TUNGSTEN TARGET

TECHNICAL FIELD

[0001]
The present invention relates to a tungsten sputtering target which is
used, for example, for forming a contact and a wire of a semiconductor

device.

BACKGROUND ART

[0002]

Among wires for a semiconductor device, a wire which uses copper
(Cu) having low resistivity has become generally used for a wire for a large-
scale integrated circuit (LSI) such as a microprocessor (MPU), to which a
high-speed operation is required. However, a material that is generally used
still now as a material for the wire is aluminum (Al) which has been used for a
long time and of which the process technology has been established; and
this trend itself does not greatly change, and is considered to continue also in
the future.

[0003]

The semiconductor device generally has such a structure as to
electrically isolate a space between a signal extraction part such as a source
and a drain of a transistor and a wiring part, by an interlayer insulating film,
and to secure an electric contact between the signal extraction part such as
the source and the drain and the wiring part, through a fine hole referred to
as a via which has been formed in a part of the interlayer insulating film. In

this via, an electroconductive metal is embedded and results in securing the



above described electric contact; and the structure of this portion is
occasionally referred to as a contact hole, a contact plug or the like.
[0004]

As for a tendency of the conventional technological development of the
semiconductor device, thinning of in-circuit wiring has been progressed along
with miniaturization due to the enhancement of the degree of integration of
elements. Miniaturization of the structure of the wiring part and a contact
plug part as well as thinning of a wire diameter have also been progressed.
As the miniaturization and the thinning of the wiring part and the contact plug
part progress, a density of an electric current flowing therethrough increases,
and heat generation by Joule heat also becomes a problem. In addition, in
the case where Al is used in the above described wiring part, and particularly
in the contact plug, element failures cannot be ignored which originate from
electromigration or stress migration of the Al material.

[0005]

The electromigration is a phenomenon in which metal ions move along
a flow of an electric current caused by the electric current passing through a
conductor such as a metal material. When the phenomenon is viewed
regarding an Al contact, Al ions move in the direction of the electron flow,
then finally, the number of Al atoms which exist on the cathode side
decreases, and a void is generated; and the electrical contact between the
wire and the semiconductor signal extraction part becomes impossible, which
results in causing a disconnection failure. In addition, on the anode side, a
hillock or a whisker grows due to excessive Al atoms, which finally leads to a
short circuit failure in which the wire comes in electrical contact with another
undesirable portion. In addition, the stress migration is a phenomenon in

which the wiring material physically moves because of the stress that is



applied to the wiring material due to the difference in a coefficient of thermal
expansion between the interlayer insulating film and the wiring material. A
void also occurs in the wiring material also due to the phenomenon and
causes the disconnection failure, and this phenomenon becomes easy to
occur as the diameter of the wiring material decreases.

[0006]

Then, as for the wire of the semiconductor device, particularly, in a
contact plug part, tungsten is used to address the above described problem
since it has a comparatively low resistivity, a good electromigration
resistance, a smaller coefficient of thermal expansion compared to that of Al,
and a good stress migration resistance. Tungsten is a thermally stable and
also chemically stable material, and is thus suitably used for the contact plug
part or the wiring material of the semiconductor device.

[0007]

In the case where the wiring contact plug of the above described
semiconductor device is formed of tungsten, the process includes forming an
interlayer separating layer, forming the via at a contact position with the
source or the drain, and pouring the tungsten into the via. During this
process, a method is often employed which includes firstly forming a thin
uniform seed layer of tungsten by sputtering in order to promote the
formation of a tungsten layer in the via. After the seed layer has been
formed, a layer by which the via is embedded is formed by a process such as
sputtering under conditions that the film deposition rate is higher, CVD,
plating or the like. In order to obtain the contact and the wire which have
uniform and good electroconductive characteristics, it is an important
technology to form the seed layer having good characteristics by sputtering.

In addition, it goes without saying that the sputtering technology of the



tungsten is important for not only for forming the seed layer but also for
forming the layer for embedding the plug or the wiring layer itself with
tungsten.

[0008]

When the tungsten layer is formed by sputtering, a sputtering target
made of tungsten metal shall be used. When the sputtering film-deposition
is performed, such problems often occur that coarse particles which are
referred to as “particle” is produced during the film deposition, the coarse
particles adhere to a formed tungsten layer, causing a defect. Some of the
particles are considered to be released in a bulk state from a structure in the
sputtering target due to abnormal discharge or the like. Patent literatures 1

to 3 study the particle.
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[0009]
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SUMMARY OF INVENTION

Technical Problem
[0010]
An object of the present invention is to provide a sputtering target that

can exhibit a stable sputtering performance throughout the target life.

Solution to Problem



[0011]

In order to solve the above described technical problems, the present
inventors have made an extensive investigation, and consequently have
discovered findings that in order that the target does not greatly change its
film deposition rate even if having been sputtered for a long time, it is
effective to prepare such a metallographic structure that none of three main
orientation planes is preferentially oriented in a cross section perpendicular to
a target sputtering surface. The present invention has been completed
based on the findings with additional investigation and consideration.

[0012]

Based on the above described findings and results, an embodiment of
the present invention provides the following tungsten sputtering target.

1) A tungsten sputtering target, wherein an area ratio of crystal grains
having any of {100}, {110} and {111} planes oriented to a sputtering surface
is 30% or less for any of the orientation planes, and an area ratio in total of
crystal grains having orientation planes oriented to the sputtering surface
other than {100}, {110} and {111} planes is 46% or more, the area ratio being
obtained by an analysis of a cross section perpendicular to the sputtering
surface with an inverse pole figure mapping using electron backscatter
diffraction.

2) the sputtering target according to the above 1), wherein the area
ratio of {100} is in a range of 10.2+3%, the area ratio of {110} is in a range of
20.4+3%, and the area ratio of {111} is in a range of 13.6+3%, and the area
ratio of the other crystal grains is 55.7%+9%.

3) the sputtering target according to the above 1) or 2), wherein a

relative density is 99.0% or higher;



4) the tungsten sputtering target according to any one of the above 1)
to 3), wherein a standard deviation of the area ratio of crystal grains having
any of {100}, {110} and {111} planes oriented to the sputtering surface is 3%
or smaller for any of the orientation planes.

5) the tungsten sputtering target according to any one of the above 1)
to 4), wherein a standard deviation of the area ratio in total of crystal grains
having orientation planes oriented to the sputtering surface other than {100},
{110} and {111} planes is 3% or smaller.

