PCT/ JP2011/ 079056 DESCRI PTI ON FERROVAGNETI C MATERI AL SPUTTERI NG TARGET
TECHNI CAL FI ELD [0001] The present invention relates to a HG&HIR20EY0E9056
material sputtering target that is used for formng a magnetic material
thin filmof a magnetic recording medium in particular, a magnetic

recording layer of a hard disk enplqying_a perpendlcular magneti ¢ recording
system and relates to a nonrragng?oltz-gﬁé:i %THO(N spersed ferronmagnetic nateri al

sputtering target that provides a large | eakage magnetic flux and can _
provi de stable electric di schaa)ge in sp utterln%_vmth a magnetron sputtering
appar at us. 15BACKERBAIMARGN EDOO MARERIALISRUd T6RINGIARGETecor di ng
represented by hard disk drives, ferromagnetic netal materials, i.e., Co,
Fe, or N -based materials are used as materials of magneti c thin filns that
persform recordi ng. For exanpl e, TECHNIGAIdFigGLDayers of hard di sks enpl oyi ng
a longi tudi nal magnetic recording system Co-C or Co-Cr-Pt ferromagnetic
all oys of which main conponent is Co are used. In recording |ayers of

hard dosks enpl oyheGrasert PRt ﬂélafé%@ftﬁb'i%rfcﬁﬁ%ﬁ'éﬂ@ nsat%tri%rlnsrpfm%nfhgs
been recently %pl ied to pr act| cal use, gpoa te materials each conposed

of a Co- Cr - FErgeringidg nsedcioafpeping MADBATIsUN ates iBieflm iof acmagneatica
nonmagnet i c r'eegrcpﬁa' eHPJrﬁ‘r wpaﬁwm %Ph%émfé re[c%%ﬂg' AyER R aCﬁé&PH.sﬁ(he

magnetic thin a magnetic recordin such "as
dilsk is procroppYiyg sppereendigutarf magmmjgnmqocdmgpsasmmabndpmlamsl tcga

f tio teri becaus its
bt oh pr oduct TITSOREER bRk beyEy FeRY it coRBte 8 HifHrirkd FHGRE et
can be pr_ol_ﬁlmedlde)s a Iargealteakggenmagrmegsﬂum&aetﬁcli dmed ggo\vetﬁgfa%]ﬂalbggﬁle?ﬁdgnc

) 0 a _pr.oces 0 be i S
P:agﬁ??:nent *%a?@%h'gr ‘t:,t-;rn%g Vvdtg‘”gtrﬂég'g‘f)ﬁ?f'épiuﬁtﬁrm% ar@éH%osed of a
ferromagnetic all oy
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



2PCT/ JP2011/ 079056 and nonmagnetic inorganic grains, which is used when
form ng a recording layer of a hard digk of a perpendi culROT/sRAMEOTED56
recording system is generally produced by a powder netallurgical process.
This is because since inorganic grains need to be uniformy di sgersed :n_ a
5 base alloy, it is difficult to produce the sputtering target by a nelting
process. [O00YY FRPN@agRste ippgriiedaraing, nwhisdd isf L@ﬁé‘pé’l’ﬁ‘% Eprgblﬂit éring
target for i r di I giday: cﬂ;@f? idYiaR! ha%hBgc bR
powder havi rr%%gﬁalggl (T) phggg? i cﬁ'st\?\(y/as?fg?odu eeg]%lloy raap_l gésoﬁl diticat _|¥Jon,
and a powdersystent iis genaraly qeoduiced phase powdier onetaliudgispd rsoogss.heThiswder

hot press (g e B SHBF ToMdio dupii, sl if W& Fhire By Miogeiigd g " °
appears to Heassuchioyhat i¢ hdiffluadte to moeiicel thHes spartitedinign tavget| by (£ adetiog)

shape and surrounded with Si02 (ceramics) (Fig. 2 of Patent Docunent 1) or
Si02 is di spEPSEESin the formof strings in the base material (Fig. 3 of

Pat entjoddxtument Hor eXHOWIE, PEdPRIsed %%ﬂﬁéttﬂfcﬁoﬂ%%ﬁé‘ﬁm ]‘ée‘ﬁgugeﬂhg%rdélough

they show simlar structures. Such a structure has prol escri bed bel ow
and i s not dorroaghelie reeardpatmedia§yt meehanieallynadeying aneabeyipayvdasdi a.

