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HIGH-PURITY COPPER-MANGANESE-ALLOY SPUTTERING TARGET

Technical Field

The present invention relates to a high-purity copper-manganese-alloy
that has a self-diffusion suppression function useful and suitable for forming
semiconductor copper alloy wiring and can effectively prevent contamination of
the periphery of the wiring due to diffusion of active copper. In particular, the
invention relates to a high-purity copper-manganese-alloy sputtering target that
can form a thin film having excellent uniformity.

BACKGROUND

Conventionally, Al alloys (specific resistance: about 3.0 yQ-cm) were
used as a wiring material of semiconductor elements. However, copper wiring
having a lower resistance (specific resistance: about 2.0 yQ-cm) has been put
into practical use with miniaturization of wiring. Copper wiring is generally
formed by forming a diffusion barrier layer of, for example, Ta or TaN in wiring or
wiring grooves and then forming a film of copper by sputtering. Generally,
copper having a high purity of 5N to 6 N is produced from electrolytic copper
having a purity of about 4 N (excluding gas components) as a crude metal by a
wet or dry purification process, and the purified copper is used as a sputtering
target.

As described above, copper is very effective for semiconductor wiring.
However, copper itself is a very active metal and easily diffuses, and therefore
causes a problem of contaminating a Si substrate or its periphery through the
semiconductor Si substrate or the insulating film thereon. In particular, with
progress in miniaturization of wiring, the problem cannot be sufficiently
prevented by the conventional diffusion barrier layer of Ta or TaN only, and
copper wiring materials themselves are also required to be improved.
Accordingly, as a copper wiring material, a Cu-Mn alloy, which is a copper alloy
prepared by adding manganese (Mn) to copper (Cu), having a self-diffusion
suppression function by forming a barrier layer by itself through a reaction of Mn
in the alloy with oxygen in an insulating film has been proposed.

The semiconductor copper alloy wiring is formed using a copper-
manganese alloy sputtering target. In such semiconductor copper alloy wiring,
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the in-plane variation in thickness or sheet resistance of the wiring layer, which
has not conventionally caused any problem, causes a problem of reducing the
yield of chips (product) prepared from a wafer, with progresses of
miniaturization, density growth, and integration of semiconductor devices and
with progresses of miniaturization and increase in number of wiring layers.
Accordingly, there is a demand for a copper-manganese alloy sputtering target
that can form a thin film (wiring) with less variation.

The followings are examples of the Cu-Mn alloy sputtering target:

Patent Literature 1 describes a sputtering target composed of 0.1 to
20.0 at% of Mn, 0.05 at% or less of inevitable impurity elements having diffusion
coefficients lower than the self-diffusion coefficient of Cu, and the remainder
being Cu;

Patent Literature 2 describes a sputtering target composed of 0.1 10 1.0
at% of B as an additive element, 0.1 to 2.0 at% of Mn and/or Ni, and the
remainder being Cu and inevitable impurities;

Patent Literature 3 describes a sputtering target composed of 0.1 to 1.0
at% of B as an additive element, 0.1 to 2.0 at% of an element (including Mn)
that forms a compound with B, and the remainder being Cu and inevitable
impurities;

Patent Literature 4 describes a sputtering target composed of at least
one component selected from the group consisting of V, Nb, Fe, Co, Ni, Zn, and
Mg and at least one component selected from the group consisting of Sc, Al, Y,
and Cr in a total amount of 0.005 to 0.5% by mass, 0.1 to 5 ppm of oxygen, and
the remainder being Cu and inevitable impurities;

Patent Literature 5 describes a sputtering target composed of oxygen in
an amount higher than 6% by mole and 20% by mole or less, at least one
selected from Mo, Mn, Ca, Zn, Ni, Ti, Al, Mg, and Fe in a total of 0.2 to 5% by
mole, and the remainder being Cu and inevitable impurities;

Patent Literature 6 describes a sintered sputtering target material
composed of a metal powder of Mn, B, Bi, or Ge and an alloy powder or
sintered metal containing X (including Cu) and Y, in which the amount of crystal
grains having an average particle diameter of 0.1 to 300 ym is 50% or more,
and the amount of gas included is 600 ppm or less; and

Patent Literature 7 describes a sputtering target composed of 0.6 to 30
% by mass of Mn for suppressing occurrence of particles, 40 ppm or less of
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metal based impurities, 10 ppm or less of oxygen, 5 ppm or less of nitrogen, 5 ppm
or less of hydrogen, 10 ppm or less of carbon, and the remainder being Cu.

