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The present invention relates to a ferromagnetic sputtering target that is
used for formng a magnetic material thin filmof a nmapOEUPR0T1€379824 Ng
medium in particular, a magnetic recording |ayer of a hard di sk enpl oyi ng
a perpendi cul ar magnetic recording system and relates to a nonmagnetic
material particle- 10 dispersed ferromagnetic sputtering target that

provi des a | arge | eakage magnetic flux and can provide stable electric

di scharge in sputterin j I i i ce. [0002]1n the
field of magnetic reco?g¥%gﬁwg%ggggﬁ§ed -gﬂﬁgpgég?gﬁggyzves, ferromagnetic
netal materials, i.e., Co, Fe, or N -based materials are used as 15

materials of magnetic thin fil ms%*g% 6@1{@1 recording. For exanple, in
recording layers of hard disks e G% ngi tudi nal nmagnetic recording
sysb@m Co-Cr or Co-Cr-Pt ferromagnetic alloys of which main conponents are
Co are used. In recording |ayers of hard di sks enpl oyi .a_per pendi cul ar
magnetic 20 TRESGTSY ByStian felatesniesa dernmasBehs Spullgrng derdet thatde: | cal
use, conmesd fer foRhiig &Infagiasie rhamErRs afn dimafEPmagnBtic feédrammometivim ahl oy of
whi ch mai n . copponent s, and a nonmagnetic i norganic material are w dely

used. [ BBdSYIarna magnets eacording laxghef iachawl Aiski emplYing Aepgieendictior di ng
medi um s i L& P& UeeidebY i f BOPSiticke-
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can be p d ti r e gl ca r S.
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t he sput sputtaitotdevie’. conposed of a ferromagnetic alloy and nonmagnetic

in ni c part.c 6 Wi i d i 0 roduction of .a recording |ayer
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pr odu_celdfebly)naaa_g)taml 'ememﬁtmlalteriag{s,ci_a?.,mﬁclég,_sor Miuac?bg mwlfdregnwbah ]
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for 2PCT/JP2011/ 079321 magnetic recordi ng nedia by nechanically all9ying
an al | oySYs&ie Ch&vidigCarCrart iRresnageetis agrweaf mpi¢ha prain eimppdétatEren and
a powdercgensikkyting a ceram c phase, uniformy dispersing the powder
constituting a ceram c phase in the alloy powder, and nolding the
di spersion witln eeoesdingrlayerg Phthard diskeremploging) a pérpeddsjarTmagnatiget
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[0003] In many cases, the magnetic thin film of a magnetic recording medium
such as a hard disk is produced by sputtering a ferromagnetic sputtering target of

25 which main component is the above-mentioned material for its high productivity.
[0004] Such a ferromagnetic sputtering target can be produced by a melting

process or a powder metallurgical process. Though which process is used
depends on the requirement in characteristics, the sputtering target composed of
a ferromagnetic alloy and nonmagnetic inorganic particles, which is used in
30 production of a recording layer of a hard disk of a perpendicular magnetic
recording system, is generally produced by a powder metallurgical process. This
is because inorganic material particles need to be uniformly dispersed in an alloy
base, which is difficult to produce the sputtering target by a melting process.
[0005] For example, proposed is a method of preparing a sputtering target for



10Unfortunately, such a structure has probl ens described below and is not a
preferred sputtering target for magnetic recording nedia. Note that the
spherical material shown in Fig. 4 of Ratent LiteraturBCI/JP80HM79821
structure constituting the target but a mechanically alloyed powder.

[ 0007] A ferromagnetic sputtering target also can be produced, w thout using
an 15 alloy powder produced by rapid solidification, by weighing
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suf fi ci esiidw sirfitdreasriuricg. some cases dependi ng on the contents of the

constituent el nts such as Co and Cr. Thus, the target structure is not a
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structure i's case ase, 'a Si02 PCT/JP2011/079321 phase, and
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In formation of the., bove-.descfri bed magnetic recording fjlns, nagnetron
sput ter i“%‘F’gSIr Qv?%e°% R PN ’_ﬂ%p%dﬁbi/@y Spwe pregesswvdepyoalsed! sl t hei r
hi gh_pr afiaakbyaid moRgterid SiitdringhBRidiRf: hixRBGIifH 4 P8t BResl ectri ¢ T el d
by a&fl ying a high vol tage between a substrate serving aS a positive
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e’ ner agadRt g aRebReE) A d HAREE 18bire bRl o) NG BEE R The
cat i ons Rawdeie apCagrawdas) lai dOmpowdehearsiiaf 6@, pbwidee with a Co spherical
powder with a planetary screw mixer and molding the resulting powder mixture
with a hot press (Patent Literature 2).
[0009] The target structure in this case appears such that a phase (B) of a

25 spherical metal is present in a metal base phase (A) in which inorganic particles
are uniformly dispersed (Fig. 1 of Patent Literature 2). In such a structure, the
leakage magnetic flux is not sufficiently increased in some cases depending on
the contents of the constituent elements such as Co and Cr. Thus, the target
structure is not a satisfactory sputtering target for magnetic recording media.

