TITANIUM SPUTTERING TARGET, PRODUCTION METHOD THEREFOR, AND
METHOD FOR PRODUCING TITANIUM-CONTAINING THIN FILM

TECHNICAL FIELD

[0001]

The present disclosure relates to a titanium sputtering target, a production method
therefor, and a method for producing a titanium-containing thin film. More particularly,
the present disclosure relates to a titanium sputtering target used as a sputtering source
for forming various thin films (for example, electrodes, gates, wirings, elements,
insulating films, and protective films) in various electronic devices such as
semiconductor devices, and a method for producing the same, as well as a method for
producing a titanium-containing thin film.

BACKGROUND ART
[0002]
In recent years, due to miniaturization and higher integration of semiconductor devices,
various thin films in semiconductor devices have been required to be thinner and finer.
Examples of a thin film material include molybdenum, tungsten, and titanium. Among
them, titanium is often used because of its excellent strength, workability, and corrosion
resistance. As a method of forming the thin film, sputtering is generally used, and as a
sputtering source (thin film material), a titanium target is used.
[0003]
In sputtering, a high voltage is applied between a substrate and a titanium target while
introducing an inert gas (e.g., an Ar gas) in vacuum, and ions such as ionized Ar* are
allowed to collide with the titanium target, and titanium atoms are released by its
collision energy to deposit them onto the substrate, whereby a titanium-containing thin
film can be formed. At this time, when a titanium nitride thin film is formed as the
titanium-containing thin film, a mixed gas of an argon gas and a nitrogen gas is used.
[0004]
Recently, in order to increase production efficiency, high-speed sputtering (high-power
sputtering) is particularly required among sputtering processes. However, the
conventional titanium target may generate cracks or breakage under higher load
conditions such as high-speed sputtering, which is a factor that hinders stable
sputtering.
Also, there is a problem that particles and nodules tend to be generated during
sputtering. Therefore, reduction of impurities in the titanium target has been performed.



However, since there is a limit for the reduction of impurities, a fundamental solution to
this problem has not been achieved.

[0005]

In order to solve the above problems, Patent Document 1 proposes a titanium target
having a purity of 5N5 (99.9995%) or more, no macro pattern on the surface, and an
average crystal grain diameter of a recrystallized structure of 10 um or less.
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[0006]
Patent Document 1. Japanese Patent No. 6077102 B

SUMMARY OF INVENTION
Technical Problem

[0007]
Since the titanium target of Patent Document 1 has higher purity, generation of particles
during sputtering can be suppressed. However, the titanium target of Patent
Document 1 actually has an average crystal grain diameter of a recrystallized structure
of at least about 8 um. If the average crystal grain diameter of the recrystallized
structure is higher, the particles tend to be accumulated on a surface or nodules tend to
be generated after a burn-in process. Therefore, in view of the state of art that will be
required in the future, it is desired that the crystal grain diameter of the recrystallized
structure is further reduced to improve an effect of suppressing generation of particles
and nodules.
Further, sputtering under higher load conditions will be expected in the future.
Therefore, even with the titanium target of Patent Document 1, the effect of suppressing
the generation of cracks or breakage during sputtering could not be sufficient.
[0008]
Embodiments of the present invention have been made in order to solve the above
problems. An object of the present invention is to provide a titanium sputtering target
which can suppress not only cracks or breakage during sputtering, but also can
suppress generation of particles and nodules, and to provide a method for producing
the same.

Solution to Problem
[0009]



As a result of intensive studies to solve the above problems, the present inventors have
found that the cracks or breakage in the titanium sputtering target during sputtering is
related to the strength of the titanium sputtering target, and an average crystal grain
diameter of a recrystallized structure of 1 um or less can increase the strength of the
titanium sputtering target to suppress the cracks or breakage during the sputtering.
Further, the present inventors have found that the generation of particles and nodules
during sputtering is related to the average crystal grain diameter of the recrystallized
structure, and the average crystal grain diameter of the recrystallized structure of 1 ym
or less can suppress the generation of the particles and the nodules.