In these sputtering targets, however, the in-plane variation of the copper-
manganese alloy thin film formed on a wafer is not necessarily low.

Furthermore, the present applicant has proposed a semiconductor
element wiring material, which is a sputtering target for forming semiconductor
copper alloy wiring and composed of Mn in an amount of 0.05 to 5 wt%, at least one
element selected from Sb, Zr, Ti, Cr, Ag, Au, Cd, In, and As in a total amount of 10
wt ppm or less, and the remainder being Cu (see Patent Literature 8).

This is effective for enhancing the self-diffusion suppression function,
but the purpose thereof is not a reduction in in-plane variation of the copper-
manganese alloy thin film formed on a wafer.

The present applicant has disclosed a semiconductor copper alloy
wiring material composed of a Cu-Mn alloy (see Patent Literature 9), in
particular, has proposed a sputtering target composed of 0.05 to 20 wt% of Mn,
a total amount of 500 wt ppm or less of Be, B, Mg, Al, Si, Ca, Ba, La, and Ce, and
the remainder being Cu and inevitable impurities.

This is also effective for enhancing the self-diffusion suppression function,
but the purpose thereof is not a reduction in in-plane variation of the
copper-manganese alloy thin film formed on a wafer.

Patent Literature 1: Japanese Patent No. 4065959

Patent Literature 2: Japanese Patent Laid-Open No. 2009-97085
Patent Literature 3: Japanese Patent Laid-Open No. 2010-248619
Patent Literature 4: Japanese Patent Laid-Open No. 2002-294437
Patent Literature 5: Japanese Patent Laid-Open No. 2008-311283
Patent Literature 6: Japanese Patent Laid-Open No. 2009-74127
Patent Literature 7: Japanese Patent Laid-Open No. 2007-51351
Patent Literature 8: Japanese Patent Laid-Open No. 2006-73863

Patent Literature 9: International Publication No. W02008/041535

SUMMARY OF THE INVENTION

[Technical Problem]
It is an object of the present invention to form a thin film having
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excellent uniformity by adding an appropriate amount of a Mn element to copper
and reducing the in-plane variation of a sputtering target. This can improve the
yield and the reliability of semiconductor products which have made progress in
a degree of refinement and integration. In addition, the invention provides a
high-purity copper-manganese-alloy sputtering target useful for forming
semiconductor copper alloy wiring having a self-diffusion suppression function,
capable of effectively preventing the periphery of the wiring from being
contaminated by diffusion of active Cu, and having excellent electron migration
(EM) resistance, corrosion resistance and the like.

[Solution to Problem]

In order to solve the above-mentioned problems, the present invention
provides:

1) A high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities,
wherein the target has an in-plane variation (CV value) in Mn concentration of
3% or less;

2) The high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities
according to Claim 1, wherein the target has an in-plane variation (CV value) in
Vickers hardness of 15% or less;

3) The high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities
according to Claim 1 or 2, wherein the target has an in-plane variation (CV
value) in electrical conductivity of 3% or less; and

4) The high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities
according to any one of Claims 1 to 3, wherein the target has an in-plane
variation (CV value) in thermal conductivity of 5% or less.

[Effects of Invention]

The high-purity copper-manganese-alloy sputtering target of the present
invention can form a thin film having excellent uniformity in the thickness by
adding an appropriate amount of a Mn element to copper and reducing the in-
plane variation of the sputtering target. As a result, the yield and the reliability
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of semiconductor products which have made progress in a degree of refinement
and integration, can be improved. In addition, the sputtering target has a self-
diffusion suppression function and has excellent effects of effectively preventing
the periphery of the wiring from being contaminated by diffusion of active Cu
and of enhancing, for example, electron migration (EM) resistance and
corrosion resistance,

[Description of Embodiments]

In the present invention, desirably, the amount of Mn contained in a Cu
alloy is 0.05 wt% or more and 20 wt% or less. An amount of Mn less than 0.05
wt% reduces the self-diffusion suppression function whereas an amount of Mn
exceeding 20 wt% increases the resistance and thereby disadvantageously
reduces the function as semiconductor copper alloy wiring. A copper alloy
containing 0.5 to 10 wt% of Mn is further preferred.