30 [0010] Furthermore, proposed is a method of preparing a sputtering target for
magnetic recording medium thin films by mixing a Co-Cr binary alloy powder, a Pt
powder, and a SiO; powder and hot-pressing the resulting powder mixture (Patent
Literature 3).

[0011] It is described that the target structure in this case has a Pt phase, a SiO,



target (negative electrode) to make the atonms constituting the target to
fly out fromthe target and to allow the atons to adhere to the facing
substrate surface to form5a film Sputering is basedPci/JPhel11p7oazi pl e
that a filmof the material constituting a target is fornmed on a substrate
by such a series of actions. [0014] Patent Literature 1. Japanese Patent
Lai d- Open Publication No. H10-88333 Patent Literature 2: Japanese Patent
Appl i cat PBASNRND 810G kinaryraliaynphase andthatea gispesgiandayerpatobsenes iB- Open
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[ 0015] I n gener in sputtering rromagnett ¢ sputtering target wth a
magnet r oatraglure s alag noéaisadisfaotay spluttehing tangetfareandgnetic resordingranadia. passes
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sol ution, Thou it is possible to increase the | eakage magnetic flux by
r educi ngb?%qqgﬁc%@?tgfswagt%? Gebositiye @ﬁ@r%éndt%éargﬁggs@mngf@ Ame is
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increase in the cost. In view of the problems nentioned above, it is
6bj ect oftmeEPher@sent 4PCT/ JP2011 /079321 invention to provide a

ti ri ; i r; | terl r get
haTINC! asee iy S, e, RRET X6 1€ IOAPRATAL] BIARHY; EomBised 0,
magnet r o@lespans @ndneptitesi ¢ d hes¢atisingt indhetpasmabdadide vtd 1t surfacdenf the sol ve

the above;danhibgafk BleRbalFto MikeRhE $Eiths BEMLEAS the target to fly out from

the target and to allow the atoms to adhere to the facing substrate surface to form
15 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 Literature 1: Japanese Patent Laid-Open Publication No. H10-88333
Patent Literature 2: Japanese Patent Application No. 2010-011326
Patent Literature 3: Japanese Patent Laid-Open Publication No. 2009-1860
20
SUMMARY OF THE INVENTION
[Technical Problem]
[0015] In general, in sputtering of a ferromagnetic sputtering target with a
magnetron sputtering device, most of the magnetic flux from a magnet passes
25 through the inside of target made of a ferromagnetic material to reduce the
leakage magnetic flux, resulting in a big problem of no discharge or unstable
discharge in sputtering.
[0016] In order to solve this problem, a reduction in content ratio of Co, which is a
ferromagnetic metal, is suggested. A reduction in Co content, however, does not
30 allow formation of a desired magnetic recording film and is therefore not an
essential solution. Though it is possible to increase the leakage magnetic flux by
reducing the thickness of the target, in this case, the target lifetime is shortened to
require frequent replacement of the target, which causes an increase in the cost.
In view of the problems mentioned above, it is an object of the present



have perforned diligent studies and, as a result, have found that a target
providing a | arge | eakage magnetic flux can be obtained by regulating the
conposition and structural constitutiod of the target.PCU0/JP2011/079321

[ 0018] Accordi ngly, based on the findings, the present invention provides:
1) a ferromagnetic sputtering target having a netal conposition conprising
20 nmol % or less of Cr, 0.5 nol% or nore and 30 nol % or | ess of Ru, and the
bal ance BwvegHon vaepé@wd@ he @%@agnemlma@élah nesticle-disparseq) fesiomagastic

d| fferen a ( S ot p ) ng a
Thar 1580 PR taer ol Rrk s gD Bkale: gty Ml Rl el

bel ng a d@pbarg@rwdih Ropaghealisen ppummrng giewoerposed of Co or a Co alloy.

