bare Cu wires to the most advanced high-density LSIs, a
technique for reducing damage to the neck portion has
been required.

[0015] In the most advanced high-density LSIs, it has
been required to make the loop height lower (lower the
loop) as semiconductor products are thinned. In order to
lower the loop, 1t is necessary to bend the neck portion
more greatly than before. At this time, a larger load is
imposed on the neck portion than that in the case of a
normal loop height, so that there has been a problem that
the neck portion is more likely to be damaged.

Therefore, in order to apply bare Cu wires to the most
advanced high-density LSIs, a technique for reducing
damage to the neck portion even when the loop is lowered
has been required.

[0016] The most advanced high-density LSIs are required
to operate without occurrence of any failure even when
used for a long time. 1In response to such a requirement,
it has been required to make an improvement in the long-
term service life of each bonding portion of the bonding
wire. A high-temperature storage test, a high-
temperature and high-humidity test, a heat cycle test,
and the like are generally performed as a method of
evaluating the long-term service life. In the most
advanced high-density LSIs, a performance requirement

which is particularly required for the high-temperature
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storage test is severe, and it has been required that a
long-term service life of 500 hours or more is satisfied
in a high-temperature storage test at 200°C. When the
bare Cu wires are used, there has been a problem that
separation occurs between a ball and an Al electrode as a
bonding partner at a ball bond area, and electrical
connection is lost. Such separation has occurred in less
than 500 hours, and thus the bare Cu wires have been
incapable of satisfying the performance required for the
most advanced high-density LSIs. Therefore, in order to
apply the bare Cu wires to the most advanced high-density
LSIs, a technique for improving the life of ball bond
areas (hereinafter, ball bond area life) in the high-
temperature storage test has been required.

[0017] Miniaturization of electrodes on semiconductor
elements has progressed in the most advanced high-density
LSIs. In order to cope with such miniaturization of the
electrodes, a technique for controlling a ball
deformation behavior when ball bonding is performed has
been required. A problem in the case of the bare Cu
wires resides in a defect in which the shape of a crimped
ball (hereinafter, referred to as crimped ball shape) is
deformed into a petal-like shape when ball bonding is
performed. When such a defect occurs, a part of the
deformed ball protrudes out of an electrode and comes
into contact with an adjacent electrode to cause a short

circuit or the like. Therefore, in order to apply the
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bare Cu wires to the most advanced high-density LSIs,
there has been required a technique for controlling the
crimped ball shape so that the crimped ball shape looks
like a shape close to a perfect circle when it is
observed from immediately above the electrode.

[0018] The present invention has an object to provide a
Cu alloy bonding wire for a semiconductor device that can
satisfy required performance in an application to high-

density LSIs.

Solution to Problem

[0019] In a Cu alloy bonding wire for a semiconductor
device according to the present invention, each of the
abundance ratios of crystal orientations <100>, <110> and
<111> having an angular difference of 15 degrees or less
from a direction perpendicular to one plane including a
wire center axis out of crystal orientations on a wire
surface is 3% or more and less than 27% in average area

percentage.

Advantageous Effect of Invention

[0020] According to the present invention, since the
straightness of loops can be improved, the performance
required for an application to high-density LSIs can be

satisfied.

Brief Description of Drawings
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[0021] FIG. 1 is a schematic view of a loop portion in
the case of high straightness of loops when the loop
portion is viewed from immediately above.

FIG. 2 is a schematic view of a loop portion in the
case of low straightness of loops when the loop portion
is viewed from immediately above, wherein FIG. 2A
illustrates a state where the loop portion is bent in one
direction, and FIG. 2B illustrates a state where the loop
portion is bent right and left.

FIG. 3 is a perspective view showing a measurement

region.

Description of Embodiments
[0022] A bonding wire of the present embodiment is a Cu
alloy bonding wire for a semiconductor device, wherein
each of abundance ratios of crystal orientations <100>,
<110> and <111> having an angular difference of 15
degrees or less from a direction perpendicular to one
plane including a wire center axis out of crystal
orientations on a wire surface is 3% or more and less
than 27% in average area percentage.
[0023] (Method for determining crystal orientation on
bonding wire surface)

A method for measuring crystal orientations on a
bonding wire surface in the present specification will be
described. The crystal orientation on a wire surface is

defined herein as a crystal orientation of Cu and an



_13_

alloy part mainly composed of Cu existing on the wire
surface. The crystal orientations on the wire surface
can be measured by using an electron backscattered
diffraction (EBSD) method installed in SEM. The EBSD
method is a method for projecting, to a detector surface,
a diffraction pattern of reflected electrons generated
when a sample is irradiated with an electron beam, and
analyzing the diffraction pattern to determine crystal
orientations at individual measurement points. Dedicated
software (OIM analysis produced by TSL Solutions or the
like) is usable for analyzing data obtained by the EBSD
method. According to the present embodiment, a bonding
wire is fixed onto a sample stage, the wire surface is
irradiated with an electron beam from one direction to
obtain data on crystal orientations. By using this
method, a crystal orientation with respect to a direction
perpendicular to one plane including the wire center axis
and a crystal orientation with respect to a direction of
the wire center axis out of crystal orientations on the
wire surface can be determined.

[0024] As an example, description will be given of a
method for calculating the abundance ratio of a crystal
orientation <100> with respect to a direction
perpendicular to one plane including the wire center axis
to the crystal orientations on the wire surface. The
abundance ratio of the crystal orientation <100> is

defined to be a ratio of the area occupied by the crystal
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orientation <100> determined by the above method to the
area of a measurement region for the EBSD method.

[0025] As shown in FIG. 3, the crystal orientation <100>
is defined herein to be a crystal orientation having an
angular difference of 15 degrees or less from a direction
y perpendicular to one plane P including a wire center
axis x out of crystal orientations <100> on the wire
surface. This is because an advantageous effect for
improvement of bonding wire characteristics can be
obtained if the angular difference is 15 degrees or less.
Abundance ratios of crystal orientations <110> and <111>
with respect to the direction of the wire center axis x
out of the crystal orientations on the wire surface of
the bonding wire can be also calculated by using a
similar method.

[0026] An average area percentage is used herein as a
value of the abundance ratio of a specific crystal
orientation. The average area percentage is an
arithmetic mean of respective values of abundance ratios
obtained by measuring at least ten or more points by the
EBSD method. In selecting the measurement points,
preferably the objectivity of measurement data is
ensured. As a method therefor, preferably measurement
samples are taken from the bonding wire to be measured,
at intervals of 3 to 5 m along the direction of the wire
center axis x of the bonding wire and used for

measurement. On an SEM image, preferably a measurement
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region A has a length W of 25% or less the wire diameter
in a circumference direction, and a length L of 40 pm to
100 um in the direction of the wire center axis x.

