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DESCRIPTION
AL WIRING MATERIAL

TECHNICAL FIELD
[0001] The present invention relates to an Al wiring
material. The present invention further relates to a

semiconductor device including the Al wiring material.

BACKGROUND ART

[0002] In a semiconductor device, electrodes formed on a
semiconductor element are connected with lead frames or
electrodes on a substrate using a bonding wire or a boding
ribbon (hereinafter also collectively referred to as
"wiring material"). In a power semiconductor device, a
wiring material made of aluminum (Al) (hereinafter also
simply referred to as an "Al wiring material™) is mainly
used. For example, Patent Literature 1 discloses an
example of using an Al bonding wire with a diameter of 300
pm in a power semiconductor module. In the power
semiconductor device using the Al wiring material, wedge
bonding is used as a bonding process for both of first
connection with electrodes on a semiconductor chip and
second connection with lead frames or electrodes on a
substrate.

[0003] Power semiconductor devices using Al wiring
materials are often used as semiconductor devices for large
power equipment such as air conditioners and photovoltaic
power generation systems, and for automotive. In these
semiconductor devices, the bonded parts of wiring material
are exposed to high temperatures of 150°C or more at the
time when the device operates. When using a material
composed only of high purity Al as the wiring material,

softening of the wiring material tends to proceed in such a
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temperature environment at the time when the device
operates, and it is difficult to use such wiring material
in a high temperature environment.

[0004] There has been developed an Al wiring material
made of a material obtained by adding a specific element to
Al. For example, Patent Literature 2 discloses an Al
bonding wire the mechanical strength of which is improved
by adding scandium (Sc) of 0.05 to 1 % by weight to Al to
be precipitation-hardened. Patent Literature 3 discloses
that an Al wiring material containing one or more of nickel
(Ni), silicon (Si), and phosphorus (P), the amount of which
is 800 ppm by weight or less in total, has favorable
bonding strength and weather resistance. Patent Literature
4 discloses an Al bonding wire containing 0.01 to 0.2 % by
weight of iron (Fe) and 1 to 20 ppm by weight of Si in
which a solid solution amount of Fe is 0.01 to 0.06 % by

o\

weight, a precipitation amount of Fe is seven times or less
the solid solution amount, and an average crystal grain
diameter is 6 to 12 um, and describes that this wire has

favorable bonding reliability.

RELATED ART REFERENCE

Patent Literature

[0005] Patent Literature 1: JP-A-2002-314038
Patent Literature 2: JP-A-2016-511529
Patent Literature 3: JP-A-2016-152316
Patent Literature 4: JP-A-2014-129578

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] In power semiconductor devices the temperature of
which greatly changes in accordance with an operation cycle

of the device, a shocking thermal stress may be caused in



10

15

20

25

30

accordance with a temperature change (hereinafter such a
phenomenon is also referred to as "thermal shock™), and a
connection part between the Al wiring material and a member
to be connected and the like may be damaged. Specifically,
in accordance with a temperature change following the
operation cycle, a crack due to a difference between
coefficients of thermal expansion of the Al wiring material
and the member to be connected may be caused at an
interface of the connection part (hereinafter such a
phenomenon is also referred to as "bond crack"). In the
power semiconductor devices, a crack due to a bending
stress caused by expansion and contraction of the Al wiring
material itself may also be caused at a loop rising part in
the vicinity of the connection part (hereinafter such a
phenomenon is also referred to as a "heel crack"). The
bond crack or the heel crack develops with corrosion in an
environment at the time when the device operates, the Al
wiring material finally comes off from the member to be
connected or the like, and the bonding reliability is then
deteriorated in some cases.

[0007] On the other hand, as a method of suppressing
softening of the Al wiring material in a high-temperature
environment, there is a method of adding another element to
the Al wiring material to suppress coarsening of crystal
grains, and increasing the strength of the Al wiring
material. It is effective to add an element such as Sc,
Ni, or Fe to the Al wiring material to suppress coarsening
of crystal grains. However, as the content of these
elements increases, a yield may be lowered because the wire
breakage or damage occurs at the time of manufacturing the
Al wiring material, or a member to be connected may be
damaged at the time of connecting the Al wiring material to

the member to be connected (hereinafter such a phenomenon
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is also referred to as a "chip crack"). When an
intermetallic compound formed between such an added element
and Al is condensed and coarsened, an adverse effect may be
caused on the generation and development of the bond crack
or the heel crack (that is, the generation and development
of the crack is accelerated).

[0008] There have been reported some Al wiring materials
the strength of which is increased by adding another
element to Al. However, there is room for improvement in
suppressing a chip crack and achieving resistance to
thermal shock following an operation cycle of the device
(hereinafter also simply referred to as "thermal shock
resistance") while suppressing lowering of a yield at the
time of manufacture.

[0009] An object of the present invention is to provide
an Al wiring material which can suppress a chip crack and
achieve thermal shock resistance while suppressing lowering

of a yield at the time of manufacture.

MEANS FOR SOLVING PROBLEM

[0010] 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 Al

wiring material having the configuration described below,

and further investigated the problem based on such

knowledge to complete the present invention.

That is, the present invention includes the following

content.