Furthermore, the present inventors have found that the average crystal grain diameter
of the recrystallized structure of the titanium sputtering target can be controlled to 1 um
or less by optimizing the production conditions.

[0010]

An embodiment of the present invention has been completed based on the above
findings.

Thus, a titanium sputtering target according to an embodiment of the present invention
comprises a recrystallized structure having an average crystal grain diameter of 1 um or
less.

A method for producing a titanium sputtering target according to an embodiment of the
present invention comprises the steps of: subjecting a cut titanium ingot to large strain
processing to provide a processed sheet; subjecting the processed sheet to cold rolling
at a rolling ratio of 30% or more to provide a rolled sheet; and subjecting the rolled sheet
to a heat treatment at a temperature of 320 °C or less.

Furthermore, a method for producing a titanium-containing thin film according to an
embodiment of the present invention uses the titanium sputtering target as a sputtering
source.

Advantageous Effects of Invention
[0011]
According to embodiments of the present invention, it is possible to provide a titanium
sputtering target which can suppress not only cracks or breakage during sputtering, but
also can suppress generation of particles and nodules, and to provide a method for
producing the same.

BRIEF DESCRIPTION OF DRAWINGS
[0012]



FIG. 1 is a view comparing optical micrographs (x 500) of titanium targets of Example 2
and Comparative Examples 1 to 3.

FIG. 2 is a view comparing SEM images (x 10000) of titanium targets of Examples 1
and 2.

FIG. 3 is a view comparing optical micrographs (x 500) of titanium targets of
Comparative Examples 1, 2, 4, and 5.

FIG. 4 is a view comparing optical microscope photographs (x 200) of titanium targets
of Comparative Examples 6 to 8.

FIG. 5 is a view comparing optical micrographs (x 100) of titanium targets of
Comparative Examples 4, 9 and 10.

FIG. 6 is grain boundary images of titanium targets of Examples 1 and 2 obtained by
electron back scattered diffraction pattern (EBSD).

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013]
Hereinafter, preferred embodiments of the present invention will be specifically
described, but the present invention should not be construed as being limited thereto,
and various modifications and improvements may be made based on the knowledge of
a person skilled in the art, without departing from the spirit of the present invention. A
plurality of elements disclosed in each embodiment can form various inventions by
proper combinations. For example, some elements may be deleted from all the
elements described in the embodiments, or elements of different embodiments may be
optionally combined.
[0014]
A titanium sputtering target according to an embodiment of the present invention (which
may be, hereinafter, abbreviated as “titanium target”) includes a recrystallized structure
having an average crystal grain diameter of 1 ym or less.
As used herein, the “average crystal grain diameter” means a value obtained from an
average line segment length per one crystal grain of test lines across interiors of crystal
grains on a surface of the titanium target (a sputtering surface), in accordance with the
cutting method of JIS G0551: 2013. EBSD measurement (an area of 10 ym x 10 pym,
magnifications of 10000) or the like can be used for the observation of the crystal grain
in this method.
[0015]
Although an initial surface of the titanium target is smooth, the surface of the titanium
target becomes rough after an operation for stabilizing characteristics of the titanium



target (i.e., after a burn-in process). Since the surface of the titanium target after the
burn-in process becomes rougher as the average crystal grain diameter of the
recrystallized structure is larger, particles are easily accumulated or nodules are easily
generated on the surface of the titanium target. Since the conventional titanium target
has an average crystal grain diameter of a recrystallized structure of at least about 8 um,
the titanium target according to the embodiment of the present invention has a higher
effect of suppressing generation of particles and nodules during sputtering than that of
the conventional titanium target.

[0016]

Further, the strength of the titanium target increases as the average crystal grain
diameter of the recrystallized structure decreases. In fact, according to the Hall-Petch
rule, it is known that as the crystal grain diameter decreases, a yield stress (strength)
increases. The titanium target according to an embodiment of the present invention
has a lower average crystal grain diameter of the recrystallized structure than that of the
conventional titanium target, and thus can increase the strength of the titanium target.
As a result, the titanium target according to an embodiment of the present invention has
a higher effect of suppressing cracks or breakage during sputtering than that of the
conventional titanium target.