[0027] It was confirmed that the abundance ratios of the
crystal orientations on the wire surface measured by the
EBSD method had a strong correlation with an improvement
effect on the straightness of loops which is a working
effect of the present embodiment. Here, the wire surface
is a curved surface, and deviates from the orientation
perpendicular to the wire surface with increasing
distance in a circumferential direction from a peak (the
highest point of the wire fixed onto the sample stage
with respect to the circumferential direction) of the
wire, but it can be said that the measurement data taken
by the above method is consistent with the actual
conditions indicating the improvement effect on the
straightness of loops. This is because when the length W
of the measurement region A is 25% or less the wire
diameter, in the EBSD measurement region of the wire
surface having a curved surface, the deviation of the
orientation perpendicular to the wire surface from the
circumferential direction is permissible and the
improvement effect on the straightness of loops can be
obtained. The reason why a lower limit is placed on the
measurement region A in the direction of the wire center
axis x is that it was judged that measurement data

reflected characteristics of the sample sufficiently if
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the length L was 40 um or more. The reason why an upper
limit is placed on the measurement region A in the
direction of the wire center axis x is that analysis can
be conducted efficiently if the length L is 100 um or
less.
[0028] There may be a copper oxide film and impurities
which have been unintentionally attached to the surface
of the bonding wire. Examples of the impurities include
organic matter, sulfur, nitrogen, and compounds thereof.
Even if such impurities exist, if the thickness of
impurities is small or the abundance thereof is low, by
optimizing measurement conditions of the EBSD method, the
crystal orientations on the bonding wire surface can be
measured. If there is a thick copper oxide film or a
large deposit of impurities on the bonding wire surface,
it may be impossible to measure crystal orientations in
Cu or in a Cu alloy part. In that case, it is useful to
treat the bonding wire surface by alkaline degreasing,
acid washing, ion sputtering, or the like before
measurements are taken by using the EBSD method.
[0029] (Method for measuring average crystal grain size
in a section perpendicular to wire center axis of bonding
wire)

A method for measuring the average crystal grain
size in a section perpendicular to the wire center axis
of the bonding wire will be described herein. The EBSD

method can be used for measuring the average crystal
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grain size. The crystal grain size is defined to be a
circle-equivalent diameter calculated from the area of a
region surrounded by crystal grain boundaries in which
the angular difference measured by the EBSD method is 15
degrees or more. As the average crystal grain size is
used an arithmetic average value of crystal grain size
values measured for five randomly extracted bonding
wires. A method for embedding a bonding wire in resin
and then mechanically polishing it or a method for
performing processing with an Ar ion beam can be used as
a method for exposing a section perpendicular to the wire
center axis.

[0030] (Method for analyzing concentration of elements
contained in bonding wire)

An ICP optical emission spectrometer can be used to
analyze the concentration of elements contained in the
bonding wire. When the concentration of contaminants
such as carbon and sulfur on the surface of the bonding
wire is high, the concentration analysis may be performed
after a region of 1 to 2 nm from the surface of the
bonding wire is removed by sputtering or the like before
performing the analysis. A method using acid cleaning is
also effective as another method.

[0031] (Improvement effect on straightness of loops)

As a result of investigation of a control factor of

the straightness of loops, the inventors have noted a

correlation with the crystal orientation on the wire
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surface. Specifically, when a specific crystal
orientation is strongly oriented on the wire surface, the
entire loop is inclined in a specific direction or a part
of the loop is bent. This is considered to be because
the plastic anisotropy of the wire surface is magnified,
and thus when a load is applied to a loop portion, the
loop portion is easily deformed in a specific direction
or the like. Based on this estimated deterioration
mechanism of the straightness of loops, the inventors
have intensively studied a method for improving the
straightness of loops. As a result, the inventors have
found that there is a strong correlation between the
straightness of loops and the abundance ratios of the
crystal orientations <100>, <110> and <111> having an
angular difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface, and
an effect of improving the straightness of loops is
obtained by controlling the abundance ratios of these
crystal orientations to be in an appropriate range.
Specifically, bonding was performed 100 times by using
the bonding wire of the present embodiment, and from an
observation result of the loop by an optical microscope,
it was confirmed that places where the entire loop was
inclined or a part of the loop was curved was
significantly reduced, and high straightness of loops was

obtained.
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[0032] When the abundance ratio of one or more crystal
orientations out of the abundance ratios of the crystal
orientations <100>, <110> and <111> is less than 5% or
25% or more in average area percentage, the loop may be
inclined in a specific direction. When the abundance
ratio is less than 3% or 27% or more in average area
percentage, the loop is inclined in a specific direction,
and the improvement effect of the straightness of loops
is insufficient, so that this condition is not suitable
for practical use. The reason for this is considered to
be caused by the fact that a certain crystal orientation
out of the foregoing crystal orientations is strongly
oriented, so that the plastic anisotropy on the wire
surface at the loop portion is magnified.

[0033] (Improvement of effect of maintaining high
straightness of loops even after resin sealing)

It is further preferable in the bonding wire of the
present embodiment that the total of the abundance ratios
of the crystal orientations <100>, <110> and <111> having
the angular difference of 15 degrees or less from a
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface is 15% or more and less than 50%. As a result,
an effect of maintaining high straightness of loops even
after the resin sealing step has been completed is
obtained. Specifically, the bonding wires were bonded

and then sealed with resin by transfer molding, and the
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loop was observed by using a soft X-ray apparatus. From
an observation result of the loop, it was confirmed that
high straightness of loops was maintained. This is
considered to be because the effect of lessening the
plastic anisotropy of the loop portion can be
synergistically enhanced and thus the effect of
maintaining high straightness of loops even after the
resin sealing step is enhanced by setting each of the
abundance ratios of the crystal orientations <100>,
<110>, and <111> having the angular difference of 15
degrees or less from a direction perpendicular to one
plane including the wire center axis out of the crystal
orientations on the wire surface to 3% or more and less
than 27% in average area percentage, and additionally
controlling the total of the abundance ratios of these
crystal orientations to be in an appropriate range.
[0034] When the total of the abundance ratios was less
than 15% or 50% or more, the effect of maintaining high
straightness of loops after resin sealing was not
sufficient. When the total of the abundance ratios is
less than 15%, the crystal orientations other than the
crystal orientations <100>, <110>, and <111> may grow
preferentially. Therefore, it is considered that the
effect of maintaining high straightness of loops even
after resin sealing could not be stably enhanced. When
the total of the abundance ratios is 50% or more, the

crystal orientations <100>, <110>, and <111> are
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dominant, and thus it is considered that the effect of
maintaining high straightness of loops even after resin
sealing could not be sufficiently enhanced.