[1] An Al wiring material containing at least Sc and Zr so

as to satisfy
0.01
0.01 £ x2 £0.3

IN

x1l £ 0.5, and

where x1 is a content of Sc [% by weight] and x2 is a
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content of Zr [% by weight],

with the balance comprising Al.
[2] The Al wiring material according to [1], further
containing Ni so as to satisfy 10 < x3 < 500 where x3 is a
content of Ni [ppm by weight].
[3] The Al wiring material according to [1] or [2],
wherein x1 and x2 satisfy a relation of x2/x1 > 0.5.
[4] The Al wiring material according to any one of [1] to
[3], wherein Vickers hardness of a longitudinal axis part
of the Al wiring material is 40 Hv or less.
[5] The Al wiring material according to any one of [1] to
[4], wherein the Al wiring material has been subjected to a
thermal refining heat treatment at 580 to 640°C for 30
seconds or less.
[6] The Al wiring material according to any one of [1] to
[5], wherein the Al wiring material does not have a coating
that contains a metal other than Al as a main component.
[7] The Al wiring material according to any one of [1] to
[6], wherein the Al wiring material is a bonding wire.
[8] The Al wiring material according to any one of [1] to
[7], wherein the Al wiring material is subjected to an
aging heat treatment at 250 to 400°C for 30 to 60 minutes
after being connected to a member to be connected.
[9] A semiconductor device comprising the Al wiring

material according to any one of [1] to [8].

EFFECT OF THE INVENTION

[0011] The present invention can provide an Al wiring
material which can suppress a chip crack and achieve
thermal shock resistance while suppressing lowering of a

yield at the time of manufacture.

EMBODIMENT FOR CARRYING OUT THE INVENTION



[0012] Hereinafter, the present invention will be
described in detail based on a preferred embodiment
thereof.

[0013] [Al wiring material]

An Al wiring material according to the present
invention contains at least scandium (Sc) and zirconium
(Zr) so as to satisfy 0.01 £ x1 < 0.5 and 0.01 £ x2 < 0.3
where x1 is the content of Sc[% by weight] and x2 is the
content of Zr [% by weight].

[0014] Sc raises a recrystallization temperature of the
Al wiring material, and contributes to suppressing
coarsening of crystal grains and maintaining the strength
of the Al wiring material even when a semiconductor device
is continuously used in a high-temperature environment.
Coarsening of crystal grains tends to be suppressed in the
high-temperature environment as an addition amount of Sc is
increased. However, as described above, when the addition
amount of Sc is increased, a yield may be lowered because
the wire breakage or damage occurs at the time of
manufacturing the Al wiring material, or a chip crack may
be generated at the time of connecting the Al wiring
material to a member to be connected. Additionally, when
an intermetallic compound formed between Sc and Al is
condensed and coarsened, an adverse effect may be caused on
the generation and development of a bond crack or a heel
crack (that is, the generation and development of the crack
is accelerated). On the other hand, the Al wiring material
according to the present invention containing 0.01 to 0.5 %
by weight of Sc and 0.01 to 0.3 % by weight of Zr may have
appropriate strength and hardness before connection of the
Al wiring material, and may suppress lowering of the yield
at the time of manufacture and suppress the generation of

chip crack at the time of connection while keeping an
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effect of Sc such that coarsening of crystal grains may be
suppressed in a high-temperature environment.

Additionally, the Al wiring material according to the
present invention can suppress the condensation/coarsening
of the intermetallic compound of Al and Sc, and can greatly
suppress the generation and development of a bond crack or
a heel crack in use for a power semiconductor device the
temperature of which greatly changes in accordance with an
operation cycle of the device. In this way, the Al wiring
material according to the present invention suppresses a
chip crack and achieves thermal shock resistance, while
suppressing lowering of a yield at the time of manufacture,
and greatly contributes to the improvement of long-term
operation reliability of the semiconductor device the
temperature of which greatly changes in accordance with the
operation cycle of the device.

[0015] - Sc (first element) -

The Al wiring material according to the present
invention contains, as a first element, Sc in a range from
0.01 to 0.5 % by weight. That is, it satisfies 0.01 < x1 <
0.5 where x1 is the content of Sc [% by weight] in the Al
wiring material.

[0016] From a viewpoint of suppressing coarsening of
crystal grains in a high-temperature environment and

maintaining the strength of the Al wiring material, the
content of Sc in the Al wiring material, that is, x1 is

)

0.01 % by weight or more, and is preferably 0.02 % by
weight or more, 0.03 % by weight or more, 0.04 % by weight
or more, or 0.05 % by weight or more.

[0017] From a viewpoint of suppressing lowering of a
yield at the time of manufacture and a chip crack at the
time of connection, an upper limit of the content of Sc,

o)

x1, is 0.5 % by weight or less, and is preferably 0.48 $ by
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weight or less, 0.46 % by weight or less, 0.45 % by weight

Q o)

or less, 0.44 % by weight or less, 0.42 % by weight or
less, or 0.4 % by weight or less.
[0018] - Zr (second element) -

The Al wiring material according to the present
invention contains, as a second element, Zr in a range from
0.01 to 0.3 % by weight. That is, it satisfies 0.01 < x2 <
0.3 where x2 is the content of Zr [% by weight] in the Al
wiring material.

[0019] By containing Zr in combination with Sc, the Al
wiring material according to the present invention can
suppress a chip crack and achieve thermal shock resistance
while suppressing lowering of the yield at the time of
manufacture. Focusing only on improvement of the strength
of the Al wiring material, the strength may be improved in
some degree even in a case of singly containing Sc or a
case of singly containing Zr. However, suppression of a
chip crack and thermal shock resistance are specifically
achieved at an especially high level in a case of
containing Sc and Zr in combination.