6) the tungsten sputtering target according to any one of the above 1)
to 5), wherein an average crystal grain size is 50 um or smaller;

7) the tungsten sputtering target according to any one of the above 1)
to 6), wherein a standard deviation of an average crystal grain size on the
sputtering surface is 3% or smaller.

8) the tungsten sputtering target according to any one of the above 1)

to 7), wherein an oxygen content is 50 wtppm or less.

Advantageous Effects of Invention
[0013]
According to the present invention, a stable and uniform film deposition

rate over the target life can be maintained.

BRIEF DESCRIPTION OF DRAWINGS
[0014]
Figure 1 shows an analysis example of an inverse pole figure mapping image
with the use of EBSD.

Figure 2 shows a sample used in EBSD measurement.



DESCRIPTION OF EMBODIMENTS

[0015]

A sputtering target of the present embodiment consists of tungsten
metal except for unavoidable impurities. The shape of the sputtering target
may be a general disk shape, a rectangular flat shape, a cylindrical shape
and the like, and is not limited in particular. However, it is important that an
orientation state with respect to a sputtering surface has a random orientation
in which none of the three main orientation planes is preferentially oriented to
the sputtering surface. The orientation state is analyzed from the mapping
image obtained when the orientation of the crystal structure on the cross
section perpendicular to the main surface which is the sputtering surface of
the target is measured by the electron backscatter diffraction (EBSD).
According to the EBSD measurement, the orientation characteristics on the
sputtering surface side of each point can be grasped from the orientation
characteristic mapping image of the cross section, and accordingly if the
crystal orientation mapping image of the target cross section is analyzed by
EBSD, it becomes possible to collectively observe continuous distribution
and change of the crystal orientation characteristics of the sputtering surface,
over the depth direction of the target.

[0016]

In the sputtering film-deposition, the sputtering surface of the target is
consumed as the sputtering progresses, and erosion progresses toward a
direction of thickness (depth) perpendicular to the sputtering surface. Then,
a new sputtering surface continuously emerges in the deep position from the
surface of the target. Accordingly in order to achieve a process in which the
film deposition rate is stable even though the sputtering film-deposition is

performed for a long time, a sputtering target is required to have uniform



characteristics not only within the sputtering surface of the target but also in
the cross section in the thickness direction perpendicular to the sputtering
surface.

[0017]

Tungsten is a metal having a body-centered cubic (bcc) structure as a
crystal structure, and in consideration of the symmetry of the crystal structure,
three plane orientations of {100}, {110} and {111} can be considered to be
basic main orientation planes. The tungsten sputtering target of the present
embodiment uses it as an indicator of random orientation that an area ratio of
crystal grains having any of {100}, {110} and {111} planes oriented to the
sputtering surface is 30% or less for any of the orientation planes, and an
area ratio in total of crystal grains having orientation planes oriented to the
sputtering surface other than {100}, {110} and {111} planes is 46% or more
when EBSD measurement is performed on a cross section perpendicular to
the sputtering surface as previously described, and the orientation state of
crystal grains with respect to the sputtering surface is analyzed from the
result. Note that "oriented to" mentioned here is a concept which contains a
deviation within 15° with respect to the sputtering surface, as will be
described later.

[0018]

The orientation structure of the crystal structure in the cross section
perpendicular to the sputtering surface of the target described above can be
evaluated directly from the inverse pole figure mapping image (IPF; also
referred to as crystal orientation mapping image) which is obtained from
EBSD measurement. Figure 1 is an example of an IPF mapping image
which has been obtained by EBSD measurement of the whole area (2 mm in

direction horizontal to target surface and 6 mm in thickness direction) on the



cross section of the sputtering target in the present embodiment. In the IPF
mapping image, on the basis of pole figure data by EBSD at each position
corresponding to each crystal grain in the target cross-sectional structure, an
orientation direction of the crystal at the position is analyzed, and then the
orientation of each of the crystal grains becomes visually directly shown. In
this orientation mapping image, for each of the orientations of the three main
orientation planes of {100}, {110} and {111}, the area ratio of crystal grains
oriented to the sputtering surface within 15° from these orientation planes is
calculated according to the following expression, and furthermore, the area
ratio of crystal grains having plane orientations oriented to the sputtering
surface other than these three main orientation planes is calculated
according to the following expression.

Expression: area ratio = (area of intended orientation (including
deviation of 15°)/area of all orientations)x100 (%)

[0019]

In the present embodiment, the concept of the crystal grains having
{100}, {110} and {111} planes oriented to the sputtering surface incudes
crystal grains having the orientation plane within 15° from {100} when the
crystal grain observed on the observation surface is viewed for the
orientation plane with respect to the sputtering surface. The concept is
similar to that for the other main orientation planes {110} and {111}. Then,
crystal grains oriented to an orientation which deviates from any of these
three plane orientations by an angle exceeding 15° are treated as crystal
grains having orientation planes with respect to the sputtering surface other
than the three main orientation planes.

[0020]
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The crystal structure of the target described above needs to be
achieved at least in a region where the target material is sputtered by plasma
ion impact on the target surface and the target is subjected to erosion. The
sputtering film-deposition is usually performed with the use of a sputtering
apparatus which has a magnetron type cathode, from the viewpoint of film-
deposition efficiency. The most commonly and widely used magnetron type
cathode has a structure in which a magnetic pole opposing to a magnetic
pole of the central portion concentrically surrounds the periphery of the
central magnetic pole so that magnetic field lines heading from the center to
the periphery (or vice versa) are formed in a tunnel form on the target surface,
and a region between the magnetic pole at the central portion and that at the
periphery traps plasma, enhancing the sputtering efficiency in this region.
Therefore, in the present embodiment, as for a position at which the cross
section perpendicular to the surface of the target is analyzed, a
predetermined one point in the middle (r/2 where r represents radius of
target) between the central portion and the outer circumferential portion on
the target surface is adopted as a representative point. Because, it is
considered from an actual production process of the sputtering target that the
characteristics of the sputtering target are uniform over the surface, and
accordingly it may be considered that points other than the representative
point also have essentially the same and uniform characteristics.

