PCT/ JP2011/ 079056 DESCRI PTI ON FERROVAGNETI C MATERI AL SPUTTERI NG TARGET
TECHNI CAL FI ELD pool ) The present invention relates to a ferromagneti C
material sputtering target that is used for formng a netic nmateri al
thin filmof a magnetic recordi ng nedi dm in parti cul ar, T’H%{%&PT?P%
recording layer of a hard disk enploying a perpendi cular magnetic recordi ng
system and relates to a nonmagnetic-grain-dispersed ferromagnetic materi al

sputtering target that provides apeg@rIPRaMge magnetic flux and can
provi de stable electric discharge in sputtering with a magnetron sputtering

apparatus. BACKGROUND ART [0002]In the field of magnetic recording

represented by har fERRVMNGNESIC MATERBANSPUT TERING TARGERI S, 1.e., Co,
Fe, or Ni-based materials are used as materials of magnetic thin filmns that

performrecording. For 2 0 exanple, in recording |layers of hard disks

enpl oyi ng a longitudinal nagnetigEcANPEALTIEERStem Co-Cr or Co-COr- Pt
ferromagnetic all oys of which main conponent is Co are used. I n

recording layers of hard disks enploying a perpendicular nagnetic recording

system tjpgi1 has bepg nsl%%em iMeﬁﬂBh'r@ﬁatéQ t@%afétr#&@é%ﬁé‘t% mafmASpueerRgeri al s
each conposed of a ferromagnetic allo mai n conponent is

Co, and a nonﬁﬁf@ﬁéﬁh% 'Fr}tﬁeﬁafﬁféorr?ﬂl'i‘@rq mag@reec\mf@r@l ugaaﬂm[qfcmg]agﬂeﬁany
cases, the magaedrdthd Medidrh! M PartRUMRIA MR AgndtRCRCBIIBg layer of a hard disk

10 employing a perpendicular magnetic recording system, and relates to a
nonmagnetic-grain-dispersed ferromagnetic material sputtering target that
provides a large leakage magnetic flux and can provide stable electric
discharge in sputtering with a magnetron sputtering apparatus.

15 BACKGROUND ART

[0002] In the field of magnetic recording represented by hard disk drives,
ferromagnetic metal materials, i.e., Co, Fe, or Ni-based materials are
used as materials of magnetic thin films that perform recording. For

20 example, in recording layers of hard disks employing a longitudinal
magnetic recording system, Co-Cr or Co-Cr-Pt ferromagnetic alloys of
which main component is Co are used.

In recording layers of hard disks employing a perpendicular
magnetic recording system that has been recently applied to practical

25 use, composite materials each composed of a Co-Cr-Pt ferromagnetic
alloy, of which main component is Co, and a nonmagnetic inorganic
material are widely used.

[0003] In many cases, the magnetic thin film of a magnetic recording
medium such as a hard disk is produced by sputtering a ferromagnetic

30 material sputtering target consisting primarily of the above-mentioned
material because of its high productivity.

[0004] Such a ferromagnetic material sputtering target can be produced by
a melting process or a powder metallurgical process. Though a process
to be employed is decided depending on the requirement in

35 characteristics, the sputtering target composed of a ferromagnetic alloy



medi um such as a hard disk is produced by sputtering a ferromagnetic
material sputtering target consisting primarily of the above-nentioned

mat eri al because of its high productivity. [0004] Such a ferronm Hnetic
material sputtering target can be proddced by a melting fPrié¢eds$9036 powder
met al | urgi cal process. Though a process to be enployed is deci ded dependi ng
on the requirenent in characteristics, the sputtering target conposed of a

ferromagnetic I 9 n n g rai ns,
whi ch is used a\ﬂkqeg% r%qr?tréa reé § gﬁﬁm@ gwﬂgnnwhgé%&dwm ofyi.l‘n(ang #

per pendi cul ar rwgdétg d:a)f@c@f @ ﬁgf%yﬂﬁlérﬁf ?sp%jéﬁéﬁtﬂll%}’ megaatie desgrdngowder
metal | urgical 4 §@ﬁ?sl§ngé|a_ﬁl§br§”y $r PWSY% BG@/dFF‘%&?nU@I&HIé}ir8§e§!~,eedl'rﬁ§’ be

uni formy disp rsedl ase ficu produce the
sputtering taly&ecpysea siwte ingpniscarains needsirde exiarpe dippapeddd 3s a
met had of preBﬁFé”&lo} %Ph'ét ic0f ttoagﬂﬁ}ucfeofheméaﬂﬁéhﬁ rtSFgthWQa rr‘i?éihﬁg by
mechani cal ly all oyl ng an al y powder having an all oy phase,” which
produced by r 8R®&sSSol i dification, and a powder constituting a cer am c

phase; upidspr n y F*b?%%ﬁ"pp@ ;S#aﬁoeeewﬁ% r‘ﬁ%ﬂ?&d bpbré&rﬁag%@amtenp@@é@ew thin
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[ 0006] The t ar §¥t Magpgte Jeeoiding media e mg@m'galtyoawlgwm ey pPWerase

material is bﬂwﬂgléh%ll lpthaeeool/hr&e)vayﬁeeueémb§%bwwﬂﬁn&um @82 ! 5

(ceram cs) (Fi ent Document or Si02°is dispersed in the form
of $frings i inWeré‘é’@SHﬁ{tE‘& 8l cgemyc @qﬁe patitoRpsisRfERINg1she PRWASH ot her

drawi ngs are YbRrstRating heyraniekpraset biphie hE By SEWY & BinbahoRfind! Rtwifes .
a hot press (Patent Document 1).
[0006] The target structure in this case appears to be such that the base
material is bound in a milt (cod roe) shape and surrounded with SiO;
15 (ceramics) (Fig. 2 of Patent Document 1) or SiO; is dispersed in the form
of strings in the base material (Fig. 3 of Patent Document 1). Though
other drawings are unclear, they look as though they show similar
structures.
Such a structure has problems described below and is not a
20 preferred sputtering target for magnetic recording media. Note that the
spherical substance shown in Fig. 4 of Patent Document 1 is not a
structure constituting the target but a mechanically alloyed powder.
[0007] Without using an alloy powder produced by rapid solidification, a
ferromagnetic material sputtering target also can be produced by
25 weighing commercially available raw material powders as the respective
components constituting a target so as to achieve a desired composition,
mixing the powders by a known process with, for example, a ball mill, and
molding and sintering the powder mixture with a hot press.
[0008] For example, proposed is a method of preparing a sputtering target
30 for magnetic recording media by mixing a powder mixture prepared by
mixing a Co powder, a Cr powder, a TiO, powder and a SiO, powder, with
a Co spherical powder with a planetary-screw mixer, and molding the
resulting powder mixture with a hot press (Patent Document 2).
[0009] The target structure in this case appears to be such that a metal
35 phase (B) of spherical shape is present in a phase (A) as a base metal in



