
DESCRIPTION  SINTERED SPUTTERING TARGET MADE OF
REFRACTORY METALS 5 TECHNICAL FIELD The present
invention relates to a sintered sputtering target
containing two  or more types of refractory metals
which is capable of improving the target  structure to
prevent the dropout of metal particles other than the
matrix-forming 10 major component, and improving the
deposition quality by eliminating the  generation of
arcing and particles in sputtering. BACKGROUND ART 15
Since ruthenium (Ru), rhodium (Rh) and iridium (Ir) as
refractory metals  have superior thermal stability,
and also possess superior low resistivity and  barrier
properties, they are attracting attention as a
deposition material of  semiconductor devices, and
particularly as a gate electrode material and various
diffusion barrier materials. 20 Although ruthenium
(Ru), rhodium (Rh) and iridium (Ir) are sometimes
used independently as a thin film or as a target
material for forming such a thin  film, there is a
problem in that the wettability during the plating
process is inferior. Thus, in order to overcome this
drawback, proposals have been made to  add other
metals (in particular refractory metals) to the three
metals of ruthenium  25 (Ru), rhodium (Rh) and iridium
(Ir). The well known sputtering method is generally
used as the means for  forming a thin film. A radio
frequency (RF) sputtering device is used as the
sputtering method. The manufacture of an alloy target
of the foregoing  composition is essential when
performing sputtering. In addition, improving the 30
target quality is extremely important in order to
improve the deposition quality.  1 Although the method
of melting and plastic working can be considered  when
manufacturing a target by adding a refractory metal to
ruthenium (Ru),  rhodium (Rh) or iridium (Ir) as the
refractory metal, since ruthenium, rhodium,  and
iridium have high melting points and are fragile
materials, the melter is 5 extremely expensive and
plastic working also requires special skills. Thus,
there is a problem in that the manufacturing cost
becomes high. 



In view of the above, it is suitable to use the
sintering method for  manufacturing a target.
Nevertheless, even when manufacturing a sintered
compact from two or more types of refractory metals,
it is not necessarily easy to  10 improve the quality
of the target. If the content of alloy elements as the
minor component in ruthenium (Ru),  rhodium (Rh) or
iridium (Ir) as the refractory metal is low, then this
will not  become a significant problem. Nevertheless,
if the additive amount of alloy to  become the minor
component is increased, metals as the minor component
will 15 exist in dots (island shape) in the structure
(matrix component) as the major  component, and these
will drop out in sputtering and generate particles.
Since holes are formed after the dropout and irregular
edges are formed in  the vicinity of such holes, these
will cause the generation of abnormal discharge  in
sputtering, and cause a problem of generating even
more particles. In order 20 to improve the quality of
deposition, there are strong demands for eliminating
the  generation of such particles. Gas components or
other impurities existing in the target are also
easily  collected at the interface of the structure,
and the existence of these impurities  also causes the
generation of arcing and particles in sputtering.
Thus, there is 25 a problem in that the sintering
density will deteriorate and weaken the target
strength and lower the deposition quality. Although
the following explanation does not directly relate to
the target of  the present invention, proposals
concerning measures for preventing the  generation of
particles and cracks in the target (improvement of
bending strength) 30 that have been made in connection
with refractory metal targets are now explained  2 for
reference. A molybdenum-tungsten target having a
bending strength of 750Mpa  composed primarily of
molybdenum and tungsten, wherein the structure is
achieved by sintering molybdenum particles and
tungsten particles with a diffusion  5 bonding
distance of 1.0pm or less (refer to Patent Document
1). A manufacturing method of a tungsten-titanium
target material for  preventing the generation of
particles and which is used for obtaining a sintered  



compact having an average grain size of 50m or less,
wherein mixed powder of  tungsten powder and titanium
powder is subject to pressure sintering at 1500 to 10
1700C, and comprising a structure composed of a
titanium-tungsten alloy phase,  a tungsten phase, and
a titanium phase having an area ratio of 20% or
greater in  the target cross section (refer to Patent
Document 2). A Ta target for forming a barrier film
capable of preventing the generation of  particles
obtained by sintering one or two or more types of
powder (C, B, Ir, W, Ge,  15 Ce02, RuO2) of 49at% or
less and Ta powder of 51 at% or more (refer to Patent
Document 3). [Patent Document 1] Japanese Patent
Laid-Open Publication No.H11-36067  [Patent Document
2] Japanese Patent Laid-Open Publication No.H5-156384
20 [Patent Document 3] Japanese Patent Laid-Open
Publication No.2000-355761  DISCLOSURE OF THE
INVENTION The present invention was devised in view of
the foregoing points, and  25 proposes a sintered
sputtering target of refractory metals that is able to
improve  the target structure for preventing the
dropout of metal particles other than the
matrix-forming major component, improve the deposition
quality as well as the  workability of the target by
reducing impurities such as gas components,  enhancing
the density and eliminating the generation of arcing
and particles in  30 sputtering. 3 In order to achieve
the foregoing object, the present inventors discovered
that an alloy target for sputtering with ruthenium,
rhodium, or iridium as its major  component and having
superior deposition characteristics in comparison to
conventional art can be obtained by adding an minor
component of refractory 5 metals at less than 50at%
selected from one or more types among W, Ta and Hf to
a major component of at least one or more types
selected from Ru, Rh and Ir,  preventing the dropout
of particles, reducing the impurity content of gas
components and the like, and additionally enhancing
the density by improving  and devising the target
structure. 10 Based on the foregoing discovery, the
present invention provides a sintered  sputtering
target of refractory metals composed of one or more
types of minor  



components selected from W, Ta and Hf at less than
50at% and at least one or  more major components as
the remainder selected from Ru, Rh and Ir, wherein
the metal structure of the major component comprises a
granular minor 15 component metal phase, or an alloy
phase or a compound phase of the major  and the minor
component having an average grain size of 100m to
500m. The sintered sputtering target composed of
refractory metals of the  present invention is
composed of at least one or more major components
selected from Ru, Rh and Ir. These refractory metals
may be independent or 20 compound materials, but the
total amount thereof shall be 50at% or greater as  the
major component. Since these refractory metals have
superior thermal stability, and also  possess superior
low resistivity and barrier properties, they are
useful as a  deposition material of semiconductor
devices, and particularly as a gate 25 electrode
material and various diffusion barrier materials.
Desirably, the metal  structure composed of Ru, Rh or
Ir as the matrix comprises a roughly uniform  average
grain size of 10 to 30m. Although this is not an
"essential" constituent  feature of the present
invention, this is effective in reducing the
generation or  arcing and particles in sputtering, and
is a preferable mode since the uniformity  30 of the
sputtered film structure can be improved. 4 3  W, Ta
or Hf as the minor component is added in the amount of
5at% or more and less than 50at%. Here, this may be an
independent addition or an  addition of two or more
types of minor components. The additive amount may  be
arbitrarily selected according to the purpose of use.
These minor 5 components are effective in improving
the plating wettability of a thin film  composed of
refractory metals with Ru, Rh or Ir as the major
component. The  reason why the amount of minor
components is made to be 5at% or more is  because the
additive effect cannot be yielded if it is less than
that amount.  Meanwhile, the maximum additive amount
of minor components is less than  10 5Oat% from the
restriction as an minor component. The issue is the
existence form of these minor components in the
target.  



The metal phase (including an alloy phase or compound
phase) as these minor  components exists as grains in
the metal structure as the matrix. The term  "grains"
as used herein means the independent, combined or
composite shape in 15 the form of flakes, globular
substances, corded substances or other shapes, and  it
should be understood that there is no particular
limitation regarding this shape.  These grains as the
minor component are composed of a granular minor
component metal phase, or an alloy phase or a compound
phase of a major  component and an minor component
having an average grain size of 100Nm to  20 500pm.
These grains are scattered in the form of particles in
the metal structure composed of major components. The
term "scattered" as used herein  refers to a state
where the grains exist almost independently and
scattered over  the matrix. This existence form is
extremely important. If numerous minor  25 component
particles that are less than 1 OOpm exist in the metal
structure, there  is a problem in that such fine
particles will flake in sputtering. In other words,
the smaller the minor component particles existing in
the matrix, the bonding with  the matrix will be
shallow and weak, and it becomes more likely that the
particles  will fall off (drop out) from the
peripheral metal structure. Contrarily, if the grain
30 size is large, it is less likely for this to
happen. 5 Meanwhile, if the number of grains that
exceed 500pm increases,  segregation of the minor
component in relation to the major component will
become noticeable, and it is desirable that the grain
size is 500/Im or less in  order to achieve uniform
deposition. In particular, it is desirable to comprise
a 5 granular minor component metal phase, or an alloy
phase or a compound phase  of the major and the minor
component of 100/pm to 300/im. These refractory metals
as the minor component are exposed to heat  during
sintering and more or less form an alloy phase or a
compound phase with  the peripheral refractory metals
as the major component. 10 In this case, the alloy
phase or compound phase functions to strengthen  the
bonding of the particles as the minor component with
the refractory metals of  the peripheral matrix.
Therefore, the existence of such alloy phase or  