[0021]

In the present embodiment, at predetermined one point in the middle
(r/2 where r represents radius of target) between the central portion and the
outer circumferential portion on the target surface, the cross section
perpendicular to the sputtering surface of the target is equally divided into

three in the thickness direction; a square region or a rectangular region of 2
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mm in the width direction (direction parallel to the sputtering surface) x(target
thickness +3) mm in the thickness direction (direction perpendicular to the
sputtering surface) in each of the equally divided three regions is subjected to
IPF mapping evaluation by EBSD; and the above described area ratio is
calculated from the mapping image in each of the regions. Then, the
average value of the area ratios of the three regions which have been equally
divided into three in the thickness direction is calculated, and the obtained
value is used as an evaluation value which indicates the orientation
characteristics of the whole cross section. A random structure in which the
area ratio of the crystal grains having any of {100}, {110} and {111} planes
oriented to the sputtering surface, which have been evaluated in this manner,
is 30% or less for any of the orientation planes, and the area ratio in total of
crystal grains having orientation planes oriented to the sputtering surface
other than {100}, {110} and {111} planes, is 46% or more, can reduce
fluctuation in the deposition rate in sputtering. In particular, when the area
ratio of {100} is 10.2+3%, the area ratio of {110} is 20.4+3%, the area ratio of
{111} is 13.6+£3%, and the area ratio of the other crystal grains is 55.7%+9%,
the effect of suppressing the fluctuation in the deposition rate in the
sputtering is high. Furthermore, it is preferable for the area ratio in total of
crystal grains having orientation planes oriented to the sputtering surface
other than {100}, {110} and {111} planes, to be 48% or more, and more
preferable to be 50% or more, and is still more preferable to be 52% or more,
from the viewpoint of suppressing the fluctuation in the deposition rate in the
sputtering.
[0022]

It works effectively on the suppression of the fluctuation in the

deposition rate in sputtering to control the crystal orientation of the above
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described three main orientation planes of {100}, {110} and {111} and the
crystal orientation of planes other than the three main orientation planes. In
addition to the above, it works effectively on the further suppression of the
fluctuation of the deposition rate over time to densify the target. The reason
is not necessarily clear, but it is assumed to be one of the reasons that when
the target density is low and a large number of fine grain boundaries and
pores exist in the structure, these fine non-crystalline phases irregularly
emerge along with the progress of erosion associated with sputtering. The
sputtering rate thus becomes unstable over time, which leads to fluctuation in
the deposition rate over time. From such a viewpoint, it is preferable for the
relative density of the sputtering target of the present embodiment to be
99.0% or larger, and more preferable to be 99.2% or larger. Incidentally, the
relative density in the present embodiment is expressed by a ratio of the
measurement evaluation density of tungsten, which is evaluated by the
Archimedes method, to 19.3 g/cm?, that is the theoretical density of tungsten,
as is represented by the following expression.

Relative density = (Archimedes density / theoretical density (tungsten:
19.3 g/cm®)) x 100 (%)
[0023]

It is preferable for the sputtering target of the present embodiment that
a standard deviation of the area ratios of crystal grains having any of {100},
{110} and {111} planes oriented to the sputtering surface to be 3% or smaller
for any of the orientation planes. As has been previously described, in the
present embodiment, after the cross section perpendicular to the sputtering
surface of the target is equally divided into three in the thickness direction,
the orientation of the crystal grain is evaluated in each of the equally divided

three regions. The standard deviation of the area ratios of the crystal grains
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having any of {100}, {110} and {111} planes oriented to the sputtering surface
means a standard deviation calculated from the results of the three regions
obtained by equally dividing the target cross section into three in the
thickness direction. From the viewpoint of orientation uniformity in the cross
section, it is more preferable for the standard deviation of the area ratios of
crystal grains having any of {100}, {110} and {111} planes oriented to the
sputtering surface to be 1% or smaller, and still more preferable to be 0.8%
or smaller for any of the orientation planes.

[0024]

In addition, it is preferable for the sputtering target of the present
embodiment that a standard deviation of the area ratios in total of crystal
grains having orientation planes oriented to the sputtering surface other than
{100}, {110} and {111} planes is 3% or smaller. This standard deviation also
means a standard deviation that has been calculated from the evaluation
results of three regions which are obtained by equally dividing the target
cross section into three in the thickness direction. Concerning this standard
deviation as well, it is more preferable for the standard deviation of the area
ratio in total of crystal grains having planes oriented to the sputtering surface
other than {100}, {110} and {111} planes, to be 1.5% or smaller, and still
more preferable to be 1.3% or smaller, from the viewpoint of the orientation
uniformity in the cross section.

[0025]

A grain size of the crystal grain in the sputtering target affects
mechanical characteristics such as a strength of the target, the uniformity of
the structure, as well as the deposition rate, and the degrees of abnormal
discharge and particle generation. Accordingly, it is effective to

appropriately control the grain size. In the sputtering target of the present
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embodiment, the average crystal grain size is preferably 50 um or smaller.

If the average crystal grain size exceeds 50 um, the stability of the deposition
rate is affected to be degraded, in addition, there is a tendency that the
abnormal discharge and the particle generation associated with the abnormal
discharge increase. Furthermore, the target body becomes brittle due to
coarsening of the particle size, and the mechanical strength decreases, too.
In the present embodiment, also concerning the crystal grain size, the
average crystal grain size is evaluated in each of the three regions obtained
by equally dividing the target cross section into three in the thickness
direction, and the average value of the three regions is determined as the
total evaluation value. Itis more preferable for the average crystal grain
size to be 40 um or smaller, and still more preferable to be 35 um or smaller.
In addition, an evaluation method of the average crystal grain size, which is
adopted in the present embodiment, is a method of determining the average
crystal grain size from a value in conformance with an average length of line
segments per crystal grain of the evaluation test line that crosses the inside
of the crystal grain, which is evaluated in accordance with the intercept
method of JISG0551: 2013. The average crystal grain size of the target in
the present embodiment is simultaneously determined from the EBSD
measurement at the previously described r/2 point. It is a value that is
calculated as an average value which is obtained by summing up the
average grain sizes in the respective regions which have been equally
divided into three in the thickness direction, and further equally dividing the
resultant value by three, in a field of view of 1 mm in the width direction and 1
mm in the thickness direction observed at a magnification of 100 times.

[0026]
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As for the crystal grains in the sputtering target, it is desirable not only
that an average of the grain sizes on the whole cross section is fine as has
been described above, but also that the grain sizes are uniform in the target
cross section. From this viewpoint, it is preferable that the standard
deviation of the average crystal grain size in the present embodiment be 3%
or smaller. If the standard deviation exceeds 3%, a dispersion of the grain
sizes in the thickness direction of the target cross section is large, which
leads to lowering of the stability of the deposition rate. It is more preferable
for the standard deviation of the crystal grain sizes to be 2% or smaller, and
still more preferable to be 1.3% or smaller. Incidentally, the standard
deviation in the present embodiment is calculated from evaluation values of
the respective regions which have been equally divided into three in the
thickness direction.