Such a structure has probl ens described below and is not a preferred
sputtering target for magnetic recording media. Note that the spherical
substance shown in Fig. 4 of Patent Docunment 1 is not a structure
constituting the target but a nechani cal | y all oyed powder “T%%U?]%Wthout
using an all oy powder produced by rapid solidification, a ferromagnetic
material sputtering target also can be produced by 35 wei ghing
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binary alloy pHA289NglEretEINg MedFer sion | ayer is observed in the
perigheryoef the Caefd ahé @pweﬁhg Appheatsed ROl afboYRybfentk aWn@imaffieh a

structure is a tcl)'lenont‘la rrlgtlcerrre%orc?ng flfnﬁ)ut tn%ér? rtar eutttefr%rg rgap g?étluges
recordi ng med?f
eqUIpped with DC power sources are widely used because of their high
productivity. Sputtering is a method of generating an electric field by
applying a high voltage between a substrate serving as a positive
20 electrode and a target serving as a negative electrode disposed so as to
face each other under an inert gas atmosphere.

[(0013] On this occasion, the inert gas is ionized into plasma composed of
electrons and positive ions. The positive ions in the plasma collide with
the surface of the target (negative electrode) to make the target

25 constituent atoms eject from the target and to allow the ejected atoms to
adhere to the facing substrate surface to form a film. Sputtering is
based on the principle that a film of the material constituting a target is
formed on a substrate by such a series of actions.

[0014] Patent Document 1. Japanese Laid-Open Patent Publication No. H10-88333

30 Patent Document 2;: Japanese Patent Application No. 2010-011326
Patent Document 3: Japanese Laid-Open Patent Publication No. 2009-1860

SUMMARY OF INVENTION

35 [Technical Problem]



There are sputtering apparatuses of various systens. In formation of the
magnetic recording filns, magnetron sputtering apparatuses equipped with DC
power sources are w dely used because of their high pr oductl Vi
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to Problem]
[0016] in order to solve the above-mentioned problems, the present
20 inventors have performed diligent studies and, as a result, have found

that a target providing a large leakage magnetic flux can be obtained by
regulating the composition and structural constitution of the target.
[0017] Accordingly, based on the findings, the present invention provides:

1) a ferromagnetic material sputtering target comprising a metal having

25 a composition that Cr is contained in an amount of 20 mol% or less, Ru is
contained in an amount of 0.5 mol% or more and 30 moi% or less, and
the remainder is Co, wherein the target has a structure including a base
metal (A) and, within the base metal (A), a Co-Ru alloy phase (B)
containing 35 mol% or more of Ru.

30 [0018] The present invention further provides:
2) a ferromagnetic material sputtering target comprising a metal having
a composition that Cr is contained in an amount of 20 mol% or less, Ru is
contained in an amount of 0.5 mol% or more and 30 mol% or less, Pt is
contained in an amount of 0.5 mol% or more, and the remainder is Co,

35 wherein the target has a structure including a base metal (A) and, within



[ Solution to Problenm [0016]1n order to solve the above-nentioned probl ens,
the present inventors have performed diligent studies and, as a result

have found that a target providing a large | eakage magnetic flux ca
obt ai ned by regul ating the conpositionband structural d’r%TtLlP[ZQWQYr?O?ﬁ the

target. [0017] Accordingly, based on the findings, the present invention
provides: 1) a ferromagnetic material sputtering target conprising a netal

having a compgs 1o hial (& d £ogeAbisihasd @) BMIfing*ds BIDE Mo | ess.

Ru is contain I'n an armu | ess, and
t he remai nder ofRuCo wherein the target has a structure including a base

t al d, Ru all h B
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provi des: 2) 3x f the demgmegnetioematarial spuitteriogi iagoetargearddwnte i'9i oig2a net al
having a compaghilofnbhdh &6 hidifoG Aohs brid 1§ Hitisl of yBL3p Ge | €5,
0 .9 nor Pt

Ru is containéd | W an anou o0 or nore and A)or | ess,
is contained eleraentaselestecfiramn 3B,nbl, W.oMmofre, Nianbia, hEe, r%ﬁln@éﬁd As '%30

wherein the t C ncI uding a base netal (A) and, within
S5PCT/ JP2011/ O%%En({lﬁés%ggéf\}é Ig { a Co-Ru all oy phase (B) containing

35 nol %l[e¥20hor e thRLprewmlg]/qmorp tPrDWd@ﬁtl on further provides:
4) the ferromagnetic material sputtering target according to any one of

10 1) to 3) above, wherein the base metal (A) contains at least one inorganic
material component selected from carbon, oxides, nitrides, carbides, and

carbonitrides.

[0021] The present invention further provides:
5) the ferromagnetic material sputtering target according to 4) above,
15 wherein the inorganic material is at least one oxide of element selected

from Cr, Ta, Si, Ti, Zr, Al, Nb, B, and Co, and the volume proportion of the
nonmagnetic material is 20 to 35 vol%.

[0022] The present invention further provides:
6) the ferromagnetic material sputtering target according to any one of
20 1) to 5) above, wherein the Co-Ru alloy phase (B) has an average grain

size larger than that of the base metal (A), and the difference between
these average grain sizes is 50 ym or more.
The present invention further provides:
7) the ferromagnetic material sputtering target according to any one of
25 1) to 6) above, wherein the relative density is 97% or more.