compound phase is useful in preventing the flaking of
minor component particles. In particular, desirably,
the periphery of the granular minor component  15
metal phase comprises an alloy phase or a compound
phase of the major and  the minor component having an
average width of 5m to 50m. More  preferably, the
periphery of the granular minor component metal phase
comprises an alloy phase or a compound phase of the
major and the minor  component having an average width
of 5pm to 100pm, and most preferably, the 20 periphery
of the granular minor component metal phase comprises
an alloy  phase or a compound phase of the major and
the minor component having an  average width of 5m to
200/.rm. Meanwhile, since the alloy phase or compound
phase is hard to begin with,  if there is a large
quantity thereof the workability sometimes
deteriorates, and,  25 although this also depends on
the combination of the refractory metals, it is
desirable that the upper limit is 200Nm or less. The
present invention also provides a sintered sputtering
target composed  of the foregoing refractory metals
wherein, as gas component impurities, the  oxygen
content is 300wtppm or less and the carbon content is
100wtppm or less. 30 The present invention
additionally provides a sintered sputtering target  6
Ez  {  composed of the foregoing refractory metals
wherein the total amount of impurity content excluding
gas components is 100wtppm or less. Although this is
not an "essential" constituent feature of the present
invention, this is effective in reducing the
generation of arcing or particles in  5 sputtering,
and is a preferable mode since the uniformity of the
sputtered film structure can be improved. Thus, it is
a preferable mode to simultaneously  reduce gas
components and other impurities. With the sintered
sputtering target composed of refractory metals
according to the present invention, desirably the
relative density is 98% or higher,  10 and voids of
100um or greater do not exist. The existence of voids
is directly related to the density, and, with the  



sintered sputtering target composed of refractory
metals, it is possible to prevent  the generation of
cracks in the target and reduce the generation of
particles by  enhancing the density. This is also a
preferred mode, although it is not a  15 primary
(essential) constituent feature of the present
invention. With the sintered sputtering target
composed of refractory metals  according to the
present invention, desirably the variation in the
alloy  composition per 1 cm3 of the target area is 10%
or less. It is difficult to obtain a  target material
in a completely solid solution state since the present
invention is 20 a sintered compact composed of two or
more types of refractory metals.  Nevertheless, in
order to secure the uniformity of the target as much
as possible,  it is desirable to keep the variation in
the alloy composition to be 10% or less.  This is also
a preferred mode, although it is not a primary
(essential) constituent  feature of the present
invention. 25 As the result of the above, the sintered
sputtering target composed of  refractory metals
according to the present invention yields a superior
effect of  being able to improve the target structure
for preventing the dropout of metal  particles other
than the matrix-forming major component, improve the
deposition  quality as well as the workability of the
target by reducing impurities such as gas 30
components, enhancing the density and eliminating the
generation of arcing and  7 particles in sputtering.
DESCRIPTION OF DRAWINGS 5 Fig. 1 is a diagram showing
the structure of the refractory metal target of
Example 1-2. BEST MODE FOR CARRYING OUT THE INVENTION
10 The high melting point alloy sputtering target
composed of ruthenium (Ru)  alloy, rhodium (Rh) alloy,
or iridium (Ir) alloy is obtained by mixing one or
more  types of ruthenium powder, rhodium powder and
iridium powder with metal  powder composed from one or
more types of minor components among tungsten  (W),
tantalum (Ta) and hafnium (Hf) in a total amount of
less than 50at%, and  15 sintering this mixed powder.
The film obtained by sputtering this target is useful
as a deposition  



material of a semiconductor device, particularly as a
gate electrode material and  various diffusion barrier
materials. The present invention, however, is not
limited to these uses, and it should be obviously
understood that this invention 20 can be applied to
materials of other uses, and are covered by this
invention.  Generally speaking, the grain size of the
sintered powder is reflected on  the structure after
sintering, and it is necessary to control the grain
size at the  stage of the raw material powder. If the
powder is refined excessively, the  powder will absorb
oxygen and it will become difficult to realize a low
oxygen 25 content. Thus, from this perspective also,
it is desirable to avoid using  excessively fine
powder. The size of the raw material powder will
affect the refinement of the minor  component phase;
that is, the existence of large amounts of fine
particles in the  target will cause the generation of
particles, and it is therefore necessary to 30 control
the size of the sintered raw material that will affect
the structure of the  8 sintered target to be of a
certain level. As a specific manufacturing method of
the sintered compact target  composed of refractory
metals according to the present invention, for
instance,  commercially available 4N grade (purity of
99.99%) ruthenium powder, rhodium 5 powder or iridium
powder (each a low oxygen product) is introduced into
an  ultrahigh vacuum chamber, and the ruthenium powder
is heated via high output  infrared lamp heating or
microwave heating in order to eliminate oxygen. The
powder temperature is approximately 1100 to 1300C.
This is because if the  temperature is not 1100C or
higher, oxygen cannot be separated sufficiently. 10
This heating is performed so that the ruthenium
powder, rhodium powder  or iridium powder will not
bond with each other and deteriorate the
sinterability,  and the reason lamp heating or
microwave heating is performed is so that the  powder
can be cooled to room temperature quickly. After the
sufficient  discharge of oxygen has been confirmed
with the oxygen monitor connected to  15 the chamber,
the heating is stopped and quenching is commenced.
Subsequently, argon gas is introduced and the
foregoing ruthenium  powder, rhodium powder or iridium
powder is sealed in a container, and then 4N  



grade (purity of 99.99wt%) tungsten powder, tantalum
powder or hafnium powder  is mixed thereto. 20 Each of
the tungsten powder, tantalum powder or hafnium powder
is  obtained by pulverizing the EB ingot of each metal
through repeated  hydrogenation and dehydrogenation.
This mixed powder is subject to deoxidation treatment
at 1100C once  again, hot pressed in a vacuum at a
temperature of 1300 to 1800C, and then  25 subject to
hot isostatic press treatment in order to create a
sintered compact. This is further subject to finishing
(machining or the like) to obtain the intended  target
shape. The obtained ruthenium alloy, rhodium alloy or
iridium alloy-sintered  sputtering target has a purity
of 99.99wt% or higher excluding gas components.  30 A
granular minor component metal phase, or an alloy
phase or a  9 compound phase of the major and the
minor component having an average grain  size of
1001.im to 500pm can be scattered in the metal
structure composed of  major components by selecting
the grain size of the powder and adjusting and
selecting the sintering conditions (temperature and
welding pressure). In 5 addition, the elimination of
gas components can be achieved by adopting a  method
of eliminating gas components under conditions where
oxygen and  carbon will not get mixed in. [Examples]
The present invention is now explained in detail with
reference to the  10 Examples. These Examples are
merely illustrative, and the present invention shall
not be limited thereby. In other words, various
modifications and other  embodiments based on the
technical spirit claimed in the claims shall be
included  in the present invention as a matter of
course. (Example 1, Example 2, Example 3) 15
Commercially available 4N grade ruthenium powder (low
oxygen product)  was introduced into an ultrahigh
vacuum chamber, and the ruthenium powder  was subject
to high output infrared lamp heating in order to
eliminate oxygen.  The oxygen concentration of the raw
material Ru powder was 1200ppm, and the  



grain size was 1.5m. The temperature of the powder was
approximately 20 1200C. Heating was stopped after
using an oxygen monitor connected to the  chamber to
confirm that oxygen was sufficiently discharged, and
the ruthenium  powder was thereafter quenched and
cooled to room temperature. Subsequently, the
ruthenium power was placed in a container, argon gas
was introduced therein, an EB (electron beam) melted
ingot was pulverized  25 through repeated
hydrogenation and dehydrogenation, and 4N grade
tungsten powder, tantalum powder, and hafnium powder
classified into 35 mesh to 200  mesh were changed to
respectively be an additive amount of 5at%, 15at%, and
3Oat%, and then mixed with the ruthenium powder. The
oxygen concentration  of the tungsten raw material
powder was 2Oppm, the oxygen concentration of the 30
tantalum raw material powder was 8Oppm, and the oxygen
concentration of the  10 hafnium raw material powder
was 130ppm. The mixed powders were subject to
deoxidation treatment at 1100C once  again, hot
pressed in a vacuum at 1600C, and further subject to
hot isostatic  press treatment in order to prepare a
sintered compact. The results are shown  5 in Table 1.
As shown in Table 1, the additive amounts of tungsten
shown in Example  1, tantalum shown in Example 2, and
hafnium shown in Example 3 were  respectively changed
to 5at%, 15at%, and 30at%. Consequently, the density
of  the sintered compacts was in the range of 99.1 to
99.8%, and all exceeded 99%. 10 In addition, the
oxygen concentration was in the range of 40 to
220wtppm,  and a low oxygen content was achieved. The
average grain size of the  ruthenium matrix structure
as the major component was in the range of 8 to  22um.
The average grain sizes of the granular minor
component metal phase,  or the alloy phase or compound
phase of the major and the minor component 15
(hereinafter referred to as the "minor component metal
phase") of particular  importance all satisfied the
conditions of the present invention. As shown in Fig.
1, the metal phases composed of the granular minor
component were evenly scattered. Fig. 1 is a diagram
showing the structure of  the refractory metal target
of Example 1-2 described below. 