ot a. struct of g anLf oy PETARCA D ArdatEsh K Al AR R
[ 007] W t hognow@erngpaatiwtlr@ apordanipmivises dirbforndpi dispersidgf ﬂtaatpioa\mllera
o ormanet BB Ad's SEUTAET 4Rged AT Mk BB NSl v
conponent s @hst ptegs (Ratent @@etiment #s to achieve a desired conposition,
T 0B PO i SR O RR et e B S Pobbbe ™™
exanpl e, propeeerdliis Boukd iadaomilprepar idy ghé;@éltérﬁ!imréﬁ{d&{) with iR
magnetic recording nmedia by mixing a powder mxture prepared by mxing a Co
powder, a CAc@@mpies) (Rigridpf E@\kg@g Daggmerdi D2opsifdels digpersad @ theHermcal
P " 1 % SRS AL gl et 10, L MR DIARHE 59, PIHEEDn
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



[0009] The target structure in this case appears to be such that a netal 3
Sphase (B) of spherical shape is presefit in a phase (A) #CTARRAIHONEISE in
3PCT/ JP2011/ 079056 which inorganic grains are uniformy dispersed (Fig. 1
of Patent Document 2). In such a structure, the | eakage magnetic flux is

not sufficient] roved in sone cases_ dependj on th con ent rate of
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Furthernore, proposed is a method of preparing a s ter ng target for th
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sputtering aﬁ ratuses of varlous systens. I n formatlon of the magnetic

recording fi RUKsIRSt rorP s pevdari ARdappRiQ@e urWderuARG ot eSS pofer
sour ces arer\efsdmnxg $oGHePORRNTS (arbfiEDbchin@iypnoducti vity, Sputtering is a
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col lide V\nththe urf he target (OP t|v ctrode) to maktethe
target constd"etYHY): at SHUCHYIS géire 5e F%P S ierng tacgedy

atons to adh@rmgghétmerej‘omum@ mémérate surface to forma film Sputtering
i s based on the_lpr|n0|p e that a filmof the material constituting a target
S

i $5f olPR'# on a Syerakeespytieling arraptusesoPf yafipyssystems. [lodeapatanent
ocmens 3. ClsmaeR QRS TInR gl oaut 8RB0 Bharaliste,
Japanese Laiegugpieed pethemlC andlelcaoumes\lere 0delyl 866d hEMMARE OF thalvENGh ON
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]



[ Techni cal Problen] 4PCT/JP2011/079056 [0015]1n general, in sputtering of
a ferromagnetic material sputtering tasget with a nmagnet rRgT/$HR0N1/O7 905G
apparatus, nost of the nagnetic flux froma magnet passes through the
target made of a ferromagnetic material to reduce the |eakage magnetic
flux, resulting in a big problemof no discharge or unstable discharge in
sput t PPHR). In geneyadeln spUieNing of i@ EermppBafic natediad sPokernddardent of

Co, which i f i Iy A e : e i i
content, ho%@%ra,emd&@&r@ Sg)lu?%\t/rvﬁﬁigo?hg?%ggbﬁ{%qcfggh%e@%‘g@lgeggtﬁl% ?g)(%radi ng
filmand i s magnef passest tranugbsiet targes ohade oof. aTleswghagnetis mpetidit® to

0 increase t | eakage netic flux reduci the thi.ckness of the
Carget - in tAtYeEa bR eRRYE sladnetie ik *TesUfo, Rt WE" PSR 41 Bguen
Vi ow of The ‘Brobl Sre et ot ahore e Aot of the present |
vi ew of the probl ens, nenti oned above, it is an object o nt .
i nvention toppr o'@i Qrdles tﬁo?ﬂﬁ@ﬂ@tﬁ RIQR&M -l tigyin P%ﬁ@éﬁr@r@%n‘é’f‘l(‘@ 1S
material spu t RIridiahAEEet n?éta‘f‘,’mi§hsBQ§‘eét%%kag% MRdRltion fihwed scomeneased
to allow stable discharge with a magnelron sputtering apparatus. [Sol ution
to Pr o?l enj ovaein rdQﬁSdép;[ tailoymfog?h@n f“f"“”&g%iﬂd mwg Giit%bf@hfﬁl,l?: ﬁﬁgve
resent inv I r , it & j
Pound that :_éﬁtd'jlrlge \grsfod\%%dln%n%ql éollérgé_erqfagaiglgg hﬁgn?gﬁl léglil '&?chﬁg%e Ieobt ai ned
by 0r egul at i rigcteasec dhpoksiakiage amagreticidtux dy cedstinguthenthidkridss oérthet .