ADVANTAGEQOUS EFFECTS OF INVENTION

30 [0023)] The nonmagnetic-grain-dispersed ferromagnetic material sputtering
target of the present invention, which was thus prepared, provides a large
leakage magnetic flux to efficiently accelerate ionization of an inert gas to
achieve stable discharge when used in a magnetron sputtering
apparatus. It is possible to increase the thickness of the target to enable

35 a reduction in frequency of replacement of the target, resulting in an



3) the ferromagnetic material sputtering target according to 1) or 2)
above, wherein 0.5 nol % or nore and 10 nol % or | ess of at |east one el enent
selected fromB, Ti, V, My, Zr, No, Mo, Ta, W Si, and Al is contained as
additive el enent. [0020] The present inention further priful/¢R2911/07PP5] he
ferromagnetic material sputtering target according to any one of 1. 0 1) to
3) above, wherein the base rret al (A) contains at |east one inorganic

materi al COW%%?E%%%@%& e gﬂ@u&"?ﬁ&%ﬂal ﬂﬁ G cdl Bé o&sguc&iﬂ dﬁ’ow and

carbonitrides I nvention urther

ferromagneti ccoat.eri al sputtering target according to 4) above, V\/nerel n the
inorganic material is at |east one oxide of elenent selected fromOCr, Ta,
Si, Ti, Zr, Al, Nb, B, and Co, and the volunme proportion of the nonmagnetic
material is 20 to 35 vol YDHIVREATIRN PFes MBODWIBNTISon further provides:

6) ttge ferromagnetic material sputtering target according to any one of 1)
to 5) above, wherein the Co-Ru alloy phase (B) has an average grain size
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ferromagnetic material sputtering target esent invention, whic
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of the target anfRelémathde? idTo.
[0025] When the Ru content is 0.5 mol% or more, the effects of a magnetic
15 material thin film can be obtained. Accordingly, the lower limit is
determined to be 0.5 mol%. In contrast, since a too large amount of Ru
is unfavorable because of its characteristics as a magnetic material, the
upper limit is determined to be 30 mol%.

Cr is an indispensable component, and the content is higher than 0
20 mol%. That is, the Cr content is higher than the analyzable lower limit.
Furthermore, as long as the Cr content is 20 mol% or less, the effects

can be obtained even if the amount of Cr is small.

[0026] The amount of Pt is desirably 45 mol% or less. An excessive
amount of Pt decreases the characteristics as a magnetic material, and

25 Pt is expensive. Accordingly, a smaller amount of Pt is desirable from
the viewpoint of manufacturing cost.

[0027] The ferromagnetic material sputtering target of the present invention
can further comprise 0.5 mol% or more and 10 mol% or less of at least
one element selected from B, Ti, V, Mn, Zr, Nb, Ru, Mo, Ta, W, Si, and Al

30 as additive element. These elements are optionally added to the target
material for improving the characteristics of a magnetic recording
medium. The blending ratios can be variously adjusted within the
above-mentioned ranges, while maintaining the characteristics as an
effective magnetic recording medium.

35  [0028] The 0.5 mol% or more and 10 mol% or less of at least one element



6PCT/ JP20111079056 advantage that a magnetic material thin filmcan be
produced with a | ow cost. DESCRI PTI ON OF EMBODI MENTS [ 0024] The main

conmponent constituting a ferromagnetic material sputtering target of the
present invention is: a nmetal having a7conposition that R§9WP§° BH8%thed in
an amount of 20 nol % or less, Ru is contained in an amount of 0.5 nol % or
nore and 30 nol % or |ess, and the remainder is Co; or a netal having a
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0025] When th i : : etic
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mat eri al, and I's eXpensl ve. Accor ingly, anount of
desilPabl e frofha hasematbiMt of manufacturi ng cost. [0027] The ferromagneti c

mat eri aljpggppt t eri np therdrfetohadiRg RUPS 8NEtriQURNT iHdUigh the reasons of the
improvement in leakage magnetic flux are not necessarily obvious at the
present moment, it is believed that a portion with high magnetic flux
density and a portion with low magnetic flux density are generated inside

15 the target to cause an increase in magnetostatic energy compared with
the structure having a uniform magnetic permeability, and thereby
leakage of the magnetic flux to the outside of the target may become
energetically advantageous.

[0031] The phase (B) desirably has a diameter of 10 to 150 pm. In the

20 base metal (A), the phase (B) and fine inorganic grains are present. If
the diameter of the phase (B) is less than 10 pm, the difference in size
with the inorganic grains is small, and therefore, it accelerates diffusion
between the phase (B) and the base metal (A) during sintering of the
target material.

25 The progress of the diffusion makes the difference in structural
component between the base metal (A) and the phase (B) unclear.
Accordingly, the diameter of the phase (B) is preferably 10 ym or more,
and more preferably 30 um or more.

[0032] If the diameter exceeds 150 um, the progress of sputtering

30 decreases the smoothness of the target surface and disturbs the balance
with the phase (A) as a matrix, and thereby causes a problem of
particles. Accordingly, the diameter of the phase (B) is desirably 150 ym
or less.

All of these are means for increasing the leakage magnetic flux.

35 The leakage magnetic flux also can be controlled by the amounts and



can further conmprise 0.5 nol % or nore and 10 nol % or | ess of at |east one
el enent selected fromB, Ti, V, My, Zr, No, Ru, Mo, Ta, W Si, and Al as
additive el enent. These elenents are optionally added to the tar
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is |ess than @0 thentarget dalﬂfléeeﬁﬂ% oh meree o furthaie6P Hoogampee. gr'ﬁhﬁ%e is

smal,l;, and thﬁ&?%ﬁf gr dréaap% BloftESartb Léfdt Pr@t‘%ﬁ?"%@]ﬁsﬁ&ﬁd@t}@ﬁ@ng@n and

the base neta i NQ SI erl ng o et ‘materi
progress of tthe domposition ahlkks tal‘rg@tlelﬂ%rmfﬁ@%nﬁ Wvgﬂﬁgl&ta!ﬁﬂalené@il@pél#@ht

bet ween the b %;‘Etlﬂlm{i%ﬁ}la@nf]né ﬁaﬁ%?@f@tﬁ%#%%éﬁﬂhveﬁff&pw amne

di anmeter of t nor e m¥r e pr ef erably
30 pm or nor eshqrm)Bapdfthaw@var@gmgiamemd@ea_m then mediinpr befivess die

sputtering shortest diameter and the longest diameter.

20  [0035] The composition of the phase (B) is different from that of the base
metal (A). Therefore, the composition in the periphery of the phase (B)
may slightly change from that of the phase (B) by diffusion of elements
during sintering.

In the range of a phase having a shape similar to that of the phase

25 (B) of which diameters (major axis and minor axis) are each reduced to
two-thirds thereof, the purpose can be achieved as long as the phase (B)
is made of a Co-Ru alloy containing 35 mol% or more of Ru. The
present invention entails such cases, and the purpose of the present
invention can be achieved under such conditions.

30  [0036] Furthermore, the ferromagnetic material sputtering target of the
present invention may contain at least one inorganic material, which is
dispersed in the base metal, selected from carbon, oxides, nitrides,
carbides, and carbonitrides. In such a case, the target has
characteristics suitable as a material for a magnetic recording film having

35 a granular structure, in particular, a recording film for a hard disk drive



decreases the snoothness of the target surface and di sturbs the bal ance
with the phase (A) as a matrix, and thereby causes a problem of particles.
Accordingly, the dianmeter of the phase (B) is desirably 150 pm or |ess.
Al'l of these are neans for increasing fhe | eakage magnetACI/UPROKI/079PRE

| eakage magnetic flux also can be controlled by the anounts and

8PCT/ JP2011/ 079056 types of additive nmetals and inorganic grains.

