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DESCRIPTION 

RUTHENIUM SPUTTERING TARGET AND RUTHENIUM ALLOY SPUTTERING 

TARGET 

[Technical Field] 

[0001] The present invention relates to a ruthenium sputtering target and a 

ruthenium alloy sputtering target, and in particular relates to a sputtering target for 

forming a ruthenium oxide film for use as a lower electrode of a ferroelectric capacitor 

10 of a semiconductor memory. 

BACKGROUNG ART 

[0002] In recent years, ruthenium or ruthenium alloy is being used as an 

15 electronics material such as a ferroelectric capacitor for use in a semiconductor 

memory. Generally, the sputtering method is often used for forming a ruthenium thin 

film. While the sputtering method itself is a well-known method in the field of 

electronics, demanded is a target made from ruthenium or ruthenium alloy comprising 

uniform and stable characteristics that are suitable for sputtering. 

20 Generally speaking, a commercially available ruthenium material having a 

relatively high purity is a 3N level powder, but materials recently used in the field of 

electronics are demanded of even higher purification as disclosed in the following 

Patent Documents from the perspective of preventing the generation of noise and 

improving characteristics, and a 5N purity level is now required as a high purity 

25 ruthenium sputtering target. 

[0003] For example, Patent Document 1 describes a high purity ruthenium target 

wherein alkali metal elements are each less than 1 ppm, alkali earth metal elements 

are each less than 1 ppm, transition metal elements are each less than 1 ppm, 

radioactive elements are each less than 10 ppb, carbon and gas components (oxygen, 

30 hydrogen, nitrogen, and chlorine) are less than 500 ppm in total, and purity of 

ruthenium excluding gas component elements is 99.995% or more. 

Patent Document 2 describes a high purity ruthenium target wherein 

content of alkali metal elements is each 0.1 wtppm or less, content of alkali earth 

metal elements is each 0.1 wtppm or less, content of transition metal elements other 

35 than a platinum group element is each 0.1 wtppm or less, content of radioactive 
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isotope elements is each 1 wtppb or less, total content of gas component elements is 

30 wtppm or less, and purity is 99.995 wt% or more. Moreover, Patent Document 3 

describes a high purity ruthenium target containing 10 wtppm or less of oxygen, 10 

wtppm or less of nitrogen, and having a purity of 5N level or higher. In addition, 

5 Patent Document 4 describes a sputtering target of a composition containing 1 to 9 

ppm of Si, and the remainder being Ru having a purity 99.998% or higher. 

[0004] Nevertheless, when a ruthenium material is highly purified for use in a 

sputtering target, it is known that crystal growth is promoted and coarse crystal grains 

are formed (for example, Patent Document 5). When these coarse crystal grains 

10 exist in the sputtering target, there is a problem in that they promote an abnormal 

discharge (arcing) during sputtering, and thereby increase the generation of particles 

and deteriorate the yield of products. 

[Prior Art Document] 

15 [Patent Document] 

[0005] Patent Document 1: Japanese Patent Application Publication No. H11-50163 

Patent Document 2: Japanese Patent Application Publication No. 2002-105631 

Patent Document 3: Japanese Patent Application Publication No. 2002-327265 

Patent Document 4: Japanese Patent Application Publication No. 2000-178721 

20 Patent Document 5: Japanese Patent Application Publication No. 2002-133653 

DISCLOSURE OF THE INVENTION 

[Problems to be Solved by the Invention] 

25 [0006] An object of this invention is to provide a ruthenium sputtering target or a 

ruthenium alloy sputtering target which suppresses the crystal growth of ruthenium or 

ruthenium alloy and reduces the generation of coarse crystal grains so as to suppress 

as much as possible the arcing that is generated during sputtering, as well as reduce 

the generation of particles. 

30 [Means for Solving the Problems] 

[0007] In order to achieve the foregoing object, as a result of intense study, the 

present inventors discovered that the coarsening of the crystal grains can be 

suppressed by including a trace amount of silicon (Si) in ruthenium or ruthenium alloy. 

[0008] Based on the foregoing discovery, the present invention provides the 

35 following invention. 
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1) A ruthenium sputtering target, wherein a Si content is 10 to 100 wtppm, a 

total content of unavoidable impurities excluding gas components is 50 wtppm or less, 

and a remainder is Ru. 

2) The ruthenium sputtering target according to 1) above, wherein the Si 

5 content is 10 to 50 wtppm, the total content of unavoidable impurities excluding gas 

components is 10 wtppm or less, and the remainder is Ru. 