[0020] From a viewpoint of achieving especially
excellent thermal shock resistance in combination with Sc,
the content of Zr in the Al wiring material, that is, x2 is

)

0.01 % by weight or more, and is preferably 0.02 % by

)

weight or more, 0.03 % by weight or more, 0.04 % by weight

)

or more, or 0.05 % by weight or more.
[0021] From a viewpoint of suppressing lowering of the
yield at the time of manufacture and a chip crack at the

time of connection, an upper limit of the content of Zr,

o)

x2, is 0.3 % by weight or less, and is preferably 0.28 $ by

o) )

weight or less, 0.26 % by weight or less, 0.25 % by weight

or less, 0.24 % by weight or less, 0.22 % by weight or

less, or 0.2 % by weight or less.
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[0022] A ratio x2/x1 between the content x1 [% by
weight] of Sc and the content x2 [% by weight] of Zr is not
particularly limited so long as each of x1 and x2 falls
within the preferred range described above, and the range
may be 0.05 or more, 0.1 or more, or 0.2 or more, for
example. From a viewpoint of implementing the Al wiring
material which achieves excellent thermal shock resistance
especially for a long term, x1 and x2 preferably satisfy a
relation of x2/x1 > 0.5, and more preferably satisfy a
relation of x2/x1 =2 0.55, x2/x1 =2 0.6, x2/x1 =2 0.65, x2/x1
2 0.7, x2/x1 2 0.75, or x2/x1 2 0.8. An upper limit of the
x2/x1 ratio is not limited so long as each of x1 and x2
falls within the preferred range described above. However,
from a viewpoint of easily implementing the Al wiring
material having desired strength in a high-temperature
environment, the upper limit of the x2/x1 ratio may be
preferably 10 or less (that is, 10 2 x2/x1), 8 or less, 6
or less, or 5 or less. When the x2/x1 ratio falls within
the preferred range described above, more benefit can be
obtained from the effect described above especially in a
case in which 0.15 £ x1 is satisfied.

[0023] - Ni (third element) -

The Al wiring material according to the present
invention may further contain Ni. By containing Ni in
addition to Sc and Zr, corrosion resistance may be
improved, coarsening of crystal grains in a high-
temperature environment can be further suppressed, and the
strength of the Al wiring material can be maintained at a
high level.

[0024] The content of Ni in the Al wiring material may
fall within a range from 10 to 500 ppm by weight. That is,
it may satisfy 10 £ x3 < 500 where x3 is the content of Ni

[ppm by weight] in the Al wiring material.
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[0025] From a viewpoint of achieving excellent corrosion
resistance, suppressing coarsening of crystal grains in a
high-temperature environment, and maintaining the strength
of the Al wiring material, the content of Ni in the Al
wiring material, that is, x3 is preferably 10 ppm by weight
or more, and more preferably, 15 ppm by weight or more, 20
ppm by weight or more, 25 ppm by weight or more, or 30 ppm
by weight or more.

[0026] From a viewpoint of suppressing lowering of the
yield at the time of manufacture and a chip crack at the
time of connection, an upper limit of the content of Ni,
x3, 1s preferably 500 ppm by weight or less, and more
preferably, 450 ppm by weight or less, 400 ppm by weight or
less, 350 ppm by weight or less, 300 ppm by weight or less,
250 ppm by weight or less, 200 ppm by weight or less, 150
ppm by weight or less, or 100 ppm by weight or less.

[0027] The balance, the remaining part, of the Al wiring
material according to the present invention contains Al.

As an aluminum raw material for manufacturing the Al wiring
material, aluminum having purity equal to or higher than 5N
(Al: 99.999 % by weight or more) is preferably used. 1In a
range of not inhibiting the effect of the present
invention, the balance of the Al wiring material according
to the present invention may contain an element other than
Al. The content of Al in the balance of the Al wiring
material according to the present invention is not limited
so long as the content does not inhibit the effect of the

)

present invention, and is preferably 98 % by weight or

o)

more, 98.5 % by weight or more, 99 % by weight or more,

<X

99.5 % by weight or more, 99.6 % by weight or more, 99.7 %

by weight or more, 99.8 % by weight or more, or 99.9 % by

weight or more. According to a preferred embodiment, the
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balance of the Al wiring material according to the present
invention consists of Al and inevitable impurities.

[0028] Hereinafter, there will be described an
especially preferred embodiment of the Al wiring material
which can suppress a chip crack and achieve thermal shock
resistance at a high level while suppressing lowering of
the yield at the time of manufacture.

[0029] In an especially preferred embodiment, the Al
wiring material according to the present invention contains
Sc and Zr so as to satisfy 0.01 £ x1 < 0.15 and 0.01 < x2 <
0.3 where x1 is the content of Sc [% by weight] and x2 is
the content of Zr [% by weight], with the balance
consisting of Al and inevitable impurities. Hereinafter,
this embodiment is also referred to as a "first
embodiment".

[0030] In another especially preferred embodiment, the
Al wiring material according to the present invention
contains Sc, Zr, and Ni so as to satisfy 0.01 £ x1 < 0.15,
0.01 £ x2 £ 0.3, and 10 £ x3 £ 500 where x1 1is the content
of Sc [% by weight], x2 is the content of Zr [% by weight],
and x3 is the content of Ni [ppm by weight], with the
balance consisting of Al and inevitable impurities.
Hereinafter, this embodiment is also referred to as a
"second embodiment".