[0027]

Furthermore, it is preferable the sputtering target of the present
embodiment have an oxygen content of 50 wtppm or less. Oxygen
contained in the target is released during sputtering to cause a temporary
change in the deposition rate, and contaminates the tungsten layer to be
formed, as an impurity; and accordingly, it is preferable that the content in the
target be reduced. It is preferable for the oxygen content in the target to be
40 wtppm or less, and still more preferable to be 30 wtppm or less. An
oxygen concentration in the present embodiment refers to a value measured
by a non-dispersive infrared absorption method (generally referred to as
LECO method).

[0028]
A production method of the sputtering target of the present

embodiment is not limited in particular as long as the sputtering target has
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each of the above described characteristics. However, as a means for
obtaining a tungsten sputtering target having such characteristics, a powder
metallurgy process can be suitably used which has combined hot press (HP)
with hot isostatic press (HIP). In order that the sputtering target of the
present invention obtains a sintered body having the above described
characteristics, particularly, a random structure concerning the orientation,
and a high density, appropriate condition controls in HP and HIP are needed.
[0029]

Firstly, the HP process is a process of filling a predetermined mold with
a raw material tungsten powder, and heat-treating the powder while applying
a load to the powder. As for the tungsten powder which is used here, it is
preferable that a particle size be 1 to 50 um. In the HP process, a suitable
load is applied to the powder for every temperature region while raising the
temperature at an appropriate rate of temperature rise to raise the
temperature to the HP temperature. HP temperature is then kept for a
predetermined time period. It is preferable that the rate of temperature rise
here is approximately 0.1 to 4°C/min, and that the HP temperature is
approximately 1600 to 2000°C. If the HP temperature is low, a sintered
body with a high density cannot be obtained. If the HP temperature is too
high exceeding 2000°C, a reaction with the mold and the coarsening of the
crystal grains can be caused, which is not preferable. If the rate of
temperature rise is too high, the crystal grains tend to result in orienting to a
specific orientation, which is not preferable. If the rate of temperature rise is
too low, lowering of the productivity is caused, which is obviously
unpreferable.

[0030]
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In the HP process, it is preferable to appropriately adjust and change
the load applied in the temperature range of 600 to 1200°C and in the
temperature range of 1200°C or higher. In the HP process, degassing
occurs at an initial stage of the temperature rise, and accordingly when a
high load is applied in this process, sintering results in proceeding in such a
state that the gas is not sufficiently removed; and then the sintered body is
not highly densified, and results in containing a large amount of residual gas
components such as oxygen. Therefore, in the HP process, the load is
adjusted to be low in the low temperature region, and the load is adjusted to
be high in the high temperature region. The sintered body is then highly
densified and can be a sintered body having a small amount of residual
oxygen. Specifically, it is preferable to adjust the load pressure in the
temperature range of 600 to 1200°C to approximately 80 to 150 kg/cm?, and
the load pressure in the temperature range of 1200°C or higher to
approximately 200 to 350 kg/cm?.  In addition, it is effective for obtaining a
sintered body having a high density and random orientation to introduce a
step of holding the mold at a fixed temperature for a certain period of time a
few times, during the temperature raising step. The holding time here is
approximately 30 to 240 minutes, and can be appropriately adjusted in
consideration of conditions such as temperature. The holding time at the
HP temperature can be similarly set and adjusted.

[0031]

In order to form the HP-treated compact so as to have a structure
consisting of such crystal grains that the orientation is random, the grain
sizes do not vary and the shapes are isotropic, and also so as to be highly
densified, it is effective to subject the HP compact to HIP treatment. As a

guide, a temperature during the HIP treatment can be adjusted to 1600 to
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1900°C, and a pressure can be adjusted to 1600 to 1900 kg/cm?.  If the
treatment temperature and the pressure are lower than these values, the
sintered body cannot be sufficiently densified. If the temperature and the
pressure are higher than these values, the coarsening of the grain size is
caused.

[0032]

The sintered body after the HIP treatment is subjected to shape
working and surface working as needed to produce the sputtering target.
Incidentally, the above described means and application conditions are
merely examples, and it is needless to say that the examples may be
appropriately changed or adjusted.

[0033]

The tungsten sputtering target according to the present embodiment is
formed so that a crystalline metallographic structure has a uniform orientation
structure in which a specific crystal plane is not oriented in the plane
perpendicular to the sputtering surface. Accordingly, a uniform film
deposition rate over the target life can be stably maintained. Because of
this, in a process of treating a single substrate, a condition control is
unnecessary to adjust complicated process parameters in order that the
growth condition of the thin film becomes constant. In addition, in a process
of treating a plurality of substrates in sequence, a stable film deposition rate
is maintained among the substrates. Accordingly, there is no variation in the
film thickness among the substrates; and it becomes possible to form thin
films having a uniform performance. Because of this, it is also possible to
reduce the variation in the performance among the produced semiconductor

elements, enhance the yield, and reduce the production cost.
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EXAMPLES

[0034]

The present embodiment will be specifically described below on the
basis of examples and comparative examples. The descriptions on the
following examples and comparative examples are merely specific examples
for facilitating the understanding of the technical contents of the present
invention, and the technical scope of the present invention is not limited by
these specific examples.

[0035]
(Example 1)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average patrticle size of 15 um, and then HP was carried out in a
vacuum chamber under conditions of raising the temperature from room
temperature to 800°C at 4°C/min, raising the temperature from 800°C to
1200°C at 2.5°C/min, keeping the temperature at 1200°C for 60 minutes,
raising the temperature from 1200°C to 1400°C at 2°C/min, keeping the
temperature at 1400°C for 60 minutes, raising the temperature from 1400°C
to 1600°C at 2°C/min, keeping the temperature at 1600°C for 60 minutes,
raising the temperature from 1600°C to 1800°C at 2°C/min, keeping the
temperature at 1800°C for 120 minutes, and lowering the temperature from
1800°C to room temperature at 2.5°C/min. The HP load applied during the
process was set at 100 kg/cm? between 800°C and 1200°C, and at 240
kg/cm? between 1200°C and 1800°C. The thereby obtained HP compact
was further subjected to the HIP treatment for 120 minutes under conditions
of 1850°C and 1800 kg/cm?®. The sintered body after the HIP treatment was
subjected to shape working, and a sputtering target having a diameter of 400

mm and a thickness of 6 mm was formed.
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[0036]

In the cross section perpendicular to the surface which becomes a
sputtering surface of the obtained sputtering target, the crystal grains were
observed and analyzed with the use of IPF mapping by the EBSD method.
The apparatus used for the observation and the analysis here was JSM-
7001F, TTLS type field emission scanning electron microscope made by
JEOL Ltd. combined with OIM 6.0-CCD/BS type crystal orientation analyzer.
The observation and the analysis was performed on the cross section
perpendicular to the sputtering surface of the sample at a predetermined one
point in the middle (r/2 where r represents radius of target) between the
central portion and the outer circumferential portion on the target surface. A
region of 2 mm in a direction parallel to the sputtering surface and 6 mm in a
thickness direction perpendicular to the sputtering surface of the cross
section was equally divided into three regions of the upper, middle and lower
stages in the thickness direction. Then, on the respective whole surfaces of
the obtained three 2 mmx2 mm regions, an area ratio of the crystal grains
having {100} plane, an area ratio of the crystal grains having {110} plane, and
an area ratio of the crystal grains having {111} plane oriented to the
sputtering surface were calculated; and an area ratio of portions where none
of {100} plane, {110} plane and {111} plane were oriented to the sputtering
surface. Then, the average values of three regions of the upper stage, the
middle stage and the lower stage, and the standard deviation were
determined.