20 In Examples 1 to 3, the density of all targets was
within the range of  98wt% or higher, and the oxygen
content was within the range of 40 to  220wtppm. In
Example 1-1 (Indicated as "Ex. 1-1" in Table 1;
hereinafter the same),  the size of the W metal phase
composed of the granular minor component was  25 147m,
and an alloy phase (alloy phase of major and minor
component) or a compound phase having an average
thickness of 60/um was formed at the  periphery of the
minor component metal phase. Consequently, a superior
Ru-5at% W target with superior workability, no
generation of arcing, and generation of particles at 3
x 10-3 particles/cm2 was  30 obtained. 11
Incidentally, in cases where the average width of the
alloy phase or the  compound phase was 5m or less or
not formed at all, although these cases are  not
illustrated as examples, the generation of particles
tended to increase slightly.  However, the amount of
increase was minimal, and was not at a problematic  5
level. Although the existence of the alloy phase or
the compound phase of the  major component formed at
the periphery of the granular minor component is a
more preferable mode, it has been confirmed that the
size of the overall granular  minor component is
subject to the greatest influence. The following
Examples 10 showed the same tendency. Thus, below, the
explanation will be omitted for  cases where the
average width of the alloy phase or the compound phase
formed at the periphery of the minor component metal
phase is 5m or less. In Example 1-2, the size of the W
metal phase composed of the granular  minor component
was 133um, and an alloy phase (alloy phase of major
and  15 minor component) or a compound phase having an
average thickness of 52m  was formed at the periphery
of the minor component metal phase. Consequently, a
superior Ru-15at% W target with superior workability,
no  generation of arcing, and generation of particles
at 4 x 10-3 particles/cm2 was  obtained. 20 In Example
1-3, the size of the W metal phase composed of the
granular  



minor component was 139m, and an alloy phase (alloy
phase of major and  minor component) or a compound
phase having an average thickness of 56m  was formed
at the periphery of the minor component metal phase.
Consequently, a favorable Ru-3Oat% W target with
favorable workability,  25 no generation of arcing,
and generation of particles at 9 x 10'3 particles/cm2
was  obtained. In Example 2-1, the size of the Ta
metal phase composed of the granular  minor component
was 124m, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 48m 30 was formed at the periphery of the
minor component Ta metal phase.  12 {  }
Consequently, a superior Ru-5at% Ta target with
superior workability, no generation of arcing, and
generation of particles at 4 x 10-3 particles/cm2 was
obtained. In Example 2-2, the size of the Ta metal
phase composed of the granular  5 minor component was
131pm, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 39m  was formed at the periphery of the
minor component Ta metal phase.  Consequently, a
superior Ru-15at% Ta target with favorable
workability, no  generation of arcing, and generation
of particles at 9 x 10"3 particles/cm2 was  10
obtained. In Example 2-3, the size of the Ta metal
phase composed of the granular  minor component was
118pm, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 30Pm  was formed at the periphery of the
minor component Ta metal phase. 15 Consequently, a
favorable Ru-30at% Ta target with favorable
workability, no  generation of arcing, and generation
of particles at 4 x 10-3 particles/cm2 was  obtained.
In Example 3-1, the size of the Hf metal phase
composed of the granular  minor component was 185m,
and an alloy phase (alloy phase of major and  



20 minor component) or a compound phase of an average
thickness of 9pm was formed at the periphery of the
minor component Hf metal phase. Consequently,  a
superior Ru-5at% Hf target with favorable workability,
no generation of arcing,  and generation of particles
at 10 x 10-3 particles/cm2 was obtained. In Example
3-2, the size of the Hf metal phase composed of the
granular  25 minor component was 192m, and an alloy
phase (alloy phase of major and  minor component) or a
compound phase of an average thickness of 10pm was
formed at the periphery of the minor component Hf
metal phase. Consequently,  a superior Ru-15at% Hf
target with favorable workability, no generation of
arcing,  and generation of particles at 13 x 10-3
particles/cm2 was obtained. 30 In Example 3-3, the
size of the Hf metal phase composed of the granular
13 minor component was 210m, and an alloy phase (alloy
phase of major and  minor component) or a compound
phase having an average thickness of 1111m  was formed
at the periphery of the minor component Hf metal
phase.  Consequently, a favorable Ru-30at% Hf target
with favorable workability, no 5 generation of arcing,
and generation of particles at 14 x 10"3 particles/cm2
was  obtained. The foregoing results are shown in
Table 1. The term "average grain size  of minor
component phase" in Table 1 shall mean the average
grain size of  particles including the overall "minor
component metal phase, or the alloy phase 10 or
compound phase of the major and minor component." This
also applies to  Table 2 and Table 3. [Table 1] iMe'or
Additive Average Size of Component Additive Amount
Minor Component Workability Arcing ~x 103pcs/cmz)
(at%) Metal Phase(R m) Ext-I 5 147 O NO 3  Example?
ExI-2 W 15 133 (c) NO 4  Ex1-3 30 139 0 NO 9  Ex2-1 5
124 (D NO 4 Example Ru Example2 Ex2-2 T. 15 131 0 NO 9



Ex2-3 30 118 0 NO 4  Ex3-7 h3O 185 0 NO 10 Example3
Ex3-2 H192 0 NO 13  Ex3-3 210 0 NO 14  Comparative 5
90 O NO 21  Ex.1-1 Comparative Comparative W 15 72 0
NO 32  E>amplel Ex1-2 Comparative 30 61 x Exl-3 YES 47
Comparative 5 53 YES 49 IAI Ex2-1 Comparative Ru
Comparative Comparative Ta 15 64 x YES 58  Example
Example2 Ex2-2 Comparative 30 33 x YES 89  Ex2-3
Comparative 5 26 x YES 52  Ex3-1 Comparative
Comparative Hf 15 16 x YES 69  Erample3 Ex3-2
Comparative 30 11 x YES 84  Ex3-3 14 (Comparative
Example 1, Comparative Example 2, Comparative Example
3)  Mixed powders were prepared as with the foregoing
Examples 1 to 3. However, the tungsten powder, the
tantalum powder, and the hafnium powder  were
classified into 200mesh or less and used. The mixed
powders were hot  5 pressed in a vacuum at 1600C, and
further subject to hot isostatic press treatment in
order to prepare a sintered compact. The results are
shown in  Table 1. As shown in Table 1, the additive
amounts of tungsten shown in  Comparative Example 1,
tantalum shown in Comparative Example 2, and  10
hafnium shown in Comparative Example 3 were
respectively changed to 5at%, 



15at%, and 30at%. Consequently, the density of the
sintered compacts was in  the range of 98.3 to 99.6%,
and all exceeded 98%. The oxygen concentration was
within the range of 350 to 1960wtppm, and  the oxygen
content was fairly high. The average grain size of the
ruthenium  15 matrix structure as the major component
was in the range of 6 to 21pm. The average grain sizes
of the granular minor component metal phase, or the
alloy  phase or compound phase of the major and the
minor component (hereinafter  referred to as the
"minor component metal phase") of particular
importance were  small, and none satisfied the
conditions of the present invention. 20 As described
above, with the Comparative Examples 1 to 3, the
density of  all targets was in the range of 98wt% or
higher, the oxygen content was in the  range of 350 to
1960wtppm, and the oxygen content was high. In
Comparative Example 1-1 (Indicated as "Comparative Ex.
1-1" in Table  1; hereinafter the same), the size of
the W metal phase composed of the  25 granular minor
component was 901-im, and did not satisfy the
condition of the present invention. Moreover, an alloy
phase (alloy phase of major and minor  component) or a
compound phase having an average thickness of 35pm was
slightly formed at the periphery of the minor
component metal phase.  Consequently, an inferior
Ru-5at% W target in comparison to the Examples 30
having favorable workability, no generation of arcing,
but with generation of  15 particles at 21 x 10"3
particles/cm2 was obtained. Incidentally, in cases
where the average width of the alloy phase or the
compound phase was 5m or less or not formed at all,
although these cases are  not illustrated as examples,
the generation of particles tended to increase
slightly. 5 The following Comparative Examples showed
the same tendency. Thus, below,  the explanation will
be omitted for cases where the average width of the
alloy  phase or the compound phase formed at the
periphery of the minor component  metal phase is 5m or
less. In Comparative Example 1-2, the size of the W
metal phase composed of  10 the granular minor
component was 72m, and did not satisfy the condition
of the  present invention. Moreover, although an alloy
phase (alloy phase of major and  