[0031] In yet another especially preferred embodiment,
the Al wiring material according to the present invention
contains Sc and Zr so as to satisfy 0.15 < x1 < 0.5 and
0.01 £ x2 £ 0.3 where x1 is the content of Sc [% by weight]
and x2 is the content of Zr [% by weight], with the balance
consisting of Al and inevitable impurities. Hereinafter,
this embodiment is also referred to as a "third

embodiment".
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[0032] In yet another especially preferred embodiment,
the Al wiring material according to the present invention
contains Sc, Zr, and Ni so as to satisfy 0.15 < x1 < 0.5,
0.01 £ x2 £ 0.3, and 10 £ x3 £ 500 where x1 1is the content
of Sc [% by weight], x2 is the content of Zr [% by weight],
and x3 is the content of Ni [ppm by weight], with the
balance consisting of Al and inevitable impurities.
Hereinafter, this embodiment is also referred to as a
"fourth embodiment".

[0033] From a viewpoint of implementing the Al wiring
material that achieves excellent thermal shock resistance
especially for a long term, the content x1 [% by weight] of
Sc and the content x2 of Zr preferably satisfy a relation
of x2/x1 > 0.5 in the third and the fourth embodiments,
especially in the third embodiment. A preferred range of
the ratio x2/x1 is described above.

[0034] The content of Sc, Zr, Ni, and the like in the Al
wiring material can be measured by using a method in
"Measurement of element content" described later.

[0035] The Al wiring material according to the present
invention may have a coating that contains a metal other
than Al as a main component on an outer periphery of the Al
wiring material, or does not necessarily have the coating.
In a preferred embodiment, the Al wiring material according
to the present invention does not have a coating that
contains a metal other than Al as a main component on the
outer periphery of the Al wiring material. Herein, the
"coating that contains a metal other than Al as a main
component" means the coating in which the content of the
metal other than Al is 50 % by weight or more.

[0036] The Al wiring material according to the present
invention may be an Al bonding wire, or an Al bonding

ribbon. In a case in which the Al wiring material
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according to the present invention is the Al bonding wire,
a wire diameter thereof is not particularly limited, and
may be 50 to 600 um, for example. In a case in which the
Al wiring material according to the present invention is
the Al bonding ribbon, dimensions (wxt) of a rectangular or
a substantially rectangular cross section thereof are not
particularly limited, and w may be 100 to 3000 um, and t
may be 50 to 600 um, for example.

[0037] A manufacturing method for the Al wiring material
according to the present invention is not particularly
limited. For example, the Al wiring material according to
the present invention may be manufactured by using a known
processing method such as extrusion processing, swaging
processing, wire-drawing processing, and rolling
processing, for example. For example, after measuring an
aluminum raw material and raw materials such as Sc, Zr, and
Ni (if contained) as a starting material so that the
content of Sc, Zr, and Ni (if contained) falls within the
specific range described above, these materials are molten
and mixed to obtain an ingot. Alternatively, as the raw
materials such as Sc, Zr, and Ni, a mother alloy containing
these elements may be used. The Al wiring material can be
formed by processing the ingot to have final dimensions.
The Al wiring material according to the present invention
in which the content of Sc, Zr, and Ni (if contained) falls
within the specific range described above can be
manufactured (processed) while suppressing the wire
breakage or damage to a level not interfering with mass
production.

[0038] In the middle of processing or after the
processing end, the solution heat treatment is preferably
performed to form solid solution of Sc, Zr, Ni (if

contained), and the like. A condition for the solution
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heat treatment may be, for example, 30 minutes to 3 hours
at 570 to 640°C. 1In a case in which x2 satisfies 0.01 < x2
< 0.15 in the first and the second embodiments described
above, all of Sc, Zr, and the like can be caused to be
solid solution at the time of manufacturing the ingot, so
that the solution heat treatment is not necessarily
performed.

[0039] The following further describes manufacture of
the Al bonding wire.

After the processing end, and if the solution heat
treatment described above is performed, at the following
stage, a thermal refining heat treatment for softening the
wire is performed. The thermal refining heat treatment may
be additionally performed in the middle of the processing.
A crystal structure of the wire is changed from a processed
structure to a recrystallized structure by the thermal
refining heat treatment. Thus, the crystal structure is
changed to the recrystallized structure, so that softening
of the wire can be achieved. Regarding a temperature
condition for the thermal refining heat treatment, for
example, the tensile strength of a thermally refined wire
may be checked by changing only a temperature inside a
furnace at a fixed wire feeding speed, and a heat treatment
temperature may be determined so that the tensile strength
falls within a range from 60 to 140 MPa. The heat
treatment temperature may fall within a range from 580 to
640°C, for example. 1In a preferred embodiment, a time of
the thermal refining heat treatment is 30 seconds or less
(more preferably, 25 seconds or less, or 20 seconds or
less). By performing the thermal refining heat treatment
for such a short time, even in a case in which the content
of Sc is relatively high as in the third and the fourth

embodiments described above, the crystal structure can be
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changed to the recrystallized structure without
precipitation of the intermetallic compound.

[0040] Regarding the Al wiring material according to the
present invention, preferably, by performing the solution
treatment in a manufacturing process thereof, Sc, Zr, Ni
(if contained), and the like, and an intermetallic compound
thereof are not precipitated. Thus, regarding the Al
wiring material according to the preferred embodiment, when
the total content of Sc and Zr in the Al wiring material is
defined as 100 % by weight, the total amount of Sc and Zr
present in a phase separated from Al, as an intermetallic
compound phase, is preferably 5 % by weight or less, and
more preferably, 4 % by weight or less, 3 % by weight or
less, 2 % by weight or less, or 1 % by weight or less.
Regarding the Al wiring material, the total amount of Sc
and Zr present in the intermetallic compound phase can be
measured by a chemical analysis of electrolytic extraction
residue of the Al wiring material.

