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DESCRIPTION 

 

SPUTTERING TARGET MATERIAL AND METHOD OF PRODUCING 

THE SAME 

 5 

BACKGROUND OF THE INVENTION 

 

Field of the Invention 

[0001] 

 The present invention relates to a sputtering target 10 

material.  More specifically, the present invention relates to a 

sputtering target material that can be used suitably for 

producing a magnetic layer, and to a method of producing the 

sputtering target material. 

 15 

Background Art 

[0002] 

 A magnetic tunnel junction (MTJ) device is used for a 

magnetic device such as a magnetic head or a magnetic 

random-access memory (MRAM).  An MTJ device exhibits 20 

characteristics such as a high tunnel magnetoresistance (TMR) 

signal and a low switching current density (Jc). 

[0003] 

 A magnetic tunnel junction (MTJ) device has, for example, 

a structure in which a shielding layer composed of MgO is 25 

sandwiched between two magnetic layers composed of a 

Co-Fe-B alloy.  A known material that forms this magnetic layer 

is a magnetic substance containing boron (B).  Such a magnetic 

substance is composed of, for example, Co-B, Fe-B, Co-Fe-B, or 

such a component having Al, Cu, Mn, Ni, or the like added 30 

thereto. 

[0004] 

 A magnetic layer constituting a magnetic tunnel junction 

(MTJ) device is usually given by a sputtering process performed 

with a target material containing a Co-Fe-B-based alloy.  JP 35 

2004-346423 A (Patent Literature 1) discloses a Co-Fe-B-based 
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alloy target material having boride phases microdispersed in the 

cross-sectional microstructure of the material.  

WO2015-080009 (Patent Literature 2) discloses a magnetic 

sputtering target material containing high-concentration B 

phases and low-concentration B phases, in which material the 5 

high-concentration B phases are finely dispersed. 

[0005] 

 JP 2017-057477 A (Patent Literature 3) discloses a 

sputtering target material in which the formation of (CoFe)3B, 

Co3B, and Fe3B is reduced.  WO2016-140113 (Patent Literature 10 

4) discloses a magnetic sputtering target material the oxygen 

content of which is 100 atppm or less. 

[0006] 

 In recent years, further enhanced performance has been 

desired for MTJ devices.  JP 2017-82330 A (Patent Literature 5) 15 

and JP 2014-156639 A (Patent Literature 6) disclose a 

sputtering target material composed of an alloy that contains a 

rare earth (lanthanoid) element and is to be used for a soft 

magnetic film layer. 

 20 

Citation List 

Patent Literature 

[0007] 

 Patent Literature 1: JP 2004-346423 A 

 Patent Literature 2: WO2015-080009 25 

 Patent Literature 3: JP 2017-057477 A 
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 Patent Literature 6: JP 2014-156639 A 

 30 

SUMMARY OF THE INVENTION 

Technical Problem 

[0008] 

 As described in Patent Literature 5 and 6, addition of a 

rare earth element to a CoFe alloy constituting a target material 35 

leads to enhancement of the magnetic performance of the 
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resulting magnetic layer and allows the MTJ device to give a 

high TMR signal.  However, a target material composed of an 

alloy containing a rare earth element is very brittle, and thus, is 

broken more easily during the production or usage of the target 

material, posing a problem of inhibiting the productivity. 5 

[0009] 

 An object of the present invention is to provide: a 

sputtering target material that is composed of a Co-Fe-B-based 

alloy containing a rare earth element and has excellent crack 

resistance; and a method of producing the sputtering target 10 

material. 

 

Solution to Problem 

[0010] 

 A target material formed by sintering a Co-Fe-B-based 15 

alloy powder has a metallographic structure formed therein and 

containing CoFe phases that are alloy phases.  The CoFe phases 

contribute to enhancement of the toughness of the target 

material.  The present inventors have studied vigorously and, 

as a result, have completed the present invention based on the 20 

findings that addition of a rare earth element(s) generates 

intermetallic compounds composed of CoFe phases responsible 

for the toughness and the rare earth element(s). 