0 i " sed t i ndj th t i ti. ovi des:
O e orp et in ERE 3R, BB, (arpel i%umboR SBRRRRer B Eohufe PRARAS o5
a conposi ti aeptdvaimént ostheptErgetiadhich @usyantin&kadl imh&syst] ess, Ru is

contained in an amount of . 0.5 /0 or nore and 30 mpl % or | ess, and the
remai nder is Co,/NwiiEMiof the Rrggiﬁé?s hﬁ@nﬁoé‘ﬁauépe?’@ ihés @ RPiacheédhset al

Erﬁl) %ag(rj, m\gﬂr '[Gd?'toe?e%ﬂ? mt[@{ al t6A) prdvides Ruaal | RynRitReticRY rfbRRfighdisRe 35

15 ferromagnetic material sputtering target of which the leakage magnetic
flux is increased to allow stable discharge with a magnetron sputtering
apparatus.
[Solution 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 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.

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



31)[ 0018] The present invention further provides: 2) a ferromagnetic
material sputtering target conprising & netal having a c®Qiasi201t07ed%6t Cr
is contained in an anount of 20 nol % or less, Ru is contained in an anount
of 0.5 mol % or nore and 30 nol % or less, Pt is contained in an anmount of
0.5 mol % or nore, and the remai nder isCo wherein the target has a
structure i r’fbﬁthﬁ%%@tﬁhé"é) e Ga-Ruagllay @haget (R)rcorpmimg BRmol %7 90 s80fene
base metal (H)rya Co-Ru alloy phase (B) containing 35 nol % or nore of Ru.

[ 0019] The pr esent invention further provides: 3) the ferromagnetic

mat er|[a01$£}putterTlmg;ptrasgetinaentiodifugheopI;ovidesZ) above, wherein 0.5 nol % or

nore and 10 I(V | ess of at |east. erren ecte fro L,V
e g rafSkeatnglls mEtRlaCSRueREE SR e B, O 2

[ 0820] Tlhe PratsaRs, WHERhi @5 ﬁuﬂ%&_@r oY iahes 10 rﬁb]!%fier ﬂ?ssr @;ﬁmgebbg one

material sputtering tar according.to any_one o _ ve,
wherein the edaaf@n?es%ipc %9& feQdnt Bi i éi Maas£r. oNe. iMer 3§ni\é/’ n§'t e&qc&A 1S

conmponent selfghRdd 49 BdeHROBlerfghdes, nitrides, carbides, and carbon

itrides. [0021] The present invention further provides: 5) the

ferrortf@atéti c nathe Pagsepunventiag fusthgerravdesdi ng to 4) above, 15 wherein
the '”Orga”'ﬁ ”%hﬁﬁ‘eﬁ{)odm%gﬁétu&?@%r%”% %‘eﬁ’ﬁ {a ngb?%%r fi EESt Eh%for

Ta, Si he V§ ro or
noamagnet i ¢ Yebed) above, RbeteinIHeviod 96 n[eﬂélzm)quantsahteast\ma m@mganmct her

provi des: 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.

ADVANTAGEQUS 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



6) the ferromagnetic material sputtering target according to any one of 1)
to 5) above, wherein the Co-Ru alloy phase (B) has an ave@Cag#291HDTO0S6ze

| arger than that of the base netal (A), and the difference between these
average grain sizes is 50 pmor nore. The present invention further
rovides: 7) the ferromagnetic material sputtering target according to any
8ne of 251) a%d(ya@;a%db@t, awmagaetictaterialhin dimesri e PEOBBROWitho? g‘?W
ADVANTAGEQUS JEFFECTS OF | NVENTI ON 30[ 0023] The nonnagneti c-grai n-di spersed
ferromagnetic naterial sputtering target of the present invention, which
was thus prepared, provides a |large | eakage magnetic flux to efficiently

accel erate ionization of i { | e di scharge when used
in a nmagnetron sputteri nB%p%gf%ﬂ?gﬁS?ﬁ@%E%@W%f\' 0 increase the
t heckness of the target to enable 3 5a reduction in frequency of

repl acenent of the target, resulting in an  6PCT/JP2011/079056 advant alge
that d%%4netic erM&IN t KPARINGAIcaROBRIYEBEucRd RIEHMAINEHE co¥ptera

DESCRI PTI ON sghntfeMAgDIaYGRY Sf [0 3fd Jdwa iﬁ%ﬁti@ﬁﬁ&%‘%‘éta‘%’&%}ﬂd HtddHp8sition
ferromagneti c material sputtering target of the present invention is: a
netal havi nghat Esripssintagied agn@mMpynt ehi24i med’d ar lgssarfdune contaioegony or
less, Ruis j i adr 9 | ess,
and the remﬁgg@%%&@sgﬁoz%?;gﬁm&&a%(ﬁgﬁg%éﬁp%gﬁsﬁoﬁ%hgﬁ @%é‘?srﬂfer
coft ai ned i s &v;amoarmetHl HEYinglacomposition Fati €r éoobatairddiin am aamunit  of

O oy oot T e 3 SR o B3B3 RbIR ok ATHARLSY el ©
ol % or nor endt 86 MbRewIslest, Ptrageeitaibed in an amount of 0.5 mol% or more,
and the remainder is Co.