In the present invention, desirably, the in-plane variation (CV value) of
the Mn concentration in the target surface is 3% or less. If the in-plane
variation of the Mn concentration in the target surface exceeds 3%, the
compositional deviation is caused in the thin film formed by sputtering to
disadvantageously cause an increase in change of the sheet resistance. The
change in sheet resistance is used for evaluating uniformity in film thickness.
The CV value is calculated by the expression: [(standard deviation)/(mean
value)]*100 (%).

In the present invention, desirably, the in-plane variation (CV value) of
the Vickers hardness on the target surface is 15% or less. If the in-plane
variation of the Vickers hardness on the target surface exceeds 15%, changes
in film-forming rate and sputtering rate of Mn disadvantageously increase.
Accordingly, the in-plane variation of the Vickers hardness should be controlled
to be 15% or less. The average Vickers hardness is 60 to 95 Hv.

In the present invention, desirably, the in-plane variation (CV value) of
the electrical conductivity on the target surface is 3% or less. In addition, the
in-plane variation (CV value) of the thermal conductivity is 5% or less. If the in-
plane variation of the electrical conductivity on the target surface exceeds 3% or
the in-plane variation of the thermal conductivity exceeds 5%, changes in film-
forming rate and sputtering rate of Mn disadvantageously increase. The mean
value of the electrical conductivities is 0.18 to 30 um-cm, and the mean value of
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the thermal conductivities is 20 to 400 W-m™-K".

In the production of the high-purity copper-manganese-alloy sputtering
target in the present invention, high-purity copper having a purity of 6 N or more
and manganese, an additive element, having a purity of 5 N or more are molten
in a carbon crucible. Alternatively, high-purity copper having a purity of 6 N or
more is molten in a carbon crucible in advance, and manganese having a purity
of 5 N or more is then added thereto so as to give a desired component
composition.

A high-purity copper-manganese-alloy ingot containing 0.05 to 20 wt%
of Mn can be obtained by casting the resulting alloy. Subsequently, the ingot of
a copper-manganese-alloy is hot-forged at a predetermined forging ratio,
followed by rolling at a predetermined rolling reduction to give a rolled sheet.

The rolled sheet is further heat-treated at a predetermined temperature
for a predetermined time and is then bonded to a backing plate, followed by
finishing processing. Thus, a sputtering target assembly is produced from a
high-purity copper-manganese-alloy.

In the present invention, the Mn composition was measured with an
ICP-AES. The Vickers hardness was measured with a micro-Vickers meter
(digital micro-hardness tester), model MMT-X7 manufactured by Matsuzawa,
with a load of 100 g. The electrical conductivity was measured with a four-
probe resistance measuring device, model RESISTEST-9 manufactured by
Napson Corporation. The thermal conductivity was measured with a thermal
microscope, model TM-3 manufactured by Bethel Co., Ltd. The in-plane
variation in each factor was determined by measuring the factor at random nine
points on a target surface and calculating the mean value and standard
deviation thereof.

Examples

The present invention will now be described based on examples. The
following examples are intended to facilitate understanding and do not limit the
present invention. That is, modifications and other examples based on the
technical idea of the present invention are included in the present invention.

Example 1 and Comparative Example 1
In Example 1, high-purity copper (Cu) having a purity of 6 N was melted
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in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
¢200 and then rolling at a rolling reduction of 60% to give ¢440x10t.

After heat treatment at 350°C for 1 hour, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 1, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of § N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 2.3 to give
200 and then rolling at a rolling reduction of 50% to give ¢440x10t.

After heat treatment at 300°C for 15 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 1 shows the results of measurement of Mn compositions of these
targets.

As shown in Table 1, the in-plane variation (CV value) of the Mn
composition in Example 1 was 2.4% to give a target having a lower in-plane
variation of the Mn composition compared to 3.8% in Comparative Example 1.

Subsequently, thin films were formed by sputtering the targets of
Example 1 and Comparative Example 1 for evaluating the qualities of thin films
formed by sputtering. The sheet resistance of each formed thin film was
measured, and the uniformity in thickness of the film was calculated. The
results are shown in Table 1. The uniformity was calculated from the mean
value and the standard deviation of sheet resistance values at random 49 points
on the thin film formed on a wafer by the expression: [(standard deviation of
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sheet resistance values of 49 points)/(mean value of sheet resistance values of
49 points)]x100 (%).

As shown in Table 1, the thin film formed using the target of Example 1
has a thickness uniformity of 2.9%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 4.8% in the case using the target of
Comparative Example 1.