[0011] 

 That is, a sputtering target material according to the 25 

present invention is composed of an alloy consisting of: B; one 

or more rare earth elements (hereinafter referred to as “the 

rare earth element(s) RE” or simply “the RE”); and the balance 

consisting of Co and/or Fe and unavoidable impurities.  The 

amount of B in the alloy is 15 at.% or more and 30 at.% or less.  30 

One or more rare earth elements selected from the group 

consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho are used as the 

rare earth element(s) RE.  The total amount of the rare earth 

element(s) RE in the alloy is 0.1 at.% or more and 10 at.% or 

less.  In cases where one rare earth element selected from the 35 

group consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho is used as 
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the rare earth element(s) RE, the total amount of the rare earth 

element(s) RE means the amount of the one rare earth element 

(the same applies hereinafter).  In cases where two or more 

rare earth elements selected from the above-mentioned group 

are used as the rare earth element(s) RE, the total amount of 5 

the rare earth element(s) RE means the total amount of the two 

or more rare earth elements (the same applies hereinafter). 

[0012] 

 In a field of view that is selected randomly and has an 

area of 3250 μm2, the number of intermetallic compound phases 10 

is preferably 1 or less, wherein the intermetallic compound 

phases are each formed from Co and/or Fe and the rare earth 

element(s) RE, and wherein the intermetallic compound phases 

each have a maximum inscribed circle diameter of 5 μm or 

more. 15 

[0013] 

 From another viewpoint, a method of producing a 

sputtering target material according to the present invention 

includes a sintering step of sintering a raw material powder 

composed of an alloy consisting of: B; a rare earth element(s) 20 

RE; and the balance consisting of Co and/or Fe and unavoidable 

impurities.  In the production method, the amount of B in the 

alloy is 15 at.% or more and 30 at.% or less.  One or more rare 

earth elements selected from the group consisting of Pr, Nd, Sm, 

Gd, Tb, Dy, and Ho are used as the rare earth element(s) RE.  25 

The total amount of the rare earth element(s) RE in the alloy is 

0.1 at.% or more and 10 at.% or less. 

 

Advantageous Effects of Invention 

[0014] 30 

 The sputtering target material according to the present 

invention is composed on the alloy containing suitable amounts 

of boron and a rare earth element(s).  The target material has 

excellent crack resistance.  The target material makes it 

possible to avoid damage during the production of the target 35 

material and during the sputtering with the target material.  
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The target material provides a high production efficiency.  A 

magnetic film given by sputtering with the target material has 

excellent magnetic performance.  The target material makes it 

possible to efficiently obtain a high-performance and 

high-quality magnetic film.  The target material is suitable for 5 

producing a magnetic film to be used for a magnetic device such 

as a magnetic head or an MRAM. 

[0015] 

 From another viewpoint, the production method 

according to the present invention makes it possible to obtain a 10 

magnetic film having higher magnetic performance and to 

efficiently and conveniently produce a target material having 

excellent crack resistance. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 15 

 

[0016] 

 FIG. 1 is a scanning-electron-microscopical image 

illustrating a metallographic structure of an alloy constituting a 

sputtering target material according to one embodiment of the 20 

present invention. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

 

[0017] 25 

 Below, the present invention will be described in detail 

with reference to preferable embodiments.  As used herein, the 

expression “X to Y” denoting a range means “X or more and Y or 

less”. 

[0018] 30 

 The sputtering target material according to the present 

invention is composed of an alloy consisting of: B; a rare earth 

element(s) RE; and the balance consisting of Co and/or Fe and 

unavoidable impurities.  In other words, the alloy is a 

Co-Fe-B-based alloy, Co-B-based alloy, or Fe-B-based alloy that 35 

contains a rare earth element(s) RE.  In the present invention, 
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one or more rare earth elements selected from the group 

consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho are used as the 

rare earth element(s) RE.  The rare earth element(s) RE can 

contribute to enhancement of the magnetic performance of the 

resulting magnetic film.  To the extent that the effects of the 5 

present invention are not impaired, the alloy can contain 

another element(s) as an optional component(s).  Examples of 

unavoidable impurities include O, S, C, N, and the like. 