minor component) or a compound phase having an average
thickness of 28m  was formed at the periphery of the
minor component metal phase, an inferior Ru- 15at% W
target in comparison to the Examples having inferior
workability, no 15 generation of arcing, but with
generation of particles at 32 x 10'3 particles/cm2
was obtained. In Comparative Example 1-3, the size of
the W metal phase composed of  the granular minor
component was 61m, and did not satisfy the condition
of the  present invention, Moreover, although an alloy
phase (alloy phase of major and 20 minor component) or
a compound phase having an average thickness of 24m
was formed at the periphery of the minor component
metal phase, the workability  was inferior. An
inferior Ru-30at% W target in comparison to the
Examples  having generation of arcing, and with
increased generation of particles at 47 x  10-3
particles/cm2 was obtained. 25 In Comparative Example
2-1, the size of the Ta metal phase composed of  the
granular minor component was 53m, and did not satisfy
the condition of the  present invention. Moreover,
although an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 15m  was slightly formed at the periphery
of the minor component Ta metal phase, an 30 inferior
Ru-5at% Ta target in comparison to the Examples having
unfavorable  16 workability, with generation of
arcing, and generation of particles at 49 x 10"3
particles/cm2 was obtained. In Comparative Example
2-2, the size of the Ta metal phase composed of  the
granular minor component was 64m, and did not satisfy
the condition of the  5 present invention. Moreover,
although an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 18m  was slightly formed at the periphery
of the minor component Ta metal phase, an  inferior
Ru-15at% Ta target in comparison to the Examples
having unfavorable  workability, with generation of
arcing, and generation of particles at 58 x 10-3  10
particles/cm2 was obtained. In Comparative Example
2-3, the size of the Ta metal phase composed of  the
granular minor component was 33m, and did not satisfy
the condition of the  



present invention. Moreover, although an alloy phase
(alloy phase of major and  minor component) or a
compound phase having an average thickness of 9m 15
was slightly formed at the periphery of the minor
component Ta metal phase, an  inferior Ru-30at% Ta
target in comparison to the Examples having
unfavorable  workability, with generation of arcing,
and significant generation of particles at 89  x 10-3
was obtained. In Comparative Example 3-1, the size of
the Hf metal phase composed of  20 the granular minor
component was 26m, and did not satisfy the condition
of the  present invention. Moreover, although an alloy
phase (alloy phase of major and  minor component) or a
compound phase having an average thickness of 1m  was
slightly formed at the periphery of the minor
component Hf metal phase, an  inferior Ru-5at% Hf
target in comparison to the Examples having
unfavorable 25 workability, with generation of arcing,
and immense generation of particles at 52  x 10-3
particles/cm2 was obtained. In Comparative Example
3-2, the size of the Hf metal phase composed of  the
granular minor component was 16m, and did not satisfy
the condition of the  present invention. Moreover,
although an alloy phase (alloy phase of major and 30
minor component) or a compound phase having an average
thickness of 16m  17 was slightly formed at the
periphery of the minor component Hf metal phase, an
inferior Ru-15at% Hf target in comparison to the
Examples having unfavorable  workability, with
generation of arcing, and immense generation of
particles at 69  X 10-3 particles/cm2 was obtained. 5
In Comparative Example 3-3, the size of the Hf metal
phase composed of  the granular minor component was
11m, and did not satisfy the condition of the  present
invention. Moreover, although an alloy phase (alloy
phase of major and  minor component) or a compound
phase having an average thickness of 1m  was slightly
formed at the periphery of the minor component Hf
metal phase, an 10 inferior Ru-3Oat% Hf target in
comparison to the Examples having unfavorable
workability, with generation of arcing, and abnormal
generation of particles at 84  X 10-3 particles/cm2
was obtained. The results of Comparative Example 1 to
Comparative Example 3 are  



similarly shown in Table 1. 15 (Example 4, Example 5,
Example 6) Commercially available 4N grade rhodium
powder (low oxygen product:  Rh) was introduced into
an ultrahigh vacuum chamber, and the Rh powder was
subject to high output infrared lamp heating in order
to eliminate oxygen. The  oxygen concentration of the
raw material Rh powder was 900ppm, and the grain 20
size was 2.2m. The temperature of the powder was
approximately 1200C.  Heating was stopped after using
an oxygen monitor connected to the chamber to  confirm
that oxygen was sufficiently discharged, and the
ruthenium powder was  thereafter quenched and cooled
to room temperature. Subsequently, the rhodium power
was placed in a container, argon gas  25 was
introduced therein, an EB (electron beam) melted
tantalum ingot was  pulverized through repeated
hydrogenation and dehydrogenation, and 4N grade
tungsten powder, tantalum powder, and hafnium powder
classified into 50 mesh  to 200 mesh were changed to
respectively be an additive amount of 5at%, 15at%,
and 3Oat%, and then mixed with the rhodium powder. The
oxygen 30 concentration of the tungsten raw material
powder was 20ppm, the oxygen  18 concentration of the
tantalum raw material powder was 8Oppm, and the oxygen
concentration of the hafnium raw material powder was
13oppm. The mixed powders were subject to deoxidation
treatment at 1100C once  again, hot pressed in a
vacuum at 1600C, and further subject to hot isostatic
5 press treatment in order to prepare a sintered
compact. The results are shown  in Table 2. As shown
in Table 2, the additive amounts of tungsten shown in
Example  4, tantalum shown in Example 5, and hafnium
shown in Example 6 were  respectively changed to 5at%,
15at%, and 3Oat%. Consequently, the density of 10 the
sintered compacts was in the range of 98.0 to 99.8%,
and all exceeded 98%.  In addition, the oxygen
concentration was in the range of 40 to 26owtppm,  and
a low oxygen content was achieved. The average grain
size of the rhodium  matrix structure as the major
component was in the range of 13 to 34m. The average
grain sizes of the granular minor component metal
phase, or  



15 the alloy phase or compound phase of the major and
the minor component  (hereinafter referred to as the
"minor component metal phase") of particular
importance all satisfied the conditions of the present
invention. The metal  phases composed of the granular
minor component were evenly scattered in the
structure (matrix) as the major component. 20 As
described above, in Examples 4 to 6, the density of
all targets was  within the range of 98wt% or higher
(excluding gas components and other  impurities), and
the oxygen content was within the range of 40 to
26Owtppm. In Example 4-1 (Indicated as "Ex. 4-1" in
Table 2; hereinafter the same),  the size of the W
metal phase composed of the granular minor component
was  25 138m, and an alloy phase (alloy phase of major
and minor component) or a compound phase having an
average thickness of 27m was formed at the  periphery
of the minor component metal phase. Consequently, a
superior Rh- 5at% W target with superior workability,
no generation of arcing, and generation  of particles
at 6 x 10,3 particles/cm2 was obtained. 30
Incidentally, in cases where the average width of the
alloy phase or the  19 compound phase was 5pm or less
or not formed at all, although these cases are  not
illustrated as examples, the generation of particles
tended to increase slightly.  However, the amount of
increase was minimal, and was not at a problematic
level. 5 Although the existence of the alloy phase or
the compound phase of the  major component formed at
the periphery of the granular minor component is a
more preferable mode, it has been confirmed that the
size of the overall granular  minor component is
subject to the greatest influence. The following
Examples  showed the same tendency. Thus, below, the
explanation will be omitted for 10 cases where the
average width of the alloy phase or the compound phase
formed at the periphery of the minor component metal
phase is 5m or less. In Example 4-2, the size of the W
metal phase composed of the granular  minor component
was 130pm, and an alloy phase (alloy phase of major
and  minor component) or a compound phase having an
average thickness of 26/am 15 was formed at the
periphery of the minor component metal phase.  



Consequently, a superior Rh-15at% W target with
superior workability, no  generation of arcing, and
generation of particles at 7 x 10-3 particles/cm2 was
obtained. In Example 4-3, the size of the W metal
phase composed of the granular  20 minor component was
130m, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 25pm  was formed at the periphery of the
minor component metal phase.  Consequently, a
favorable Rh-30at% W target with superior workability,
no  generation of arcing, and generation of particles
at 12 x 10"3 particles/cm2 was  25 obtained. In
Example 5-1, the size of the Ta metal phase composed
of the granular  minor component was 136pm, and an
alloy phase (alloy phase of major and  minor
component) or a compound phase having an average
thickness of 30Pm  was formed at the periphery of the
minor component metal phase. 30 Consequently, a
superior Rh-5at% Ta target with superior workability,
no  20 generation of arcing, and generation of
particles at 3 x 10-3 particles/cm2 was  obtained. In
Example 5-2, the size of the Ta metal phase composed
of the granular  minor component was 118m, and an
alloy phase (alloy phase of major and  5 minor
component) or a compound phase having an average
thickness of 22m was formed at the periphery of the
minor component metal phase.  Consequently, a superior
Rh-15at% Ta target with favorable workability, no
generation of arcing, and generation of particles at 4
x 10"3 particles/cm2 was  obtained. 10 In Example 5-3,
the size of the Ta metal phase composed of the
granular  minor component was 169pm, and an alloy
phase (alloy phase of major and  minor component) or a
compound phase having an average thickness of 30m  was
formed at the periphery of the minor component metal
phase,  Consequently, a favorable Rh-30at% Ta target
with favorable workability, no 15 generation of
arcing, and generation of particles at 9 x 10-3
particles/cm2 was  obtained. 