[Table 1]
Roli Heat Mn composition
Forging oting treatment Heat treatment Uniformity
A reduction 3 . :
ratio o temperature time (min) (Life average)
(%) °C) In-plane CV value
(%)
Example 1 4.8 60 350 60 O 2.4 29
Comparative
Example 1 23 50 300 16 X 38 4.8

Example 2 and Comparative Example 2

In Example 2, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere.  High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
@200 and then rolling at a rolling reduction of 80% to give ¢440x10t.

After heat treatment at 350°C for 1 hour, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 2, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
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to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 2.3 to give
200 and then rolling at a rolling reduction of 40% to give ¢p440x10t.

After heat treatment at 300°C for 15 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 2 shows the results of measurement of Mn composition and
Vickers hardness of these targets.

As shown in Table 2, the in-plane variation (CV value) of the Mn
composition in Example 2 was 2.3% to give a target having a lower in-plane
variation of the Mn composition compared to 3.8% in Comparative Example 2.
The in-plane variation (CV value) of the Vickers hardness in Example 2 was
14.2% to give a target having a lower in-plane variation of the Vickers hardness
compared to 16.5% in Comparative Example 2.

Subsequently, thin films were formed by sputtering the targets of
Example 2 and Comparative Example 2 for evaluating the qualities of thin films
formed by sputtering. The sheet resistance of each formed thin film was
measured, and the uniformity in thickness of the film was calculated. The
results are shown in Table 2.

As shown in Table 2, the thin film formed using the target of Example 2
has a thickness uniformity of 2.7%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 5.2% in the case using the target of
Comparative Example 2.

[Table 2]
] Heat Mn composition Hardness
Rolling Heat ’
Mto | ructon | e | eamen (Lo aversge)
(%) C) time (min) In-plane In-plane
CV value (%) CV value (%)
Example 2 48 80 350 60 0] 23 @] 14.2 27
Comparative "
Example 2 23 40 300 15 x 3.8 X 16.5 5.2

Example 3 and Comparative Example 3
In Example 3, high-purity copper (Cu) having a purity of 6 N was melted
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in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
¢200 and then rolling at a rolling reduction of 70% to give ¢440x%10t.

After heat treatment at 400°C for 1 hour, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 3, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give @180x60t, followed by forging at a forging ratio of 2.3 to give
¢200 and then rolling at a rolling reduction of 50% to give @440x%10t.

After heat treatment at 200°C for 15 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 3 shows the results of measurement of Mn compositions and
electrical conductivities of these targets.

As shown in Table 3, the in-plane variation (CV value) of the Mn
composition in Example 3 was 2.1% to give a target having a lower variation of
the Mn composition compared to 3.7% in Comparative Example 3. The in-
plane variation (CV value) of the electrical conductivity in Example 3 was 2.4%
to give a target having a lower in-plane variation of the electrical conductivity
compared to 4.2% in Comparative Example 3.

Subsequently, thin films were formed by sputtering the targets of
Example 3 and Comparative Example 3 for evaluating the qualities of thin films
formed by sputtering. The sheet resistance of each formed thin film was
measured, and the uniformity in thickness of the film was calculated. The
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results are shown in Table 3.

As shown in Table 3, the thin film formed using the target of Example 3
has a thickness uniformity of 3.2%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 4.3% in the case using the target of
Comparative Example 3.

[Table 3]
- Electrical
Mn composition -
—— S i W | it
rar\stjlo v reuction temperature Beptment (Life aver:ge)
(%) ¢C) time (min) In-plane In-plane
CV value (%) CV value (%)
Example 3 4.8 70 400 60 (o] 2.4 o} 2.4 3.2
Comparative
Example 3 2.3 50 200 15 x 37 ® 4.2 4.3

Example 4 and Comparative Example 4

In Example 4, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere.  High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
¢200 and then rolling at a rolling reduction of 90% to give @440x10t.

After heat treatment at 400°C for 1 hour, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 4, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was



[0036]

10

15

[0037]

20

25

[0038]

30 [0039]

12 PCT/JP2012/072726

removed to give ¢180x60t, followed by forging at a forging ratio of 2.3 to give
200 and then rolling at a rolling reduction of 40% to give ¢440x10t.

After heat treatment at 200°C for 15 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 4 shows the results of measurement of Mn composition, Vickers
hardness, and electrical conductivity of these targets.