[0017]

A Vickers hardness of the titanium target according to an embodiment of the present
invention is not particularly limited. It may preferably be 140 Hv or more, and more
preferably from 140 Hv to 250 Hyv, and still more preferably from 150 Hv to 200 Hv. As
used herein, the “Vickers hardness of the titanium target” means a value obtained by a
method based on a Vickers hardness test of JIS Z2244: 2009, on a surface of the
titanium target (a sputtering surface).

[0018]

In terms of stably obtaining the effect of the embodiment according to the present
invention as described above, the average crystal grain diameter of the recrystallized
structure is preferably 0.9 um or less, and more preferably from 0.1 ym to 0.8 ym, and
still more preferably from 0.2 ym to 0.7 pm.

[0019]

A purity of the titanium target according to an embodiment of the present invention is not
particularly limited, because the effect of suppressing the generation of particles and
nodules during sputtering is enhanced by decreasing the average crystal grain diameter
of the recrystallized structure. However, this effect can be further improved by
increasing the purity of the titanium target. Therefore, the purity of the titanium target



according to an embodiment of the present invention is preferably 4N (99.99% by mass)
or more, and more preferably 4N5 (99.995% by mass) or more, and still more preferably
5N (99.999% by mass or more, and most preferably 5N5 (99.9995% by mass) or more.
As used herein, the purity of the titanium target of 4N (99.99% by mass) or more means
that when the composition is analyzed by glow discharge mass spectrometry (GDMS),
the total amount of elements other than titanium contained in the titanium target (e.qg.,
Na, Al, Si, K, Cr, Mn, Fe, Co, Ni, Cu, Zn, Zr or the like) is less than 0.01% by mass (100
ppm by mass).

[0020]

The titanium target according to an embodiment of the present invention having the
features as described above can be produced by a method including a step of
subjecting a cut titanium ingot to large strain processing to provide a processed sheet
(which may be, hereinafter, abbreviated as a “large strain processing step”), a step of
subjecting the processed sheet to cold rolling at a rolling ratio of 30% or more to provide
a rolled sheet (which may be, hereinafter, abbreviated as a “rolling step”), and a step of
subjecting the rolled sheet to a heat treatment at a temperature of 320 °C or less (which
may be, hereinafter, abbreviated as a “heat treatment step”). Other steps are not
particularly limited, and they may be carried out according to a known method.

[0021]

The crystal grain diameter of the recrystallized structure tends to be lower as a strain
amount before recrystallization is higher. Therefore, in the forging step, the crystal
grain diameter is reduced by carrying out the large strain processing (also referred to as
a “huge strain processing step”). The large strain processing is not particularly limited.
Examples of the large strain processing include a multidirectional forging method, an
ECAP method, an HPT method, and an ARB method. Among them, as the large strain
processing, the multidirectional forging method is preferably used, in terms of a
processing speed, uniformity of strain, variability in size, necessity of new equipment
investment, costs and the like. Further, the multidirectional forging method is to
carrying out forging in multiple axial directions and apply a large strain by increasing the
number of cycles. Therefore, when being compared with kneading forging or the like,
the multidirectional forging method also has an advantage that it is difficult to generate
cracks due to kneading, because the multidirectional forging method performs the
forging while changing the axis.

Further, in the large strain processing step, even if the strain amount before
recrystallization is relatively small, the size of the crystal having the recrystallized
structure can be decreased by lowering a processing temperature. Therefore, it is