[0041] By causing Sc and Zr to be solid solution, and
causing the crystal structure to be the recrystallized
structure, the Al wiring material exhibits appropriate
hardness. In the Al wiring material according to the
present invention, Vickers hardness of a longitudinal axis
part thereof (an axis part in a longitudinal direction;
that is, a center part of the Al wiring material) is 40 Hv
or less. Herein, the longitudinal axis of the Al wiring
material means a center axis of the Al wiring material in a
case in which the Al wiring material is an Al bonding wire,
and means a center axis satisfying the center of w and the
center of t in a case in which the Al wiring material is an
Al bonding ribbon having a rectangular or a substantially
rectangular cross section (wxt). The Al wiring material

according to the present invention has such appropriate
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hardness at the time of being connected to the member to be
connected, and can thereby suppress the generation of chip
crack. The Vickers hardness of the Al wiring material can
be measured by using a method in "Measurement of Vickers
hardness" described later.

[0042] In the Al wiring material according to the
present invention, an average crystal grain diameter at a
cross section (C cross section) perpendicular to a wire
longitudinal direction is preferably 1 to 50 um. If the
average crystal grain diameter is 1 um or more,
recrystallization by the thermal refining heat treatment at
the time of processing is appropriately proceeding.
Additionally, a contained component is forcibly caused to
be solid solution by performing the solution heat treatment
at the manufacturing process of the Al wiring material, so
that the Al wiring material is softened, and it is possible
to prevent a chip crack from being generated at the time of
bonding and prevent a bond quality of the connection part
from being deteriorated. On the other hand, the average
crystal grain diameter exceeding 50 um indicates that
recrystallization of the Al wiring material is excessively
proceeding, and the reliability of the connection part may
be lowered. By performing the thermal refining heat
treatment in a process of the processing, the average
crystal grain diameter at the C cross section of the Al
wiring material can be easily caused to be 1 to 50 um. The
average crystal grain diameter is assumed to be an average
diameter in a case of obtaining areas of respective crystal
grains by using a measuring method such as Electron Back
Scatter Diffraction (EBSD) Patterns, and regarding the area
of each crystal grain as a circle. The average crystal
grain diameter at the C cross section of the Al wiring

material can be measured by using a method in "Measurement
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of average crystal grain diameter at C cross section"
described later.

[0043] A specific resistance of the Al wiring material
according to the present invention is preferably 3.6 uQ-cm
or less. When the Al wiring material according to the
present invention is subjected to heat treatment at 300°C
for 30 minutes, the specific resistance thereof is
preferably 3.0 puQ-cm or less. The Al wiring material
according to the present invention has such a low specific
resistance, so that it is possible to reduce a heating
amount at the time when the device operates, and to
suppress (1) the recrystallization and softening of the Al
wiring material, and (2) the generation and development of
a crack. Accordingly, bonding reliability may be secured
even when the semiconductor device operates for a long
term. The specific resistance of the Al wiring material
can be measured by using a DC 4-terminal measurement
method. For example, the specific resistance of the Al
wiring material can be measured by using RM3544-01
manufactured by HIOKI E.E. CORPORATION as a resistance
meter under the condition that a sample length is 400 mm
and a measuring current is 1 mA. The number of times of
measurement is five, and an arithmetic mean value thereof
can be obtained as a specific resistance value of each
sample.

[0044] The Al wiring material according to the present
invention exhibits appropriate strength by containing the
specific amount of Sc, Zr, Ni (if contained), and the like,
and by solid-solution strengthening and working of
structure control by heat treatment in the manufacturing
process for the wiring material. For example, the Al

wiring material according to the present invention may
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exhibit the breaking strength from 50 to 130 MPa. The
breaking strength of the Al wiring material can be measured
by using a method in "Measurement of mechanical properties"
described later.

[0045] Regarding connection between the Al wiring
material according to the present invention and the member
to be connected, both of first connection with an electrode
on a semiconductor chip and second connection with a lead
frame or an electrode on a circuit board (also simply
referred to as a "substrate") are performed by wedge
bonding. After connection with the member to be connected,
aging heat treatment is preferably performed on the
semiconductor device including the Al wiring material. As
a result of the aging heat treatment, Sc and Zr in the Al
wiring material form an intermetallic compound Alsz(Sck, Zri-
x) (where x satisfies 0 < x < 1. The same applies to the
following) with Al, and a fine phase of the intermetallic
compound 1s precipitated. As a result of the fine phase
formed in the Al wiring material, the Al wiring material is
precipitation-strengthened, and the strength thereof is
increased. An aging heat treatment condition is not
particularly limited so long as the fine phase of the
intermetallic compound Als(Sck, Zri-x) may be formed, but is
preferably 250 to 400°C and 30 to 60 minutes, for example.
In a case of singly adding each of Sc and Zr to the Al
wiring material, for example, each of Al3Sc and AlszZr is
formed as the intermetallic compound. Fine phases of these
AlsSc and AlsZr also exhibit an effect of increasing the
strength of the Al wiring material by precipitation
strengthening. However, the present inventors have found
that the speed of condensation and coarsening is
significantly low in the fine phase of Alz(Scx, Zri-x) as