As shown in Table 4, the in-plane variation (CV value) of the Mn
composition in Example 4 was 2.7% to give a target having a lower variation of
the Mn composition compared to 4.6% in Comparative Example 4. The in-
plane variation (CV value) of the Vickers hardness in Example 4 was 12.4% to
give a target having a lower variation of the Vickers hardness compared to
15.2% in Comparative Example 4. The in-plane variation (CV value) of the
electrical conductivity in Example 4 was 2.9% to give a target having a lower
variation of the electrical conductivity compared to 3.4% in Comparative
Example 3.

Subsequently, thin films were formed by sputtering the targets of
Example 4 and Comparative Example 4 for evaluating the qualities of thin films
formed by sputtering. The sheet resistance of each formed thin fim was
measured, and the uniformity in thickness of the film was calculated. The
results are shown in Table 4.

As shown in Table 4, the thin film formed using the target of Example 4
has a thickness uniformity of 2.5%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 4.9% in the case using the target of
Comparative Example 4.

[Table 4]
Mn Electrical
Fordi Rolling t Hte - nt Heat compRsim RS i Uniformit
Tatio | reduction te:seTaeture Festmont * (Life average)
(%) C) time (min) In-plane In-plane In-plane
CV value (%) | CV value (%) | CV value (%)
Example 4 4.8 90 400 60 (@] @7 (0] 12.4 (o] 2.9 2.5
Comparative
Examplad | 2° 40 200 15 x| 48 |x| 152 |x| 34 49

Example 5 and Comparative Example 5
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In Example 5, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere.  High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
¢200 and then rolling at a rolling reduction of 60% to give ¢440x10t.

After heat treatment at 350°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 5, high-purity copper (Cu) having a purity of 6
N was meited in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180%60t, followed by forging at a forging ratio of 2.3 to give
¢200 and then rolling at a rolling reduction of 50% to give ¢440x10t.

After heat treatment at 300°C for 30 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 5 shows the results of measurement of Mn compositions and
thermal conductivities of these targets.

As shown in Table 5, the in-plane variation (CV value) of the Mn
composition in Example 5 was 2.4% to give a target having a lower variation of
the Mn composition compared to 3.9% in Comparative Example 5. The in-
plane variation (CV value) of the thermal conductivity in Example 5 was 4.7% to
give a target having a lower in-plane variation of the thermal conductivity
compared to 5.9% in Comparative Example 5.

Subsequently, thin films were formed by sputtering the targets of
Example 5 and Comparative Example 5 for evaluating the qualities of thin films
formed by sputtering. The sheet resistance of each formed thin film was
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measured, and the uniformity in thickness of the film was calculated. The
results are shown in Table 5.

As shown in Table 5, the thin film formed using the target of Example 5
has a thickness uniformity of 2.7%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 4.7% in the case using the target of
Comparative Example 5.

[Table 5]
Heat Mn Themnal
" ea 4 o
composition conductivit
Forging r;ﬂgzgn treatment tre:te ma:ent i J Uniformity
i ife average,
ratio (%) 'emp(’fg;wre time (min) In-plane T L
CV value (%) CV value (%)
Example 5 4.8 60 350 120 (@] 24 0] 47 27
Comparative
Examgile & 23 50 300 30 ® 39 x 5.9 4.7

Example 6 and Comparative Example 6

In Example 6, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
@200 and then rolling at a rolling reduction of 80% to give ¢440%10t.

After heat treatment at 350°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 6, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
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to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 2.3 to give
@200 and then rolling at a rolling reduction of 30% to give ¢440x10t.

After heat treatment at 300°C for 30 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 6 shows the results of measurement of Mn composition, Vickers
hardness, and thermal conductivity of these targets.

As shown in Table 6, the in-plane variation (CV value) of the Mn
composition in Example 6 was 2.2% to give a target having a lower variation of
the Mn composition compared to 4.2% in Comparative Example 6. The in-
plane variation (CV value) of the Vickers hardness in Example 6 was 14.8% to
give a target having a lower in-plane variation of the Vickers hardness
compared to 19.2% in Comparative Example 6. The in-plane variation (CV
value) of the thermal conductivity in Example 6 was 3.3% to give a target having
a lower in-plane variation of the thermal conductivity compared to 5.2% in
Comparative Example 6.

Subsequently, thin fiims were formed by sputtering the targets of
Example 6 and Comparative Example 6 for evaluating the qualities of thin films
formed by sputtering. The sheet resistance of each formed thin film was
measured, and the uniformity in thickness of the film was calculated. The
results are shown in Table 6.