[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



material thin filmcan be obtained. Accordingly, the lower limt is
determned to be 0.5 mol % In contrast7 since a too | argecammaot1/0fo0R8 i s
unfavorabl e because of its characteristics as a magnetic material, the
upper limt is determned to be 30 nol% Cr is an indispensable conponent,
and the content is higher than 0 20 nol% That is, the Cr content is

hi gher t han setectgdalroauBi, i) Ywddn.| ZaiNb, RUrtM@,rH;@riéV s artmé\la%btaﬁ&adjry t
un
oo s s PoEppYBRnG e bEAF iAo B BoBHy MGREIE g, thel C2-RI

excessive alloy anm(BbﬂeE’anedrlEGwsthIrOeghhlaeanteifac,fawn:ti;u t;hm ph?sBEgnB).l c
material, a 25Pt ensi v ardingly, a smaller anmpbunt of Pt is
desirable fr PF%SQR gf‘ﬁ?n @ﬁs fﬁ lﬂj‘ﬂ? %gcq,sc?st [0027] The ferronmagnetic
rraterl[atzgqsputtermgnip@rmﬂ edint e ﬁhreepﬁéﬁentmneehn@ﬁ i6 ath alt Uhehstruster@rdrse
0.5 nol % or rmre and 10 nmpl % or | ess of | east one el enent sel ect ed from

B, Ti, V, miheZarggipcomprisgs, ahasaynespl (/éhanm vathin gthe base ietad| (Adedt .
These el enercé-mr%ugg M@égB erﬁn‘?t mw%rml%ﬁf fg‘aform ha¥eng

the characteristics a nmagnetic recordi ng nediu endi n ati os can
be vari ousl yBadjagsa mawnumﬂnageehbmmeabulituriewerrahgeﬁhatmf the a’HuntLHEnl ng

(e Che act BUpShng Ty b Sy BTBAREkS S SaRAh0e, o b [BREPLY
7E’0:T/JP2011/t®ém© wetaictred fromB, Ti, V, M, Zr, Nb, Ru, Mo, Ta, W Si,
o ooty 22 o3 PR ndphr SRSy TR oA R ks Y tne
interface witprévemphase I¢dagd Meagieseflixi aveendi ABcasSHYiIgnimlibgs Bahea
case. 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 ym. 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 um, 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 ym or more.
[0032] If the diameter exceeds 150 pm, 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 uym
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



5[ 0029] An inportant point of the present invention is that the structure of
the target conprises a base netal (A) @&nd, within the bapeTws2ah1/§79056a

Co-Ru al l oy phase (B) containing 35 nol% or nore of Ru. The phase (B) has a
maxi mum rmagnetic perneability |lower than that of the structure surrounding
t he phase, and the phases are separated from each other by iuthe base netal
(A). [0030] |tmpe$1@ftad@,|éwehmﬁtw@ aondhngrganigcgriaies. t Asagrdinaly, teasyrvesft the

| mpr ovement dubcRGee TRARE!{fadd 1) 8hBURChoPBE FRRASSLYIPRUIOHSY Byt B°

present nonent, portion wt ux
density and cmqooffa\mnamet hoﬂmbﬂwonagnetl c flux density are generated inside

theta et to c sea i ncrease.in net pst at A rrpred wi t the
St uc OB havi ndE SN HOf HTRRGRAT Of doieBaRs: i, fh e it ol Ui, Bt gBebr
the magneti gafddtXof Qotthé ouhﬁheleorobréét%ftﬂr@etomm begane emeideiigaliby
advant ageous. 003 (B) desirably has a dianmeter of 10 to 150 pm