compared with the fine phases of AlzSc and AlzZr, and the
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fine phase of Als3(Sck, Zri-x) may significantly suppress
coarsening of crystal grains of Al (a matrix phase), so
that particularly excellent thermal shock resistance can be
achieved for a long term.
[0046] Thus, the present invention also provides a
manufacturing method for the semiconductor device. In a
preferred embodiment, the manufacturing method for the
semiconductor device according to the present invention
includes:
(A) a step of connecting the electrode on the semiconductor
chip to the lead frame or the electrode on the substrate
via the Al wiring material according to the present
invention; and
(B) a step of performing the aging heat treatment after the
connection via the Al wiring material.
[0047] As the semiconductor chip, the lead frame, or the
substrate used at the step (A), known components that may
be used for constituting the semiconductor device may be
used as described later. Details and preferred aspects of
the Al wiring material according to the present invention
used at the step (A) are as described above. At the step
(A), both of the first connection with the electrode on the
semiconductor chip and the second connection with the lead
frame or the electrode on the substrate are performed by
wedge bonding.
[0048] At the step (B), Sc and Zr in the Al wiring
material form the intermetallic compound Alsz (Scx, ZTri-x)
with Al, and the fine phase of the intermetallic compound
is precipitated.
[0049] [Semiconductor device]

The semiconductor device can be manufactured by

connecting the electrode on the semiconductor chip to the
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lead frame or the electrode on the circuit board by using
the Al wiring material according to the present invention.
[0050] The semiconductor device according to the present
invention includes the Al wiring material according to the
present invention. The Al wiring material according to the
present invention suppresses a chip crack and achieves
thermal shock resistance while suppressing lowering of the
yield at the time of manufacture, and the semiconductor
device including the Al wiring material may achieve
excellent operation reliability even in a case in which the
temperature greatly changes in accordance with the
operation cycle of the device.

[0051] In one embodiment, the semiconductor device
according to the present invention includes the circuit
board, the semiconductor chip, and the Al wiring material
for bringing the circuit board and the semiconductor chip
into conduction with each other, and is characterized in
that the Al wiring material is the Al wiring material
according to the present invention. It should be noted
that the "Al wiring material according to the present
invention" related to the semiconductor device according to
the present invention encompasses a case in which at least
some part of Sc, Zr, Ni (if contained), and the like forms
an intermetallic compound with Al so long as the content of
Sc, Zr, Ni (if contained), and the like falls within the
preferred range described above. With the semiconductor
device according to the present invention, the total amount
of Sc and Zr present in the phase separated from Al, as an
intermetallic compound phase, can be maintained within a
preferred range even in a case in which the semiconductor
device is operated for a long time in a high-temperature
environment, and the intermetallic compound can be

maintained as the fine phase.
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[0052] In the semiconductor device according to the
present invention, the circuit board and the semiconductor
chip are not particularly limited, and a known circuit
board and semiconductor chip 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 example, like the semiconductor device
disclosed in JP-A-2002-246542, the semiconductor device may
include a lead frame and a semiconductor chip mounted on
the lead frame.

[0053] Examples of the semiconductor device include
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),
and the like, and a semiconductor device for electric power

(power semiconductor device) is especially preferred.

Examples

[0054] Aluminum having purity of 5N (99.999 % by weight
or more), and Sc, Zr, and Ni having purity of 99.9 % by
weight or more were molten as raw materials, and an Al
ingot having a composition indicated in Table 1 was
obtained. After the ingot was subjected to extrusion
processing and swaging processing, the ingot was subjected
to heat treatment at 580°C for 2 hours, and further
subjected to wire-drawing processing. At a stage where the
wire diameter was 1 mm, solution heat treatment was
performed at 580°C for 1 hour, and rapid cooling (water
cooling) was performed thereon. Thereafter, a wire drawing
process using dies was performed to achieve a final wire

diameter of 200 um. After the wire-drawing processing
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ended, thermal refining heat treatment was performed so
that the tensile strength becomes 120 MPa in a heat
treatment time of 15 seconds, and thus obtaining the Al
wiring material.

[0055] [Measurement of element content]

The content of Sc, Zr, Ni, and the like in the Al
wiring material was measured by using ICP-OES
("PS3520UVDDII" manufactured by Hitachi High-Tech
Corporation) or ICP-MS ("Agilent 7700x ICP-MS" manufactured
by Agilent Technologies, Inc.) as an analysis device.
[0056] [Measurement of Vickers hardness]

The Vickers hardness of the longitudinal axis part of
the Al wiring material was measured by using a micro
Vickers hardness tester ("HM-200" manufactured by Mitutoyo
Corporation). The measurement target area was set to a
cross section (L cross section) parallel with the
longitudinal direction including the longitudinal axis of
the Al wiring material, and hardness at the longitudinal
axis part (that is, the center position of the Al wiring
material) was measured. An average of measurement values
at five points was employed as the Vickers hardness of the
sample.

[0057] [Measurement of average crystal grain diameter at
C cross section]

The average crystal grain diameter at the C cross
section was measured by using an EBSD method (a measurement
device: EBSD analysis system "AZtec HKL" manufactured by
Oxford Instruments). Specifically, areas of respective
crystal grains were obtained for the entire C cross
section, 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 diameter. The area of each crystal
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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.