desirable to adjust the processing temperature in accordance with the total strain
amount (Ae) of the processed sheet. For example, when the total strain of the
processed sheet is about 2, the processing temperature can be decreased to about
room temperature, so that the size of the crystal having the recrystallized structure can
be decreased.
[0022]
The processing temperature in the large strain processing step is not particularly limited.
It may preferably be 500 °C or less, and more preferably from room temperature to
450 °C, and even more preferably from 200 °C to 400 °C, in terms of stably
accumulating the strain. If the processing temperature is too high, the strain is relaxed
due to dynamic recrystallization during processing, and as a result, the average crystal
grain diameter of the recrystallized structure after the heat treatment step tends to
increase.
The total strain amount (Ag) of the processed sheet obtained in the large strain
processing step is not particularly limited. It may preferably be 2 or more, and more
preferably more than 3 and 13 or less, and even more preferably more than 5 and 13 or
less, in terms of stably reducing the crystal grain diameter of the recrystallized structure.
If the total strain amount of the processed sheet is too low, the average crystal grain
diameter of the recrystallized structure of the titanium target finally obtained tends to
increase.
As used herein, the “total strain amount (A¢) of the processed sheet obtained in the
large strain processing step” can be represented by the following equation, when the
large strain processing is the multidirectional forging.
[0023]
[Equation 1]

3n

[0024]

In the equation, n is the number of cycles of multidirectional forging, he is a thickness of
a material in a longitudinal direction before a k™ processing, and hy is a thickness of a
portion after processing, which portion was in the longitudinal direction of the material
before the k™ processing. Here, for the number of cycles of the multidirectional forging,
when the total three pressing: one pressing in each of three axial directions (x direction,
y direction, and z direction) is carried out, it is determined to be one cycle.



The total strain amount of the processed sheet can be controlled by adjusting the
number of cycles of the multidirectional forging and the strain amount per one press, for
example when the large strain processing is the multidirectional forging. For example,
by adjusting the strain amount per one press to 0.2 and the number of cycles to 15, the
total strain amount of the forged sheet can be controlled to 9.

[0025]

The titanium ingot used in the large strain processing step is not particularly limited, and
it can be produced using a method known in the art. However, in terms of further
improving the effect of suppressing the generation of particles and nodules during
sputtering, a purity of the titanium ingot is preferably 4N (99.99% by mass) or more, and
more preferably 4N5 (99.995% by mass) or more, and even more preferably 5N
(99.999% by mass) or more, and most preferably 5N5 (99.9995% by mass) or more.
As used herein, the purity of the titanium ingot of 4N (99.99% by mass) or more means
that the composition is analyzed by glow discharge mass spectrometry (GDMS), the
total amount of elements other than titanium (e.g., Na, Al, Si, K, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Zr or the like) is less than 0.01% by mass (100 ppm by mass).

When producing a high-purity titanium target of 5N5 (99.9995% by mass) or more, a
high-purity titanium material obtained by a molten salt electrolysis method can be
melted by EB (electron beam), cooled and solidified to obtain the high-purity titanium
ingot. Here, it is preferable that an atmosphere of the molten salt electrolysis is an
inert atmosphere, an initial cathode current density is 0.6 A/cm? or less which is a low
current density, during electrolysis, and an electrolysis temperature is from 600 °C to
800 °C.

[0026]

Next, in the rolling step, the processed sheet obtained in the large strain processing
step is subjected to cold rolling. It has been found through experiments that when the
processed sheet is subjected to cold rolling, an excessively low rolling ratio tends to
increase the average crystal grain diameter of the recrystallized structure after the heat
treatment step. Therefore, in an embodiment of the present invention, the rolling ratio
in the cold rolling is defined as 30% or more, in terms of controlling the average crystal
grain diameter of the recrystallized structure to 1 ym or less. If the rolling ratio in the
cold rolling is less than 30%, the average crystal grain diameter of the recrystallized
structure will be more than 1 um, so that the effect of the embodiment of the present
invention cannot be obtained. Further, the rolling ratio in the cold rolling is preferably
50% or more, and more preferably 60% or more, and even more preferably more than
70%, in terms of stably controlling the average crystal grain diameter of the



recrystallized structure. Although an upper limit of the rolling ratio in the cold rolling is
not particularly limited, it may preferably be 95%, and more preferably 90%.

Various conditions (for example, the number of passes and a roll rate) during the cold
rolling are not particularly limited as long as they are set as needed so as to obtain the
predetermined rolling ratio depending on devices to be used. A temperature during the
cold rolling is not particularly limited as long as it is within a general range, and is
generally room temperature.