In the 20 SaRdl r(zﬁtgal aPR)—'t 1t°/hle tbﬁa@@e?tB?f én@?rﬁ@'ﬁe|eivﬁb|‘3@8nb% oftaines. arle
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sintertng Olvoldifie! 8f 4ok M Blocion surdle AT ER5ePls Uag b o makes
ent' he as A)

t he dlfferenceln 2t AU ura ween & Fetal the
phase (B) umsbmear . Tbtedeakiagtglryagneecdltaomaerbe)tnctrleasplials;etl(mB)presepcefcﬁr ably
10 pm or nore % no g b)referably 30 pmor nore. [0032]If the dianeter
exceeds 150'?)%"”’ ESSF Bess of sputtering decreases the snoothness of the

targetorul f ace andsamattardst EbmpltRTee thiet prdpetiohaFeheAdhase BaS thy, and
t her eby cauzes a problem of particles. Accordingly, the diameter of the
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vol ume of thkases. Incidentally, the phase (B) in the present invention may have any
shape, and the average grain size means the medium between the
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



target or to the volune or area of the erosion surface of the target is
small (e.g., about 1%, the effect of a certain |evel cawrdierdotaoreds | n
order to obtain a sufficient effect by the phase (B), however, the
proportion of the phase (B) to the total volune of the target or to the
volume or area of the erosion surface of the target is desirably 10% or 10
nore. The | &RRyimggreeipendiciac aragnetinwasadeg ystene presence of many
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conposition’i e periphery of the phase (B) may slightly change fromthat
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can be controlled to be 50 ym or more. As described above, though the
diameter of the phase (B) can be adjusted to 10 to 150 ym, 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 um 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



el enent selected fromCr, Ta, Si, Ti, Zr, Al, Nb, B, and Co is effective.
The vol une proportion of the nonmagnetioc material can be O/irp035979058 t he
case of an oxide of Cr, the amobunt of Cr oxide is distinguished fromthe
anount of Cr added as a netal and is determ ned as a vol unme proportion as a

chrom um oxi de. The nonmagnetic grains are usually dispersed in the
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j duri i_ng. . Al in th t ti hj gher.
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or nore cancae behirededed|®P3Opdivecr ehatdiNegfereteys.i NFIrBE PPR¥IYEr of a
invention is &élal ue determ ned by dividing the neasured density of a

target by tRCEAISGMENEPTRIRY (08 that(a KRt rbaY Rrwder {9 indisersaldal at ed
density is godestehihy RESPARES (BYF aphl el Hﬁ@%st%gypgﬂeé’&éiti% rﬂe’i ;%gfy exi st

wi thout diffusing to or reacting w th eac and 1s calcu y the
f 6P| owi ng eRPMEiRSiTInorganic rERteralawdercatecprepareddensi ty = E[ (ol ecul ar

wei ght of a str rrafj f the _structural
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of the strumaximlum QPET $R28147 MEe3eSsowderaeniehchl désiratilyrad gansi lesf the
structural ¢ onent i& whe@ei n.2;. is the sumof the values of all
structural COIIGARH Lo0rSPAl drainysize apeplesptepnexidationsiaparea RrapiRIS
provides a katBethatathageofsBIRintCchinpositiiens toRsidy 988 hécé%ss%QY'ﬂ%r@e.
ma%netron sputtering apparatus, ionization of an inert gas 1s efficrently
atCel er at edACEOHHROBY dhe sizsn is desicablydd! WM 9rsmedesi bl e to increase the

L EhIREE o "SubARAtrt, SENER fadist 1D 40 LISIUSIRG O SHUGRETT
can be prodiee@ghidvenaadésivaltlescomposttiver endearet hexédamenpealvienizéenwithya has
an advant agﬁn&;vnr S%’&é&?fet Bging, 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



10particle generation that causes a reduction in yield, [0041] The
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Gesi rably 20Teror Mg IkGE EHteTUrEL = ey Rorkll 31 B0 i la i Brie

oxi dati on t corawsmixingbagitestos.ucm aldditidr ecarmipenegttheomabde mi of okigladiohsi de

. .20A dingly, .th ' is desirably 0.1 .
[ 0042] SubscHEHT yTEAG. rites) MBUHIS ATEHPILI PESCHRRde N aPD UBFEnSRS o

achi eve a degtiric¥phere ¥masiddeimand are nmxed and pul verized with a Iknown
rocedure using,_for exanple, a ball mll. Wen an inorganic materi al
Bowder is also adyedhighmengigiddralheilbecan xpulvaiiZze @ rﬁ?t’hlra-\’V?pmﬂa'and
the all oy p(?ygﬂ,@\d i i i i ICmRbEL AbrARMWRIIT S @
car bon powder, a%ﬂsgletﬂierﬁ%o%mft,|m§ cl;]?rtrmplgté%d mﬁ{dgﬁyl_ﬁm@grﬁ?de |roo er ,I or a
car boriP@44l de powdig thuashpréparegapowdeanisemadedandesintareidraiihya wasuemneti num