[0058] [Measurement of mechanical properties]

The breaking strength of the Al wiring material was
measured by drawing the Al wiring material under the
condition that a distance between gauge points is 100 mm, a
drawing speed is 10 mm/minute, and a load cell rating load
is 1 kN, by using a tensile testing machine manufactured by
Instron. The measurement was performed five times, and an
average value obtained therefrom was employed as the
breaking strength of the sample.

[0059] [Evaluation of wire breakage rate]

A wire breakage rate [number of times/km] was
calculated by the expression: N/L, based on the number of
times of wire breakage (N [number of times]) at the time of
performing the wire drawing process using dies from a wire
diameter of 1 mm to 200 um, and a length (L [km]) of the Al
wiring material (wire diameter: 200 um) after the wire
drawing process using dies.

[0060] In the semiconductor device, the electrode on the
semiconductor chip was an Al-Cu pad, and Ag was used for an
external terminal. A first connection part between the
electrode on the semiconductor chip and the Al wiring
material, and a second connection part between the external
terminal and the Al wiring material were both wedge-bonded.
After the connection, aging heat treatment was performed at
300°C for 30 minutes.

[0061] [Evaluation of chip damage]

A chip crack in the semiconductor device was evaluated
by dissolving metal on a pad surface by acid, and observing
a part under the pad by a microscope (the number of

evaluations N = 50). In the "chip damage" column of Table
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1, a case in which a crack, traces of bonding and the like
were not found was determined to be excellent to be marked
with a symbol of "double circle", a case in which there was
no crack but traces of bonding were found at some spots
(three spots or less of the number of evaluations 50) was
marked with a symbol of "circle", and other cases were
marked with a symbol of "cross".
[0062] [Evaluation of thermal shock resistance]
Evaluation of thermal shock resistance was performed
by power cycle test. In the power cycle test, heating and
cooling are alternately and repeatedly performed on the
semiconductor device connected to the Al wiring material.
Heating is performed for 2 seconds until the temperature of
the connection part of the Al wiring material in the
semiconductor device reaches 120°C, and cooling is
performed for 20 seconds until the temperature of the
connection part reaches 30°C thereafter. This heating-
cooling cycle is repeated 100,000 times.
[0063] After the power cycle test described above, a
bond shear force of the first connection part was measured,
and reliability of the connection part was evaluated. The
shear force was measured as comparison with an initial
shear force of the connection part. In the "thermal shock
test" column of Table 1, a case in which the shear force is
90% or more of the initial connection force was marked with
a symbol of "double circle", a case in which the shear
force is 80% or more was marked with a symbol of "circle",
a case in which the shear force is 60% or more was marked
with a symbol of "triangle", and a case in which the shear
force is less than 60% was marked with a symbol of "cross".
[0064] Table 1 indicates manufacturing conditions and

manufacturing results. In Table 1, an underline is added



5

25

to numerical values representing the content of an added

element deviating from the range of the present invention.

[0065] [Table 1]
(Table 1)
Component content Solution Aging‘ Breaking Hardness Wire breakage rate Chip Thermal
No. Sc Zr Ni treatment processing | strength (Hv) (number of damage | shock test
(wt.%) (wt.%) (wt.ppm) after bonding (MPa) times/km)

Working 1 0.01 0.01 = Not performed |Performed 72 22 0.01 © @]

Example 2 0.01 0.13 - Not performed [Performed 75 23 0.01 © ©
3 0.02 0.16 - Performed Performed 74 21 0.01 o ©
4 0.02 0.22 - Performed Performed 74 21 0.01 o ©
5 0.01 0.29 - Performed Performed 76 24 0.01 o ©
6 0.14 0.01 - Not performed [Performed 79 23 0.01 © ©
7 0.14 0.14 - Not performed |Performed 77 24 0.01 © ©
8 0.14 0.16 - Performed Performed 79 25 0.01 o ©
9 0.13 0.21 - Performed Performed 76 24 0.01 o ©
10 0.15 0.3 - Performed Performed 90 28 0.01 ] ©
11 0.17 0.09 - Performed Performed 82 26 0.01 ] ©
12 0.16 0.14 - Performed Performed 80 26 0.01 ] ]
13 0.17 0.17 - Performed Performed 74 26 0.01 @] ©
14 0.16 0.21 - Performed Performed 85 28 0.01 ] ©
15 0.16 0.3 - Performed Performed 80 26 0.01 ] ]
16 0.31 0.16 - Performed Performed 85 27 0.01 ] ]
17 0.33 0.2 - Performed Performed 84 26 0.01 (] ©
18 0.34 0.3 - Performed Performed 89 26 0.01 ] ]
19 0.39 0.23 - Performed Performed 91 27 0.02 ] ]
20 0.41 0.3 - Performed Performed 96 29 0.02 (0] ©
21 0.49 0.23 - Performed Performed 101 32 0.03 0] ©
22 0.5 0.3 - Performed Performed 109 33 0.03 (6] ©
23 0.01 0.01 429 Not performed [Performed 120 35 0.04 © ©
24 0.02 0.14 98 Not performed [Performed 80 24 0.02 © ©
25 0.04 0.1 43 Not performed [Performed 79 23 0.01 © ©
26 0.01 0.16 500 Performed Performed 122 36 0.04 o ©
27 0.01 0.2 257 Performed Performed 103 30 0.03 o ©
28 0.02 0.24 33 Performed Performed 88 27 0.01 o ©
29 0.02 0.3 314 [Performed Performed 106 32 0.03 o ©
30 0.13 0.01 147 Not performed |Performed 91 27 0.02 © ©
31 0.14 0.14 169 Not performed |Performed 94 28 0.02 © ©
32 0.12 0.13 16 Not performed |Performed 80 24 0.01 © ©
33 0.14 0.16 227 Performed Performed 104 31 0.03 ] ]
34 0.14 0.2 359 Performed Performed 120 34 0.03 ] ©
35 0.14 0.3 37 Performed Performed 88 26 0.02 ] ©
36 0.15 0.08 48 Not performed |Performed 85 26 0.01 © ©
37 0.16 0.01 398 Performed Performed 116 36 0.04 ] ©
38 0.16 0.14 10 Performed Performed 79 26 0.01 ] ]
39 0.18 0.16 433 Performed Performed 123 34 0.04 ] ]
40 0.17 0.2 498 Performed Performed 124 38 0.04 (] ]
41 0.16 0.3 28 Performed Performed 85 26 0.01 (] ©
42 0.33 0.01 69 Performed Performed 90 27 0.02 0] ©
43 0.27 0.14 157 Performed Performed 97 30 0.02 (6] ©
44 0.32 0.16 265 Performed Performed 109 33 0.03 o ©
45 0.3 0.21 77 Performed Performed 90 27 0.02 o ©
46 0.3 0.29 244 Performed Performed 108 33 0.03 6] ©
47 0.49 0.01 111 Performed Performed 114 35 0.03 o ©
48 0.5 0.14 52 Performed Performed 110 33 0.03 o ©
49 0.47 0.16 87 Performed Performed 109 34 0.03 o ©
50 0.46 0.21 92 Performed Performed 107 34 0.03 ] ©
51 0.41 0.27 21 Performed Performed 97 29 0.02 @) ©
52 0.5 0.3 202 Performed Performed 120 35 0.04 ] ©
53 0.35 0.18 556 Performed Performed 126 38 0.06 ] ©