[0027]

Next, in the heat treatment step, the rolled sheet obtained in the rolling step is subjected
to a heat treatment. Experiments have shown that when the rolled sheet is subjected
to the heat treatment, the crystal grain diameter tends to decrease as a heat treatment
temperature decreases. Therefore, in an embodiment of the present invention, the
heat treatment temperature of the rolled sheet is set to 320 °C or less, in terms of
controlling the average crystal grain diameter of the recrystallized structure to 1 um or
less. If the heat treatment temperature of the rolled sheet is more than 320 °C, the
average crystal grain diameter of the recrystallized structure is more than 1 um, so that
the effect of the embodiment of the present invention cannot be obtained. The heat
treatment temperature of the rolled sheet is preferably from 250 °C to 320 °C, and more
preferably from 260 °C to 320 °C, in terms of stably controlling the average crystal grain
diameter of the recrystallized structure.

A heat treatment time may be set as needed, depending on the size of the rolled sheet,
and is not particularly limited. It may generally be from 20 minutes to 60 minutes, and
preferably from 30 minutes to 50 minutes.

[0028]

The heat-treated sheet (titanium target) obtained in the heat treatment step is subjected
to processing such as surface processing, and then diffusion-bonded to a backing plate
and used.

The titanium target produced as described above has a recrystallized structure having
an average crystal grain diameter of 1 ym or less, so that, in addition to cracks or
breakage during sputtering, the generation of particles and nodules can also be
suppressed. Therefore, the titanium target is useful as a sputtering source for forming
a titanium-containing thin film, and is particularly suitable for use in high-speed
sputtering (high-power sputtering) under higher load conditions.

EXAMPLES
[0029]



Hereinafter, the present invention will be more specifically described with reference to
Examples, but the present invention is not limited to these Examples.

(Example 1)

A titanium ingot having a purity of 4N5 (99.995% by mass) was cut and subjected to
large strain processing. As the large strain processing, multidirectional forging was
carried out at a forging temperature of 400 °C and with a cycle number of 15 cycles.
The total strain amount (A¢) of the resulting forged sheet (processed sheet) was 9.
The forged sheet was then subjected to cold rolling at room temperature at a rolling rate
of 85% with the set number of passes of 16 and the set roll rate of 10 m/min to obtain a
rolled sheet. The rolled sheet was then subjected to a heat treatment at 270 °C for 40
minutes to obtain a heat-treated sheet (a titanium target).

[0030]

(Example 2)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that the heat treatment temperature was changed to 300 °C.

(Example 3)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that a titanium ingot having a purity of 3N5 (99.95% by mass) was used.
(Example 4)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that a titanium ingot having a purity of 4N85 (99.9985% by mass) was
used and the heat treatment temperature was changed to 320 °C.

(Example 5)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that a titanium ingot having a purity of 5N5 (99.9995% by mass) was
used.

[0031]

(Comparative Example 1)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that the heat treatment temperature was changed to 350 °C.
(Comparative Example 2)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that the heat treatment temperature was changed to 400 °C.
(Comparative Example 3)

A titanium target was obtained under the same conditions as those of Example 1, with
the exception that the heat treatment temperature was changed to 455 °C.
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(Comparative Example 4)

A titanium target was obtained under the same conditions as those of Comparative
Example 1, with the exception that the forged sheet was subjected to cold rolling at a
rolling ratio of 70% at room temperature and with the set number of passes of 16 and
the set roll rate of 10 m/min to obtain a rolled sheet.

(Comparative Example 5)

A titanium target was obtained under the same conditions as those of Comparative
Example 2, with the exception that the rolled sheet was subjected to cold rolling at a
rolling ratio of 70% at room temperature and with the set number of passes of 16 and
the set roll rate of 10 m/min.