[0035] (Improvement of achieving great effect of
maintaining high straightness of loops even after resin
sealing)

It is further preferable in the bonding wire of the
present embodiment to satisfy X+Y>Z when the abundance
ratios of the crystal orientations <100>, <110> and <111>
having an angular difference of 15 degrees or less from a
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface are represented by X, Y and 7, respectively. As
a result, the effect of maintaining high straightness of
loops even after resin sealing is further enhanced. It
is estimated as the reason for this that the plastic
anisotropy of the loop portion can be further lessened by
setting each of the abundance ratios of the crystal
orientations <100>, <110>, and <111> having the angular
difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface to 3%
or more and less than 27% in average area percentage,
setting the total of the abundance ratios of these
crystal orientations to 15% or more and less than 50%,
and additionally causing X, Y, and Z to satisfy the

relationship of X+Y>Z, so that the effect of improving
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the straightness of loops is synergistically enhanced. A
reason for this is not clear, but it is considered to be
that the total abundance ratio of the crystal
orientations <110> and <110> has a higher effect of
lessening the plastic anisotropy of the loop portion as
compared with the abundance ratio of the crystal
orientation <111>.

[0036] When X, Y, and 7 satisfy X+Y<Z, it is rare that
the effect of maintaining high straightness of loops even
after resin sealing is further enhanced.

[0037] (Improvement of achieving greater effect of
maintaining high straightness of loops even after resin
sealing)

It is further preferable in the bonding wire of the
present embodiment that each of the abundance ratios of a
crystal orientations <121> and <123> having an angular
difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface is
less than 15% in average area percentage. As a result,
the effect of maintaining high straightness of loops even
after resin sealing is further enhanced. It is estimated
as the reason for this that the plastic anisotropy of the
loop portion can be further lessened by setting each of
the abundance ratios of the crystal orientations <100>,
<110>, and <111> having the angular difference of 15

degrees or less from a direction perpendicular to one
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plane including the wire center axis out of the crystal
orientations on the wire surface to 3% or more and less
than 27% in average area percentage, setting the total of
the abundance ratios of these crystal orientations to 15%
or more and less than 50%, causing X, Y, and Z to satisfy
the relationship of X+¥>Z, and additionally setting each
of the abundance ratios of the crystal orientations <121>
and <123> to less than 15%, so that the effect of
maintaining the straightness of loops even after resin
sealing is synergistically enhanced.

[0038] When the abundance ratios of the crystal
orientations <121> and <123> are 15% or more, the effect
of further lessening the plastic anisotropy of the loop
portion is insufficient, and an effect of more greatly
enhancing the effect of maintaining high straightness of
loops even after the resin sealing step has been
completed is insufficient.

[0039] (Reduction of damage of neck portion)

It is further preferable in the bonding wire of the
present embodiment that the average crystal grain size in
a section perpendicular to the wire center axis is 0.4 um
or more and 2.1 pm or less. As a result, damage to a
neck portion can be reduced. This is considered to be
because the average crystal grain size was set to 0.4 um
or more and 2.1 um or less, whereby plastic deformability
against bending deformation causing damage to the neck

portion was controlled to be in an appropriate range.
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The neck portion corresponds to a portion affected by arc
heat input when a ball is formed (hereinafter, a heat-
affected portion). The crystal grain size of the heat-
affected portion is coarsened by the arc heat input, but
it is considered that pre-control of the average crystal
grain size of the bonding wire was effective to control
the crystal grain size of the neck portion.
[0040] When the average crystal grain size is less than
0.4 pym or larger than 2.1 pum, the effect of reducing the
damage of the neck portion is not sufficient. When the
average crystal grain size was less than 0.4 um,
occurrence of a crack was observed at the bent portion of
the neck portion. This is considered to be because the
average crystal grain size of the neck portion was made
finer and thus the deformation resistance to bending
deformation became excessively high. When the average
crystal grain size was larger than 2.1 um, damage such as
breakage of the wire caused by excessive deformation of
the neck portion was observed. This is considered to be
because the average crystal grain size of the neck
portion was coarsened and the deformation resistance to
bending deformation was insufficient or the like.
[0041] (Reduction of damage of neck portion during
formation of low loop)

It is further preferable in the bonding wire of the
present embodiment that the total of abundance ratios of

the crystal orientations <111> and <100> having an
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angular difference of 15 degrees or less from the
direction of the wire center axis out of the crystal
orientations in a section in a direction parallel to the
wire center axis is 25% or more and less than 60% in
average area percentage. As a result, even when a low
loop is formed, an effect of reducing damage to the neck
portion can be obtained. The reason for this is not
clear, but it is considered that the crystal orientations
<111> and <100> have a great influence on the control of
the deformability against the bending deformation of the
neck portion, and thus the plastic deformability against
bending deformation of the neck portion could be properly
controlled by appropriately controlling the total of the
abundance ratios of these crystal orientations.

[0042] When the total of the abundance ratios of the
crystal orientations <111> and <100> is less than 25% or
60% or more in average area percentage, the effect of
suppressing damage to the neck portion under low loop is
not sufficient. When the total of the abundance ratios
was less than 25%, damage such as breakage of the wire
caused by excessive deformation of the neck portion was
observed. This is considered to be because the
deformation resistance to bending deformation is
insufficient or the like. When the total of the
abundance ratios was 60% or more, occurrence of a crack
was observed at the bent portion of the neck portion.

This is considered to be because the deformation
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resistance to bending deformation became excessively
high.

[0043] (Improvement of ball bond area life in high
temperature storage test)

It is further preferable that the bonding wire of
the present embodiment further contains one or more of
Ni, Pd, Pt, and Au for a total of 0.0l mass$% or more and
1.5 mass% or less, the balance being Cu and unavoidable
impurities. As a result, the ball bond area life in the
high-temperature storage test at 200°C can be improved to
500 hours or more. A reason for this is considered to be
that Ni, Pd, Pt, or Au has an effect of reducing the
growth rate of Cu-Al-based intermetallic compounds that
cause separation at the interface between the ball and
the Al electrode. When the concentration of the above
elements is less than 0.01 mass$%, the effect of improving
the ball bond area life in the high-temperature storage
test at 200°C is not sufficient. When the concentration
of the elements exceeds 1.5 mass$%, the hardness of the
ball increases, and the formation of the intermetallic
compounds becomes non-uniform, so that the effect of
improving the ball bond area life in the high-temperature
storage test at 200°C is not sufficient.