Accordi ngly, the, above-described si shoul d not be
necessarily s&UPAYIRG 3 %%rPePQ'CHﬁaé 'B%&qéeﬁfoieggf@ngo%ﬁafeﬁ'ons. [ 0033] Even i f
the properarj on of Fuliephae &8) theo inbryanid ahatmlah.mtpfeatSheom%trgﬁdeoﬁfto t he
1oy the ef f oElTeT owlBr D ROTEYE "EaRrbl ot APEE: B 3o Gey st reher O
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sonme target coQnposi.tiaons he ..pLo ion of the phase (B) to the total
vol ume of thepfrgj’roég n%quﬁrtoﬁvgB%?)ﬁ%. or area of the erosion surface of the
target can be 509 be nonnegneticfgrairsearead®Xadly dispersed e the baseimetalk (Aar ea

propor ti ons. can. g, APy Rh 3h &) %aRdd'36 S LHRERAEAG ML e GRARDBIY bEN of
the target. The present 1 nventlion also entalils such cases. Tncidentally,
t helphase (B)béecombeinpogseated intentheophass (Bhvuriangy pesstion agldattaegedver age

grain size ne i e t L r; gest
i aretor 207 o0as] MR TR O bR TR el TRl 3 g R Els Sl W0 Bl et
of the base neffatt tha)maghetietbawmctersdicsnfgbeintiase (Bl avdedpapt gHébi{ thss t he
phase (B) may,gli@lt!y change fromthat of the phase (B) by diffusion of

el enent s duriﬂg sintering. In the range of a phase having a shape

si mi | ar [3088F hat of utthermperas én (B festomag reticimaterialrsp uttesinertaegatsthen@domi nor
axi are each, r =LAl - P f eved
as I%ng as thgupﬁﬁgﬁ?ﬁgi(%y\ﬁgﬁg %%éagﬁ:g\%ﬁé%ﬁ fdgﬁ'"c%*%tgg?ﬁ%eﬁgﬂggqﬂgf@f or
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diameter of the phase (B% can be adjusted to 10 to 150 pm, in order to
improve the leakage magnetic flux density (PTF), it is more effective that

20 the Co-Ru alloy phase (B) has an average grain size larger than that of
the base metal (A) by 50 pm or more.

The ferromagnetic material sputtering target of the present invention
more desirably has a relative density of 97% or more. It is generally
known that a target having a higher density can reduce the amount of

25 particles occurring during sputtering. Also in the present invention, a
higher density is preferred. In the present invention, a relative density of
97% or more can be achieved.
[0039] The relative density in the present invention is a value determined
by dividing the measured density of a target by the calculated density
30 (theoretical density). The calculated density is a density assuming the
structural components of a target coexist without diffusing to or reacting
with each other, and is calculated by the following expression:

Expression: calculated density = Z[(molecular weight of a structural

component) x (molar ratio of the structural component)].”Z[(molecular

35 weight of the structural component) x (molar ratio of the structural



present invention may contain at |east one inorganic material, which is

di spersed in the base netal, selected fromcarbon, oxides, nitrides,
carbides, and carbonitrides. In such a case, the target has characteristics
suitable as a material for a magnetic f&cording film hafng/RRO8HOGEul ar
structure, in particular, a recording filmfor a hard disk drive

9PCT/ JP2011/ 079056 enpl oyi ng a perpendi cul ar magnetic recordi ng system
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phase (B) or becone incorporated 1nto hase ur| ng production of
target. The n@ﬁﬁﬁ'&fﬁaiq ingeasadhe ﬁh§bﬁﬁ3%06é|3% targpt ﬁ%@r@mﬁtreidycgmum do
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mat eri al sput hetaingehrdesr Afoyt (rﬁ)t@rtﬁgteatmwanmoaow%e islasdis et dapias a
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20 Accordingly, the size is desirably 0.1 pm or more.

[0042] Subsequently, the metal powder and the alloy powder are weighed
to achieve a desirable composition and are mixed and pulverized with a
known procedure using, for example, a ball mill. When an inorganic
material powder is also added, the powder may be mixed with the metal

25 powder and the alloy powder in this stage.
The inorganic material powder is a carbon powder, an oxide powder,
a nitride powder, a carbide powder, or a carbonitride powder. The
inorganic material powder desirably has a maximum grain size of 5 ym or
less, whereas a too small grain size tends to cause agglomeration.
30 Accordingly, the size is further desirably 0.1 ym or more.

[0043] The Co-Ru powder can be prepared by sintering a powder mixture
of a Co powder and a Ru powder and then pulverizing and sieving the
sintered product. The pulverization is desirably performed with a high-
energy ball mill. The thus prepared Co-Ru powder having a diameter in

35 a range of 30 to 150 ym is mixed with a metal powder prepared in



Expression: calculated density = E[(nol ecul ar wei ght of a structural
conponent) x (nolar ratio of the structural conponent) VERnDI ecul ar wei ght
of the structural conponent) x (nolar ratio of the structura

10PCT/ JP2011/ 079056 conponent)/ (literature density of tkPé:TﬁPrzt%VQ?rgQ?s
conponent)], wherein Eis the sumof the values of all structural

conponent s of the target. [0040] The thus prepared target provides a | arge

| eakage magnebiygafédiXandien o}:h@nélﬂf $8ledted Uasrhdnit %m&aﬁt;fo%e?pwrtﬁ esing

apparatus, ionization of an as 1s efficiently accelerated to achieve
stabl e di schanyéer | tThes rplesgsublwefqrabwcaea@@etam SCRRW KME®S of Planetanir get to

enabl e a redug fe% rrh9| eIl Iﬂ%cﬁcﬁ%ﬁ%&f{ﬂ?erﬂ(g W;ﬁg?c%l@ﬁlt of bfiauliéh ng 1 n

an advant age t | c material thin m can roduced wth a | ow
cost. Further ﬁlﬂrleg Uhémgncﬂ@asélxifm densrafgraiiy aﬂff@m%dltl@g@nofm?féd%&‘r ng the

partiscle geneg%b%érga& |F|5§}é%9§ma reduction in yield. [0041] The

ferromagnetic material sputtering target of the present invention can be
produced by a powliee mhaEnengyy bellocdEscani palveriae pandiemidfrayy reptgriabl ement