[0037]

As a result, the orientation plane having the highest average value of

the area ratio was {110} plane among three of {100}, {110} and {111} planes,

which were the main orientation planes with respect to the sputtering surface.
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Even the average value of {110} plane was 18.2%. The area ratio of the
crystal grains having none of these three main orientation planes oriented to
the sputtering surface was 60.9%. At the same time, the average crystal
grain size in the cross-sectional structure was determined from the
observation images of the crystal grains in the three regions of the upper
stage, the middle stage and the lower stage, and consequently, such a result
was obtained that an average of the three regions was 32.5 um. In addition,
a density was measured on this sputtering target by the Archimedes method,
and the relative density was evaluated; and consequently, the result of 99.3%
was obtained. Furthermore, a concentration of oxygen contained in the
target was measured by a non-dispersive infrared absorption method
(generally referred to as LECO method), and consequently was 20 wtppm.
These results are collectively shown in Table 1.

[0038]

Next, an evaluation test was performed on a stability of the film
deposition rate of the sputtering target. The target was mounted on a
cathode of a sputtering apparatus, an electric power of 15 kW was applied to
the cathode in an argon atmosphere, and continuous sputtering was
performed from O to 1000 kWh. During the sputtering, tungsten thin film
thickness on the sample obtained by 15 seconds of deposition time was
divided by 15 seconds of deposition time to determine a film deposition rate.
The film deposition rate was determined after a lapse of every 100 kwWh such
as 100 kwh, 200 kwh, 300 kwh and so on, thereby, the film deposition rates
in total of 10 time points were determined. Then, the average value and the
fluctuation (standard deviation) of the obtained data of 10 film deposition
rates were determined. The results are collectively shown in Table 1. In

this example, the standard deviation was 0.16 for the average film deposition
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rate of 9.26 A/sec. The result shows that an extremely good sputtering with
a small fluctuation in the film deposition rate was able to be performed.
[0039]

(Example 2)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average patrticle size of 20 um, and then HP was carried out in a
vacuum chamber under conditions of raising the temperature from room
temperature to 1200°C at 2.5°C/min, keeping the temperature at 1200°C for
60 minutes, raising the temperature from 1200°C to 1400°C at 2°C/min,
keeping the temperature at 1400°C for 60 minutes, raising the temperature
from 1400°C to 1600°C at 2°C/min, keeping the temperature at 1600°C for
60 minutes, raising the temperature from 1600°C to 1800°C at 2°C/min,
keeping the temperature at 1800°C for 120 minutes, and lowering the
temperature from 1800°C to room temperature at 2.5°C/min. The HP load
applied during the process was set at 100 kg/cm? between 800°C and
1200°C, and at 240 kg/cm? between 1200°C and 1800°C. The thereby
obtained HP compact was further subjected to the HIP treatment for 120
minutes under conditions of 1850°C and 1800 kg/cm?. The sintered body
after the HIP treatment was subjected to shape working, and a sputtering
target having the diameter of 400 mm and the thickness of 6 mm was formed.
[0040]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain
size, the relative density and the oxygen concentration. As a result, the
orientation plane having the highest average value of the area ratio was
{110} plane among three of {100}, {110} and {111} planes, which were the

main orientation planes with respect to the sputtering surface. Even the
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average value of {110} plane was 19.6%. The area ratio of the crystal
grains having none of these three main orientation planes oriented to the
sputtering surface was 58.2%. At the same time, the average crystal grain
size in the cross-sectional structure was determined from the observation
images of the crystal grains in the three regions of the upper stage, the
middle stage and the lower stage, and consequently, such a result was
obtained that an average of the three regions was 32.4 um. In addition,
such results were obtained that the relative density of this sputtering target
was 99.4%, and the oxygen concentration was 30 wtppm.

[0041]

Furthermore, the obtained sputtering target was subjected to the
evaluation test concerning the stability of the film deposition rate, similar to
that in Example 1. As a result, in this example, the standard deviation was
0.24 for the average film deposition rate of 9.05 A/sec. The result shows
that a good sputtering with a small fluctuation in the film deposition rate was
able to be performed although the result was inferior to that in the previous
example.

[0042]
(Example 3)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average particle size of 18 um, and then HP was carried out in a
vacuum chamber under conditions of raising the temperature from room
temperature to 1200°C at 2°C/min, keeping the temperature at 1200°C for 60
minutes, raising the temperature from 1200°C to 1400°C at 2°C/min, keeping
the temperature at 1400°C for 90 minutes, raising the temperature from
1400°C to 1600°C at 2°C/min, keeping the temperature at 1600°C for 60

minutes, raising the temperature from 1600°C to 1800°C at 2°C/min, keeping
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the temperature at 1800°C for 120 minutes, and lowering the temperature
from 1800°C to room temperature at 2.5°C/min. The HP load applied during
the process was set at 100 kg/cm? between 800°C and 1200°C, and at 240
kg/cm? between 1200°C and 1800°C. The thereby obtained HP compact
was further subjected to the HIP treatment for 120 minutes under conditions
of 1850°C and 1800 kg/cm?®. The sintered body after the HIP treatment was
subjected to shape working, and a sputtering target having the diameter of
400 mm and the thickness of 6 mm was formed.

[0043]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain
size, the relative density and the oxygen concentration. As a result, the
orientation plane having the highest average value of the area ratio was
{110} plane among three of {100}, {110} and {111} planes, which were the
main orientation planes with respect to the sputtering surface. Even the
average value of {110} plane was 20.4%. The area ratio of the crystal
grains having none of these three main orientation planes oriented to the
sputtering surface was 57.0%. At the same time, the average crystal grain
size in the cross-sectional structure was determined from the observation
images of the crystal grains in the three regions of the upper stage, the
middle stage and the lower stage, and consequently, such a result was
obtained that an average of the three regions was 32.3 um. In addition,
such results were obtained that the relative density of this sputtering target
was 99.2%, and the oxygen concentration was 20 wtppm.