[0044] (Suppression of defect of crimped ball shape)

It is further preferable that the bonding wire of

the present embodiment further contains one or more of P,

In, Ga, Ge and Ag for a total of 0.001 mass% or more and
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0.75 mass% or less, the balance being Cu and unavoidable
impurities. As a result, an effect of suppressing a
defect in which the crimped ball shape is deformed into a
petal-like shape can be obtained. It is presumed that
such an effect was obtained because crystal grains
constituting the ball were made finer, and isotropic
deformation was promoted. When the concentration is less
than 0.001 mass%, the above effect is not sufficient
because an effect of making crystal grains finer is
insufficient. When the concentration exceeds 0.75 mass%,
segregation of elements inside the ball becomes
remarkable, and variation of crystal grains constituting
the ball increases, so that the above effect is not
sufficient.

[0045] (Method of producing bonding wire)

A method for producing a bonding wire for a
semiconductor device according to the present embodiment
will be described.

(Method of preparing Copper alloy)

First, high-purity copper having Cu purity of 4N to
6N (Cu concentration: 99.99 mass% or more and 99.9999
mass% or less) 1s used as a raw material, and is melted
together with elements to be added, thereby preparing an
ingot of a copper alloy. When preparing a copper alloy,
a method of directly melting and alloying copper and
high-purity additive elements, a method of preparing a

master alloy made up of copper and approximately 3 to 5
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mass%$ of additive elements in advance, and then melting
and alloying copper with the master alloy or another
method may be used. The technique that uses a master
alloy is effective in making an element distribution
uniform at a low concentration. An arc melting furnace,
high-frequency melting furnace, or the like can be used
for the melting. To prevent admixture of atmospheric
gases such as 02 and Hz, preferably the melting is done
in a vacuum atmosphere or in an inert atmosphere of Ar,
N2, or another gas. Preferably, surfaces of the ingot
are washed with acid or alcohol to remove oxide and
stains, followed by subsequent drying.

[0046] (Processing, heat treatment method)

The copper alloy ingot thus produced is first
processed into a linear shape by a rolling or forging
process. Subsequently, it is preferable that the ingot
is processed to be reduced in diameter by a drawing
process until a final wire diameter is reached. A
continuous wire drawing machine capable of being equipped
with plural diamond-coated dies can be used for the
drawing process. It is preferable that a lubricant is
used during continuous wire drawing to reduce worn-out of
the dies and wire surface flaws. At an intermediate wire
diameter in a preceding stage before the final wire
diameter is reached, a heat treatment is carried out at
an intermediate stage of the drawing process to remove

strain, etc. A heat treatment to be performed at an
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intermediate wire diameter is referred to as an
intermediate heat treatment herein. The wire after the
intermediate heat treatment is subjected to the drawing
process until the final wire diameter used as a product
is reached. The step of performing the drawing process
from the wire diameter at which the intermediate heat
treatment is performed herein till the final wire
diameter is referred to as a final drawing process. At
the final wire diameter, a heat treatment for
recrystallizing the bonding wire to adjust mechanical
characteristics thereof is performed. A heat treatment
to be performed at the final wire diameter is referred to
as a final heat treatment herein. A method for
performing a heat treatment while continuously running a
wire can be used in the intermediate heat treatment and
the final heat treatment. Note that in order to suppress
oxidation of the bonding wire surface as much as
possible, the heat treatment is preferably performed in
an inert atmosphere in which Ar gas or N2 gas 1is
refluxed. It 1is also effective to include several
percentages of Hy as a reducing gas component in an inert
atmosphere.
[0047] (Method for controlling crystal orientation on
wire surface)

There will be described an example of a method for
controlling each of the abundance ratios of the crystal

orientations <100>, <110>, and <111> having an angular
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difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface so
that each abundance ratio is 3% or more and less than 27%
in average area percentage.

[0048] In order to control the abundance ratios of the
crystal orientations <100>, <110>, and <111>, it is
effective to control, for example, an intermediate heat
treatment condition, a final drawing condition, and a
final heat treatment condition. A reason for this is
considered as follows. The final heat treatment after
the final drawing process causes recrystallization and
grain growth on the wire surface. Here, what crystal
orientations crystal grains generated by
recrystallization have and how degree crystal grains
having what crystal orientations grow are influenced by
the amount of processing strain, temperature and time of
the final heat treatment, etc. One example is a method
for generating a recrystallization nucleus having a
specific crystal orientation by the drawing process, and
performing a heat treatment on the nucleus under a
specific condition to preferentially grow the nucleus.
The amount of processing strain is considered as one of
factors affecting the formation of recrystallization
nuclei. The processing strain to be introduced in the
process for producing the bonding wire can be also

introduced by rolling, forging or the like, but in order
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to stably control the amount of processing strain, it is
preferable to control the amount of processing strain by
only the final drawing process rather than combination of
a plurality of processing. For that purpose, it is
effective to perform the intermediate heat treatment.

The amount of processing strain can be sufficiently
reduced by performing the intermediate heat treatment at
a temperature which is not less than a temperature at
which recovery or recrystallization occurs, for a certain
time or more. Therefore, by performing the intermediate
heat treatment at an appropriate wire diameter, only the
amount of processing strain to be introduced into the
material by the final drawing process may be considered
as the amount of processing strain accumulated at the
stage where the final heat treatment is performed, and it
is possible to stably control the crystal orientation.
[0049] Based on such a concept, a control method for the
intermediate heat treatment, the final drawing process,
and the final heat treatment will be described. It is
effective that the intermediate heat treatment is
performed at 630°C or more and less than 750°C for 0.05
seconds or more and less than 1.5 seconds. When the
temperature of the intermediate heat treatment is less
than 630°C or when the heat treatment time is less than
0.05 seconds, the effect of reducing the amount of
processing strain cannot be sufficiently obtained, and

the abundance ratios of the crystal orientations <100>,
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<110>, and < 111> cannot be stably controlled. When the
temperature of the intermediate heat treatment is 750°C
or more or when the heat treatment time is 1.5 seconds or
more, the crystal grains coarsen and the wire is
excessively softened, and the frequency of breaking of
wire increases in the subsequent final drawing process.
Therefore, this condition is not suitable for practical
use.