i i ; I - i 0, cause
2001 oror at 1 neSaEBeRial S TolIREUZ aih <Rl Gk Ped sFRpb oM
[ 0043] The CdeRonpagmitic martelni@lpe;mnearr'enlzg bargﬁtnbénhggo@spm\dag%nﬁim.u; Q‘he:‘j a
wd d 4 nd Sievin e.sintere
product . The a4 EPRERT sl bl Fhede o iR Paeeg D RerePal |
mll. The thtuugmiepared Co-Ru powder having a dianmeter in a range of 30 to

150 is mxedwth netal powder prepared in 11PCT/JP2011/ 079056
pr[r(])d4ss] X _me molding andpsinteringpls ﬁot 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]

[0046] 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 um, a

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

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



advance and an optionally selected inorganic material powder with a m xer.
The m xer is preferably a planetary-screw m xer or planetFglyJPZaneNG08B6XI Ng
agitator. In addition, considering the problem of oxidation during mXxing,
the m xi ng at nosphere or in vacuum The high-energy ball mll can powders
Wi thin a short tinme conpared with a ball mlIl or a vibration mll.

[ 0044] The t hhe Qoeapewddr, pdBdewtYosoitiiad€d powdet, leBedvifktaf thevBt pawidest
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tructure. !

and ray b oot ned- T3 EBBR oSt or ot hydrostati c pr ess! ng.
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| owest tenperature in the tenperature range in (e he target is
suf fici ent | ythee®4Pti pewdgnhougre inlagedende dR-litee kalhyoii pobricgethert wildet |

e e
hours for mixing. The resulting powder mixture was further mixed 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 56 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 ym, a Cr powder having an average grain size of 6 um, a Pt
powder having an average grain size of 3 ym, a Ru powder having an
average grain size of 10 yum, a CoO powder having an average grain size

30 of 2 ym, and a SiO, powder having an average grain size of 1 ym 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 SiO, powder to obtain a

35 target having a composition of 88(Co-5Cr-15Pt-9Ru)-5C00-7SiO2 (mol%).



[ Exanpl es] [0046] The present invention will now be described by Exanples
and Conparative Exanpl es. The Exanpl estzare nerely ill ust radm/yr20180d90596e
present invention shall in no way be limted thereby. In other words, the 5
present invention shall only be limted by the scope of claimfor a patent,
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mi xt url8 “eg h in a carbon nold and was hot-pressed in a vacuum

at nosphere under conditions of a tenperature of 1100C, a retention tine of
2 hours, and a pressure of 30 MPa to obtain a sintered conpact. The
sintered conpact was ground with a surface grinder to obtain a disk-shaped
target having a dianmeter of 180 nmmand a thickness of 5 nm The | eakage
magnetic flux was neasured based on ASTM F2086-01
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powder, 31.86 wt % of the Pt powder, 9.90 wt % of
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781 02(nol % . 13PCT/JP2011/ 079056 [0052] These
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ed conpact. The sintered conpact was ground with a
a di sk-shaped target having a diameter of 180 mm
The average | eakage magnetic flux density of the
result is shown in Table 1. [0053] [Table 1]



15PCT/ JP2011/ 079056 [ 0054] As shown in Table 1, the average | eakage magnetic
flux density of the target of Exanple 16 was 45.5% whi ch pgagJR2ngeradgsban
39. 1% of Conparative Exanple 1, and was confirned to be considerably
inproved. In Exanple 1, the relative density was 98.5% Thus, a target

havi ng a high density of exceedi ng 97% was obtai ned. [0055] The pol i shed
surf ade0®H the tAs ghovwT IEXaRe €, thRadvereger \eakagena agneticofiex fﬂpﬁfndi ng
to Si02 grai e ot a u er
conti rmeq tHAE {95t MESERAETT duaf 481800 "l WAL TaME tdp ME100A0
the matrix |Glomip|amt|\8e EXxagn@lient, awed evds oehfjrmed (t)o bei e@nsldenbblirhmppom