As shown in Table 6, the thin film formed using the target of Example 6
has a thickness uniformity of 2.4%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 5.2% in the case using the target of
Comparative Example 6.

[Table 6]
. Thermal
i Roliing "e:f,:;m Heat Mn composition| Hardness conductivity A
ra%cg reduction temperatur treatment e m— L'fn rmey
(%) p(uca; ure [ ime (min) In-plane In-plane In-plane (Life average)
CV value (%) | CV value (%) | CV value (%)

Example 6 4.8 80 350 120 @] 22 (@] 14.8 O 3.3 24
Comparative fi ; § n i =
Example 6 23 30 300 30 X 4.2 ] 19.2 * 5.2 5.2
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Example 7 and Comparative Example 7

In Example 7, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180%60t, followed by forging at a forging ratio of 4.8 to give
¢200 and then rolling at a rolling reduction of 70% to give ¢p440x10t.

After heat treatment at 400°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 7, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 2.3 to give
¢200 and then rolling at a rolling reduction of 50% to give ¢440x10t.

After heat treatment at 200°C for 30 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 430 mm and a thickness of 7 mm.

Table 7 shows the results of measurement of Mn compositions,
electrical conductivities, and thermal conductivities of these targets.

As shown in Table 7, the in-plane variation (CV value) of the Mn
composition in Example 7 was 2.3% to give a target having a lower variation of
the Mn composition compared to 3.9% in Comparative Example 7. The in-
plane variation (CV value) of the electrical conductivity in Example 7 was 2.6%
to give a target having a lower in-plane variation of the electrical conductivity
compared to 4.7% in Comparative Example 7. The in-plane variation (CV
value) of the thermal conductivity in Example 7 was 4.5% to give a target having
a lower in-plane variation of the thermal conductivity compared to 5.4% in
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Comparative Example 7.

Subsequently, thin fiims were formed by sputtering the targets of
Example 7 and Comparative Example 7 for evaluating the qualities of thin fiims
formed by sputtering. The sheet resistance of each formed thin film was
measured, and the uniformity in thickness of the film was calculated. The
results are shown in Table 7.

As shown in Table 7, the thin film formed using the target of Example 7
has a thickness uniformity of 2.8%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 4.8% in the case using the target of
Comparative Example 7.

[Table 7]
Heat Mn Electrical Thermal
Rolling Heat composition | conductivity conductivity o
F‘r’;?":g reduction t;"::gxs:e ireatment ( u;’:g':;“::; o
{%) C) time (min) In-plane In-plane In-plane
CV value (%) | CV value (%) | CV value (%)
Example 7 48 70 400 120 (e} 23 ] 28 o} 4.5 28
‘Comparative j - a
Example 7 23 50 200 30 x 3.0 x 4.7 X 5.4 4.8

Example 8 and Comparative Example 8

In Example 8, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere.  High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x60t, followed by forging at a forging ratio of 4.8 to give
@200 and then rolling at a rolling reduction of 90% to give ¢440x10t.

After heat treatment at 400°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

In Comparative Example 8, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
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of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting Mn
was cast in a water-cooled copper mold under a high vacuum atmosphere to give
an ingot. Subsequently, the surface layer of the produced ingot was removed to give
(p180x60t, followed by forging at a forging ratio of 2.3 to give 200 and then rolling
at a rolling reduction of 30% to give ¢440x10t.

After heat treatment at 200°C for 30 minutes, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 430 mm and a thickness of 7 mm.

Table 8 shows the results of measurement of Mn composition, Vickers
hardness, electrical conductivity, and thermal conductivity of these targets.

As shown in Table 8, the in-plane variation (CV value) of the Mn composition
in Example 8 was 2.3% to give a target having a lower variation of the Mn
composition compared to 4.3% in Comparative Example 8. The in-plane variation
(CV value) of the Vickers hardness in Example 8 was 13.8% to give a target having
a lower in-plane variation of the Vickers hardness compared to 18.0% in
Comparative Example 8. The in-plane variation (CV value) of the electrical
conductivity in Example 8 was 2.8% to give a target having a lower in-plane
variation of the electrical conductivity compared to 5.2% in Comparative
Example 8. The in-plane variation (CV value) of the thermal conductivity in Example
8 was 2.6% to give a target having a lower in-plane variation of the thermal
conductivity compared to 5.3% in Comparative Example 8.