[0032]

(Comparative Example 6)

A titanium ingot having a purity of 4N5 was cut, and multidirectional forging was carried
out at a forging temperature of 600 °C and with the number of cycles of 15 cycles. The
total strain amount of the resulting forged sheet was 9. The forged sheet was then
subjected to a heat treatment at a temperature of 455 °C for 40 minutes to obtain a
titanium target.

(Comparative Example 7)

A titanium target was obtained under the same conditions as those of Comparative
Example 6, with the exception that a forged sheet having a total strain amount of 3 was
produced by changing the forging temperature to 400 °C and the number of cycles to 5.
(Comparative Example 8)

A titanium target was obtained under the same conditions as those of Comparative
Example 6, with the exception that the forging temperature was changed to 400 °C.
[0033]

(Comparative Example 9)

A titanium target was obtained under the same conditions as those of Comparative
Example 4, with the exception that the multidirectional forging was carried out at a
forging temperature of 600 °C and with the number of cycles of 15 to obtain a forged
sheet having a total strain amount of 9.

(Comparative Example 10)

A titanium target was obtained under the same conditions as those of Comparative
Example 4, with the exception that the multidirectional forging was carried out at a
forging temperature of 400 °C and with the number of cycles of 5 to obtain a forged
sheet having a total strain amount of 3.

[0034]
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For each of the titanium targets obtained in the above Examples and Comparative
Examples, the average crystal grain diameter of the recrystallized structure was
determined according to the method as described above, and amounts of elements
other than titanium were measured by glow discharge mass spectrometry (GDMS).
Table 1 shows results of the average crystal grain diameter of the recrystallized
structure together with the production conditions. Table 2 shows results of the glow
discharge mass spectrometry.

[0035]
[Table 1]
Large Strain Processing Step Rolling Step Heat Treatment Step Average Grain| Vickers
Temperature Number of RoIIi_ng Number of Roll Rate |Temperature|  Time Diameter |Hardness
(C) chles Ag Ratio Pgsses (m/min) (C) (min) (um) (Hv)
(times) (%) (times)
Example 1 400 15 9 85 16 10 270 40 0.38 180.0
Example 2 400 15 9 85 16 10 300 40 0.70 160.2
Example 3 400 15 9 85 16 10 270 40 0.30 195.8
Example 4 400 15 9 85 16 10 320 40 0.95 149.3
Example 5 400 15 9 85 16 10 270 40 0.41 178.8
Comp. 1 400 15 9 85 16 10 350 40 2.58 126.5
Comp. 2 400 15 9 85 16 10 400 40 3.16 124.9
Comp. 3 400 15 9 85 16 10 455 40 8.70 106.5
Comp. 4 400 15 9 70 16 10 350 40 3.30 120.9
Comp. 5 400 15 9 70 16 10 400 40 4.40 116.7
Comp. 6 600 15 9 - - - 455 40 *1 99.9
Comp. 7 400 5 3 - - - 455 40 *1 106.6
Comp. 8 400 15 9 - - - 455 40 *2 118.0
Comp. 9 600 15 9 70 16 10 350 40 5.76 105.6
Comp. 10 400 5 3 70 16 10 350 40 4.77 118.2
(Remarks)
*1) The average crystal grain diameter of the recrystallized structure could not be determined because there were many portions that
had not been recrystallized.
*2) Although recrystallization was insufficient, the average crystal grain diameter of a part of the recrystallized structure formed was
21.70 pm.