[0050] It is considered that the amount of processing
strain introduced in the final drawing process has a
positive correlation with the processing rate of the
final drawing process defined by the following
expression.

[0051] Pe= {(Rn? - Rf?)/Rp?} x 100

Pr: Processing rate of final drawing process

Rn: Diameter (mm) of wire which has been subjected to the
intermediate heat treatment, Rf: Diameter (mm) of wire
which has been subjected to the final heat treatment
[0052] It is effective that the processing rate of the
final drawing process is 57% or more and less than 87%.
When the processing rate of the final drawing process 1is
less than 57%, the abundance ratio of any of the crystal
orientations <100>, <110>, and <111> becomes less than
3%. This is considered to be because the amount of
processing strain in the final drawing process was
insufficient, and the generation of recrystallization

nuclei necessary for growing the above crystal
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orientation was insufficient or the like. When the
processing rate of the final drawing process is 87% or
more, the crystal orientation <110> is 27% or more. This
is considered to be because the amount of processing
strain in the final drawing process was excessive and
many recrystallization nuclei having the crystal
orientation <100> were generated or the like.

[0053] It is effective that the final heat treatment is
performed at 660°C or more and less than 750°C for 0.05
seconds or more and less than 1.5 seconds. When the
temperature of the final heat treatment is less than
680°C or when the heat treatment time is less than 0.05
seconds, the abundance ratio of the crystal orientation
<110> is 27% or more. When the temperature of the final
heat treatment is 750°C or more, or when the heat
treatment time is 1.5 seconds or more, the wire is
excessively softened and thus sufficient wire bondability
cannot be obtained.

[0054] Next, there will be described an example of a
method of controlling the total of the abundance ratios
of the crystal orientations <100>, <110>, and <111>
having an angular difference of 15 degrees or less from a
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface so that the total of the abundance ratios is 15%
or more and less than 50%. In order to control the total

of the abundance ratios of the crystal orientations
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<100>, <110>, and <111>, it is effective that a first
pre-final heat treatment is performed under a specific
condition between the final drawing process and the final
heat treatment. In other words, it is effective that the
wire producing process performs the intermediate heat
treatment, the final drawing process, the first pre-final
heat treatment, and the final heat treatment in turn.
[0055] It is effective that the first pre-final heat
treatment is performed at 550°C or more and less than
680°C for 0.05 seconds or more and less than 0.5 seconds.
This is because the abundance ratios of the crystal
orientations to be formed in the final heat treatment can
be controlled by performing the first pre-final heat
treatment in an appropriate condition range. When the
temperature of the first pre-final heat treatment is less
than 550°C or when the heat treatment time is less than
0.05 seconds, the total of the abundance ratios of the
crystal orientations <100>, <110>, and <111> becomes 50%
or more. When the temperature of the first heat
treatment is 680°C or more or when the heat treatment
time is 0.5 seconds or more, the total of the abundance
ratios of the crystal orientations <100>, <110>, and
<111> becomes less than 15%.

[0056] Next, there will be described an example of a
method of controlling X, Y and Z to satisfy the
relationship of X+Y>Z when the abundance ratios of the

crystal orientations <100>, <110> and <111> having an
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angular difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface are
represented by X, Y and Z, respectively. In order for X,
Y, and Z to satisfy X + Y> Z, it is effective to perform
a second pre-final heat treatment under a specific
condition between the final drawing process and the first
pre-final heat treatment. That is, it is effective that
the wire producing process performs the intermediate heat
treatment, the final drawing process, the second pre-
final heat treatment, the first pre-final heat treatment,
and the final heat treatment in turn.

[0057] It is effective that the second pre-final heat
treatment is performed at 450°C or more and less than
550°C for 0.05 seconds or more and less than 0.5 seconds.
This is because the crystal orientations <100> and <110>
increase with the final heat treatment by performing the
second pre-final heat treatment in an appropriate
condition range, so that the value of X + Y increases.
When the temperature of the second pre-final heat
treatment is less than 450°C or when the heat treatment
time is less than 0.05 seconds, the foregoing X, Y and Z
cannot satisfy X + Y> Z. This is considered to be
because an effect of increasing the value of X + Y cannot
be obtained. When the temperature of the second pre-
final heat treatment is 550°C or more for 0.5 seconds or

more, the foregoing X, Y, and Z cannot satisfy X + Y> 7.
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This is considered to be because the crystal orientation
<111> grows more easily than the crystal orientations
<100> and <110>.

[0058] Next, there will be described an example of a
method of controlling the abundance ratios of the crystal
orientations <121> and <123> having an angular difference
of 15 degrees or less from a direction perpendicular to
one plane including the wire central axis out of the
crystal orientations on the wire surface so that each of
the abundance ratios is less than 15% in average area
percentage. In order to control each of the abundance
ratios of the crystal orientations <121> and <123> to be
less than 15% in average area percentage, it is effective
that the wire is annealed while fed in a reflux furnace
in which Ar gas is refluxed in the final heat treatment
step. This is considered to be because the cooling rate
of the wire is reduced because the heat treatment is
performed while refluxing Ar gas having a relatively low
thermal conductivity, and thus the growth of the crystal
orientations <121> and <123> is suppressed. In the final
heat treatment step, N2 is promising as an inert gas
other than Ar from the viewpoint of cost and safety.
However, since Nz has a thermal conductivity higher than
Ar gas, an effect of controlling the abundance ratios of
the crystal orientations <121> and <123> to be less than

15% in average area percentage cannot be obtained.
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[0059] Next, an example of a method for controlling the
average crystal grain size in a section perpendicular to
the wire center axis to be 0.4 um or more and 2.1 um or
less will be described. In order to control the average
crystal grain size to be 0.4 pm or more and 2.1 pum or
less, it is effective to set the wire feed speed in the
final drawing process to 750 m/min or more and 1200 m/min
or less. This is considered to be because the amount of
processing strain can be controlled by setting the wire
feed speed in the final drawing process to a specific
range, and the recrystallization behavior and grain
growth behavior in the subsequent final heat treatment
step changed. When the wire feed speed in the final
drawing process 1is less than 750 m/min, the average
crystal grain size increases to more than 2.1 pm. This
is considered to be because the amount of processing
strain accumulated inside the material was small. When
the wire feed speed in the final drawing process is more
than 1200 m/min, the average crystal grain size decreases
to less than 0.4 um.