or alloy (not %o%v'ﬂ@f*s Fithir Réndk! tWe%%Wﬂﬂre& %fh”&“b%ﬁ‘?ﬁlﬁ%t?'aevﬁﬁtld(rpfnm ng the

phase (B)) and, as necessary, an additive netal element J. wder or
i nor ganile04tht er i al NB AR Prefared mopwiasds molded gadisintered Wéhe?n’é?\‘fu%\heér may

be produced b r@éyaﬁﬂ%{ra% f&%@@b&%ﬁ&fﬂhﬁgﬁnﬁd E%s%dtJP'F‘a%% BWEGHe Are
each desirably 20 pmor |ess, whereas a to0 snmall grain size accel erat es

oxi ddtion to tARBaGPSYR enatedak PHHating Hérgﬁin%foﬂﬁtpr%iﬁﬁfo@ﬂ?ﬂw i sThfut si de

the necessaryChaRgdPowdiet Yoitdipords thehd bRasé $B ﬁﬁtr@bbyeﬂlea iRMh&tardef €.
[ 0042] Subsequentql?ﬁ(J the netal powder and the alloy powder are weighed to
achi eve a desPfi'yd €°-conmposition and are mixed and pul verized with a

[0045] The molding and sintering is not limited to hot pressing and may be
performed by spark plasma sintering or hot hydrostatic pressing. The
15 retention temperature for the sintering is preferably set to the lowest
temperature in the temperature range in which the target is sufficiently
densified. Though it depends on the composition of a target, in many
cases, the temperature is in the range of 800 to 1300°C. The pressure
in the sintering is preferably 300 to 500 kg/cm?.
20
[Examples]

[0048] The present invention will now be described by Examples and
Comparative Examples. The Examples are merely illustrative, and the
present invention shall in no way be limited thereby. In other words, the

25 present invention shall only be limited by the scope of claim for a patent,
and shall include the various modifications other than the Examples of
this invention.

(Example 1 and Comparative Example 1)

[0047] In Example 1, a Co powder having an average grain size of 3 ym, a

30 Cr powder having an average grain size of 6 um, a Pt powder having an
average grain size of 3 um, a CoO powder having an average grain size
of 2 um, a SiO; powder having an average grain size of 1 ym, and a Co-
45Ru (mol%) powder having a diameter in the range of 50 to 150 um
were prepared as raw material powders.

35 These powders were weighed at weight proportions of 33.46 wt% of



known procedure using, for exanple, a ball mll. Wen an inorganic materi al
powder is al so added, the powder may be m xed with the netal 2 5powder and
the all oy powder in this stage. The inorganic material powder is a
carbon powder, an oxide powder, a nitrizle powder, a car bRPCEJREOMIEII05®r a
carbonitride powder. The inorganic material powder desirably has a maxi num
grain size of 5 pmor |ess, whereas a too snall grai n size tends to cause

agal orer | on ASEOLNGL o bRt Sl o MEARE 198 LAY BeTePy BB Tor S,
Co powder and %Mtﬂ’@\@ﬂ&he@@btﬁmndwls\m mth/d'l@faJmei SiDeiavedarhandi2i.et ed
M1 The t nudiih 5aPEdCeIR P HiTRe o IR g s antr upo s e T ¥ o 30
to 150 pmis rggxee- S@ﬁhSIat—GRUﬁ-lsWSiOp(m@%)ed in 11PCT/JP2011/ 079056
The i xePo1a” pr of SUBRgUEnT e GP R SRIE I 45 ol i BF poolidel, Andf i D
agitator. In aﬁiéilsm oWd@Sle@fel pgadelde|rpraobbaneofbadjxnnlatpomrtoqathengwrmX| ng,
e g s et Bl s PSR ksl AT RIS o2
a short tine ¢oupsfedmiking. aThel tesoiting powdewr nbixtare avastfurther mlxed with
the Co-Ru powder with a planetary-screw mixer having a ball capacity of
10 about 7 liters for 10 minutes.
[0049] The resulting powder mixture was charged in a carbon mold and
was hot-pressed in a vacuum atmosphere under conditions of a
temperature of 1100°C, a retention time of 2 hours, and a pressure of 30
MPa to obtain a sintered compact. The sintered compact was ground
15 with a surface grinder to obtain a disk-shaped target having a diameter of
180 mm and a thickness of 5 mm.
[0050] The leakage magnetic flux was measured based on ASTM F2086-01
(Standard Test Method for Pass Through Flux of Circular Magnetic
Sputtering Targets, Method 2). The target was fixed at the center
20 thereof and was rotated by 0, 30, 60, 90, and 120 degrees, and the
leakage magnetic flux density of the target was measured at each degree
of angle and was divided by the reference field value defined by ASTM
and multiplied by 100 to obtain a percentage value. The average value
of the five points is shown in Table 1 as the average leakage magnetic
25 flux density (PTF (%)).
[0051] In Comparative Example 1, a Co powder having an average grain
size of 3 um, a Cr powder having an average grain size of 6 ym, a Pt
powder having an average grain size of 3 ym, a Ru powder having an
average grain size of 10 ym, a CoO powder having an average grain size
30 of 2 ym, and a SiO, powder having an average grain size of 1 uym were
prepared as raw material powders. These powders were weighed at
weight proportions of 45.56 wt% of the Co powder, 2.83 wt% of the Cr
powder, 31.86 wt% of the Pt powder, 9.90 wt% of the Ru powder, 4.64
wt% of the CoO powder, and 5.20 wt% of the SiO2 powder to obtain a
35 target having a composition of 88(Co-5Cr-15Pt-9Ru)-5C0o0-7Si02 (mol%).



[ 0044] The thus prepared powder is nolded and sintered with a vacuum hot
press apparatus, followed by machining into a desired shape to provi de a
ferromagnetic material sputtering target of the present invention.