Cor Ry a0 1oy BORKATRIAG: 45erisIhs Gareiss Vips, Lhodoi nTOHS. & iarage iaviic dsi ze
of st he phasm|gl$)deafs¢t tcbfee)myyi;ﬁn A7 WagabBbraThed. nore. [0056] I n contrast, in
Conpar ati ve Exa X coarse _phases havin Q% an_average grain size |arger

t han tlA%&5Tof the '“p?l&’@é'st‘ﬁ s giface }9|fnt'6? tRtgd QleFxample dhwasvelsevedl BNAn the
matrix of t%rtuahg%oﬁr@sm&h St&%@r r@ﬁn@rc% PT%g)eerc%%gowé% FOME o &ab' e

1, the average | eakage nmag netlc | ux nsit nparative 1
t her eby decrséesdudre. o Isqus/Jurht@ebeqnh@ngd that lmigefpms@St met porisériog Saf)zt he

prece (5%, CWEDCR YRR Ik aghAeth YRl SEP YR WRE M.,
havi ng an axdeswegzsedr ai Thei phasé ﬁorpe:spandbaopmeiephmurm af theepagsergr ai n
size of 2 pnﬁvéantlsérg)zar%mlge%aoa or’fgaa'a)o erag';' co'npaining 45 mol% of Ru.
Difference in the average grain size of the phase (B) and the phase (A)
was 60 ym 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 um, 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 50 to 150 ym 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)-5C00-7Si0O,
(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



2 5size of 1 pm and a Co-45Ru (nol % powder having a dianmeter in the range
of 50 to 150 pmwere prepared as raw ntgeri al powders. PCT/JA20d$/07 gaSkder s
were wei ghed at wei ght proportions of 55.40 wt% of the Co powder, 3.64 w %
of the Cr powder, 5.96 wt% of the Co0 powder, 6.69 w % of the 5102 powder,
and 28.30 wt % of the Co-Ru powder to 3obtain a target having a conposition
of 88( Co- 5CrtherbP-RedmweebyithmaNlanetarpessesuBdeiuraring a bl ‘@P%%%fr :
the Cr pomde‘fboﬁth)e”{‘é}g BPBEhinded the Si02 powder were placed in a
10-liter ball mll pot together wth zirconia balls as a pul veri zing
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litsers for ltemperat@® of 1050°Che regsiiidh Nignd@ideholrstalic angresshoes @G0 n a

carbon nol d was hot-pressed jn a vacuum at npsphere under, conditions of
a tenper at ur'@E’@f to efdein 3 piEderad GRMRaR- oﬁ]h? ﬁB'GgEeJ SOMRAG, was gouwd 30

MPa to obt aipitR éé@ﬁfﬁé@_‘br%@?ﬁ%’fobt—ﬁhﬁasdligk-%rr%e@@@éf h%_ﬁmggé%i%e%ﬁ@f a
surface grinder to obtain a disk-shaped target havi ng a dianeter of 180 mm
e

and a thi cknt&® nom anem thigkngseraige menkabee rRygiage derkage deagnetic Jtux he
target was rRasHLoF thEBarGE6 WasSmBaSuFAWWNTHE LeBIt§ afe dHdWPIn AR £ 2I
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18PCT/ JP2011/ 079056 [ 0060] As shown in Table 2,
flux density of the target of Exanple € was 42.5%
relative density was 98. 5%
exceedi ng 97% was obtai ned. 5As in Exanple 1,
e 2 was observed, and portions corresponding to Si02 grains

target of Exanpl

t he average | eakage magnetic
| N adgigT/ePR011/089056

a target having a high density of

t he polished surface of the

Thus,

could be confirn
| ar ge phases not
whi ch Si 02 grain
(B) of the prese

the target structure. It was further confirnmed that

hi ni ng Si 02 grains were dispersed in the matrix in

e finely dispersed. The phase corresponds to the phase
yention and is nade of a Co-Ru alloy containing 45

N

nmol % of Ru. Diff
phase (A) was 60
exanple of a tar
(mol %9 and an exX

get
afhp

C

in the average grain size of the phase (B) and the
nore [0061] The above-descri bed Exanpl es show an
avi ng a conposition of 88(Co-5Cr-15Pt - 9Ru) - 5Co0- 7Si 02
of a target having a conposition of

88( Co- 5Cr - 9Ru) -
be obt ai ned even
t he present
added; however,

i nvend

5102 (nol%. It was confirnmed that simlar effects can
he conposition ratio is changed within the range of

In the above-descri bed Exanples, Ru alone is
arget may contain at | east one elenent selected from