In Example 6-1, the size of the Hf metal phase
composed of the granular  minor component was 209frm,
and an alloy phase (alloy phase of major and  minor
component) or a compound phase having an average
thickness of 10pm 20 was formed at the periphery of
the minor component metal phase.  Consequently, a
superior Rh-5at% Hf target with favorable workability,
no  generation of arcing, and generation of particles
at 6 x 10"3 particles/cm2 was  obtained. In Example
6-2, the size of the Hf metal phase composed of the
granular  25 minor component was 162pm, and an alloy
phase (alloy phase of major and  minor component) or a
compound phase having an average thickness of 8pm  was
formed at the periphery of the minor component metal
phase.  Consequently, a superior Rh-15at% Hf target
with favorable workability, no  generation of arcing,
and generation of particles at 9 x 10"3 particles/cm2
was  30 obtained. 21 In Example 6-3, the size of the
Hf metal phase composed of the granular  minor
component was 208pm, and an alloy phase (alloy phase
of major and  minor component) or a compound phase
having an average thickness of 9pm  was formed at the
periphery of the minor component metal phase. 5
Consequently, a favorable Rh-30at% Hf target with
favorable workability, no  generation of arcing, and
generation of particles at 14 x 10-3 particles/cm2 was
obtained. The foregoing results are shown in Table 2.
10 [Table 2] Additive Average Size of Major Additive
Amount Ninor Component Workability Arcing Particles e
Component (at%) Metal Phase(a m) (K 10 pcs/cm )  Ex4-1
5 138 NO 6 Exmple4 Ex4-2 W 15 130 NO 7  Ex4-3 30 165
OO NO 12  Ex5-1 5 136 O NO 3 Example Rh Examples Ex5-2
Ta 15 118 OO NO 4  



Ex5-3 30 169 0 NO 9  Ex6-1 5 209 0 NO 6 Example6 Ex6-2
HE 15 162 0 NO 9  Ex6-3 30 208 0 NO 14  Comparative 5
53 o NO 26  Ex4-1 Comparative Comparative W 15 64 0
YES 54  Exmple4 Ex4-2 Comparative 30 32 I YES 57
Ex4-3 Comparative 5 93 A YES 57  Ex5-1 Comparative R
Comparative Comparative To 15 78 A YES 78  Example
Examples Ex5-2 Comparative 30 85 x YES 89  Ex5-3
Compaative 5 44 A YES 65  Ex6-1 Comparative
Comparative Hf 15 21 X YES 67  Exmple6 Ex6-2
Comparative 30 30 X YES 91  Ex6-3 (Comparative Example
4, Comparative Example 5, Comparative Example 6)
Mixed powders were prepared as with the foregoing
Examples 4 to 6.  However, the tungsten powder, the
tantalum powder, and the hafnium powder 15 were
classified into 200mesh or less and used. The mixed
powders were hot  22 pressed in a vacuum at 1600C, and
further subject to hot isostatic press  treatment in
order to prepare a sintered compact. The results are
shown in  Table 2. As shown in Table 2, the additive
amounts of tungsten shown in  5 Comparative Example 4,
tantalum shown in Comparative Example 5, and  



hafnium shown in Comparative Example 6 were
respectively changed to 5at%,  15at%, and 30at%.
Consequently, the density of the sintered compacts was
in  the range of 96.3 to 99.9%, and the addition of Hf
caused a significant decrease  in density, and in
certain cases the density fell below 98%. 10 The
oxygen concentration was within the range of 500 to
2220wtppm, and  the oxygen content was fairly high.
The average grain size of the rhodium  matrix
structure as the major component was in the range of 6
to 28m. The  average grain sizes of the granular minor
component metal phase of particular  importance were
in the range of 21pm to 93m, and were all outside the
scope  15 of the present invention. The details are
described below. As described above, with the
Comparative Examples 4 to 6, the density of  all
targets was in the range of 98wt% or higher, but the
oxygen content was in  the range of 500 to 2220wtppm,
and the oxygen content was high. In Comparative
Example 4-1 (Indicated as "Comparative Ex. 4-1" in
Table  20 2; hereinafter the same), the size of the W
metal phase composed of the  granular minor component
was 53Nm, and did not satisfy the condition of the
present invention. Moreover, although an alloy phase
(alloy phase of major and  minor component) or a
compound phase having an average thickness of 10Nm
was slightly formed at the periphery of the minor
component metal phase, an 25 inferior Rh-5at% W target
in comparison to the Examples having somewhat
favorable workability, no generation of arcing, but
with generation of particles at  26 x 10"3
particles/cm2 was obtained. Incidentally, in cases
where the average width of the alloy phase or the
compound phase was 5m or less or not formed at all,
although these cases are  30 not illustrated as
examples, the generation of particles tended to
increase slightly.  23 The following Comparative
Examples showed the same tendency. Thus, below,  the
explanation will be omitted for cases where the
average width of the alloy  phase or the compound
phase formed at the periphery of the minor component
metal phase is 5m or less. 5 In Comparative Example
4-2, the size of the W metal phase composed of  the
granular minor component was 64m, and did not satisfy
the condition of the  



present invention. Moreover, although an alloy phase
(alloy phase of major and  minor component) or a
compound phase having an average thickness of 12m  was
formed at the periphery of the minor component metal
phase, an inferior Rh 10 15at% W target in comparison
to the Examples having favorable workability, but
with generation of arcing, and generation of particles
at 54 x 10-3 particles/cm2  was obtained. In
Comparative Example 4-3, the size of the W metal phase
composed of  the granular minor component was 64m, and
did not satisfy the condition of the  15 present
invention. Moreover, although an alloy phase (alloy
phase of major and minor component) or a compound
phase having an average thickness of 12m  was formed
at the periphery of the minor component metal phase,
an inferior Rh- 30at% W target in comparison to the
Examples having inferior workability, with  generation
of arcing, and increased generation of particles at 57
x 10"3  20 particles/cm2 was obtained. In Comparative
Example 5-1, the size of the Ta metal phase composed
of  the granular minor component was 93m, and did not
satisfy the condition of the  present invention.
Moreover, although an alloy phase (alloy phase of
major and  minor component) or a compound phase having
an average thickness of 19m 25 was formed at the
periphery of the minor component metal phase, an
inferior Rh- 5at% Ta target in comparison to the
Examples having inferior workability, with  generation
of arcing, and generation of particles at 57 x 10"3
particles/cm2 was  obtained. In Comparative Example
5-2, the size of the Ta metal phase composed of  30
the granular minor component was 78m, and did not
satisfy the condition of the  24 present invention.
Moreover, although an alloy phase (alloy phase of
major and  minor component) or a compound phase having
an average thickness of 14pm  was formed at the
periphery of the minor component metal phase, an
inferior Rh- 15at% Ta target in comparison to the
Examples having inferior workability, with 5
generation of arcing, and generation of particles at
78 x 10x3 particles/cm2 was  obtained. In Comparative
Example 5-3, the size of the Ta metal phase composed
of  



the granular minor component was 85pm, and did not
satisfy the condition of the  present invention.
Moreover, although an alloy phase (alloy phase of
major and 10 minor component) or a compound phase
having an average thickness of 15pm  was formed at the
periphery of the minor component metal phase, an
inferior Rh- 3Oat% Ta target in comparison to the
Examples having inferior workability, with  generation
of arcing, and significant generation of particles at
89 x 10-3  particles/cm2 was obtained. 15 In
Comparative Example 6-1, the size of the Hf metal
phase composed of  the granular minor component was
44m, and did not satisfy the condition of the  present
invention. Moreover, although an alloy phase (alloy
phase of major and  minor component) or a compound
phase having an average thickness of 2Nm  was formed
at the periphery of the minor component metal phase,
an inferior Rh 20 5at% Hf target in comparison to the
Examples having inferior workability, with  generation
of arcing, and immense generation of particles at 65 x
10-3  particles/cm2 was obtained. In Comparative
Example 6-2, the size of the Hf metal phase composed
of  the granular minor component was 21Nm, and did not
satisfy the condition of the  25 present invention.
Moreover, although an alloy phase (alloy phase of
major and minor component) or a compound phase having
an average thickness of fpm  was formed at the
periphery of the minor component metal phase, an
inferior Rh- 15at% Hf target in comparison to the
Examples having inferior workability, with  generation
of arcing, and immense generation of particles at 67 x
10-3  30 particles/cm2 was obtained. 25 In Comparative
Example 6-3, the size of the Hf metal phase composed
of  the granular minor component was 30m, and did not
satisfy the condition of the  present invention.
Moreover, although an alloy phase (alloy phase of
major and  minor component) or a compound phase having
an average thickness of 2m 5 was formed at the
periphery of the minor component metal phase, an
inferior Rh- 30at% Hf target in comparison to the
Examples having inferior workability, with  generation
of arcing, and abnormal generation of particles at 91
x 10-3  particles/cm2 was obtained. 