Co- Ru powder corresponds to the phase {8) that is observ%‘élT/#Ff?oﬂH%"gtoé‘? get
structure. [0045] The nolding and sintering is not limted to hot pressing
and may be performed by spark plasma sintering or hot hydrostatic
pressin The ret i r f I et to
Phe T oneB04 erper 21178 ROVRE FEH Bleceh "% DL AP bl CoBY Bt ik
sufficiently déosniailealls iﬂa@hvérﬁmd@pmﬂismnnﬂﬂbemlﬂmﬁmasof@taiﬁdgot 8P get ,

i n many cases ture is in the range of 800 to 1300C. The
pressure in tﬁé’hz?eﬁr%%gﬁ s preferably 300 to 500 kg/cnR [ Exanpl es]

[ 0046] The present Suhmeqtneoﬂty Whe|resmm@@odwmlbwemﬂmbésn armarbon

ative I resent
| nve i on shzliﬁ‘?1 Owég%qggﬁg?ée%fmaé ere é/tﬂds'pﬂgher%{j/\%fc ﬁ?Cﬂﬁi%rwgrgsent
i nvention shaltémpel'a/tutteof fiolik: ol dnyetbhaoednnp@ oHR2 dursandra presavenel 3@nd

shal | |nclude a a ot is
Tnvent i on. (BRI AR B E PR e SRS SRR ES, doghd S )
powder havi ng \Aath aserfage g;rmjem tgiobéaiofa GISbmhaaemtamﬁmVlﬂmeldwnawrﬁer age
grain size of 4,640 ign n r z a Coo
powder havi ng ?n @\}/neggﬁtea 3???%%%1% 50?"@ The aa,%?%gg i’éd\;ﬂ\(ggb 'ﬁggf‘%tgc gqu
averiage gr ai ndeungéyoftrle rgehwas N BRI (Ffrbawswbm@'rovmm heple idi ameter in
t he rang[\,\eégi ﬁaﬁlﬁ 50 pmwere prepared as raw materi al powders. These
powder s I ghed at wei ght proportions of 33.46 w % of

12PCT/ JP2011/ 079056 the Co powder, 2.83 wt% of the C powder, 31.86 wt % of
the Pt powder, 4.64 w % of the COO powder, 5.20 wt % of the 5102 powder, and
22.01 wmt % of the Co-Ru powder to obtain a target having a conposition of
88( Co- 5Cr - 15Pt - 9Ru) - 5Co0- 7Si 02 (nor/ 0).



[ 0048] Subsequently, the Co powder, the Co powder, the Pt powder, and the
Si 02 powder were placed in a 10-liter ball m Il pot together with zirconia
balls as a pulverizing nedium and the mll pot was rotated for 20 hours
for mxing. The resulting powder m xtufi¢ was further m xBeTARINNT/PTHESECo- Ru
powder with a planetary-screw m xer having a ball capacity of about 7
liters for 10 m nutes. [0049] The resulting powder m xture was charged in a
carbon nold and was—f essed in a vacuum at nosphere under conditions of
a tenperature of 14 retention tinme of 2 hours, and a pressure of 30
MPa to obtain a si'%\ conpact. The sintered conpact was ground with a
surface grinder t¢x a di sk-shaped target having a dianeter of 180 mm
and a thickness of [|0050] The | eakage magnetic flux was neasured based
on ASTM F2086-01 (g andard Test Method for Pass Through Flux of G rcular
Magnetic Sputtering 1 g%ts, Method 2). The target was fixed at the center
t hereof and was r ¢Qteat 0, 30, 60, 90, and 120 degrees, and the | eakage
magneti c flux dengity tihe target was neasured at each degree of angle
and was divided by 4 he ref erence field value defined by ASTM and mul tiplied
by 100 to obtain ageBc¢ehtlage val ue. The average val ue of the five points
is shown in Table|l a®|ttg average | eakage magnetic flux density (PTF (%).
[ 0051] I n Conparatijve anple 1, a Co powder having an average grain size of
3 pm a O powder [hayimg gn average grain size of 6 pm a Pt powder having
an average grain §ize ()f 3 pm a Ru powder having an average grain size of
10 pm a CoO0 powder ing an average grain size 30 of 2 pm and a Si02
powder having an avefdge dgrain size of 1 pmwere prepared as raw nateri al
powders. These powden s|werle wei ghed at wei ght proportions of 45.56 wt % of
the Co powder, 2.83 o off the Cr powder, 31.86 wt% of the Pt powder, 9.90
wt % of the Ru powj%r t.664 wt % of the CoO powder, and 5.20 wt % of the Si02
povvder to obtain je&& |havi ng a conposition of
88( Co- 5Cr - 15Pt - 9Ruﬁ D0- 7Si 02(nol 99 . 13PCT/J P2011/ 079056
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[ 0052] These powders were placed in a 10-liter ball mll pot together with
zirconia balls as a pulverizing nedium and the mll pot was rotated for 20
hours for m xing. Subsequently, the resulting powder m xture was
charged in a carbon nold and was hot-pt&ssed in a vacuurPQIRAIPHEFES nder
conditions of a tenperature of 1100C, a retention tinme of 2 hours, and a
pressure of 30 MPa to obtain a sintered conpact. The sintered conpact was

d vi ; . . PeL :
i oot er0lP 250 rtcatath 1 bl 2 Mg lePad® BEIRGERFLOAN R SRHSRE F,
flux density dfie ttargetanfgExampde rMeassr 48.5% hevhics wias laggehovan i39. T%Abloé 1.

0053 Tabl 5PCT/ 1/ 079 4 I l: h
ver age | cakadd HRALIF EA RS dertit g0 op M &To BE WReldbaBy Fproustd G ooy
whi ch was | ar gerExdnarie3D. th¥ reddtiveodpasiat was E.affpl eTHys,andangat hasimgi aned t o
b id bly. i I t . ti d it 98. 5%
Thuss a tar golaLIPRG LS P oglLPr Y Bpe SRRaEinG 979 vas obt A ned.

[ 0055] Theogspl i shedheuwdlsbedafurfdre ohthgetargét ExBrahplel 1 weas obsewveddandind
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portions corr%%ﬂ
structure. It "™Was er- con arge phases not contai ni

grains were distpetsed itrwahéummréonfirmedtthehlagy@phgseas mot ventaining&liy.
and i & made oS gorel iRSad i he MR RCwpIE YO BRILIRNE MRIFT O
averl@ge grai ndiipessed. t ibephbase (®)yrespenthetophhe eplaRe Bl ddothempoesembr e.
[0056] I'n cont f@agihtiohNafd RahRdeY of X 3Bl LailoFOBEFGIMAGSAS Malth " ’i.
Difference in the average grain size of the phase (B) and the phase (A)
was 60 pm or more.
[0056] In contrast, in Comparative Example 1, coarse phases having an
15 average grain size larger than that of the phase (A) by 50 ym or more
were not observed at all in the matrix of the target in which SiO, grains
are dispersed. As shown in Table 1, the average leakage magnetic flux
density (PTF) in Comparative Example 1 thereby decreased to 39.1%.
Accordingly, it was found the presence of the phase (B) observed in
20 Example 1 is effective.
(Example 2)
[0057] In Example 2, a Co powder having an average grain size of 3 ym, a
Cr powder having an average grain size of 6 um, a CoO powder having
an average grain size of 2 ym, a SiO, powder having an average grain
25 size of 1 ym, and a Co-45Ru (mol%) powder having a diameter in the
range of 60 to 150 um were prepared as raw material powders.
These powders were weighed at weight proportions of 55.40 wt% of
the Co powder, 3.64 wt% of the Cr powder, 5.96 wt% of the CoO powder,
6.69 wt% of the SiO, powder, and 28.30 wt% of the Co-Ru powder to
30 obtain a target having a composition of 88(Co-5Cr-9Ru)-5C00-7SiO;
(mol%).
[0058) Subsequently, the Co powder, the Cr powder, the CoO powder, and
the SiO, powder were placed in a 10-liter ball mill pot together with
zirconia balls as a pulverizing medium, and the mill pot was rotated for 20
35 hours for mixing. The resulting powder mixture was further mixed with