Subsequently, thin films were formed by sputtering the targets of Example 8
and Comparative Example 8 for evaluating the qualities of thin films formed by
sputtering. The sheet resistance of each formed thin film was measured, and the
uniformity in thickness of the film was calculated. The results are shown in Table 8.

As shown in Table 8, the thin film formed using the target of Example
8 has a thickness uniformity of 3.1%. Thus, the results show that the film
thickness uniformity is satisfactory even if sputtering continues for a long time,
compared to the film thickness uniformity of 4.6% in the case using the target of

Comparative Example 8.
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[Table 8]
Mn Electrical Thermal
Rolling Hoat Heal composition |  HEMMess | conanciity | conductivity
Forging P— Ireatmeni \reatment Uniformity
ralio temperature |
%) 7’0) ¥rme (min) In-plane In-plane In-plane In-plane I8 SRigR)
CV value (%) | CV value (%) | CV value (%) | CV value (%)
Example 8 4,8 90 400 120 (o] 2.3 (o] 13.8 0 28 (o] 268 34
Comparalive = =
Example 8 23 30 200 30 x 4.3 18.0 x 52 x 53 46

Example 9 and Comparative Example 9

In Example 9, high-purity copper (Cu) having a purity of 6 N was melted
in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x151t, followed by forging at a forging ratio of 4.8 to give
¢220 and then rolling at a rolling reduction of 90% to give ¢700x10t.

After heat treatment at 400°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 650 mm and a thickness of 7 mm.

In Comparative Example 9, high-purity copper (Cu) having a purity of 6
N was melted in a carbon crucible under a high vacuum atmosphere. High-
purity manganese (Mn) having a purity of 5 N was adjusted so that the amount
of Mn would have 1 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x151t, followed by forging at a forging ratio of 2.3 to give
¢400 and then rolling at a rolling reduction of 30% to give ¢700x10t.

After heat treatment at 200°C for 30 minutes, the entire target was
rapidly cooled to give a target material, followed by machining into a target
having a diameter of 650 mm and a thickness of 7 mm.

Table 9 shows the results of measurement of Mn composition, Vickers
hardness, electrical conductivity, and thermal conductivity of these targets.

As shown in Table 9, the in-plane variation (CV value) of the Mn
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composition in Example 9 was 2.2% to give a target having a lower variation of the
Mn composition compared to 4.4% in Comparative Example 9. The in-plane
variation (CV value) of the Vickers hardness in Example 9 was 13.6% to give a
target having a lower in-plane variation of the Vickers hardness compared to 18.2%
in Comparative Example 9. The in-plane variation (CV value) of the electrical
conductivity in Example 9 was 2.6% to give a target having a lower in-plane variation of
the electrical conductivity compared to 5.3% in Comparative Example 9.The in-plane
variation (CV value) of the thermal conductivity in Example 9 was 2.7% to give a target
having a lower in-plane variation of the thermal conductivity compared to 5.4% in
Comparative Example 9.

The results shown in Tables 8 and 9 demonstrate that the in-plane
variations in Mn composition, Vickers hardness, electrical conductivity, and thermal
conductivity do not depend on the target diameter.

[Table 9]
Mn Electrical Thermal
Rolling Heat Heat composition Hardness conductivity conductivity
Forgoin reduction freptaent treatment
reﬂlo 9 % temperature
(%) ce) ime (min) In-plane In-plane In-plane In-plane
CV value (c/o) | CV value (%) | CV value (%) | CV value (%)
Example 9 48 90 400 120 0 2.2 0 13.6 0 2.6 0 2.7
Comparative
Example 9 2.3 30 200 30 X 4.4 X 18.2 X 5.3 X 54

Examples 10, 11 and 12

In Example 10, high-purity copper (Cu) having a purity of 6 N was
melted in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 0.5 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting Mn
was cast in a water-cooled copper mold under a high vacuum atmosphere to give
an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x151t, followed by forging at a forging ratio of 4.8 to give
¢220 and then rolling at a rolling reduction of 90% to give ¢700x10t.

After heat treatment at 400°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 650 mm and a thickness of 7 mm.

In Example 11, high-purity copper (Cu) having a purity of 6 N was
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melted in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 10 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x151t, followed by forging at a forging ratio of 4.8 to give
¢220 and then rolling at a rolling reduction of 90% to give ¢700x10t.

After heat treatment at 400°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 660 mm and a thickness of 7 mm.