[0044]
Furthermore, the obtained sputtering target was subjected to the

evaluation test concerning the stability of the film deposition rate, similar to
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that in Example 1. As a result, in this example, the standard deviation was
0.20 for the average film deposition rate of 9.14 A/sec. The result shows
that good sputtering with a small fluctuation in the film deposition rate was
able to be performed.
[0045]
(Example 4)

A carbon die was filled with a tungsten powder having a purity of 4 N
and an average particle size of 16 um, and then HP was carried out in a
vacuum chamber under conditions of raising the temperature from room
temperature to 800°C at 4°C/min, raising the temperature from 800°C to
1200°C at 2.5°C/min, keeping the temperature at 1200°C for 60 minutes,
raising the temperature from 1200°C to 1400°C at 2°C/min, keeping the
temperature at 1400°C for 60 minutes, raising the temperature from 1400°C
to 1600°C at 2°C/min, keeping the temperature at 1600°C for 60 minutes,
raising the temperature from 1600°C to 1800°C at 2°C/min, keeping the
temperature at 1800°C for 180 minutes, and lowering the temperature from
1800°C to room temperature at 2.5°C/min. The HP load applied during the
process was set at 100 kg/cm? between 800°C and 1200°C, and at 300
kg/cm? between 1200°C and 1800°C. The thereby obtained HP compact
was further subjected to the HIP treatment for 120 minutes under conditions
of 1850°C and 1800 kg/cm?. The sintered body after the HIP treatment was
subjected to shape working, and a sputtering target having the diameter of
400 mm and the thickness of 6 mm was formed.
[0046]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain

size, the relative density and the oxygen concentration. As a result, the
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orientation plane having the highest average value of the area ratio was
{110} plane among three of {100}, {110} and {111} planes, which were the
main orientation planes with respect to the sputtering surface. Even the
average value of {110} plane was 20.7%. The area ratio of the crystal
grains having none of these three main orientation planes oriented to the
sputtering surface was 56.5%. At the same time, the average crystal grain
size in the cross-sectional structure was determined from the observation
images of the crystal grains in the three regions of the upper stage, the
middle stage and the lower stage, and consequently, such a result was
obtained that an average of the three regions was 39.8 um. In addition,
such results were obtained that the relative density of this sputtering target
was 99.8%, and the oxygen concentration was 20 wtppm.

[0047]

Furthermore, the obtained sputtering target was subjected to the
evaluation test concerning the stability of the film deposition rate, similar to
that in Example 1. As a result, in this example, the standard deviation was
0.26 for the average film deposition rate of 9.08 A/sec. The result shows
that good sputtering with a small fluctuation in the film deposition rate was
able to be performed.

[0048]
(Example 5)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average particle size of 15 um, and then HP was carried out in a
vacuum chamber under conditions of raising the temperature from room
temperature to 800°C at 4°C/min, raising the temperature from 800°C to
1200°C at 2.5°C/min, raising the temperature from 1200°C to 1800°C at

2°C/min, keeping the temperature at 1800°C for 120 minutes, and lowering
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the temperature from 1800°C to room temperature at 2.5°C/min. The HP
load applied during the process was set at 240 kg/cm? between 800°C and
1400°C. The thereby obtained HP compact was further subjected to the
HIP treatment for 120 minutes under conditions of 1850°C and 1800 kg/cm?.
The sintered body after the HIP treatment was subjected to shape working,
and a sputtering target having the diameter of 400 mm and the thickness of 6
mm was formed.

[0049]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain
size, the relative density and the oxygen concentration. As a result, the
orientation plane having the highest average value of the area ratio was
{110} plane among three of {100}, {110} and {111} planes, which were the
main orientation planes with respect to the sputtering surface. Even the
average value of (110) plane was 19.0%. The area ratio of the crystal
grains having none of these three main orientation planes oriented to the
sputtering surface was 58.7%. At the same time, the average crystal grain
size in the cross-sectional structure was determined from the observation
images of the crystal grains in the three regions of the upper stage, the
middle stage and the lower stage, and consequently, such a result was
obtained that an average of the three regions was 25.6 um. In addition, the
relative density of this sputtering target was 98.4%, and the oxygen
concentration was 50 wtppm.

[0050]

Furthermore, the obtained sputtering target was subjected to the

evaluation test concerning the stability of the film deposition rate, similar to

that in Example 1. As a result, in this example, the standard deviation was
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0.35 for the average film deposition rate of 10.40 A/sec, which was an
acceptable result though the fluctuation was large as compared with those of
Examples 1 to 4. The standard deviation of the film deposition rate is
considered to be attributed to the lower density of the target as compared
with Examples 1 to 4.

[0051]

(Comparative Example 1)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average particle size of 17 um, and then HP was carried out in a
vacuum chamber under conditions of raising the temperature from room
temperature to 800°C at 4°C/min, raising the temperature from 800°C to
1400°C at 2°C/min, keeping the temperature at 1400°C for 120 minutes, and
lowering the temperature from 1400°C to room temperature at 2.5°C/min.
The HP load applied during the process was set at 240 kg/cm? between
800°C and 1400°C. Furthermore, the obtained compact was subjected to
reduction treatment in a hydrogen atmosphere as in a conventional way, and
then was subjected to rolling treatment with a rolling reduction of 10% at a
temperature of 1400°C. The obtained sintered body was subjected to
shape working, and a sputtering target having the diameter of 400 mm and
the thickness of 6 mm was formed.

[0052]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain
size, the relative density and the oxygen concentration. As a result, such a
result was obtained that the average value of the area ratios of crystal grains
having {111} plane oriented to the sputtering surface was 35.7%, which

exceeded 30%, and that {111} plane was preferentially oriented to the
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sputtering surface in the structure of the cross section. In addition, the
average crystal grain size in the cross-sectional structure was determined
from the observation images of the crystal grains in the three regions of the
upper stage, the middle stage and the lower stage, and as a result, an
average of the three regions was 54.5 um and the grain size was coarsened.
In addition, such results were obtained that the relative density of this
sputtering target was 99.3%, and the oxygen concentration was 50 wtppm.
[0053]

Furthermore, the obtained sputtering target was subjected to an
evaluation test concerning the film deposition rate stability similar to that in
Example 1. As a result, in this example, the standard deviation was 0.59 for
the average film deposition rate of 11.70 A/sec, which was a fluctuation more
than twice that of Example 4, and the fluctuation of the film deposition rate
with respect to the time period was noticeable. It is understood from this
result that in a target which has undergone plastic working by hot-rolling
treatment instead of HIP, {111} plane is oriented to the sputtering surface,
and the stability of the film deposition rate becomes poor.