The results of Comparative Example 4 to Comparative
Example 6 are  10 similarly shown in Table 2. (Example
7, Example 8, Example 9) Commercially available 4N
grade iridium powder (low oxygen product: Ir)  was
introduced into an ultrahigh vacuum chamber, and the
iridium powder was  subject to high output infrared
lamp heating in order to eliminate oxygen. The 15
oxygen concentration of the raw material Ir powder was
1800ppm, and the grain  size was 1.8m. The temperature
of the powder was approximately 1200C.  Heating was
stopped after using an oxygen monitor connected to the
chamber to  confirm that oxygen was sufficiently
discharged, the iridium powder was  thereafter
quenched and cooled to room temperature. 20
Subsequently, the iridium power was placed in a
container, argon gas was  introduced therein, an EB
(electron beam) melted tantalum ingot was pulverized
through repeated hydrogenation and dehydrogenation,
and 4N grade tungsten  powder, tantalum powder, and
hafnium powder classified into 50 mesh to 200  mesh
were changed to respective be an additive amount of
5at%, 15at%, and 25 30at%, and then mixed with the
iridium powder. The oxygen concentration of  the
tungsten raw material powder was 20ppm, the oxygen
concentration of the  tantalum raw material powder was
80ppm, and the oxygen concentration of the  hafnium
raw material powder was 130ppm. The mixed powders were
subject to deoxidation treatment at 1100C once  30
again, hot pressed in a vacuum at 1600C, and further
subject to hot isostatic  26 press treatment in order
to prepare a sintered compact. The results are shown
in Table 3. As shown in Table 3, the additive amounts
of tungsten shown in Example  7, tantalum shown in
Example 8, and hafnium shown in Example 9 were  5
respectively changed to 5at%, 15at%, and 3Oat%.
Consequently, the density of the sintered compacts was
in the range of 98.7 to 99.9%, and all exceeded 98%.
In addition, the oxygen concentration was in the range
of 30 to 22Owtppm,  and a low oxygen content was
achieved. The average grain size of the iridium
matrix structure as the major component was in the
range of 11 to 3O/1m. The 



10 average grain sizes of the granular minor component
metal phase of particular  importance were in the
range of 122pm to 212pm, and all satisfied the
conditions  of the present invention. As described
above, in Examples 7 to 9, the density of all targets
was  within the range of 98wt% or higher (excluding
gas components and other  15 impurities), and the
oxygen content was within the range of 30 to 220wtppm.
In Example 7-1 (Indicated as "Ex. 7-1" in Table 3;
hereinafter the same),  the size of the W metal phase
composed of the granular minor component was  128pm,
and an alloy phase (alloy phase of major and minor
component) or a  compound phase having an average
thickness of 25pm was formed at the 20 periphery of
the minor component metal phase. Consequently, a
superior Ir- 5at% W target with superior workability,
no generation of arcing, and generation  of particles
at 13 x 10"3 particles/cm2 was obtained. Incidentally,
in cases where the average width of the alloy phase or
the  compound phase was 5um or less or not formed at
all, although these cases are  25 not illustrated as
examples, the generation of particles tended to
increase slightly. However, the amount of increase was
minimal, and was not at a problematic  level. Although
the existence of the alloy phase or the compound phase
of the  major component formed at the periphery of the
granular minor component is a  30 more preferable
mode, it has been confirmed that the size of the
overall granular  27 minor component is subject to the
greatest influence. The following Examples  showed the
same tendency. Thus, below, the explanation will be
omitted for  cases where the average width of the
alloy phase or the compound phase  formed at the
periphery of the minor component metal phase is 5m or
less. 5 In Example 7-2, the size of the W metal phase
composed of the granular  minor component was 122m,
and an alloy phase (alloy phase of major and  minor
component) or a compound phase having an average
thickness of 22m  was formed at the periphery of the
minor component metal phase.  Consequently, a superior
Ir-15at% W target with superior workability, no 10
generation of arcing, and generation of particles at
12 x 10"3 particles/cm2 was  



obtained. In Example 7-3, the size of the W metal
phase composed of the granular  minor component was
161m, and an alloy phase (alloy phase of major and
minor component) or a compound phase having an average
thickness of 32m 15 was formed at the periphery of the
minor component metal phase.  Consequently, a
favorable Ir-30at% W target with superior workability,
no  generation of arcing, and generation of particles
at 9 x 10-3 particles/cm2 was  obtained. In Example
8-1, the size of the Ta metal phase composed of the
granular  20 minor component was 149m, and an alloy
phase (alloy phase of major and  minor component) or a
compound phase having an average thickness of 15m  was
formed at the periphery of the minor component metal
phase.  Consequently, a superior Ir-5at% Ta target
with superior workability, no  generation of arcing,
and generation of particles at 7 x 10"3 particles/cm2
was  25 obtained. In Example 8-2, the size of the Ta
metal phase composed of the granular  minor component
was 1701im, and an alloy phase (alloy phase of major
and  minor component) or a compound phase having an
average thickness of 17m  was formed at the periphery
of the minor component metal phase. 30 Consequently, a
superior Ir-15at% Ta target with favorable
workability, no  28 generation of arcing, and
generation of particles at 5 x 10-3 particles/cm2 was
obtained. In Example 8-3, the size of the Ta metal
phase composed of the granular  minor component was
179pm, and an alloy phase (alloy phase of major and  5
minor component) or a compound phase having an average
thickness of 18pm was formed at the periphery of the
minor component metal phase.  Consequently, a
favorable Ir-3Oat% Ta target with favorable
workability, no  generation of arcing, and generation
of particles at 5 x 10-3 particles/cm2 was  obtained.
10 In Example 9-1, the size of the Hf metal phase
composed of the granular  minor component was 196pm,
and an alloy phase (alloy phase of major and  



minor component) or a compound phase having an average
thickness of 7m  was formed at the periphery of the
minor component metal phase.  Consequently, a superior
Ir-5at% Hf target with favorable workability, no 15
generation of arcing, and generation of particles at 5
x 10-3 particles/cm2 was  obtained. In Example 9-2,
the size of the Hf metal phase composed of the
granular  minor component was 182m, and an alloy phase
(alloy phase of major and  minor component) or a
compound phase having an average thickness of 6pm 20
was formed at the periphery of the minor component
metal phase.  Consequently, a superior Ir-15at% Hf
target with favorable workability, no  generation of
arcing, and generation of particles at 6 x 10,3
particles/cm2 was  obtained. In Example 9-3, the size
of the Hf metal phase composed of the granular  25
minor component was 212pm, and an alloy phase (alloy
phase of major and  minor component) or a compound
phase having an average thickness of 11,um  was formed
at the periphery of the minor component metal phase.
Consequently, a favorable Ir-3Oat% Hf target with
favorable workability, no  generation of arcing, and
generation of particles at 8 x 10-3 particles/cm2 was
30 obtained. 29 The foregoing results are shown in
Table 3.  [Table 3] Additive Average Size of Major
Particles  Component Additive Amount Minor Component
Workability Arcing X leas/cm,)  (at%) Metal Phase(12
m) Ex7-1 5 128 @1 NO 13  Example? Ex7-2 W 15 122 0 NO
12  Ex7-3 30 161 0 NO 9  Ex8-1 5 149 (c) NO 7 Example
Ir Example8 Ex8-2 T. 15 170 0 NO 5  Ex8-3 30 179 O NO
3  