[0019] 

 The amount of B in the alloy is 15 at.% or more and 30 10 

at.% or less.  Adjusting the amount of B to 15 at.% or more 

gives sufficient amorphism to the resulting magnetic film.  The 

magnetic film has excellent magnetic performance.  Adjusting 

the amount of B to 30 at.% or less makes it possible to form a 

metallographic structure containing CoFe phases, Co phases, or 15 

Fe phases even in cases where a rare earth element(s) RE is/are 

added.  A metallographic structure containing CoFe phases can 

be formed in a Co-Fe-B-based alloy.  A metallographic structure 

containing Co phases can be formed in a Co-B-based alloy.  A 

metallographic structure containing Fe phases can be formed in 20 

an Fe-B-based alloy. 

[0020] 

 The total amount of the rare earth element(s) RE in the 

alloy is 0.1 at.% or more and 10 at.% or less.  In cases where 

the alloy contains two or more selected from the group 25 

consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho, the total amount 

of the two or more elements is 0.1 at.% or more and 10 at.% or 

less.  Adjusting the total amount of the rare earth element(s) 

RE to 0.1 at.% or more makes it possible to sufficiently achieve 

the effect of enhancing the performance of the resulting 30 

magnetic film.  Adjusting the total amount of the rare earth 

element(s) RE to 10 at.% or less prevents the inhibition of the 

formation of CoFe phases, Co phases, or Fe phases in the 

metallographic structure. 

[0021] 35 

 The sputtering target material according to the present 
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invention is composed of the alloy that contains suitable 

amounts of boron B and a rare earth element(s) RE.  In the 

metallographic structure of the alloy, the formation of CoFe 

phases, Co phases, or Fe phases has not been inhibited.  The 

CoFe phases, Co phases, or Fe phases in the metallographic 5 

structure contribute to enhancement of the toughness of the 

target material and enhancement of the magnetic performance 

of the resulting magnetic film.  The target material has 

excellent crack resistance during the production and usage of 

the target material.  Sputtering with the target material makes 10 

it possible to efficiently produce a magnetic film having high 

magnetic performance.  Incorporating the magnetic film allows 

the MTJ device to give a high TMR signal.  The target material 

is suitable for producing a magnetic film to be used for a 

magnetic device such as a magnetic head or an MRAM. 15 

[0022] 

 The alloy constituting the sputtering target material is 

preferably represented by the following compositional formula. 

 (1-y-z)(Co-xFe)-yB-zRE 

[0023] 20 

 In the compositional formula, x is the ratio (at.%) of the 

Fe content to the total of the Co content and the Fe content in 

the alloy.  To the extent that the effects of the present 

invention are obtained, x can be selected suitably in the range 

of 0 at.% or more and 100 at.% or less.  In the compositional 25 

formula, (1-x) before Co has been omitted.  In one 

embodiment, x is 0 at.%.  In another embodiment, x is 100 

at.%.  In yet another embodiment, x is more than 0 at.% and 

less than 100 at.%.  x is, for example, 10 at.% or more and 98 

at.% or less, or 15 at.% or more and 95 at.% or less. 30 

[0024] 

 In the compositional formula, the RE represents one or 

more rare earth elements selected from the group consisting of 

Pr, Nd, Sm, Gd, Tb, Dy, and Ho.  y is the ratio (at.%) of the B 

content to the total of the Co content, the Fe content, the B 35 

content, and the RE content (that is, the total amount of one or 
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more rare earth elements selected from the group consisting of 

Pr, Nd, Sm, Gd, Tb, Dy, and Ho), and z is the ratio (at.%) of the 

RE content to the total of the Co content, the Fe content, the B 

content, and the RE content. 