[0054]
(Comparative Example 2)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average particle size of 22 um, and then HP was carried out in a
vacuum under conditions of raising the temperature from room temperature
to 1200°C at 2°C/min, keeping the temperature at 1200°C for 60 minutes,
raising the temperature from 1200°C to 1400°C at 2°C/min, keeping the
temperature at 1400°C for 90 minutes, raising the temperature from 1400°C
to 1600°C at 2°C/min, keeping the temperature at 1600°C for 60 minutes,

raising the temperature from 1600°C to 1800°C at 2°C/min, keeping the
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temperature at 1800°C for 120 minutes, and lowering the temperature from
1800°C to room temperature at 2.5°C/min. The thereby obtained HP
compact was further subjected to the HIP treatment for 90 minutes under
conditions of 1950°C and 1800 kg/cm?. The sintered body after the HIP
treatment was subjected to shape working, and a sputtering target having the
diameter of 400 mm and the thickness of 6 mm was formed.

[0055]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain
size, the relative density and the oxygen concentration. As a result, such a
result was obtained that the average value of the area ratios of crystal grains
having {111} plane oriented to the sputtering surface became 39.1%, which
exceeded 30%, and that {111} plane was preferentially oriented to the
sputtering surface in the structure of the cross section. In addition, the
average crystal grain size in the cross-sectional structure was determined
from the observation images of the crystal grains in the three regions of the
upper stage, the middle stage and the lower stage, and as a result, an
average of the three regions was 101.8 um and the grain size of the crystal
grain was very coarsened. In addition, such results were obtained that the
relative density of this sputtering target was 99.9%, and the oxygen
concentration was 20 wtppm.

[0056]

Furthermore, the obtained sputtering target was subjected to an
evaluation test concerning the film deposition rate stability similar to that in
Example 1. As a result, in this example, the standard deviation was 0.64 for
the average film deposition rate of 12.07 A/sec, in other words, the fluctuation

of the film deposition rate with respect to the time period also became very
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large. It is understood from this result that although it can be expected that
the density of the sintered body enhances by the rise of the temperature in
the HIP process, {111} plane of the crystal grains are oriented to the
sputtering surface, and besides, the crystal grains become coarsening,
resulting in greatly deteriorating the stability of the film deposition rate.
[0057]
(Comparative Example 3)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average particle size of 12 um, and then HP was carried out in a
vacuum under conditions of raising the temperature from room temperature
to 800°C at 4°C/min, raising the temperature from 800°C to 1200°C at
2.5°C/min, keeping the temperature at 1200°C for 60 minutes, raising the
temperature from 1200°C to 1400°C at 2°C/min, keeping the temperature at
1400°C for 60 minutes, raising the temperature from 1400°C to 1600°C at
2°C/min, keeping the temperature at 1600°C for 60 minutes, raising the
temperature from 1600°C to 1800°C at 2°C/min, keeping the temperature at
1800°C for 120 minutes, and lowering the temperature from 1800°C to room
temperature at 2.5°C/min. The HP load applied during the process was set
at 240 kg/cm? between 800°C and 1800°C. The thereby obtained HP
compact was further subjected to the HIP treatment for 120 minutes under
conditions of 1850°C and 1800 kg/cm?. The sintered body after the HIP
treatment was subjected to shape working, and a sputtering target having the
diameter of 400 mm and the thickness of 6 mm was formed.
[0058]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain

size, the relative density and the oxygen concentration. As a result, such a
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result was obtained that the average value of the area ratios of crystal grains
having {111} plane oriented to the sputtering surface was 38.2%, which
exceeded 30%, and that {100} plane was preferentially oriented to the
sputtering surface in the structure of the cross section. In addition, the
average crystal grain size in the cross-sectional structure was determined
from the observation images of the crystal grains in the three regions of the
upper stage, the middle stage and the lower stage, and consequently, such a
result was obtained that an average of the three regions was 29.8 um. In
addition, such results were obtained that the relative density of this sputtering
target was as low as 98.7%, and the oxygen concentration was 70 wtppm.
[0059]

Furthermore, the obtained sputtering target was subjected to an
evaluation test concerning the film deposition rate stability similar to that in
Example 1. As a result, in this example, the standard deviation was 0.42 for
the average film deposition rate of 7.90 A/sec, in other words, the fluctuation
of the film deposition rate with respect to the time period became large. Itis
understood from this result that when the load applied in the HP process is
not adjusted and a large load is continuously applied from low temperature,
sintering proceeds in such a state that degassing is insufficient, accordingly
the density of the sintered body is insufficient, and besides the crystal grains
have a structure in which {100} plane is oriented to the sputtering surface,
resulting in deteriorating the stability of the film deposition rate.

[0060]
(Comparative Example 4)

A carbon die was filled with a tungsten powder having a purity of 5 N
and an average particle size of 13 um, and then HP was carried out in a

vacuum chamber under conditions of raising the temperature from room
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temperature to 1200°C at 4°C/min, keeping the temperature at 1200°C for 60
minutes, raising the temperature from 1200°C to 1800°C at 2.5°C/min,
keeping the temperature at 1800°C for 120 minutes, and lowering the
temperature from 1800°C to room temperature at 5°C/min. The HP load
applied during the process was set at 100 kg/cm? between 800°C and
1200°C, and at 300 kg/cm? between 1200°C and 1800°C. The thereby
obtained HP compact was further subjected to the HIP treatment for 120
minutes under conditions of 1850°C and 1800 kg/cm?. The sintered body
after the HIP treatment was subjected to shape working, and a sputtering
target having the diameter of 400 mm and the thickness of 6 mm was formed.
[0061]

Similarly to Example 1, the obtained sputtering target was subjected to
the analyses of the crystal orientation in the cross section, the crystal grain
size, the relative density and the oxygen concentration. As a result, such a
result was obtained that the average value of the area ratios of crystal grains
having {100} plane oriented to the sputtering surface was 32.0%, which
exceeded 30%, and that {100} plane was preferentially oriented to the
sputtering surface in the structure of the cross section. In addition, the
average crystal grain size in the cross-sectional structure was determined
from the observation images of the crystal grains in the three regions of the
upper stage, the middle stage and the lower stage, and consequently, such a
result was obtained that an average of the three regions was 27.2 um. In
addition, such results were obtained that the relative density of this sputtering
target was 99.1%, and the oxygen concentration was 60 wtppm.