3) The ruthenium sputtering target according to 1) or 2) above, wherein an 

average crystal grain size is 5 to 100 pm, and a maximum crystal grain size is 500 pm 

or less. 

10 4) A ruthenium alloy sputtering target, wherein the ruthenium alloy 

sputtering target contains 3 to 35 at% of one or more types of alloy elements selected 

from a group of Ta, Nb, Mo, W, and Mn, a Si content is 10 to 100 wtppm, a total 

content of unavoidable impurities excluding gas components is 50 wtppm or less, and 

a remainder is Ru. 

15 5) The ruthenium alloy sputtering target according to 4) above, wherein the 

Si content is 10 to 50 wtppm, the total content of unavoidable impurities excluding gas 

components is 10 wtppm or less, and the remainder is Ru. 

6) The ruthenium alloy sputtering target according to 4) or 5) above, wherein 

an average crystal grain size is 5 to 100 pm, and a maximum crystal grain size is 500 

20 pm or less. 

[Effect of the Invention] 

[0009] Since the coarsening of the crystal grains can be suppressed by including a 

trace amount of silicon in a ruthenium sputtering target or a ruthenium alloy sputtering 

25 target, the present invention yields extremely superior effects of being able to 

suppress the arcing caused by the coarse grains, enable stable sputtering, and 

deposit a film with few particles. 

DETAILED DESCRIPTION OF THE INVENTION 
30 [0010] 

The ruthenium sputtering target of the present invention is characterized in 

that the Si content is 10 to 100 wtppm, the total content of unavoidable impurities 

excluding gas components is 50 wtppm or less, and the remainder is Ru. As a result 

of adding a trace amount of Si to high purity ruthenium having a purity of 99.995% or 

35 higher (excluding Si), it is possible to reduce the growth rate of the crystal grains of 
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ruthenium that arise during sintering, and thereby suppress the coarsening of the 
crystal grains. 

The silicon content is preferably 10 to 100 wtppm, and more preferably 10 to 

50 wtppm. When the silicon content is less than 10 wtppm, the coarsening of the 

5 crystal grains cannot be sufficiently suppressed. Meanwhile, when the silicon 

content exceeds 100 wtppm, this is undesirable since the performance of the 

semiconductor device becomes unstable. 

[0011] Moreover, the present invention additionally provides a ruthenium alloy 

sputtering target, wherein the ruthenium alloy sputtering target contains 3 to 35 at% of 

10 one or more types of alloy elements selected from a group of Ta, Nb, Mo, W, and Mn, 

a Si content is 10 to 100 wtppm, a total content of unavoidable impurities excluding 

gas components is 50 wtppm or less, and a remainder is Ru. As a result of adding a 

trace amount of Si to high purity ruthenium having a purity of 99.995% or higher 

(excluding silicon and alloy elements) as described above, it is possible to reduce the 

15 growth rate of the crystal grains that arise during sintering, and thereby suppress the 

coarsening of the crystal grains. 

Since ruthenium alloy is superior in thermal stability, and also superior in 

low resistivity and barrier performance, ruthenium alloy is effective as a deposition 

material of semiconductor devices and particularly effective as a gate electrode 

20 material and various diffusion barrier materials. 

[0012] With the ruthenium sputtering target or the ruthenium alloy sputtering target 

of the present invention, the average crystal grain size thereof is preferably 5 to 100 

pm, and the maximum crystal grain size thereof is preferably 500 pm or less. When 

there are coarse crystal grains that exceed the foregoing numerical range, they 

25 induce an abnormal discharge (arcing) during sputtering, and thereby increase the 

number of generated particles. 

[0013] The ruthenium sputtering target or the ruthenium alloy sputtering target of 

the present invention can be prepared based on the powder metallurgy method. 

Foremost, a refined Ru powder having a purity of 99.995% or higher and a Si powder 

30 having a purity of 99.999% or higher are prepared. Moreover, upon producing a 

ruthenium alloy sputtering target, a Ta, Nb, Mo, W, or Mn powder having a purity of 

99.999% or higher is prepared as the alloy element. 