[0060] Next, there will be described an example of a
method of controlling the total of the abundance ratios
of the crystal orientations <111> and <100> having an
angular difference of 15 degrees or less from the wire
center axis out of the crystal orientations in a section
in a direction parallel to the wire center axis so that

the total of the abundance ratios is 25% or more and less
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than 60% in average area percentage. In order to control
the total of the abundance ratios of the crystal
orientations <111> and <100> to be 25% or more and less
than 60% in average area percentage, the processing rate
per die in the final drawing process is set to 18% or
more and less than 21%. This is considered to be because
it is possible to control the frictional force generated
at the interface between the die and the wire associated
with the development of the crystal orientations in the
direction of the wire center axis on the wire surface by
changing the processing rate per die. Here, the
processing rate per die is a percentage representing the
proportion of an area in a direction perpendicular to the
wire center axis reduced by the processing to a cross-
sectional area of the wire before processing in the
direction perpendicular to the wire center axis. When
the processing rate per die is less than 18%, the total
of the abundance ratios of the crystal orientations <111>
and <100> is less than 25%. When the processing rate per
die is 21% or more, the total of the abundance ratios of
the crystal orientations <111> and <100> is 60% or more.
[0061] Next, an example of a method of adding Ni, Pd, Pt,
Au, P, In, Ga, Ge, and Ag to the bonding wire will be
described. When copper is added with an alloying element
to be alloyed, a method of directly melting and alloying
copper and high-purity dopants, a method in which a

master alloy in which dopants of about 3 to 5 mass$ are



_39_

added in copper is prepared in advance, and copper and
the master alloy are melted and alloyed, or other methods
may be used. A method using a master alloy is effective
to a case where an element distribution is made uniform

at a low concentration.

Examples

[0062] A method for producing a bonding wire will be
described. Cu used as a raw material had a purity of
99.99 mass%$ or more, the balance being unavoidable
impurities. When the bonding wire contained Ni, Pd, Pt,
Au, P, In, Ga, Ge, and Ag as dopants, Cu and these
elements were melted in a high-frequency melting furnace
and alloyed together. When a target total concentration
of the dopants except the unavoidable impurities was less
than 0.5 mass%, an alloy of the intended concentration
was produced by using a Cu alloy containing high
concentrations of the dopants. An Ar atmosphere was used
as an atmosphere during melting to prevent admixture of
impurities such as oxygen. The ingot produced by melting
had a columnar shape with a diameter of about 5 mm.

[0063] Thereafter, forging process and drawing process
were performed on the ingot to prepare a wire having an
intermediate wire diameter. The wire diameter of the
wire having the intermediate wire diameter was calculated
backward from the final wire diameter, and was determined

to be a wire diameter at which the drawing rate of the
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final drawing process was 57% or more and less than 87%.
Thereafter, the intermediate heat treatment was performed
on the wire having the intermediate wire diameter at
630°C or more and less than 750°C for 0.05 seconds or
more and less than 1.5 seconds. Subsequently, the final
drawing process was performed under the condition that
the drawing rate was 57% or more and less than 87%, and a
wire having a wire diameter of ¢$20 um was produced.
Thereafter, the final heat treatment was performed at
660°C or more and less than 750°C for 0.05 seconds or
more and less than 1.5 seconds. Further, for some of the
samples, the first pre-final heat treatment and the
second pre-final heat treatment were performed before the
final heat treatment. The condition of the first pre-
final heat treatment was set to 550°C or more and less
than 680°C, and 0.05 seconds or more and less than 0.5
seconds. The condition for the second pre-final heat
treatment was set to 450°C or more and less than 550°C,
and 0.05 seconds or more and less than 0.5 second. The
atmosphere during the final heat treatment was set to an
Ar atmosphere or a Nz atmosphere. The wire feed speed in
the final drawing process was changed in a range of 600
m/min or more and 1300 m/min or less. The processing
rate per die in the final drawing process was changed in
a range of 16% or more and 23% or less.

[0064] (Evaluation method: concentration analysis of

elements contained in bonding wire)
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An ICP optical emission spectrometer was used for
the concentration analysis of the elements contained in
the bonding wire of the present embodiment.

[0065] (Evaluation method: Crystal orientation analysis
of wire surface)

The abundance ratios of the crystal orientations
<100>, <110>, <111>, <121>, and <123> having an angular
difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface of
the bonding wire of the present embodiment were
calculated from data measured by the EBSD method. The
abundance ratio was set as an average value of values
obtained by measuring five wires at intervals of about 3
m. A measurement region was set to a region surrounded
by straight lines of 5 pum (25% of the wire diameter) in
the circumferential direction and 40 pm in the direction
of the wire center axis. Furthermore, the measurement
region was set to a region including the highest position
in the circumferential direction of the sample fixed to
the sample stage.

[0066] (Evaluation method: Average crystal grain size
analysis in a section perpendicular to wire center axis)

The average crystal grain size in a section
perpendicular to the wire center axis of the bonding wire
of the present embodiment was calculated from data

measured by the EBSD method after the wire section was



- 42 -

processed with an Ar ion beam to be exposed. Five wires
were obtained at intervals of about 3 m, and an average

value of measured values of the respective wires was set
as the average crystal grain size. A measurement region
was set to a region including all sections perpendicular
to the wire center axis.

[0067] (Evaluation method: Crystal orientation analysis

in section in direction parallel to wire center axis)

The total of the abundance ratios of the crystal
orientations <111> and <100> having an angular difference
of 15 degrees or less from the direction of the wire
center axis of the bonding wire in a section in a
direction parallel to the wire center axis of the present
embodiment was calculated from data measured by the EBSD
method after the wire section was processed with an Ar
ion beam to be exposed. The total of the abundance
ratios was an average of the measured values of ten wires
obtained at intervals of about 3 m. A measurement region
was set to a rectangular region of 80 pum in the direction
of the wire center axis and 20 pum in the diameter
direction. Further, the measurement region was set to a
region containing both ends of the wire in the diameter
direction.