In Example 12, high-purity copper (Cu) having a purity of 6 N was
melted in a carbon crucible under a high vacuum atmosphere. High-purity
manganese (Mn) having a purity of 5 N was adjusted so that the amount of Mn
would have 15 wt%, and was charged into the molten copper.

The molten copper-manganese alloy prepared by charging and melting
Mn was cast in a water-cooled copper mold under a high vacuum atmosphere
to give an ingot. Subsequently, the surface layer of the produced ingot was
removed to give ¢180x151t, followed by forging at a forging ratio of 4.8 to give
(220 and then rolling at a rolling reduction of 90% to give ¢700x10t.

After heat treatment at 400°C for 2 hours, the entire target was rapidly
cooled to give a target material, followed by machining into a target having a
diameter of 660 mm and a thickness of 7 mm.

Table 10 shows the results of measurement of Mn composition, Vickers
hardness, electrical conductivity, and thermal conductivity of these targets.

As shown in Table 10, the in-plane variation (CV value) of the Mn
composition in Example 10 was 2.1%, the in-plane variation (CV value) of the
Mn composition in Example 11 was 2.2%, and the in-plane variation (CV value)
of the Mn composition in Example 12 was 2.2%. Thus, targets each showing a
low in-plane variation in Mn composition were obtained. The in-plane variation
(CV value) of the Vickers hardness in Example 10 was 13.2%, the in-plane
variation (CV value) of the Vickers hardness in Example 11 was 12.3%, and the
in-plane variation (CV value) of the Vickers hardness in Example 12 was 11.9%.
Thus, targets each showing a low in-plane variation in hardness were obtained.
The in-plane variation (CV value) of the electrical conductivity in Example 10
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was 2.3%, the in-plane variation (CV value) of the electrical conductivity in
Example 11 was 2.2%, and the in-plane variation (CV value) of the electrical
conductivity in Example 12 was 2.6%. Thus, targets each showing a low in-
plane variation in electrical conductivity were obtained. The in-plane variation
(CV value) of the thermal conductivity in Example 10 was 2.1%, the in-plane
variation (CV value) of the thermal conductivity in Example 11 was 2.4%, and
the in-plane variation (CV value) of the thermal conductivity in Example 12 was
2.6%. Thus, targets each showing a low in-plane variation in thermal

conductivity were obtained.

[Table 10]
Mn Electrical Themal
Mn e Rolling Heat Heat composltion Hardngas conduclivity | conductivity
composition t:gil:g reduction tetrr::;?:::e treatment |— —_— — .
(Wi%) (%) °C) time (min) In-plane In-plane In-plane In-plane
CV value (%) | CV value (%) | CV value (%) | CV value (%)
Example 10 0.5 4.8 9% 400 120 0] 2.1 O 13.2 |O 2.3 O 2.1
Example 11 10 48 | 90 400 120 o] 2.2 Ol 123 |O 2.2 e} 24
Example 12 15 4.8 90 400 120 o] 2.2 O 118 ] 2.6 o] 2.6

It was confirmed by Examples 10 to 12 that similar effects can be
obtained as long as the amount of Mn is within 0.05 to 20 wt%.

Industrial Applicability

The present invention provides a copper-manganese alioy sputtering
target and improves the quality of a film formed by sputtering by adding an
appropriate amount of a Mn element to copper and reducing the in-plane
variation of the sputtering target. In particular, the invention has excellent
effects of improving the yield and the reliability of semiconductor products which
have made progress in a degree of refinement and integration. In addition, the
invention is useful for forming semiconductor copper-manganese-alloy wiring
having a self-diffusion suppression function, capable of effectively preventing
the periphery of the wiring from being contaminated by diffusion of active Cu,
and having excellent, for example, electron migration (EM) resistance and
corrosion resistance.
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CLAIMS

1. A high-purity copper-manganese-alloy sputtering target comprising 0.05
to 20 wt% of Mn and the remainder being Cu and inevitable impurities, wherein
the target has an in-plane variation (CV value) in Mn concentration of 3% or
less.

2. The high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities
according to Claim 1, wherein the target has an in-plane variation (CV value) in
Vickers hardness of 15% or less.

3. The high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities
according to Claim 1 or 2, wherein the target has an in-plane variation (CV
value) in electrical conductivity of 3% or less.

4, The high-purity copper-manganese-alloy sputtering target comprising
0.05 to 20 wt% of Mn and the remainder being Cu and inevitable impurities
according to any one of Claims 1 to 3, wherein the target has an in-plane
variation (CV value) in thermal conductivity of 5% or less.