[0025] 5 

 In the target material according to the present invention, 

y is 15 at.% or more and 30 at.% or less.  From the viewpoint 

of magnetic characteristics, y is more preferably 16 at.% or 

more, 17 at.% or more, 18 at.% or more, 19 at.% or more, or 

20 at.% or more. 10 

[0026] 

 In the target material according to the present invention, 

z is 0.1 at.% or more and 10 at.% or less.  From the viewpoint 

of magnetic characteristics, z is more preferably 0.5 at.% or 

more, 1 at.% or more, 2 at.% or more, or 3 at.% or more. 15 

[0027] 

 A metallographic structure containing (CoFe)RE phases 

can be formed in a Co-Fe-B-based alloy, Co-B-based alloy, or 

Fe-B-based alloy that is represented by the above-mentioned 

compositional formula and contains the rare earth element(s) 20 

RE.  The (CoFe)RE phases are phases of an intermetallic 

compound (CoFe)RE formed by reaction between the rare earth 

element(s) RE and Co and/or Fe.  The ratio between Co and/or 

Fe and RE in the (CoFe)RE phases varies depending on the 

type(s) of the rare earth element(s) RE.  Herein, an 25 

intermetallic compound formed from Co and/or Fe and the rare 

earth element(s) RE is defined as (CoFe)RE, independent of the 

ratio. 

[0028] 

 In the metallographic structure of the Co-Fe-B-based 30 

alloy containing the rare earth element(s) RE, the formation and 

increase of the (CoFe)RE phases result in the decrease and 

disappearance of the CoFe phases, Co phases, or Fe phases that 

are responsible for the toughness of the target material.  The 

decrease and disappearance of the CoFe phases, Co phases, or 35 

Fe phases decrease the crack resistance of the target material.  
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It is preferable that the target material has a metallographic 

structure in which the formation and increase of the (CoFe)RE 

phases have been inhibited, and which does not inhibit the 

toughness derived from the CoFe phases, Co phases, or Fe 

phases. 5 

[0029] 

 As the metallographic structure formed in the target 

material is observed using a scanning electron microscope 

(SEM), the number of (CoFe)RE phases in a field of view 

selected randomly and having a length of 50 μm and a width of 10 

65 μm (having an area of 3250 μm2) is preferably 1 or less, 

wherein the (CoFe)RE phases each have a maximum inscribed 

circle diameter of 5 μm or more.  The expression “the number 

of (CoFe)RE phases each having a maximum inscribed circle 

diameter of 5 μm or more is 1 or less” means, in other words, 15 

that the formation and increase of the (CoFe)RE phases in the 

metallographic structure have been inhibited.  In the target 

material having the metallographic structure, the toughness 

derived from the CoFe phases, Co phases, or Fe phases is not 

inhibited.  The target material has excellent crack resistance.  20 

From this viewpoint, “the number of (CoFe)RE phases each 

having a maximum inscribed circle diameter of 5 μm or more” is 

more preferably 0. 

[0030] 

 The diameter of the maximum inscribed circle that can be 25 

described in each of the (CoFe)RE phases is measured by 

processing an SEM image of a test piece taken from a target 

material.  The image can be processed using a commercially 

available image analysis software item. 

[0031] 30 

 FIG. 1 is a part of a scanning-electron-microscopical 

image obtained of a target material according to a preferable 

embodiment of the present invention.  In FIG. 1, the white 

portions are the (CoFe)RE phases.  In the SEM image, the 

largest (CoFe)RE phases are denoted by arrow 1.  The diameter 35 

of the maximum inscribed circle that can be described in each of 
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the largest (CoFe)RE phases is less than 5 μm.  The dark-color 

portions denoted by arrow 2 are the boride phases formed from 

Co, Fe and B (CoFe boride phases) or the CoFe phases.  Below 

the image, a circle having a diameter of 5 μm is given for 

comparison.  In this regard, FIG. 1 is a 5 

scanning-electron-microscopical image related to a target 

material containing Co and Fe (target material No.5 in the 

below-mentioned Examples), and thus, the dark-color portions 

denoted by arrow 2 represent the boride phases formed from Co, 

Fe and B (CoFe boride phases) or the CoFe phases.  In the case 10 

of a scanning-electron-microscopical image related to a target 

material containing Co but not containing Fe, the dark-color 

portions denoted by arrow 2 represent the boride phases 

formed from Co and B (Co boride phases) or the Co phases.  In 

the case of a scanning-electron-microscopical image related to a 15 

target material containing Fe but not containing Co, the 

dark-color portions denoted by arrow 2 represent the boride 

phases formed from Fe and B (Fe boride phases) or the Fe 

phases. 