Ex9-1 5 196 0 NO 5 Erample9 Ex9-2 Hf 15 182 0 NO 6
Ex9-3 30 212 0 NO 8  Comparative 5 52 O NO 33  Ex7-1
Comparative Comparative W 15 62 0 IW 28  Example?
Ex7-2 Comparative 30 63 A YES 85  Ex7-3 Comparative 5
41 NO 39  Ex8-1 Comparative Ir Comparative Comparative
To 15 42 X MD 35  Example Example8 Ex8-2 Comparative
30 28 X YES 76  Ex8-3 Comparative 5 36 X YES 52  Ex9-1
Comparative Comparative Hf 15 27 X YES 77  E:ample9
Ex9-2 Comparative 30 28 X YES 103  Ex9-3 5
(Comparative Example 7, Comparative Example 8,
Comparative Example 9)  Mixed powders were prepared as
with the foregoing Examples 7 to 9.  However, the
tungsten powder, the tantalum powder, and the hafnium
powder  were classified into 200mesh or less and used.
The mixed powders were hot  pressed in a vacuum at
1600C, and further subject to hot isostatic press 10
treatment in order to prepare a sintered compact. The
results are shown in  Table 3. As shown in Table 3,
the additive amounts of tungsten shown in  Comparative
Example 7, tantalum shown in Comparative Example 8,
and  hafnium shown in Comparative Example 9 were
respectively changed to 5at%, 15 15at%, and 30at%.
Consequently, the density of the sintered compacts was
in  



30 the range of 95.8 to 99.9%, and the addition of Hf
caused a significant decrease  in density, and in
certain cases the density fell below 98%. The oxygen
concentration was within the range of 350 to
2320wtppm, and  the oxygen content was fairly high.
The average grain size of the iridium matrix  5
structure as the major component was in the range of
13 to 28pm. The average grain sizes of the granular
minor component metal phase of particular  importance
were in the range of 27m to 63,um, and were all
outside the scope  of the present invention. The
details are described below. As described above, with
the Comparative Examples 7 to 9, the density of  10
all targets was in the range of 98wt% or higher, but
the oxygen content was in  the range of 350 to
2320wtppm, and the oxygen content was high. In
Comparative Example 7-1 (Indicated as "Comparative
Example 7-1" in  Table 3; hereinafter the same), the
size of the W metal phase composed of the  granular
minor component was 52m, and an alloy phase (alloy
phase of major 15 and minor component) or a compound
phase having an average thickness of  7pm was formed
at the periphery of the minor component metal phase.
Consequently, an inferior Ir-5at% W target in
comparison to the Examples having  inferior
workability, no generation of arcing, but with
generation of particles at 39  X 10.3 particles/cm2
was obtained. 20 Incidentally, in cases where the
average width of the alloy phase or the  compound
phase was 5F.rm or less or not formed at all, although
these cases are  not illustrated as examples, the
generation of particles tended to increase slightly.
The following Comparative Examples showed the same
tendency. Thus, below,  the explanation will be
omitted for cases where the average width of the alloy
25 phase or the compound phase formed at the periphery
of the minor component  metal phase is 5pm or less. In
Comparative Example 7-2, the size of the W metal phase
composed of  the granular minor component was 62pm,
and an alloy phase (alloy phase of  major and minor
component) or a compound phase having an average
thickness 30 of 9/rm was formed at the periphery of
the minor component metal phase.  31 



Consequently, an inferior Ir-15at% W target in
comparison to the Examples  having somewhat favorable
workability, no generation of arcing, but with
generation of particles at 28 x 10,3 particles/cm2 was
obtained. In Comparative Example 7-3, the size of the
W metal phase composed of  5 the granular minor
component was 63m, and an alloy phase (alloy phase of
major and minor component) or a compound phase having
an average thickness  of 91im was formed at the
periphery of the minor component metal phase.
Consequently, an inferior Ir-3Oat% W target in
comparison to the Examples  having somewhat favorable
workability, but with generation of arcing, and  10
increased generation of particles at 85 x 10"3
particles/cm2 was obtained. In Comparative Example
8-1, the size of the Ta metal phase composed of  the
granular minor component was 41m, and an alloy phase
(alloy phase of  major and minor component) or a
compound phase having an average thickness  of 41.im
was formed at the periphery of the minor component
metal phase. 15 Consequently, an inferior Ir-5at% Ta
target in comparison to the Examples having  somewhat
favorable workability, no generation of arcing, but
with generation of  particles at 39 x 10-3
particles/cm2 was obtained. In Comparative Example
8-2, the size of the Ta metal phase composed of  the
granular minor component was 42m, and an alloy phase
(alloy phase of  20 major and minor component) or a
compound phase having an average thickness of 4m was
formed at the periphery of the minor component metal
phase.  Consequently, an inferior Ir-15at% Ta target
in comparison to the Examples  having inferior
workability, no generation of arcing, but with
generation of  particles at 35 x 10"3 particles/cm2
was obtained. 25 In Comparative Example 8-3, the size
of the Ta metal phase composed of  the granular minor
component was 28m, and an alloy phase (alloy phase of
major and minor component) or a compound phase having
an average thickness  of 2m was formed at the
periphery of the minor component metal phase.
Consequently, an inferior Ir-3Oat% Ta target in
comparison to the Examples 30 having inferior
workability, with generation of arcing, and
significant generation of  32 particles at 76 x 10-3
particles/cm2 was obtained. 



In Comparative Example 9-1, the size of the Hf metal
phase composed of  the granular minor component was
36m, and an alloy phase (alloy phase of  major and
minor component) or a compound phase having an average
thickness 5 of 1m was formed at the periphery of the
minor component metal phase.  Consequently, an
inferior Ir-5at% Hf target in comparison to the
Examples having  inferior workability, with generation
of arcing, and immense generation of  particles at 52
x 10,3 particles/cmZ was obtained. In Comparative
Example 9-2, the size of the Hf metal phase composed
of  10 the granular minor component was 27m, and an
alloy phase (alloy phase of  major and minor
component) or a compound phase having an average
thickness  of 1m was formed at the periphery of the
minor component metal phase.  Consequently, an
inferior Ir-15at% Hf target in comparison to the
Examples  having inferior workability, with generation
of arcing, and immense generation of  15 particles at
77 x 10-3 particles/cm2 was obtained. In Comparative
Example 9-3, the size of the Hf metal phase composed
of  the granular minor component was 28m, and an alloy
phase (alloy phase of  major and minor component) or a
compound phase having an average thickness  of 1m was
formed at the periphery of the minor component metal
phase. 20 Consequently, an inferior Ir-3Oat% Hf target
in comparison to the Examples  having inferior
workability, with generation of arcing, and abnormal
generation of  particles at 103 x 10"3 particles/cmZ
was obtained. The results of Comparative Example 7 to
Comparative Example 9 are  similarly shown in Table 3.
25 (Example 10, Example 11, Example 12) The results
concerning workability, arcing, and particle count in
the case of  changing the average grain size, relative
density, oxygen and carbon content of  the respective
matrixes as Example 10; a case where the conditions of
Example  1 in which the W content is 15at% and the
average grain size of the minor 30 component phase is
128 to 135m are used, as Example 11; a case where the
33 conditions of Example 2 in which the Ta content is
15at% and the average grain  size of the minor
component phase is 131 to 140pm are used, and as
Example  



12; a case where the conditions of Example 3 in which
the Hf content is 15at%  and the average grain size of
the minor component phase is 191 to 202pm are  5 used,
are shown in Table 4. In Example 10, Example 11, and
Example 12 shown in Table 4, there was  no generation
of arcing. In the case of Example 10 (addition of W),
the  workability was extremely favorable in all cases,
and, although the particle count  increased slightly
when the oxygen and carbon content increased slightly,
all  10 cases showed favorable results. In the case of
Example 11 (addition of Ta), the workability
deteriorated  slightly when the oxygen and carbon
content increased, and the particle count  also tended
to increase somewhat, but these were not at a
problematic level. In the case of Example 12 (addition
of Hf), the average grain size of the  15 minor
component phase increased somewhat, the workability
deteriorated  slightly when the oxygen and carbon
content increased, and the particle count  also tended
to increase slightly, but these were not at a
problematic level.  Contrarily, when the oxygen and
carbon content were reduced, the workability  improved
and the particle count tended to also decrease. 20
Accordingly, it could be said that the workability can
be improved and the  particle count can be reduced by
adjusting the average grain size of the minor
component phase and reducing the oxygen and carbon
content. In particular, it  could be said that the
oxygen and carbon content should be reduced as much as
possible. There was no particular influence regarding
the other elements. 25 [Table 4] Average Size of V- M
etbe Aveape One of Relaive Oxygen Carbon NM1pon
Comp,nent Adonive Am%) Netr'u Phan Panicles  Density
Content Content Nbrkabilhy Arcing >; I  Component (at%
(Um) Na<llm 5P (%) (wIPOm) (NPPm) 15 12 128 99.2 40 40
OO Ni) 4  Ex10 W 15 9 133 99.2 50 40 0 NO 4  5 8 135
99.1 80 50 OO 90 8  15 15 140 997 90 30 O PO 5 



