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SPUTTERING TARGET AND METHOD FOR MANUFACTURING SPUTTERING 

TARGET 

 

FIELD OF THE INVENTION 

[0001] 

 The present invention relates to a sputtering target and a method for 

manufacturing a sputtering target. 

 

BACKGROUND OF THE INVENTION 

[0002] 

 In a field of magnetic recording represented by hard disk drives, a material 

based on Co which is a ferromagnetic metal has been used as a material for a 

magnetic thin film responsible for recording.  In sputtering targets for magnetic 

recording, composite materials composed of ferromagnetic alloys and non-magnetic 

materials are often used and sputtering targets with boron oxide added as a non-

magnetic material are known in the art. 

[0003] 

 For example, Japanese Patent No. 5878242 B (Patent Literature 1) 

describes an example of a sputtering target for forming magnetic recording films 

composed of a sintered body which includes at least cobalt as a metal and one or 

more metals or alloys selected from boron and/or platinum group elements, and an 

oxide, wherein at least one or more of Cr(BO3), Co2B2O5, and Co3B2O6 is present in 

phases comprising the oxide.  A boron-containing sputtering target having higher 

quality and production efficiency can be obtained by sintering with the composite 

oxide such as Cr(BO3). 

 

CITATION LIST 
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Patent Literatures 

[0004] 

[Patent Literature 1] Japanese Patent No. 5878242 B 

 

SUMMARY OF THE INVENTION 

Technical Problem 

[0005] 

 The sputtering targets to which boron oxide is added as a non-magnetic 

material may have a problem that sizes of boron oxide grains are increased after 

sintering, and a decrease in a sintering temperature in order to suppress grain 

growth prevents an increase in density, generating many particles. 

[0006] 

 For example, B2O3 that is one of the non-magnetic materials has a lower 

melting point.  Therefore, if the B2O3 raw material is used as it is, the density may 

not be sufficiently increased when it is sintered below the melting point, which 

causes an increased risk of generating a larger amount of particles.  However, 

when it is sintered above the melting point, the B2O3 is melted during sintering, 

causing any uneven composition, and coarse particles are formed, resulting in a 

larger amount of particles, which makes it difficult to obtain a stable sputtering target 

having a higher quality. 

[0007] 

 On the other hand, for example, Patent Literature 1 uses the composite oxide 

having a higher melting point such as Cr(BO3), Co2B2O5, and Co3B2O6 to increase 

the sintering temperature, thereby improving the density and suppressing the 

generation of the particles during sputtering.  However, for example, the use of 

Co2B2O5 or Co3B2O6 for producing Co-Pt-B2O3-SiO2 leads to the use of a metal B, 

and depending on the sintering conditions, the metal B and SiO2 may react with 
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each other to generate larger grains, and the use of the resulting sintered body as a 

target may generate a larger amount of particles.  The reaction of the metal B with 

oxides may also occur even in the case of oxides other than SiO2. 

[0008] 

 In view of the above problems, the present disclosure provides a sputtering 

target capable of reducing generation of particles, and a method for producing the 

same. 

 

Solution to Problem 

[0009] 

 In one aspect, a sputtering target according to an embodiment of the present 

invention which includes a sputtering target including 10 mol% or more and 85 mol% 

or less of Co, 0 mol% or more and 47 mol% or less of Pt, and 0 mol% or more and 

47 mol% or less of Cr, as metal components; and at least B6O as an oxide 

component. 

 

Advantageous Effects of Invention 

[0010] 

 According to the present disclosure, it is possible to provide a sputtering 

target capable of reducing generation of particles, and a method for producing the 

same. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

 FIG. 1 is a graph showing particle evaluation results in Example 1 and 

Comparative Example 1; and 

 FIG. 2 is a graph showing XRD measurement results in Example 4. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0012] 

 A sputtering target accrding to an embodiment of the present invention 

includes metal phases composed of a metal component(s) forming a target base 

(matrix) portion; and oxide phases composed of an oxide component(s). 

[0013] 

(Metal Phase) 

 The composition of Pt and Co as the metallic components of the target base 

(matrix) is mainly determined by magnetic performance required for magnetic 

recording layers.  The lower limit of the Pt content in the target base may be 5 

mol%, and the lower limit of the Co content may be 55 mol%.  If those contents are 

lower than those lower limits, the magnetization characteristics generally required 

for magnetic recording layers in vertical magnetic recording systems cannot be 

obtained.  A desirable composition range for Pt in the target base may be 10 mol% 

or more, and even more preferably 15 mol% or more.  A desirable composition 

range for Co may be 60 mol% or more. 