Here, a Ru powder having an average grain size of 10 to 150 pm is 

preferably used. Moreover, a Si powder having an average grain size of 5 to 100 pm 

35 is preferably used, and a Ta, Nb, Mo, W, or Mn powder as the alloy element having an 
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average grain size of 5 to 100 |jm is preferably used. When the grain size of the raw 

material powder is too small, this is undesirable since the bulk density of the powder 

will increase, and there will be a limit in the weight of the powder that can be filled in a 

mold. Meanwhile, when the grain size is too large, this is undesirable since the 

5 sinterability will deteriorate pursuant to the decrease in the surface area, and the 

density of the sintered compact will consequently be low. 

[0014] Subsequently, after weighing the foregoing raw material powders to be an 

intended composition and mixing the raw material powders, the mixed powder is filled 

in a carbon mold, and thereafter hot pressed under the following conditions; namely, 

10 temperature of 1200 to 1600°C, pressure of 200 to 500 kg/cm2, time of 1 to 4 hours, 

and atmosphere of an Ar or vacuum atmosphere in order to produce a ruthenium or 

ruthenium alloy sintered compact. 

While the present invention is not limited to the foregoing sintering 

conditions, when the sintering temperature and sintering pressure are too low or when 

15 the sintering time is too short, this is undesirable since it is not possible to attain a 

sufficient density of the sintered compact. On the other hand, when the sintering 

temperature and the sintering time are too long, this is undesirable since coarse 

grains are generated, and when the sintering pressure is too high, this is undesirable 

since the sintered compact will crack. 

20 By machining the obtained sintered compact into a target shape, the 

sputtering target of the present invention can be produced. Note that, upon 

sputtering the target, the target is bonded to a backing plate prior to being sputtered. 

[0015] Since the ruthenium sputtering target and the ruthenium alloy sputtering 

target obtained as described above can inhibit the coarsening of the crystal grains, 

25 effects are yielded in that the abnormal discharge (arcing) can be suppressed during 

sputtering, and the number of particles is small. 

Examples 

[0016] The present invention is now explained based on the following Examples 

and Comparative Examples. Note that these Examples are merely illustrative, and 

30 the present invention shall in no way be limited thereby. In other words, various 

modifications and other embodiments are covered by the present invention, and the 

present invention is limited only by the scope of its claims. 

[0017] (Example 1) 
A ruthenium powder (purity 99.995%) having an average grain size of 50 

35 |jm and a silicon powder (purity 99.999%) having an average grain size of 10 pm were 
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prepared, and the raw material powders were mixed so as to attain a Si content of 12 

wtppm. Subsequently, the mixed powder was filled in a carbon mold, and hot 

pressed. The hot press conditions were as follows; Ar atmosphere, sintering 

temperature of 1500°C, sintering pressure of 200 kg/cm2, and sintering time of 1 hour. 

[0018] The thus obtained sintered compact was removed from the hot press 

furnace, and machined into a target shape to produce a sputtering target. 

Subsequently, the surface of the target was polished and the structure of the target 

surface was observed with a scanning electron microscope (SEM) to measure the 

crystal grain size. The measured locations were 5 locations of the target surface. 

Consequently, the average crystal grain size was 93 (jm, and the maximum crystal 

grain size was 183 pm. Coarse crystal grains were not observed. 

[0019] Subsequently, the target was bonded to a backing plate and thereafter 

mounted on a sputtering device, and then sputtered. The sputtering conditions were 

as follows; namely, pre-sputtering of 2 kWhr was performed with an input power of 1 

kW and Ar gas pressure of 1.7 Pa, and a film was deposited on a 4-inch diameter 

silicon substrate for 20 seconds. Subsequently, the number of particles having a 

particle size of 0.25 (jm or larger that adhered to the substrate was measured with a 

particle counter. The number of particles in this case was few at 72 particles. 

[0020] [Table 1] 

Sample Si 
(wtppm) 

average crystal 
grain size (pm) 

maximum crystal 
grain size (pm) 

number of 
particle 

Example 1 Ru 12 93 183 72 

Example 2 Ru 35 48 103 63 

Example 3 Ru 62 21 65 58 

Example 4 Ru 94 8 18 42 

Example 5 Ru-15at%Ta 10 96 203 78 

Example 6 Ru-15at%Ta 40 53 123 60 

Example 7 Ru-8at%Nb 40 55 118 57 

Example 8 Ru-25at%W 90 15 28 37 

Comparative 
Example 1 Ru 3 121 520 131 

Comparative 
Example 2 

Ru 109 9 15 43 

Comparative 
Example 3 Ru-15at%Ta 107 8 18 41 
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[0021] (Example 2) 

Other than setting the Si content to 35 wtppm, a sputtering target was 

produced based on the same conditions as Example 1. As a result of observing the 

surface of the sputtering target, the average crystal grain size was 48 |jm, and the 

5 maximum crystal grain size was 103 pm. Coarse crystal grains were not observed. 