Comparative 1 0.12 = 68 Not performed |Performed 82 25 0.02 © X

Example 2 - 0.07 44 Not performed |Performed 75 22 0.01 © X
3 0.21 0.008 154 Performed Performed 94 28 0.02 ] X
4 0.007 0.11 313 Not performed |Performed 103 31 0.03 © X
5 0.7 0.14 105 Performed Performed 143 43 0.05 X [©]
6 0.48 0.37 233 Performed Performed 136 42 0.05 X ©

[0066] Regarding all of Working Examples Nos. 1 to 53,

the content of Sc and Zr falls within the range of the

present invention,

rate,

favorable.

and all results of the wire breakage

the chip damage,

and the thermal shock test were

1 to 9

FEach of Working Examples Nos.
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corresponds to the first embodiment, each of Working
Examples Nos. 10 to 22 corresponds to the third embodiment,
each of Working Examples Nos. 23 to 35 corresponds to the
second embodiment, and each of Working Examples Nos. 36 to
53 corresponds to the fourth embodiment. It was confirmed
that, in Working Examples Nos. 10 to 20, and 22
corresponding to the third embodiment in which a Zr/Sc
weight ratio exceeds 0.5, an extremely favorable result was
obtained from the thermal shock test. In Working Example
No. 53, the content of Ni deviated from the upper limit of
the preferred range, and a value of the wire breakage rate
was high as compared with the other Working Examples.
[0067] In Comparative Examples Nos. 1 and 2, only one of
Sc and Zr was contained, and a result of the thermal shock
test was '"cross".

In Comparative Examples Nos. 3 and 4, the content of
Sc or Zr deviated from the lower limit of the range of the
present invention, and the result of the thermal shock test
was "cross".

In Comparative Examples Nos. 5 and 6, the content of
Sc or Zr deviated from the upper limit of the range of the

present invention, and a result of chip damage was "cross".
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CLAIMS
1. An Al wiring material containing at least Sc, Zr and
Ni so as to satisfy
0.01 £ x1 £ 0.5,
0.01 £ x2 £ 0.3, and
10 £ x3 < 200
where x1 is a content of Sc [% by weight], x2 is
a content of Zr [% by weight] and x3 is a content of Ni
[ppm by weight],
with the balance comprising Al,
wherein,
a wire diameter is equal to or larger than 50 um

and equal to or smaller than 600 um.

2. The Al wiring material according to claim 1, further
wherein an average crystal grain diameter at a cross
section (C cross section) perpendicular to a wire
longitudinal direction is equal to or larger than 1 um and

equal to or smaller than 50 um.

3. The Al wiring material according to claim 1 or 2,

wherein x1 and x2 satisfy a relation of x2/x1 > 0.5.

4. The Al wiring material according to any one of claims
1 to 3, wherein Vickers hardness of a longitudinal axis

part of the Al wiring material is 40 Hv or less.

5. The Al wiring material according to any one of claims
1 to 4, wherein the Al wiring material has been subjected
to a thermal refining heat treatment at 580 to 640°C for 30

seconds or less.
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6. The Al wiring material according to any one of claims
1 to 5, wherein the Al wiring material does not have a
coating that contains a metal other than Al as a main

component.

7. The Al wiring material according to any one of claims

1 to 6, wherein the Al wiring material is a bonding wire.

8. The Al wiring material according to any one of claims
1 to 7, wherein the Al wiring material is subjected to
aging heat treatment at 250 to 400°C for 30 to 60 minutes

after being connected to a member to be connected.

9. A semiconductor device comprising the Al wiring

material according to any one of claims 1 to 8.