B, Ti, V, WM, Zr
and all of such
magnetic record
added to target

recordi ng nedi a.
Exanpl es, it was
in Exanples of t
above-descri bed
C, Ta, Ti, Zr,

t hough t he above
that nitrides, ¢

he

Grain size: 30¢p

B | ¢ 1805t 0 8% 3 5 B85 S

Do s Bodomol

) Nb, Ru, Mo, Ta, W Si, and Al as additive el enent,
[s can maintain the characteristics as effective

dia In other words, these elenents are optionally

al for inproving the characteristics of magnetic

gh the effects in each case are not specially shown in
rmed that the effects were equivalent to those shown
esent i nvention. [0062] Furthernore, though the

es show cases of adding oxide of Si, other oxides of
b, B, or Co show equivalent effects. In addition,

i bes the cases of 30addi ng oxides, it was confirned
es, carbonitrides and

Target composition (mol%)

88(Co-5Cr-9Ru)-5Co0-7Si0,

No.

Example 2




carbon of these el enents can show effects equivalent to those of oxides.
19PCT/ JP2011/ 079056 [ 0063] The present 4gnventi on enabl es mrgTAIR2011/0pI0BGEEN
in | eakage magnetic flux by regulating the structural constitution of a
ferromagnetic material sputtering target. Accordingly, the use of a target

of the present invention can give stable discharge in sputtering with a
magnetPeP] 5 spubs &hovg a@ﬂ@bg@l%.thrauaver@rg@ob@,kaigte maghedisi Bue depsitiicefease

t he thickne r ok he i,f et.ing:. he gto
Al ow pr odudranray! &f BXametE e WaRLeRgob. Tirt BhAftor the'lEREGERER W], |
target of tH8.plesemhusneenarget havingebuhighs derfsityr ofreposieidingred &%l alas

sputtering target that is used for formng a magnetic material thin 10film
of a nmagneti tg ding nmedium in particular, a recording |layer of a hard

di sk drive. 20Pg/id 2Rl 90 5theChblided diatavcl bA ther fegeoeetExafipleeni al
sputtering tv?arsgect)bggrr\r/%rdl, sgg Soﬁ?ct)r?sl corresponding to SiO; grains could be
confirmed in the target structure. It was further confirmed that large
phases 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 um 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)-5C00-7Si0;
(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.
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having a conposition that C is contained in an anount of 20 nol % or |ess,
Ru is contained in an amount of 0.5 nol®% or nore and 30 MRUTYRRO11/63%056and
the remainder is Co, wherein the target has a structure including a base
metal (A) and, within the base netal (A), a Co-Ru alloy phase (B)
containing 35 mol % or nore of Ru. [Claim2]A ferromagnetic materi al
sputtdp‘i)‘??g t ar geth@ oRfaseNtni ventivna enaldes haotakie airepigyesnentonnt leakage i s
contained i I [ t of
0.5 mol 56 or TmaDnelE Tl BY rEQUERIQ Mo ERuFRY cohoiNEh T im TarshdaTRIR, S
nol % or nor enaha'rcaltsfmlttearmg tedget.i sACoordihglyethre ke afaa trrgehas tihae presentur e

i ncludi ng a.base,.netal (A t t he base (A | | oy
Dhase (B cdRTERidSaa gy Hpnl disGhaide TRefaMhbangt it qRagHsfon
material spupigterivg tapgetatascor HunterMork i i & OposdiBiem 1o, inbRIRIeN thed
mol % or nore and 10 1% or |less of at |east one el ement selected from B,

Ti, v, M, ZRickRgss\gi ariarogt, gnd thereRy the danaekiifetime basomes doeg deent |
20[ Ol ai m 4] Hew PFd&f@%}?Bf 8 %Eﬁéhé'mé@r‘?atl @Wnﬂan% af 49bwAcsqr ding to any

one of C ains wherein t base netal (A) contains at |east one
i norgani ¢ mat erl'ﬂﬁe dongrinehttheepeesent invamtioar toruseful @ss 2 fetremagnetic
car bi des, i ] r t r tering
Carget - accon 17 o el SPuttoriREtarpE it iShubed fof RHRRIE th g BHE chaterE i
rraOeH al is fém dkasnagnetioxiederdihgehnedinn, selpacti@daf,rameCordifig,lager, offa, Zr,
, Nb, B, the volune proportion of the nonnegnetic material is
20 to 35% ?%qg({ﬁﬂslé%?ﬁg ferromagnetic material sputtering target according
to 30 Caim4, wherein the Co-Ru alloy phase (B) has an average grain
size larger than that of the base netal (A), and the difference between
these average grain sizes is 50 pmor nore. [Claim 7] The ferromagnetic
materi al sputtering target according to any one of Clains 1 to 6, wherein
the relative 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 the nonmagnetic 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 ym 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.