[0032] 20 

 As used herein, the expression “the number of (CoFe)RE 

phases each having a maximum inscribed circle diameter of 5 

μm or more” is determined as follows: a test piece is observed 

under a microscope; a field of view having, for example, a 

length of 50 μm and a width of 65 μm, is selected randomly so 25 

as to have a field-of-view area of 3250 μm2; and the (CoFe)RE 

phases each having a maximum inscribed circle diameter of 5 

μm or more are counted. 

[0033] 

 To the extent that the effects of the present invention can 30 

be obtained, the metallographic structure may have another 

phase(s) other than the (CoFe)RE phases.  Examples of the 

other phase(s) include a (CoFe)2B phase(s), a CoFe phase(s), a 

Co phase(s), an Fe phase(s), and the like.  In this regard, the 

(CoFe)2B phase means a phase in which the ratio of the sum of 35 

the Co content and the Fe content (the Co content + the Fe 
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content) to the B content [(the Co content + the Fe content): 

the B content] is 2:1 in terms of atomic ratio. 

[0034] 

 It is preferable that the bending strength of the 

sputtering target material according to the present invention is 5 

larger.  The bending strength of the sputtering target material 

according to the present invention is, for example, 180 MPa or 

more, 190 MPa or more, 200 MPa or more, 210 MPa or more, or 

220 MPa or more.  In this regard, the bending strength can be 

measured using the method described in the EXAMPLES. 10 

[0035] 

 A method of producing the sputtering target material 

according to the present invention includes a sintering step of 

sintering a raw material powder.  More specifically, the 

production method includes a step of forming a sintered product 15 

by so-called powder metallurgy, in which a powder as a raw 

material is heated under high pressure to be solidified and 

molded.  The sintered product is processed into a suitable 

shape with a mechanical means or the like to give a target 

material. 20 

[0036] 

 The raw material powder is composed of many particles.  

In the production method according to the present invention, 

each particle constituting the raw material powder is composed 

of an alloy consisting of: B; a rare earth element(s) RE, and the 25 

balance consisting of Co and/or Fe and unavoidable impurities.  

The amount of B in the alloy is 15 at.% or more and 30 at.% or 

less.  One or more rare earth elements selected from the group 

consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho are used as the 

rare earth element(s) RE.  The total amount of the rare earth 30 

element(s) RE in the alloy is 0.1 at.% or more and 10 at.% or 

less.  In this regard, the above descriptions about the alloy 

constituting the sputtering target material according to the 

present invention apply to the alloy constituting the raw 

material powder. 35 

[0037] 
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 In the production method, the raw material powder 

containing boron B and the rare earth element(s) RE in the 

above-mentioned respective ranges of amounts is used, hence 

inhibiting the formation and increase of the (CoFe)RE phases in 

the metallographic structure of a target material given by 5 

sintering the raw material powder.  In the metallographic 

structure of the target material, the CoFe phases, Co phases, or 

Fe phases contributive to the toughness are formed suitably.  

The target material given by the production method has 

excellent crack resistance.  The production method makes it 10 

possible to avoid damage to the target material during the 

production. 

[0038] 

 The raw material powder can be produced using an 

atomization method.  The type of the atomization method is 15 

not particularly limited, and may be a gas atomization method, 

water atomization method, or centrifugal atomization method.  

The atomization method is performed using a known atomizing 

device and production conditions, in which the device and the 

conditions are selected suitably. 20 

[0039] 

 The raw material powder preferably undergoes sieve 

classification before the sintering step.  The purpose of the 

sieve classification is to remove particles (coarse powder) that 

have a particle diameter of 500 μm or more and inhibit sintering.  25 

Using the raw material powder makes it possible to obtain the 

effects of the present invention even in cases where no particle 

diameter adjustment other than the coarse powder removal is 

performed. 