Subsequently, the sputtering target was bonded to a backing plate, and sputtered 

based on the same conditions as Example 1. Consequently, the number of particles 

that adhered to the substrate was few at 63 particles. 

[0022] (Example 3) 

10 Other than changing the Si content to 62 wtppm, a sputtering target was 

produced based on the same conditions as Example 1. As a result of observing the 

surface of the sputtering target, the average crystal grain size was 21 pm, and the 

maximum crystal grain size was 65 pm. Coarse crystal grains were not observed. 

Subsequently, the sputtering target was bonded to a backing plate, and sputtered 

15 based on the same conditions as Example 1. Consequently, the number of particles 

that adhered to the substrate was few at 58 particles. 

[0023] (Example 4) 

Other than changing the Si content to 94 wtppm, a sputtering target was 

produced based on the same conditions as Example 1. As a result of observing the 

20 surface of the sputtering target, the average crystal grain size was 8 pm, and the 

maximum crystal grain size was 18 pm. Coarse crystal grains were not observed. 

Subsequently, the sputtering target was bonded to a backing plate, and sputtered 

based on the same conditions as Example 1. Consequently, the number of particles 

that adhered to the substrate was few at 42 particles. 

25 [0024] (Example 5) 

A ruthenium powder (purity 99.995%) having an average grain size of 50 

pm, a tantalum powder (purity 99.995%) having an average grain size of 10 pm, and a 

silicon powder (purity 99.999%) having an average grain size of 10 pm were prepared, 

and the raw material powders were mixed so as to attain a tantalum content of 15 at%, 

30 a Si content of 10 wtppm, and remainder Ru. Subsequently, the mixed powder was 

filled in a carbon mold, and hot pressed. The hot press conditions were as follows; 

Ar atmosphere, sintering temperature of 1500°C, sintering pressure of 200 kg/cm2, 

and sintering time of 1 hour. 

[0025] The thus obtained sintered compact was removed from the hot press 

35 furnace, and machined into a target shape to produce a sputtering target. 
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Subsequently, the surface of the target was polished and the structure of the target 

surface was observed with a scanning electron microscope (SEM) to measure the 

crystal grain size. The measured locations were 5 locations of the target surface. 

Consequently, the average crystal grain size was 96 (jm, and the maximum crystal 

5 grain size was 203 |jm. Coarse crystal grains were not observed. 

[0026] Subsequently, the target was bonded to a backing plate and thereafter 

mounted on a sputtering device, and then sputtered. The sputtering conditions were 

as follows; namely, pre-sputtering of 2 kWhr was performed with an input power of 1 

kW and Ar gas pressure of 1.7 Pa, and a film was deposited on a 4-inch diameter 

10 silicon substrate for 20 seconds. Subsequently, the number of particles having a 

particle size of 0.25 pm or larger that adhered to the substrate was measured with a 

particle counter. The number of particles in this case was few at 78 particles. 

[0027] (Example 6) 

Other than changing the tantalum (Ta) content to 15 at% and the Si content 

15 to 40 wtppm, a sputtering target was produced based on the same conditions as 

Example 5. As a result of observing the surface of the sputtering target, the average 

crystal grain size was 53 (jm, and the maximum crystal grain size was 123 pm. 

Coarse crystal grains were not observed. Subsequently, the sputtering target was 

bonded to a backing plate, and sputtered based on the same conditions as Example 1. 

20 Consequently, the number of particles that adhered to the substrate was few at 60 

particles. 

[0028] (Example 7) 

Other than changing using a niobium (Nb) content of 8 at% and changing 

the Si content to 40 wtppm, a sputtering target was produced based on the same 

25 conditions as Example 5. As a result of observing the surface of the sputtering target, 

the average crystal grain size was 55 pm, and the maximum crystal grain size was 

118 pm. Coarse crystal grains were not observed. Subsequently, the sputtering 

target was bonded to a backing plate, and sputtered based on the same conditions as 

Example 1. Consequently, the number of particles that adhered to the substrate was 

30 few at 57 particles. 