[0014] 

 On the other hand, the upper limits of Pt and Co in the target base may be 45 

mol% and 95 mol%, respectively.  Even if those contents are lower than those 

upper limits, any magnetization characteristics generally required for the magnetic 

recording layers in the perpendicular magnetic recording systems cannot be 

obtained.  A desirable composition range for Pt may be 40 mol% or less, and more 

preferably 30 mol% or less.  A desirable composition range for Co may be 85 mol% 

or less, and more preferably 75 mol% or less. 

[0015] 
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 Further, Cr may optionally be contained as the metal component forming the 

matrix, depending on the magnetic performance of the magnetic recording layer.  A 

desirable composition range for Cr in the target base may be 40 mol% or less, and a 

more desirable range may be 20 mol% or less of the matrix metal component, and 

further preferably 10 mol% or less. 

[0016] 

(Oxide Phase) 

 As the oxide components, oxides of one or more selected from the group 

consisting of Cr, Ta, Ti, Si, Zr, Al, Nb, B, and Co may be contained, depending on 

the magnetic performance of the magnetic recording layer.  A volume ratio of the 

total oxide component to the total sputtering target is preferably 1 mol% or more and 

20 mol% or less, and even more preferably 3 mol% or more and 15 mol% or less, 

and even more preferably 5 mol% or more and 10 mol% or less. 

[0017] 

 As additive elements, additive element components selected from the group 

consisting of B, N, Ti, V, Mn, Zr, Nb, Ru, Mo, Ta, W, Si and Al may be contained in 

the total amount of 35 mol% or less, and preferably 20 mol% or less, and even more 

preferably 10 mol% or less. 

[0018] 

(Total Composition of Sputtering Target) 

 The sputtering target according to an embodiment of the present invention 

contains: from 10 mol% to 85 mol% of Co, from 0 mol% to 47 mol% of Pt, and from 

0 mol% to 47 mol% of Cr as metallic components; and at least B6O as an oxide 

component. 

[0019] 

 The Co is preferably contained in an amount of from 20 to 60 mol%, and 

more preferably from 30 to 50 mol%.  The Pt is preferably contained in an amount 
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of from 10 to 40 mol%, and more preferably from 20 to 30 mol%.  The Cr is 

preferably contained in an amount of from 5 to 30 mol%, and more preferably 10 to 

20 mol%. 

[0020] 

 The B6O may be contained in the sputtering target in an amount of 0.1 mol% 

or more and 10 mol% or less.  The B6O may more preferably be contained in the 

sputtering target in an amount of 0.3 mol% or more and 4.0 mol% or less. 

[0021] 

 The presence of B6O can also be confirmed by XRD diffraction of a sample of 

the sintered body.  More particularly, The XRD diffraction indicates a diffraction 

peak of B6O (110) in the range of 2θ = 30 to 35° and a diffraction peak of B6O (104) 

in the range of 2θ = 35 to 40° in the XRD diffraction pattern using Cu as a X-ray 

source. 

[0022] 

 Furthermore, a half-value width of the diffraction peak for B6O (110) in the 

range of 2θ = 30 to 35° is 0.5 deg or more, and even 0.6 deg or more, and typically 

from 0.5 to 0.8 deg.  A half-value width of the diffraction peak for B6O (104) in the 

range of 2θ = 35 to 40° is 0.5 deg or more, and even 0.6 deg or more, and typically 

from 0.6 to 1.0 deg. 

[0023] 

 The sputtering target according to an embodiment of the present invention 

has an amount of B eluted of 1000 μg/L/cm2 or less.  The amount of B eluted 

amount refers to B concentration in leached solution, obtained by immersing the 

sputtering target in water at ordinary temperature, a volume of which is such that 

B2O3 is not saturated, and measuring the B concentration by an inductively coupled 

plasma (ICP) device.  The amount of B eluted is preferably 700 μg/L/cm2 or less, 

and more preferably 500 μg/L/cm2 or less, and even more preferably 300 μg/L/cm2 
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or less.  When the amount of B eluted is lower, it is effective in inhibiting the 

alteration of the target surface due to the dissolution of boron oxide in water or 

atmospheric moisture when the water or moisture adheres to the target surface. 

[0024] 

 The sputtering target according to the embodiment of the present invention 

can be produced by using a sintered powder method.  That is, the method for 

producing the sputtering target according to the embodiment of the present 

invention includes: preparing 10 mol% or more and 85 mol% or less of Co, 0 mol% 

or more and 47 mol% or less of Pt, and 0 mol% or more and 47 mol% or less of Cr 

as metal powder; adding B6O in the form of oxide powder to the metal powder to mix 

them; and sintering the mixed powder.  The B6O is preferably added in an amount 

of 0.1 mol% or more and 10 mol% or less, and more preferably 0.3 mol% or more 

and 4.0 mol% or less. 