[0040] 30 

 In the production of the target material, the method or 

conditions for solidifying and molding the raw material powder 

to obtain a sintered product are not particularly limited.  For 

example, a hot isostatic pressing (HIP) method, hot pressing 

method, spark plasma sintering (SPS) method, hot extrusion 35 

method, or the like is selected suitably.  In addition, the 
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method for processing the resulting sintered product is not 

particularly limited, and can be performed using a known 

mechanical processing means. 

[0041] 

 The target material obtained using the production 5 

method according to the present invention is used suitably, for 

example, for sputtering for forming a magnetic thin film to be 

used for an MTJ device.  Although the target material contains 

a rare earth element(s), the crack and the like of the target 

material is inhibited during the sputtering with the target 10 

material.  This makes it possible to efficiently obtain a 

high-performance and high-quality magnetic film suitable for a 

magnetic device such as a magnetic head and an MRAM. 

 

EXAMPLES 15 

 

[0042] 

 Below, the effects of the present invention will be 

described with reference to Examples, but the present invention 

is not to be construed as limited to the description of these 20 

Examples. 

[0043] 

[Production of raw material powder] 

 The raw materials were each weighed out in accordance 

with the compositions listed in Tables 1 and 2, introduced into a 25 

crucible composed of a refractory material, and melted by 

induction heating under reduced pressure in an Ar gas 

atmosphere or vacuum atmosphere.  Then, a melted material 

was allowed to flow out through a small hole (having a diameter 

of 8 mm) provided in the lower part of the crucible, and 30 

gas-atomized with high-pressure Ar gas to give a raw material 

powder for producing a target material. 

[0044] 

[Production of sputtering target material] 

 The resulting raw material powder was sintered using the 35 

below-mentioned procedure to produce target materials Nos.1 
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to 12 in Inventive Examples and target materials Nos. 13 to 15 

in Comparative Examples. 

[0045] 

 First, the raw material powder given using a gas 

atomization method underwent sieve classification, which 5 

removed coarse powder having a diameter of 500 μm or more.  

Next, the raw material powder after the sieve classification was 

packed in a can (having an outer diameter of 220 mm, an inner 

diameter of 210 mm, and a length of 200 mm) formed of carbon 

steel.  The raw material powder was then vacuum-degassed 10 

and sintered using an HIP device under the conditions based on 

a temperature of 900 to 1200°C, a pressure of 100 to 150 MPa, 

and a holding time of 1 to 5 hours to produce a sintered product.  

The resulting sintered product underwent wire-cutting, lathing, 

and plane-polishing so as to be processed in the shape of a disc 15 

having a diameter of 180 mm and a thickness of 7 mm.  The 

disc was used as a sputtering target material. 

[0046] 

[Observation under scanning electron microscope] 

 A test piece was taken from each of target materials Nos. 20 

1 to 12 in Inventive Examples and target materials Nos. 13 to 

15 in Comparative Examples, and the cross section of each test 

piece was polished.  The cross section of each test piece was 

observed under a scanning electron microscope (SEM), and five 

fields of view each having a length of 50 μm and a width of 65 25 

μm (having an area of 3250 μm2) were photographed as 

reflection electron images.  Then, an image analysis was 

performed to measure the diameter of the maximum inscribed 

circle that can be described in each of the phases of the 

intermetallic compound (CoFe)RE.  The number of the (CoFe)RE 30 

phases each having the diameter of 5 μm or more was recorded.  

The results obtained are tabulated as the number N of the 

inscribed circles in Tables 1 and 2 below.  The number N is the 

average of the values measured in the five fields of view. 

[0047] 35 

[Evaluation of crack resistance] 
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 The crack resistance of each of the sputtering target 

materials was evaluated on the basis of the bending strength 

measured using the below-mentioned procedure. 

[0048] 

 First, a test piece was cut out of each of target materials 5 

Nos. 1 to 12 in Inventive Examples and target materials Nos. 13 

to 15 in Comparative Examples by wire-cutting.  Then, a 

bending test was performed in accordance with the provisions of 

JIS Z 2511 “Metallic powders - Determination of green strength 

by transverse rupture of rectangular compacts”.  The test 10 

conditions are as below-mentioned. 