[0068] (Evaluation method for straightness of loops)

Straightness of loops was evaluated from the
frequency of occurrence of loops having low straightness

when bonding wires were bonded. An optical microscope
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was used to observe the loop portion. The loop length
was set to 7.0 mm, and the loop height was set to 0.2 mm.
The loop portion was observed from immediately above the
loop, and it was determined that the straightness of the
loop was low when the longest distance from a straight
line connecting the ball bond area and wire bond area to
the loop portion was 10 um or more. Loops of two hundred
bonding wires were observed. When five or more loops
having low straightness were observed, -1 point was given
by judging that straightness was defective, when the
number of loops having low straightness was three or more
and less than five, 0 point was given by judging that the
straightness was within an allowable range and
practically usable although a defect occurred. When the
number of loops having low straightness was two or less,
1 point was given by judging that there was no problem in
practical use. Evaluation results are shown in the
column of "Straightness of loops" in Table 2. The -1
point is rejected, and the 0 and 1 points are accepted.
[0069] (Evaluation method for straightness of loops after
resin sealing)

The straightness of loops after resin sealing was
evaluated from the frequency of occurrence of loops
having low straightness when sealing was performed with a
general-purpose mold resin after bonding wires were
bonded. A soft X-ray apparatus was used for observation

of the loop portion. The loop length was set to 7.0 mm,
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and the loop height was set to 0.2 mm. The loop portion
was observed from immediately above the loop, and it was
determined that the straightness of the loop was low when
the longest distance from a straight line connecting the
ball bond area and wire bond area to the loop portion was
15 um or more. Loops of two hundred bonding wires were
observed. When six or more loops having low straightness
were observed, -1 point was given by judging that
straightness was defective, and when the number of loops
having low straightness was four or more and less than
six, 0 point was given by judging that straightness was
within an allowable range and practically usable although
a defect occurred. When three loops having low
straightness were observed, 1 point was given by judging
that there was no problem in practical use, when two
loops having low straightness were observed, 2 points
were given by judging that straightness was excellent,
when one loop having low straightness was observed, 3
points were given by judging that straightness was
further excellent, and when all the loops had high
straightness, 4 points were given by Jjudging that
straightness was particularly excellent. Evaluation
results are shown in the column of "Straightness of loops
after resin sealing" in Table 2. The -1 point is
rejected, and the other points are accepted.

[0070] (Evaluation method for damage of neck portion)
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The neck portion was observed after the bonding
wire was bonded, and the damage of the neck portion was
evaluated from the number of places at which damage
occurred. The loop length was set to 7.0 mm, the loop
height was set to 0.2 mm, and the loop shape was set to a
trapezoidal shape. The neck portions of the two hundred
bonded bonding wires were observed by a scanning electron
microscope, and when there were two or more places at
which damage occurred, 0 point was given by judging that
the neck portion was defective. When there was only one
place at which damage occurred, 1 point was given by
judging that there was no problem in practical use, and
when no defect occurred, 2 points were given by judging
that the neck portion was excellent. Evaluation results
are shown in the column of "Damage Neck Portion" in Table
2. The 0 point is rejected, and the other points are
accepted.

[0071] (Evaluation method of damage of neck portion under
low loop)

In the evaluation of the damage of the neck portion
under the low loop, the loop height was set to 0.1 mm
which was lower than usual, and a method similar to the
evaluation method for the damage of the neck portion was
used. Neck portions of the two hundred bonded bonding
wires were observed by a scanning electron microscope,
and when there were two or more places at which damage

occurred, 0 point was given by judging that the neck
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portion was defective. When there was only one place at
which damage occurred, 1 point was given by judging that
there was no problem in practical use, and when no defect
occurred, 2 points were given by judging bonding was
excellent. Evaluation results are shown in the column of
"Damage of Neck Portion under Low Loop" in Table 2. The
0 point is rejected, and the other points are accepted.
[0072] (Evaluation method for ball bond area life in high
temperature storage test)

After the bonding wire was bonded and sealed with a
general-purpose resin, the bonding wire was left in a
thermostatic oven set at 200°C, and the ball bond area
life in the high-temperature storage test was evaluated
from a time required until the bonding strength of the
ball bond area was reduced to 50% or less of that before
the test. An average value of values obtained by
measuring the strength of ten randomly selected ball bond
areas with a micro shear tester was used as the value of
the bonding strength for the judgment of the ball bond
area life. When the bonding strength was measured, the
resin was removed by an acid treatment in order to expose
the ball bond area. The diameter of the ball was set in
a range of 1.5 to 1.7 times the diameter of the wire.
During formation of the ball, a gas of N2 + 5 volume% H»
was blown at a flow rate of 0.4 to 0.6 L/min to prevent
oxidation. In the above evaluation, when the ball bond

area life was less than 500 hours, 0 point was given by
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judging that there was a problem in practical use, when
the ball bond area life was 500 hours or more and less
than 700 hours, 1 point was given by judging that there
was no problem in practical use, and when the ball bond
area life was 700 hours or more, 2 points were given by
judging that the ball bond area life was excellent.
Evaluation results are shown in the column of "Ball bond
area life in high-temperature storage test" in Table 2.
The 0 point is rejected, and the other points are
accepted.

[0073] (Evaluation method for crimped ball shape)

Ball bonding to an Al electrode on an Si substrate
was performed at 100 times, and the crimped ball shape
was evaluated from the number of occurring defective
crimped ball shapes. With respect to the judgement for
the crimped ball shape, the ball was observed from
immediately above the ball bond area, when the crimped
ball shape was close to a circular shape, it was Jjudged
to be good, whereas when the crimped ball shape was a
petal-like shape, it was judged to be defective. An
optical microscope was used to observe the crimped ball
shape. One hundred ball bond areas were observed, and
when there were nine or more defects, 0 point was given
by judging that there was a problem in practical use.
When the number of defects was eight or less and six or
more, 1 point was given by judging that there was no

problem in practical use, and when the number of defects
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was five or less and three or more, 2 points were given
by judging that the crimped ball shape was excellent.
Evaluation results are shown in the column of "Crimped
ball shape" in Table 2. Only 0 points are rejected,
others are accepted.

[0074] (Description of evaluation results)

Example Nos. 1 to 87 were Cu alloy bonding wires for
semiconductor devices in which each of the abundance
ratios of the crystal orientations <100>, <110> and <111>
having an angular difference of 15 degrees or less from a
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface was 3% or more and less than 27% in average area
percentage, and thus the straightness of loops thereof
was within an allowable range. Each of the abundance
ratios of the example Nos. 1 to 75 was 5% or more and
less than 25% in average area percentage, and thus the
straightness of loops had no problem in practical use.
[0075] Example Nos. 4 and 5 were Cu alloy bonding wires
for semiconductor devices in which each of the abundance
ratios of the crystal orientations <100>, <110> and <111>
having an angular difference of 15 degrees or less from a
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface was 3% or more and less than 27% in average area
percentage, and further the total of the abundance ratios

of the crystal orientations <100>, <110> and <111> having
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the angular difference of 15 degrees or less from the
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface was 15% or more and less than 50% in average area
percentage. Therefore, an excellent evaluation result
was obtained for the straightness of loops after resin
sealing.