average grain size larger than that of the phase (A) by 50 pmor nore were
not observed at all in the matrix of the target in which Si02 grains are

di spersed. As shown in Table 1, the average | eakage magnetic flux_density
(PTF) in Conparative Exanple 1 therebyl8ecreased to 39. 1B6T/ARZYIATHGPy, it
was found the presence of the phase (B) observed in Exanple 1 is effective.
(Exanple 2) [0057] I n Exanple 2, a Co powder having an average grain size of
3 pm a C po e gy r I e S 3 rofhavi ng
an"aver age orane o2 BpwEl AR G BAEN B Bler hdlg 3 S AMAT or T
of 1 pm and aabost Z3Rkary fool1@ mpuikeer having a dianeter in the range of 50
to 150 pm were pr er e i Eh o} re
wei ghed at wei ght %E%W%%?%&%SHﬁhﬁ%f Eit?%rgegoln éwg%?o%mgg{ \%tngoeof
the O powder ,was 9BoinGEseedt e @o0apuweratm@spberg %I'dﬂfeft wengjtopspohdar, and

28.30. wt % of t - o0 N a:tar [ i, 1 of
85{ 0o 50 - oRu){SEsERsy 55 10801 5y 2 BB E AT IS, 2te BRSSO, 1L
powder, the CdOPpdwdebtaimmdsintered compasi. 0T hsotideragecemprgic a@si groynd
10-liter ball Jm ﬂ?l%a o) My VM e B 71 %E}&I : V£ h
medi um and tﬁﬁeﬂﬂmgl pc?% scjér%cg?\éatgé%m?éo?%%g houdrazg??rﬁr'n%%n‘g.éh%ég%f
resul ti ng powdd0 minxtandeathickhass 9ér5 mned Thetaveraus  gakawel Meeoete fluxe
Co-Ru powder wdrfat o?'tﬁ@?ér@%yr- C'rRYL LT EE" HAK RBEuRs BAl EhEARAS Thles, about 7
liters for 10 m nutes. e resulting powder m xture was charged in a
carboh nold and was hot-pressed in a vacuum at nosphere under conditions of
a tenper Bw]e[@éb@%oq a retention tine of 2 hours, and a pressure of 30
MPa to obtai'n a sintered conpact. The sintered conpact was ground with a
surface grinder to obtain a disk-shaped target having a dianmeter of 180 mm
and a thickness of 5 nm The average | eakage nmagnetic flux density of the
target was neasured. The results are shown in Table 2. [ooss] [Table 2]



18PCT/ JP2011/ 079056 [ 00601As shown in Table 2, the average | eakage magnetic
flux density of the target of Exanple 2 was 42.5% In addition, the
relative density was 98.5% Thus, a target having a high denS|t of
exceedi ng 97% was obt ai ned. 5As in Exatple 1, the pollsHﬁﬂnéﬁmﬂH@@oﬂi t he
target of Exanple 2 was observed, and portions corresponding to Si 02 grains
could be confirmed in the target structure. It was further confirmed that

| arge phases not eontaijning Si02 grains were dispersed in the matrix in

whi ch 5i 02 grains finely dispersed. The phase corresponds to the phase
(B) of the presenigi ention and is made of a Co-Ru alloy containing 45
rind%of Ru. Diffa¥ e in the average grain size of the phase (B) and the
phase (A) was 60 nore. [0061] The above-descri bed Exanpl es show an
exanple of a targ ing a conposition of 88(Co-5Cr-1SPt-9Ru)-5C00 7Si Q2
(mol %9 and an exaq?e i0f a target having a conposition of

88( Co- 5Cr - 9Ru) - 5Cpd- 02 (nml%. It was confirnmed that simlar effects can
be obt ai ned even 2 conposition ratio is changed within the range of

t he present inventi In the above-descri bed Exanples, Ru alone is
get may contain at |east one el enent selected from
Ru, Mo, Ta, W Si, and Al as additive elenment, and

1 mai ntain the characteristics as effective nagnetic
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all of such targe W=\
recording nedia. |n other words, these elenents are optionally added to
target material for i@proving the characteristics of magnetic recording

'ts in each case are not specially shown in Exanpl es,
he effects were equivalent to those shown in
Exanpl es of the pfese i nvention. [0062] Furthernore, though the
above-descri bed Exanp_es show cases of adding oxide of Si, other oxides of
Cr, Ta, Ti, Zr, A2 NB] B, or Co show equivalent effects. In addition,

t hough the above dé?:g bes the cases of adding oxides, it was confirned
that nitrides, cafbi¢lg$, carbonitrides and carbon of these elenents can
show effects equiyal eat to those of oxides.
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| NDUSTRI AL APPLI CABI LI TY 19PCT/ JP2011/ 079056 [ 0063] The present invention
enabl es notable inprovenent in | eakage magnetic flux by regulating the
structural constitution of a ferronagnetic material sputteri n% target.
Accordingly, the use of a target of th® present inventi diFT¢H#0§I/AE0%G abl e
di scharge in sputtering with a magnetron sputtering apparatus. Furthernore,
it is possible to increase the thickness of a target, and thereby the

target | bigiime DRCOURRA A%abR 2! %%ng%g,%cl;eiﬁga%gfms%ﬁ@(w&i GeRBHPOF 2

thin fil'mat a | ow  present 1 nvention is useful
as a ferronaghte targahobExampipdtwas AR % ar eadditian, the ielaliver dengiyrwidhg a

magneti ¢ mat eghao,t hi il H(}W\Pg | @ rdi i i rihsul ar,
a recording | ggzdrﬁ)'of @”tﬁar%ntﬁgs‘?ﬁ ri tal %%%%ngg%fggg%%&%rgc@il Mc [Claim
11A ferromagnebtaineht eri al sputtering target conprising a netal having a
conp@sition that S | nedy] AhagoU e cef YePlof EBSHn IS
cont gi ned in an a%ou'qut Eg%“b%qhgl&#%%rgh?mre ff‘r? %%%nég?%/zég?ﬂfess, Fgalgftlvzlbthe
remai nder is @@s wheevied, t ard t pergiens heerraspandieg uice SiQe| awing eouldiske met al

ﬁrél) O/and, wi t hi niﬁ@%c{g%ﬁeth@e?geg Bhrucfuré0- Y wals! ﬂ}ftl'@?aé&f(rﬁ?edcﬂfgtalia%é‘g 35
o 0r nore o . alm erromagnetic material sputtering target
conprising a RBasgs not containing SiO; grains were dispersed in the matrix in which
SiO; grains were finely dispersed. The phase corresponds to the phase
10 (B) of the present invention and is made of a Co-Ru alloy containing 45
mol% of Ru. Difference in the average grain size of the phase (B) and
the phase (A) was 60 ym or more.