 Shape of test piece: 2 mm in thickness, 2 mm in width, 

and 20 mm in length 

 Distance between supports: 10 mm 

[0049] 15 

 The load (kN) that caused the test piece to be fractured 

was measured, and the bending strength (MPa) was calculated 

in accordance with the following mathematical formula.  The 

averages each of which was obtained from the values of three 

measurements are tabulated in Tables 1 and 2 below. 20 

 BS = (3 / 2) × P × L / (t2 × W) 

  BS: bending strength (MPa) 

  t: thickness (mm) of test piece 

  W: width (mm) of test piece 

  L: distance (mm) between supports 25 

  P: Load (kN) that caused fracture 

[0050] 

[Table 1] 
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[0052] 

 One of the SEM images of five fields of view 

photographed in target material No.5 in Examples is given in 

FIG. 1.  The white portions denoted by arrows in FIG. 1 are the 

(CoFe)RE phases.  As indicated in Table 1, in the metallographic 5 

structure of the target material No. 5 in Inventive Examples, the 

number N of the (CoFe)RE phases each having a maximum 

inscribed circle diameter of 5 μm or more is 0 in the field of 

view having a length of 50 μm and a width of 65 μm (having an 

area of 3250 μm2). 10 

[0053] 

 Target materials Nos. 1 to 12 in Inventive Examples and 

target materials Nos. 13 to 15 in Comparative Examples were 

used for sputtering with a DC magnetron sputter.  The 

sputtering conditions are as below-mentioned. 15 

 Substrate: aluminium substrate (having a diameter of 95 

mm and a thickness of 1.75 mm) 

 Atmosphere in chamber: argon gas 

 Pressure in chamber: 0.9 Pa 

 After the sputtering, the state of each target material 20 

was observed visually. 

[0054] 

 Target materials Nos. 1 to 12 in Inventive Examples 

caused no recognizable crack during the sputtering.  In contrast, 

target materials Nos. 13 to 15 having a bending strength of 90 25 

MPa or less in Comparative Examples caused a recognizable 

crack(s) after the sputtering. 

[0055] 

 As described above, the target materials in Inventive 

Examples were evaluated more highly than the target materials 30 

in Comparative Examples.  From these evaluation results, the 

superiority of the present invention is clear. 

 

Industrial Applicability 

[0056] 35 

 A sputtering target material described above can be used 
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to produce a magnetic layer in various applications. 

 

Reference Signs List 

[0057] 

 1 … (CoFe)RE phases 5 

 2 … CoFe boride phases or CoFe phases
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CLAIMS 

 

1. A sputtering target material composed of an alloy 

consisting of: 

 B; 

 one or more rare earth elements; and 

 the balance consisting of Co and/or Fe and unavoidable 

impurities, 

 wherein an amount of B in the alloy is 15 at.% or more 

and 30 at.% or less, 

 wherein the one or more rare earth elements are selected 

from the group consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho, 

and 

 wherein a total amount of the one or more rare earth 

elements in the alloy is 0.1 at.% or more and 10 at.% or less. 

 

2. The sputtering target material according to claim 1, 

 wherein, in a field of view that is selected randomly and 

has an area of 3250 μm2, the number of intermetallic compound 

phases is 1 or less, 

 wherein the intermetallic compound phases are each 

formed from Co and/or Fe and the one or more rare earth 

elements, and 

 wherein the intermetallic compound phases each have a 

maximum inscribed circle diameter of 5 μm or more. 

 

3. A method of producing a sputtering target material, the 

method comprising a sintering step of sintering a raw material 

powder composed of an alloy consisting of: 

 B; 

 one or more rare earth elements; and 

 the balance consisting of Co and/or Fe and unavoidable 

impurities, 

 wherein an amount of B in the alloy is 15 at.% or more 

and 30 at.% or less, 

 wherein the one or more rare earth elements are selected 
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from the group consisting of Pr, Nd, Sm, Gd, Tb, Dy, and Ho, 

and 

 wherein a total amount of the one or more rare earth 

elements in the alloy is 0.1 at.% or more and 10 at.% or less.