[0029] (Example 8) 

Other than using a tungsten (W) content of 25 at% and changing the Si 

content to 90 wtppm, a sputtering target was produced based on the same conditions 

as Example 5. As a result of observing the surface of the sputtering target, the 

35 average crystal grain size was 15 pm, and the maximum crystal grain size was 28 pm. 
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Coarse crystal grains were not observed. Subsequently, the sputtering target was 

bonded to a backing plate, and sputtered based on the same conditions as Example 1. 

Consequently, the number of particles that adhered to the substrate was few at 37 

particles. 

5 [0030] (Comparative Example 1) 

Other than changing the Si content to 3 wtppm, a sputtering target was 

produced based on the same conditions as Example 1. As a result of observing the 

surface of the sputtering target, the average crystal grain size was 121 (jm, and the 

maximum crystal grain size was 520 pm. Coarse crystal grains had coarsened. 

10 Subsequently, the sputtering target was bonded to a backing plate, and sputtered 

based on the same conditions as Example 1. Consequently, the number of particles 

that adhered to the substrate had increased to 131 particles. 

[0031] (Comparative Example 2) 

Other than changing the Si content to 109 wtppm, a sputtering target was 

15 produced based on the same conditions as Example 1. As a result of observing the 

surface of the sputtering target, the average crystal grain size was 9 pm, and the 

maximum crystal grain size was 15 pm. Coarse crystal grains were not observed. 

Subsequently, the sputtering target was bonded to a backing plate, and sputtered 

based on the same conditions as Example 1. Consequently, the number of particles 

20 that adhered to the substrate was few at 43 particles. Meanwhile, upon measuring 

the volume resistivity of the formed thin film, the variation thereof had increased. 

[0032] (Comparative Example 3) 

Other than changing the tantalum (Ta) content to 15 at% and the Si content 

to 107 wtppm, a sputtering target was produced based on the same conditions as 

25 Example 5. As a result of observing the surface of the sputtering target, the average 

crystal grain size was 8 pm, and the maximum crystal grain size was 18 pm. Coarse 

crystal grains were not observed. Subsequently, the sputtering target was bonded to 

a backing plate, and sputtered based on the same conditions as Example 1. 

Consequently, the number of particles that adhered to the substrate was few at 41 

30 particles. Meanwhile, upon measuring the volume resistivity of the formed thin film, 

the variation thereof had increased. 

[0033] As described above, a ruthenium sputtering target containing a trace 

amount of Si can suppress the coarsening of the crystal grains, and reduce the 

generation of particles. Meanwhile, while the effect of preventing the coarsening of 
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the crystal grains is yielded by increasing the Si content, such increase in the Si 

content is considered to affect the performance of semiconductor devices. 

[Industrial Applicability] 

[0034] The ruthenium sputtering target or the ruthenium alloy sputtering target of 

5 the present invention yields extremely superior effects of being able to inhibit the 

coarsening of the crystal grains, suppress the arcing caused by the coarse grains, 

enable stable sputtering, and deposit a film with few particles. The sputtering target 

of the present invention is particularly effective for forming a ruthenium oxide film for 

use as a lower electrode of a ferroelectric capacitor of a semiconductor memory. 

10 
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CLAIMS 

1. A ruthenium sputtering target, wherein a Si content is 10 to 100 wtppm, a 

total content of unavoidable impurities excluding gas components is 50 wtppm or less, 

5 and a remainder is Ru. 

2. The ruthenium sputtering target according to claim 1, wherein the Si content 

is 10 to 50 wtppm, the total content of unavoidable impurities excluding gas 

components is 10 wtppm or less, and the remainder is Ru. 

3. The ruthenium sputtering target according to claim 1 or claim 2, wherein an 

10 average crystal grain size is 5 to 100 pm, and a maximum crystal grain size is 500 pm 

or less. 

4. A ruthenium alloy sputtering target, wherein the ruthenium alloy sputtering 

target contains 3 to 35 at% of one or more types of alloy elements selected from a 

group of Ta, Nb, Mo, W, and Mn, a Si content is 10 to 100 wtppm, a total content of 

15 unavoidable impurities excluding gas components is 50 wtppm or less, and a 

remainder is Ru. 

5. The ruthenium alloy sputtering target according to claim 4, wherein the Si 

content is 10 to 50 wtppm, the total content of unavoidable impurities excluding gas 

components is 10 wtppm or less, and the remainder is Ru. 

20 6. The ruthenium alloy sputtering target according to claim 4 or claim 5, 

wherein an average crystal grain size is 5 to 100 pm, and a maximum crystal grain 

size is 500 pm or less. 