[0061] The above-described Examples show an example of a target having
a composition of 88(Co-5Cr-15Pt-9Ru)-5C00-7Si0, (mol%) and an

15 example of a target having a composition of 88(Co-5Cr-9Ru)-5C00-7Si0O;
(mol%). It was confirmed that similar effects can be obtained even if the
composition ratio is changed within the range of the present invention.

In the above-described Examples, Ru alone is added; however, the
target may contain at least one element selected from B, Ti, V, Mn, Zr,

20 Nb, Ru, Mo, Ta, W, Si, and Al as additive element, and all of such targets
can maintain the characteristics as effective magnetic recording media.
In other words, these elements are optionally added to target material for
improving the characteristics of magnetic recording media. Though the
effects in each case are not specially shown in Examples, it was

25 confirmed that the effects were equivalent to those shown in Examples of
the present invention.

[0062] Furthermore, though the above-described Examples show cases of
adding oxide of Si, other oxides of Cr, Ta, Ti, Zr, Al, Nb, B, or Co show
equivalent effects. In addition, though the above describes the cases of

30 adding oxides, it was confirmed that nitrides, carbides, carbonitrides and
carbon of these elements can show effects equivalent to those of oxides.

INDUSTRIAL APPLICABILITY

35



a ohaving a conposition that Cr is contained in an anount of 20 nol % or

|l ess, Ru is contained in an anmount of 0.5 nol % or nore and 30 nol % or |ess,
Pt is contained in an amount of 0.5 nork or nore, and the renmi nder is Co,
wherein the target has a structure incl@ding a base netaPCTH204HA790RF t hi n
the base netal (A), a Co-Ru alloy phase (B) containing 35 nol % or nore of
Ru. [ aim3]The ferromagnetic material sputtering target according to

Caim1l aim Z; i M| % r : 9 l:gs t

| east on@b%%gerrent a-st‘_eel g%% f&o\'?ﬁng,%#ﬁév&l\/ﬁ?% %Mmkg‘?@%,lﬁw%a%%géand Al
i s contained aragnRriia flvx byl wesiating hieastivatpm canstifyipngakai fereataanietic
sputtering tar : rell & Y Q08 i ek base
metal (A contngiﬂr?g_ggtgaﬁltg%@?g {oér}:gé?nor aﬁ@&g%&@g%%%ngg%% t@%{bé%%bg‘é from
carbon, oxi dednvafitioni ¢es, giver Isitalkkle, dinsbargs bonspviterdng With ad nimepmAKON

ferr ghetic 1al in ccorel ny. o ChiaLnms 1
to 4%& ein S?E{etsflhgr aéﬂ?é&t%.t e?ll:gﬂﬁ%%rt%' I gaggt r}%)ngg@%'% Ye @?ré;{sgnéﬁl?

sel ect ed fromtiieknass ofig tauget.zand Aherelty, the; taiget didetimadbetmmes|liomg: to
proportion of i i L &4 ths FIRRE he i norganic
mat eri al , 13239??)’ 3 /oge?%ﬂl' %lf %?éh%cem%ﬁ&gg'n@tl C ?ra%?lt)gﬁt sputtering
target according ffoectapet of tgepeasent Havamiqru inlusejulpaase feBprrgseta
average grai nn%téﬁai?ﬁﬂ?ériﬁ&%'?g'éemtatg uéiuff&}%ﬁn@t%'ma(g%trggﬁgétefi thin

di fference between these average grain slizes is. m or _ alm 7] The
f er "dmagnet i cfilfatefra Baghstictrecprding Mmedivmade Pediicidar @ aoprding layerdPfaans 1
to 6, wherei nhhhedlskld@iveve density is 97% or nore.
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CLAIMS

[Claim 1] A ferromagnetic material sputtering target comprising a metal
having a composition that Cr is contained in an amount of 20 mol%
or less, Ru is contained in an amount of 0.5 mol% or more and 30
mol% or less, and the remainder is Co, wherein the target has a
structure including a base metal (A) and, within the base metal (A),
a Co-Ru alloy phase (B) containing 35 mol% or more of Ru.

[Claim 2] A ferromagnetic material sputtering target comprising a metal
having a composition that Cr is contained in an amount of 20 mol%
or less, Ru is contained in an amount of 0.5 mol% or more and 30
mol% or less, Pt is contained in an amount of 0.5 mol% or more,
and the remainder is Co, wherein the target has a structure
including a base metal (A) and, within the base metal (A), a Co-Ru
alloy phase (B) containing 35 mol% or more of Ru.

[Claim 3] The ferromagnetic material sputtering target according to
Claim 1 or Claim 2, wherein 0.5 mol% or more and 10 mol% or less
of at least one element selected from B, Ti, V, Mn, Zr, Nb, Mo, Ta,
W, Si, and Al is contained as additive element.

[Claim 4] The ferromagnetic material sputtering target according to any
one of Claims 1 to 3, wherein the base metal (A) contains at least
one inorganic material component selected from carbon, oxides,
nitrides, carbides, and carbonitrides.

[Claim 5] The ferromagnetic material sputtering target according
to any one of Claims 1 to 4, wherein the inorganic material is at
least one oxide of element selected from Cr, Ta, Si, Ti, Zr, Al, Nb,
B, and Co, and the volume proportion of a nonmagnetic material,
which is composed of the inorganic material, is 20 to 35%.

[Claim 6] The ferromagnetic material sputtering target according to
Claim 4, wherein the Co-Ru alloy phase (B) has an average grain
size larger than that of the base metal (A), and the difference
between these average grain sizes is 50 pm or more.

[Claim 7] The ferromagnetic material sputtering target according to any
one of Claims 1 to 6, wherein the relative density is 97% or more.