[0036]
[Table 2]
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Example Comparative Example
Elements
1 2 3 4 5 1 2 3 4 5 6 7 8 9 10
Ag <0.02 <0.1 <0.1 <0.1 <0.02 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Al 1.0 1.0 33 1.7 0.2 0.8 0.6 14 15 0.8 1.0 1.0 0.8 0.6 0.9
As <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Au <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
B <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ba <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Be <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Bi <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
[ <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Ca <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cl <0.1 <0.1 15 0.1 <0.01 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Co <0.01 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cr 0.1 0.1 0.3 0.1 0.7 <0.1 0.1 <0.1 0.1 <0.1 0.2 <0.1 0.1 0.1 0.1
Cu 0.4 0.4 2.7 0.2 0.5 0.2 0.2 0.1 0.2 0.2 0.2 0.1 0.1 0.2 0.2
Fe 5.7 5.7 48.4 3.7 0.3 5.9 5.6 4.1 52 5.9 5.1 3.8 6.3 5.6 4.7
Ga <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Ge <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
H 1.0 1.0 2.0 1.0 <1 1.0 2.0 1.0 2.0 1.0 2.0 2.0 4.0 2.0 3.0
Hf <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Hg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
In <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
K <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Li <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Mg 0.03 <0.1 0.3 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Mn 0.1 0.1 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1
Mo <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
N <10 <10 20 <10 <10 10 <10 <10 <10 10 <10 10 10 <10 10
Na <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Nb <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1l <1 <1 <1 <1
Ni 0.7 0.7 16 0.4 <0.1 0.6 0.9 0.4 0.7 0.6 0.8 0.5 1.0 0.9 0.7
160 160 260 160 100 160 180 160 180 160 160 180 160 180 180
P <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pb <0.01 | <0.01 0.02 <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Pd <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Rh <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
S <10 <10 <10 3.0 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Sb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Sc <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Se <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Si 0.2 0.2 0.6 0.2 0.8 0.3 0.4 0.2 0.4 0.3 0.3 0.2 0.2 0.4 0.3
Sn <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th <0.0001 | <0.0001 | <0.0001 | <0.0005 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001
U <0.0001 | <0.0001 | <0.0001 | <0.0005 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001
\4 <0.01 <0.1 0.7 <0.1 0.03 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
w <0.01 <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zn <0.02 <0.1 <0.1 <0.1 <0.05 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
zr 0.04 <1 <1 <1 0.06 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Total Amount| 8.27 8.2 59.63 6.3 2.59 7.8 7.8 6.2 8.1 7.8 7.6 5.6 8.5 7.8 7.0
* The amounts of gas components (H, N, O, S, Cl) are excluded from the total amount. The unit is ppm by mass.

[0037]

As shown in Table 1, each of the titanium targets of Examples 1 to 5 produced by
carrying out cold rolling at a rolling ratio of 30% or more in the rolling step and the heat
treatment at a temperature of 320 °C or less in the heat treatment step after the large
strain processing had an average crystal grain diameter of a recrystallized structure of 1
pMm or less. However, in each of the titanium targets of Comparative Examples 1 to 10,
the average crystal grain diameter of the recrystallized structure was more than 1 ym or
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the recrystallized structure was insufficient, because at least one of the conditions of the
rolling step and the heat treatment step was not appropriate.

Further, each of the titanium targets of Examples 1 to 5 had higher Vickers hardness
than that of each of the titanium targets of Comparative Examples 1 to 10.
Furthermore, as shown in Table 2, it was confirmed that each of the titanium targets of
Examples 1 to 5 had a total amount of elements other than titanium of less than 100
ppm by mass and a purity of 4N or more.

[0038]

Next, the surfaces of some of the titanium targets obtained in Examples and
Comparative Examples were observed using an optical microscope and an SEM.

FIG. 1 shows a view comparing optical micrographs (at magnifications of 500) of the
titanium targets of Example 2 and Comparative Examples 1to 3. FIG. 2 shows a view
comparing SEM images (at magnifications of 10000) of the titanium targets of Examples
land 2. InFIG. 1, the upper right numeral is the average crystal grain diameter of the
recrystallized structure.

As can be seen from FIGS. 1 and 2, the crystal grain diameter of the recrystallized
structure tended to decrease as the heat treatment temperature in the heat treatment
step decreased.

[0039]

FIG. 3 is a view comparing optical microscope photographs (at magnification of 500) of
the titanium targets of Comparative Examples 1, 2, 4 and 5.

As can be seen from FIG. 3, the crystal grain diameter of the recrystallized structure
tended to decrease as the rolling ratio in the rolling step increased. Further, as the
heat treatment temperature in the heat treatment step decreased, the crystal grain
diameter of the recrystallized structure tended to decrease.