Euample R. Exit Te 15 12 131 99.6 120 40 Oo NO 9  15
IO 133 994 190 40 0 NO 10  15 22 202 99.1 150 40 OO NO
II Ex12 Hf 15 18 192 988 200 50 O NO 13  15 15 191 998
220 60 0 NO 13  34 (Example 13, Example 14, Example
15) The results concerning workability, arcing, and
particle count in the case of  changing the average
grain size, relative density, oxygen and carbon
content of  the respective matrixes as Example 13; a
case where the conditions of Example 5 4 in which the
W content is 15at% and the average grain size of the
minor  component phase is 127 to 134pm are used, as
Example 14; a case where the  conditions of Example 5
in which the Ta content is 15at% and the average grain
size of the minor component phase is 117 to 120pm are
used, and as Example  15; a case where the conditions
of Example 6 in which the Hf content is 15at% 10 and
the average grain size of the minor component phase is
158 to 162pm are  used, are shown in Table 5. In
Example 13, Example 14, and Example 15 shown in Table
5, there was  no generation of arcing. In the cases of
Example 13 (addition of W) and  Example 14 (addition
of Ta), the workability was extremely favorable in all
cases, 15 and, although the particle count increased
slightly when the oxygen and carbon  content increased
slightly, all cases showed favorable results. In the
case of Example 15 (addition of Hf), the average grain
size of the  minor component phase increased somewhat,
and the workability tended to  deteriorate slightly
when the oxygen and carbon content increased. 20
Nevertheless, these are within a tolerable range, and
were not at a problematic  level. The particle count
also tended to increase slightly when the oxygen and
carbon content increased, but these were not at a
problematic level. Contrarily,  when the oxygen and
carbon content were reduced, the workability improved
25 and the particle count tended to also decrease.
Accordingly, it could be said that the workability can
be improved and the  



particle count can be reduced by adjusting the average
grain size of the minor  component phase and reducing
the oxygen and carbon content. In particular, it
could be said that the oxygen and carbon content
should be reduced as much as  30 possible. There was
no particular influence regarding the other elements.
35 [Table 5] Average Sae of Mnor nygen Carbon  Nopr
Add Yve A erage Sae of Relative 0 ComPOrmet Pantiles
Ciempneni Additive Amount Netrn Pbase M'W Pb' Dens ty
Content Content WorYabidy Arcin (x 10'tts/cm')  t#)
(pm) (%) (vAPPm) GhPPm) 15 18 134 998 40 20 OO NO 4
E,13 W 15 16 130 998 60 20 O NO 7  15 13 127 993 60 40
OO 640 11  15 19 120 99.6 60 30 OO NO 5 Sample Rh E04
Ta 15 13 118 994 130 20 OO NO 4  15 17 117 993 170 40
O NO 8  15 34 162 989 180 50 0 IV 8 5n15 Hf 15 20 162
986 250 40 0 N0 9  15 17 158 980 260 60 0 1t40 15
(Example 16, Example 17, Example 18) The results
concerning workability, arcing, and particle count in
the case of  5 changing the average grain size,
relative density, oxygen and carbon content of  the
respective matrixes as Example 16; a case where the
conditions of Example  7 in which the W content is
15at% and the average grain size of the minor
component phase is 120 to 130m are used, as Example
17; a case where the  conditions of Example 8 in which
the Ta content is 15at% and the average grain 10 size
of the minor component phase is 170 to 175m are used,
and as Example  18; a case where the conditions of
Example 9 in which the Hf content is 15at%  and the
average grain size of the minor component phase is 180
to 190m are  used, are shown in Table 6. In Example
16, Example 17, and Example 18 shown in Table 6, there
was  



15 no generation of arcing. In the cases of Example 16
(addition of W), the  average grain size of the minor
component phase increased slightly, and the
workability deteriorated slightly when the carbon
content increased, but  otherwise showed extremely
favorable results. In the case of Example 17 (addition
of Ta), the average grain size of the  20 minor
component phase increased slightly, and the
workability deteriorated  slightly when the oxygen and
carbon content increased. Nevertheless, there  was no
significant variance. In the case of Example 18
(addition of Hf), the average grain size of the  minor
component phase increased, and the workability
deteriorated slightly when  25 the oxygen and carbon
content increased. There was no significant variance
in the particle count. Nevertheless, these were not at
a problematic level.  36 Contrarily, when the oxygen
and carbon content were reduced, the workability
improved and the particle count tended to also
decrease. Accordingly, it could be said that the
workability can be improved by  adjusting the average
grain size of the minor component phase and reducing
the  5 oxygen and carbon content. In particular, it
could be said that the oxygen and carbon content
should be reduced as much as possible. There was no
particular influence regarding the other elements.
[Table 6] Avenge Average Sze of Add tare See of Rebtve
Oygen Carbon Nepr Mnor Component Panicles  Addt've
Amount Netrx Density Content Content VwrMahildy Arcing
X 010 t~s7<mr)  COmpJnnt (at8) Phase NGtal Phase (M)
(Mppm) Wpm) um) UrJ 15 21 120 999 30 30 OO HO 11  Ex
16 W 15 19 122 99.9 30 30 OO NO 12  15 11 130 996 30
40 0 NO 12  15 21 170 99.9 40 40 0 NO 6 



Sample Ir Ex 17 Ta 15 18 170 99.8 80 40 0 NO 5  15 12
175 998 130 60 0 NC 7  15 30 180 989 10) 80 O NO 3 Ex
18 Hf 15 22 182 990 170 1W O NO 6  1 0 15 22 190 987
220 90 O NO 10 The refractory metals of ruthenium,
rhodium, and iridium to become the  major component in
the present invention are all group 8 elements, and
are  approximate elements. Although the Examples
illustrated a case of  independently combining the
respective elements with the respective minor 15
components, it should be understood that similar
results can be obtained in the  high melting point
alloy with the combined addition of such elements.
Accordingly, the present invention additionally covers
alloys with the combined  addition of ruthenium,
rhodium, and iridium. In addition, although tungsten,
tantalum, and hafnium respectively belong  20 to
different group elements of group 6 elements, group 5
elements and group 4  elements in the periodic table,
as shown in the Examples of the present invention,
when adding these elements to ruthenium, rhodium, and
iridium, it has been  confirmed that similar
properties, operation and effect could be attained.
Accordingly, it should be understood as a matter of
course that the combined 25 addition of these metals
will yield similar operation and effect. Thus, it goes
37 without saying that the combined addition of these
elements is also covered by  the present invention.
INDUSTRIAL APPLICABILITY  5 The alloy sintered
sputtering target of refractory metals composed of
major components of ruthenium, rhodium, and iridium
yields a superior effect of  being able to improve the
target structure for preventing the dropout of metal
particles other than the matrix-forming major
component, improve the deposition 10 quality by
reducing impurities such as gas components, enhancing
the density  and eliminating the generation of arcing
and particles in sputtering, as well as  improve the
workability of the target. Thus, the present invention
is extremely  



useful as a deposition material of a semiconductor
device, and particularly as a  sputtering target for
the deposition of a gate electrode material or various
15 diffusion barriers. 38 CLAIMS  1 A sintered
sputtering target of refractory metals composed of one
or more  types of minor components selected from W, Ta
and Hf at less than 5Oat% and at 5 least one or more
major components as the remainder selected from Ru, Rh
and  Ir, wherein the metal structure of the major
component comprises a granular  minor component metal
phase, or an alloy phase or a compound phase of the
major and the minor component having an average grain
size of 100Nm to  5OOpm. 10 2. The sintered sputtering
target composed of refractory metals according to
claim 1, wherein the metal structure of the major
component comprises a  granular minor component metal
phase, or an alloy phase or a compound phase  of the
major and the minor component of 100m to 300pm. 3. The
sintered sputtering target composed of refractory
metals according to  15 claim 1 or claim 2, wherein
the periphery of the granular minor component metal
phase comprises an alloy phase or a compound phase of
the major and the  minor component having an average
width of 5Nm to 50m. 4. The sintered sputtering target
composed of refractory metals according to  claim 1 or
claim 2, wherein the periphery of the granular minor
component metal  20 phase comprises an alloy phase or
a compound phase of the major and the  minor component
having an average width of 5m to 1 OOpm. 5. The
sintered sputtering target composed of refractory
metals according to  claim 1 or claim 2, wherein the
periphery of the granular minor component metal  phase
comprises an alloy phase or a compound phase of the
major and the  25 minor component having an average
width of 5pm to 200pm. 6. The sintered sputtering
target composed of refractory metals according to  any
one of claims 1 to 5, wherein, as gas component
impurities, the oxygen  content is 300wtppm or less
and the carbon content is 100wtppm or less. 7. The
sintered sputtering target composed of refractory
metals according to  



30 any one of claims 1 to 5, wherein the total amount
of impurity content excluding  39 gas components is
100wtppm or less. 8. The sintered sputtering target
composed of refractory metals according to  any one of
claims 1 to 7, wherein the relative density is 98% or
higher, and voids  of 100m or greater do not exist. 5
9. The sintered sputtering target composed of
refractory metals according to  any one of claims 1 to
8, wherein the variation in the alloy composition per
1cm3  of the target area is 10% or less. 40 