[0025] 

 For each of the Co powder, Pt powder, Cr powder, and B6O powder, it is 

preferable to use powder having an average grain diameter of 3 μm or less.  The 

average grain diameter of the powder refers to a median diameter measured by the 

laser diffraction scattering method. 

[0026] 

 The metal powder and the oxide powder can be mixed using a known 

technique such as sieve mixing and mortar mixing, which also involves grinding.  

The resulting mixed powder is compacted and sintered in a vacuum or inert gas 

atmosphere using the hot press method. 

[0027] 

 In the sintering process, the heating is carried out under a temperature 

condition where a sintering temperature is from 700°C to 1200°C or lower in order to 
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improve the relative density.  If the sintering temperature is too low, the density 

may not increase sufficiently. 

[0028] 

 According to the sputtering target and the method for producing the same of 

the embodiment of the present invention, it is possible to produce a sputtering target 

containing B6O as a sputtering target with boron oxide added as a non-magnetic 

material, whereby the generation of particles can be reduced as compared with the 

case where a material such as B2O3, which melts at a lower temperature, is used. 

[0029] 

 While the present disclosure has been described by means of the above 

embodiments, the descriptions and drawings that form a part of this disclosure 

should not be understood as limiting the invention.  That is, the present invention is 

not limited to each embodiment, and it can be embodied by modifying the 

components without departing from the spirit of the present invention.  Also, various 

inventions may be formed by appropriate combinations of a plurality of components 

disclosed in each embodiment.  For example, some components may be deleted 

from all the components set forth in the embodiments.  Furthermore, the 

components of different embodiments may optionally be combined. 

 

EXAMPLES 

[0030] 

 Examples of the present invention are provided below together with 

Comparative Examples.  These Examples are provided for better understanding of 

the present invention and its advantages, and are not intended to limit the invention. 

[0031] 

(Example 1 and Comparative Example 1) 
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 Each material powder was weighed and mixed so as to have a composition 

of Co-7.7Pt-7.7B-3.8Ti-19.2O at%, and the resulting mixed powder was hot-pressed 

in a vacuum atmosphere at each sintering temperature as shown in Table 1 and 

under a pressure of 20 MPa for 5 hours to prepare sintered bodies according to 

Example 1 and Comparative Example 1.  In Example 1, B6O powder having an 

average particle diameter of 3 μm was used, and in Comparative Example 1, B2O3 

powder having an average particle diameter of 3 μm was used.  Each of the 

prepared sintered bodies according to Example 1 and Comparative Example 1 was 

processed into a target shape, and the number of particles generated when carrying 

out sputtering was evaluated.  A magnetron sputtering apparatus (C-3010 

sputtering system from CANON ANELVA CORPORATION) was used for the 

evaluation.  The sputtering was carried out under conditions of an input power of 

0.5 kW and an Ar gas pressure of 1.7 Pa to form a film on a silicon substrate for 40 

seconds. 

[0032] 

 The number of particles (a particle diameter of from 0.09 to 3 μm) adhering 

onto the substrate was measured with a particle counter (from KLA-Tencor; device 

name: Candela CS920).  The results are shown in FIG. 1.  In Comparative 

Example 1, the number of particles was about 500, whereas in Example 1, the 

number of particles was about 100, indicating that the target according to Example 1 

using B6O powder effectively reduced the number of particles as compared with the 

target according to Comparative Example 1, and had improved sputtering 

characteristics. 

[0033] 

(Examples 2 to 10 and Comparative Examples 2 to 9) 

 Each material powder shown in Table 1 was weighed and mixed so as to 

have each composition shown in Table 1, and the resulting mixed powder was hot-
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pressed in a vacuum atmosphere at each sintering temperature as shown in Table 1 

and under a pressure of 20 MPa for 5 hours to prepare sintered bodies according to 

Examples 2 to 10 and Comparative Examples 2 to 9.  In Examples 2 to 10, B6O 

powder having an average particle diameter of 3 μm was used, and in Comparative 

Examples 2 to 9, B2O3 powder having an average particle diameter of 3 μm was 

used. 

[0034] 

 The presence or absence of the XRD diffraction peak of B6O was confirmed 

for each of the sintered bodies according to Examples 1 to 10 and Comparative 

Examples 1 to 9.  The XRD measurement conditions were as follows: 

[0035] 

Analyzer: X-ray diffractometer (in Examples, a full automatic horizontal multipurpose 

X-ray diffractometer SmartLab from Rigaku Co., Ltd. was used); 

Tube: Cu (measured with CuKα); 

Tube voltage: 40 kV; 

Tube current: 30mA; 

Optical system: Concentrated diffraction optical system; 

Scan mode: 2θ / θ; 

Scanning range (2θ): 30° to 55°; 

Measurement step (2θ): 0.02°; 

Scan speed (2θ): 0.5° per minute; 

Attachment: Standard attachment; 

Filter: CuKβ filter; 

Counter monochrome: None; 

Counter: D/teX Ultra; 

Divergence slit: 2/3 deg.; 

Divergence vertical slit: 10.0 mm; 
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Scattering slit: 10.0 mm; 

Light receiving slit: 10.0 mm; and 

Attenuator: OPEN. 