[0040]

FIG. 4 shows a view comparing optical micrographs (at magnification of 200) of the
titanium targets of Comparative Examples 6 to 8.

As can be seen from FIG. 4, when the cold rolling was not carried out, the recrystallized
structure tended to become non-uniform and the crystal grain diameter of the
recrystallized structure tended to increase as the total strain amount (A¢) of the forged
sheet decreased in the large strain processing step. Also, as the forging temperature
(processing temperature) increased in the large strain processing step, the crystal grain
diameter of the recrystallized structure tended to increase.

[0041]

FIG. 5 is a view comparing optical micrographs (at magnification of 100) of the titanium
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targets of Comparative Examples 4, 9 and 10.

As can be seen from FIG. 5, even if the cold rolling was carried out, a portion where the
recrystallized structure was not formed tended to be easily generated as the total strain
amount (Ag) of the forged sheet decreased in the large strain processing step. Further,
as the processing temperature increased in the large strain processing step, the crystal
grain diameter of the recrystallized structure tended to increase, and a portion where
the recrystallized structure was not formed tended to be easily generated.

[0042]

Next, the grain boundaries of the surface textures of the titanium targets of Examples 1
and 2 were observed by electron back scattered diffraction pattern (EBSD). FIG. 6
shows the resulting grain boundary images. For the EBSD, a device combining
JSM-7001F, TTLS-type field emission scanning electron microscope from JEOL Ltd.,
with an OIM 6.0-CCD/BS-type crystal orientation analyzer was used. The observation
was performed by selecting an arbitrary surface area of 10 um x 10 ym and setting the
magnification to 10,000 times.

As can be seen from FIG. 6, each of the titanium targets of Examples 1 and 2 had a
recrystallized structure in which large-angle grain boundaries and small-angle grain
boundaries coexisted. Here, the large-angle grain boundary means a grain boundary
having an orientation difference of 15° or more, and the small-angle grain boundary
means a grain boundary having an orientation difference of less than 15°.

INDUSTRIAL APPLICABILITY

[0043]

According to embodiments of the present invention, it is possible to provide a titanium
sputtering target which can suppress not only cracks or breakage during sputtering, but
also can suppress generation of particles and nodules, and to provide a method for
producing the same. Therefore, the titanium sputtering target according to the
embodiment of the present invention is used as a sputtering source for forming various
thin films (for example, electrodes, gates, wirings, elements, insulating films, and
protective films) in various electronic devices such as semiconductor devices, and is
particularly suitable for use in high-speed sputtering (high-power sputtering) under
higher load conditions.
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CLAIMS

1. Atitanium sputtering target, comprising a recrystallized structure having an average crystal
grain diameter of 1 ym or less, wherein the titanium sputtering target has a purity of 4N (99.99%
by mass) or more.

2. The titanium sputtering target according to claim 1, wherein the titanium sputtering target has
a Vickers hardness of 140 Hv or more.

3. A method of producing the titanium sputtering target as defined in claims 1 or 2, the method
comprising the steps of:

subjecting a cut titanium ingot having a purity of 4N (99.99% by mass) or more to strain
processing to provide a processed sheet having a total strain amount of 2 or more;

subjecting the processed sheet to cold rolling at a rolling ratio of 30% or more to provide
arolled sheet; and

subjecting the rolled sheet to a heat treatment at a temperature of 320 °C or less.

4. The method for producing the titanium sputtering target according to claim 3, wherein a
processing temperature in the strain processing is 500 °C or less.

5. The method for producing the titanium sputtering target according to claim 3 or 4, wherein the
strain processing is multidirectional forging.

6. The method for producing the titanium sputtering target according to any one of claims 3 to 5,
wherein a rolling ratio in the cold rolling is more than 70%.

7. The method for producing the titanium sputtering target according to any one of claims 3 to 6,
wherein a total strain amount of the processed sheet is more than 3.

8. A method for producing a titanium-containing thin film, the method comprising using the
titanium sputtering target according to claim 1 or 2 as a sputtering source.
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