[0062]
Furthermore, the obtained sputtering target was subjected to the

evaluation test concerning the stability of the film deposition rate, similar to
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that in Example 1. As a result, in this example, the standard deviation was
0.44 for the average film deposition rate of 8.11 A/sec, in other words, the
fluctuation of the film deposition rate with respect to the time period became
large. It is understood from this result that also in the case where the rate of
temperature rise in the HP process is high and the keeping step during the
process is not sufficient, the degassing is insufficient and the crystal grains
have a structure in which {100} plane is oriented to the sputtering surface,
resulting in  deteriorating the stability of the film deposition rate. In addition,
the high oxygen concentration as high as in Comparative Examples 3 and 4
is considered to be effective for secondary electron emission in sputtering,
and there is an effect of accelerating the sputtering, but it is considered that
the fluctuation of the film deposition rate becomes large between the
sputtered location at which oxygen concentration is high and that at which
oxygen concentration is not so, which is considered to be disadvantageous
for the stability of the film deposition rate.

[0063]

The results of Examples 2 to 5 and Comparative Examples 1 to 4 are
also collectively shown in the table, in addition to the result of the above
described Example 1.

[0064]
[Table 1]
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deviation

A Relat o Deposition | Fyctuation of
(200} | {120y | {11y | others | 7VErage | reatve xygen rate deposition
grain size densny concentration
(Alsec) rate
Top 8.2 18.0 11.8 62.0 326
~ Middle 7.9 18.2 13.2 60.7 335
g Bottom 8.4 18.4 13.2 60.0 31.4 99.3% 20 ppm 928 0.16
I% Average 8.2 18.2 12.7 60.9 325
Standard 0.3 0.2 0.8 1.0 1.0
deviation
Top 8.6 19.4 135 58.5 33.1
~ Middle 8.4 19.4 14.0 58.2 32.7
g5}
s Bottom 8.5 19.9 13.8 57.8 314 99.4% 30 ppm 0.05 0.24
% Average 8.5 19.6 13.8 58.2 32.4
Standard 01 03 03 0.4 0.9
deviation
Top 9.8 20.4 13.4 56.4 324
® Middle 8.2 19.8 13.4 58.6 33.0
g Bottom 8.9 21.0 14.2 55.9 316 99.2% 20 ppm 914 0.20
L% Average 9.0 20.4 13.7 57.0 32.3
Standard 0.8 0.6 05 1.4 0.7
deviation
Top 10.0 20.7 13.4 55.9 41.0
3 Middle 9.8 20.1 13.1 57.0 38.4
g Bottom 8.6 21.3 13.4 56.7 39.9 99.8% 20 ppm 9.08 0.26
L% Average 9.5 20.7 13.3 56.5 39.8
Standard 08 06 0.2 06 13
deviation
Top 10.5 20.3 11.4 57.8 23.4
0 Middle 7.7 17.5 13.0 61.8 26.6
s Bottom 9.9 19.3 14.3 56.5 26.8 98.4% 50 ppm 10.40 0.35
% Average 9.4 19.0 12.9 58.7 25.6
Standard 15 1.4 15 2.8 1.9
deviation
Top 10.8 15.8 33.1 403 488
2 o Middle 11.3 13.2 39.5 36.0 58.1
T L
= o
5 8 Bottom 11.2 12.7 34.4 417 56.7 99.3% 50 ppm 11.70 0.59
£ X | Average 11.1 13.9 35.7 39.3 54,5
o
Standard 03 17 34 3.0 5.0
deviation
Top 8.8 13.5 416 36.1 98.2
2 o Middle 7.8 11.7 37.0 435 106.7
© QL
-
5 Bottom 9.2 11.0 386 41.2 100.6 99.9% 20 ppm 12.07 0.64
£ X | Average 8.6 12.1 39.1 403 101.8
(@]
Standard 07 13 23 38 4.4
deviation
Top 355 13.9 10 40.6 30.5
2 o[ widde 421 | 142 | 115 | 322 27.0
T Q
= a
5 2 Bottom 36.9 12.6 11.0 39.5 318 98.7% 70 ppm 790 0.42
£ X | Average 38.2 13.6 10.8 37.4 29.8
o
Standard 35 0.9 08 46 25
deviation
Top 32.5 13,5 13.5 405 25.3
2 M Middle 31.9 13.0 14.0 411 25.9
T L
= Q
5 Bottom 31.7 125 13.9 419 30.3 99.1% 60 ppm 811 0.44
£ % | Average 32.0 13.0 13.8 41.2 27.2
(@]
Standard 0.4 05 03 07 27
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Industrial Applicability
[0065]

According to the present embodiment, a stable film deposition rate with
less fluctuation over the target life can be maintained in the sputtering film-

deposition of the tungsten layer.
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1. A tungsten sputtering target, wherein an area ratio of crystal grains having any
of {100}, {110} and {111} planes oriented to a sputtering surface is 30% or less for any of
the orientation planes, and an area ratio in total of crystal grains having orientation planes
oriented to the sputtering surface other than {100}, {110} and {111} planes is 46% or more,
the area ratio being obtained by an analysis of a cross section perpendicular to the
sputtering surface with an inverse pole figure mapping using electron backscatter
diffraction, and

wherein the area ratio of {100} is in a range of 10.2+3%, the area ratio of {110} is in a
range of 20.4+3%, and the area ratio of {111} is in a range of 13.6+3%, and the area ratio
of the other crystal grains is 55.7%+9%.

2. The sputtering target according to claim 1, wherein a relative density is 99.0%
or higher.
3. The tungsten sputtering target according to claim 1 or 2, wherein a standard

deviation of the area ratio of crystal grains having any of {100}, {110} and {111} planes
oriented to the sputtering surface is 3% or smaller for any of the orientation planes.

4, The tungsten sputtering target according to any one of 1 to 3, wherein a
standard deviation of the area ratio in total of crystal grains having orientation planes
oriented to the sputtering surface other than {100}, {110} and {111} planes is 3% or

smaller.

5. The tungsten sputtering target according to any one of claims 1 to 4, wherein
an average crystal grain size on the sputtering surface is 50 um or smaller.

6. The tungsten sputtering target according to any one of claims 1 to 5, wherein a
standard deviation of an average crystal grain size on the sputtering surface is 3% or

smaller.

7. The tungsten sputtering target according to any one of claims 1 to 6, wherein
an oxygen content is 50 wtppm or less.