[0076] Examples 1, 6, 7, 15, and 16 were Cu alloy bonding
wires for semiconductor devices in which each of the
abundance ratios of the crystal orientations <100>, <110>
and <111> having the angular difference of 15 degrees or
less from the direction perpendicular to one plane
including the wire center axis out of the crystal
orientations on the wire surface was 3% or more and less
than 27% in average area percentage, further the total of
the abundance ratios of the crystal orientations <100>,
<110> and <111> having the angular difference of 15
degrees or less from the direction perpendicular to one
plane including the wire center axis out of the crystal
orientations on the wire surface was 15% or more and less
than 50% in average area percentage, and further X+¥Y>Z
was satisfied when the abundance ratios of the crystal
orientations <100>, <110> and <111> having the angular
difference of 15 degrees or less from the direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface were

represented by X, Y and Z, respectively. Therefore, a
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further excellent evaluation result was obtained for the
straightness of loops after resin sealing.

[0077] Examples 8 to 14, 17 to 27 and 29 to 75 were Cu
alloy bonding wires for semiconductor devices in which
each of the abundance ratios of the crystal orientations
<100>, <110> and <111> having the angular difference of
15 degrees or less from the direction perpendicular to
one plane including the wire center axis out of the
crystal orientations on the wire surface was 3% or more
and less than 27% in average area percentage, further the
total of the abundance ratios of the crystal orientations
<100>, <110> and <111> having the angular difference of
15 degrees or less from the direction perpendicular to
one plane including the wire center axis out of the
crystal orientations on the wire surface was 15% or more
and less than 50% in average area percentage, further
X+Y>Z was satisfied when the abundance ratios of the
crystal orientations <100>, <110> and <111> having the
angular difference of 15 degrees or less from the
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface were represented by X, Y and Z respectively, and
further each of the abundance ratios of the crystal
orientations <121> and <123> having an angular difference
of 15 degrees or less from a direction perpendicular to
one plane including the wire center axis out of the

crystal orientations on the wire surface was less than
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15% in average area percentage. Therefore, a
particularly excellent evaluation result was obtained for
the straightness of loops after resin sealing.

[0078] Example Nos. 2 to 8, 10, and 12 to 87 were Cu
alloy bonding wires for semiconductor devices in which
the average crystal grain size in a section perpendicular
to the wire center axis was 0.4 pm or more and 2.1 um or
less. Therefore, an excellent evaluation result was
obtained for the damage of the neck portion.

[0079] Example Nos. 5 to 12, 14, 16 to 75 were Cu alloy
bonding wires for semiconductor devices in which the
total of the abundance ratios of the crystal orientations
<111> and <100> having the angular difference of 15
degrees or less from the wire center axis out of crystal
orientations in a section in a direction parallel to the
wire center axis was 25% or more and less than 60% in
average area percentage. Therefore, an excellent
evaluation result was obtained for the damage of the neck
portion under low loop.

[0080] Example Nos. 24 to 30, 38 to 46, 48, 49, 51 to 55,
57 to 63, and 71 to 74 were Cu alloy bonding wires for
semiconductor devices, each of which contains one or more
of Ni, Pd, Pt, and Au for a total of 0.01 mass% or more
and 1.5 mass%$ or less, the balance being Cu and
unavoidable impurities. Therefore, an excellent
evaluation result was obtained from the ball bond area

life in the high-temperature storage test.
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[0081] Example Nos. 50 to 54, 60 to 70, and 72 to 74 were
Cu alloy bonding wires for semiconductor devices, each of
which contains at least one of P, In, Ga, Ge, and Ag for
a total of 0.001 mass% or more and 0.75 mass% or less.
Therefore, an excellent evaluation result was obtained
for the crimped ball shape.

[0082]
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[Table 2-1]

Evaluation result
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Evaluation result
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No.

Evaluation result
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loops after resin
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Claims

1. A Cu alloy bonding wire for a semiconductor device,
wherein each of abundance ratios of crystal orientations
<100>, <110> and <111> having an angular difference of 15
degrees or less from a direction perpendicular to one
plane including a wire center axis out of crystal
orientations on a wire surface is 3% or more and less

than 27% in average area percentage.

2. The Cu alloy bonding wire for a semiconductor device
according to claim 1, wherein a total of the abundance
ratios of the crystal orientations <100>, <110> and <111>
having the angular difference of 15 degrees or less from
the direction perpendicular to one plane including the
wire center axis out of the crystal orientations on the
wire surface is 15% or more and less than 50% in average

area percentage.

3. The Cu alloy bonding wire for a semiconductor device
according to claim 2, wherein when the abundance ratios
of the crystal orientations <100>, <110> and <111> having
the angular difference of 15 degrees or less from the
direction perpendicular to one plane including the wire
center axis out of the crystal orientations on the wire
surface are represented by X, Y and Z respectively, X+Y>Z

is satisfied.
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4. The Cu alloy bonding wire for a semiconductor device
according to claim 3, wherein each of abundance ratios of
crystal orientations <121> and <123> having an angular
difference of 15 degrees or less from a direction
perpendicular to one plane including the wire center axis
out of the crystal orientations on the wire surface is

less than 15% in average area percentage.

5. The Cu alloy bonding wire for a semiconductor device
according to any one of claims 1 to 4, wherein an average
crystal grain size in a section perpendicular to the wire

center axis is 0.4 um or more and 2.1 um or less.

6. The Cu alloy bonding wire for a semiconductor device
according to any one of claims 1 to 5, wherein a total of
abundance ratios of crystal orientations <111> and <100>
having an angular difference of 15 degrees or less from
the wire center axis out of crystal orientations in a
section in a direction parallel to the wire center axis
is 25% or more and less than 60% in average area

percentage.

7. The Cu alloy bonding wire for a semiconductor device
according to any one of claims 1 to 6, wherein the Cu

alloy bonding wire contains one or more of Ni, Pd, Pt and
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Au for a total of 0.01 mass% or more and 1.5 mass% or

less and a balance is Cu and unavoidable impurities.

8. The Cu alloy bonding wire for a semiconductor device
according to any one of claims 1 to 7, wherein the Cu

alloy bonding wire contains one or more of P, In, Ga, Ge,
and Ag for a total of 0.001 mass%$ or more and 0.75 mass$

or less and a balance is Cu and unavoidable impurities.