[0036] 

 Whether or not the XRD diffraction pattern had a diffraction peak of B6O 

(110) in the range of 2θ = 30 to 35° and a diffraction peak of B6O (104) in the range 

of 2θ = 35 to 40° was confirmed.  In Examples 1 to 11, the diffraction peaks of B6O 

(110) and B6O (104) also appeared in the sintered bodies.  The results are shown 

in Table 1.  The composition and the ratio of raw materials used in Table 1 show 

the results obtained by rounding off to the first decimal place. 

[0037] 
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[0038] 

 A graph showing the diffraction peak of XRD in Example 4 is shown in FIG. 

2.  As shown in FIG. 2, the sintered body according to Example 4 had the 

diffraction peak of B6O (110) in the range of 2θ = 30 to 35° and the diffraction peak 

of B6O (104) in the range of 2θ = 35 to 40° in the XRD diffraction pattern, which had 

half-value widths in the ranges of from 0.5 to 0.8 deg and from 0.6 to 1.0 deg, 

respectively. 

[0039] 

 The amount of B eluted (the amount of boron dissolved in water) was 

measured for the sintered bodies according to Examples 1 to 10 and Comparative 

Examples 1 to 9.  The amount of B eluted was measured as follows.  First, a 

sample having 3 mm × 3 mm × 20 mm was prepared from each sintered body 

(whose surface was dry-processed).  It was noted that the surface of the sample 

was in a dry-polished state and was not in contact with any solvent such as water 

and ethanol.  The sample was then immersed in 50 to 100 cc of water at ordinary 

temperature.  Since the solubility of B2O3 is 0.028 g/cc, if water is 50 cc or more, 

B2O3 is not saturated, but if water is more than 100 cc, the B concentration is 

decreased, leading to difficult analysis.  By using ICP (SPS 3500 DD from Hitachi 

High-Tech Science Corporation), the amount of boron eluted was measured for the 

water in which the sample was immersed, and the measured weight of B in the 

eluted water was divided by the volume of the eluted water and the sample surface 

area.  The resulting value was determined to be the amount of B eluted.  The 

amount of B eluted was 1000 μg/L/cm2 or less for Examples 1 to 10 where the 

diffraction peak of B6O was observed in XRD, and 1000 μg/L/cm2 or more for 

Comparative Examples 1 to 9 where the diffraction peak of B6O was not observed in 

XRD. 
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CLAIMS 

 

1. A sputtering target comprising: 

 10 mol% or more and 85 mol% or less of Co, 0 mol% or more and 47 mol% 

or less of Pt, and 0 mol% or more and 47 mol% or less of Cr, as metal components; 

and 

 at least B6O as an oxide component. 

 

2. The sputtering target according to claim 1, wherein B6O is contained an 

amount of 0.1 mol% or more and 10 mol% or less. 

 

3. The sputtering target according to claim 1 or 2, comprising an oxide of at 

least one selected from the group consisting of Cr, Ta, Ti, Si, Zr, Al, Nb, B and Co 

as an oxide component, and wherein a volume ratio of the total oxide to the total 

sputtering target is 1 mol% or more and 20 mol% or less. 

 

4. The sputtering target according to any one of claims 1 to 3, comprising an 

additive element component selected from the group consisting of B, N, Ti, V, Mn, 

Zr, Nb, Ru, Mo, Ta, W, Si and Al in a total amount of 35 mol% or less. 

 

5. The sputtering target according to any one of claims 1 to 4, wherein an 

amount of B eluted is 1000 μg/L/cm2 or less. 

 

6. The sputtering target according to any one of claims 1 to 5, wherein the 

sputtering target has a diffraction peak of B6O (110) in a range of 2θ = 30 to 35° and 

a diffraction peak of B6O (104) in a range of 2θ = 35 to 40° in an XRD diffraction 

pattern using Cu as a radiation source. 
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7. A method for producing a sputtering target comprising:  

 preparing 10 mol% or more and 85 mol% or less of Co, 0 mol% or more and 

47 mol% or less of Pt, and 0 mol% or more and 47 mol% or less of Cr as metal 

powder; 

 adding B6O in the form of oxide powder to the metal powder to mix them; and 

 sintering the mixed powder. 

 

8. The method for producing a sputtering target according to claim 7, wherein a 

sintering temperature is from 700 °C to 1200 °C. 