[ 0019] The present invention further provides: . 2) a ferromagnetic

sputterl ng target having a netal conposition conprising 20 nol % or |ess of
, 0.5 [BdlotiartonBrablemyl 30 nol % or Iess of Ru, 20 0.5 nol % or nore of Pt,

%&1 bal ance of, Co, \/\/n| ethn the tar rucBure i cI udes a.netal base
(AR two di i BFAET; topRA¥e dhe gl opgd {nfEbléiats, GaRESER! ?'”\ﬁﬁl'?g?réi n the
phase ( Bhawxei pegforniee ng@nhOMuﬁié%SQndmﬁsalanlréﬁjlﬁohmé %oQhd MPiae é’ftaFth and

t he phase bei tal or alloy phase primarily corrposed of. or a Co
al | oy. ZB“{Q/G%%]%EIgrQﬁ' geglf.ﬁgq Aeanelm fiux, Pﬁg ber eRtaes by regulatlrzg thee

ferrorrag@@thésmamaharstﬂﬁ:t&r@ls@ﬁstﬁaﬁ&{ th'h@thﬂgé) or 2) above, wherein the
nmetal or alloy phase contains 90 nol % or” nore of Co. The present

L0nVRMEl on f ur tAesorgingl. ased on the fingjngsn the @fasenﬁgweﬂh@n pparides:i ng tar get
according to apy é’n%rﬂ;mégné’ﬂ‘c %put@lrfg}; gt . QOfH?éﬂaf' 8dm OQL?BW Y or

nmore and 10 nol % or | ess east enen el ected Trom
Mh, Zr, S@MPESINg MY Npie ayless of &41d0A rr@i%a@rdmore)aad 3 motfhtor [p6921 Rthe

present 4 ans illdd Ehte ALK e tyoer uBlobicn TROGEIBIRTA P G er L
t he net adiffeeend phapes ¢BY anlds(G;)tmItbeshemmbaseQAgaﬂhemhwee(B abeingleeCoeRufrom
an o Sy Sy aRPBE B BU R Faerlc g hebi
sput t er i orgalloyrhegsegurimadly @ni Koseyofale obial Go Bfloyp)
[0019] The present invention further provides:
2) a ferromagnetic sputtering target having a metal composition
comprising 20 mol% or less of Cr, 0.5 mol% or more and 30 mol% or less of Ru,
20 0.5 mol% or more of Pt, and the balance of Co, wherein the target structure
includes a metal base (A) and two different phases (B) and (C) in the metal base
(A), wherein the phase (B) being a Co-Ru alloy phase containing 30 mol% or
more of Ru, and the phase (C) being a metal or alloy phase primarily composed of
Coora Co alloy.
25 [0020] The present invention further provides:
3) the ferromagnetic sputtering target according to 1) or 2) above, wherein
the metal or alloy phase (C) contains 90 mol% or more of Co.
The present invention further provides:
4) the ferromagnetic sputtering target according to any one of 1) or 3)

30 above, further comprising 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 as additional
element.

[0021] The present invention further provides:

5) the ferromagnetic sputtering target according to any one of 1) to 4)



above, wherein the inorganic material is at |east one oxide of el enent
selected fromCr, Ta, Si, Ti, Zr, Al, No, B, and Co; and the vol une
proportion of the nonmagnetic material 5is 20 to 40% [ ©Q23PIbe/qnoesent
invention further provides: 107) the ferronmagnetic sputtering target
according to any one of 1) to 6) above, having a relative density of 97% or
nore. [0024] The obt ai ned nonmagnetl c material particle-dispersed
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le a re i,n fr repl acenent of the target, resulting
n @%gﬁdvant aggHétr%%) tﬁ%\éﬁﬁ"t&nefﬂﬁﬁ? ePi%9Shin filmcan be produced at a | ow
gost. 20 DETAI ﬁ)EméDE&GEhI?héhb Gputiting W@ﬁlﬁ&oiﬁﬁ?% any onet gﬂ'ﬂ?t@&i)nt
conponent, const utln erromagnetic sputtering targe e presen
vent oo avheiein e TadBRniRoRSHAY e trigasong It of slment wlecigds 25
ol % or ffbl‘rEGind'a3(S|WqT kZﬂfAl aq6, o, and wdaﬁmhéa}@aﬁ@ BfodeRtior?Tof &haet al
conposition co ml % or I'ess of Cr, 0.5 nor/o or more and 30 nol %

or | ess BPNRAIN t'%”'l%%@@'d? 209P&#0%. Pt, and the bal ance of Co. [0026]Cr is

an [bd}gllspensabt&gm%nt,@ﬂquﬁhgrﬁ kﬁg is, therefore, higher
than O nol % That is, the C content m%her than the anal yzabl e | ower

10 mit. 30Furt hér s &remageatic @@Utta@ng:rta tamsording rfot amy @her oft Ao &) rmv\lh %
the effe nt of Cr is snall. en
the Ru Cgﬁt?veér:]?ﬁvhﬁoé’Eéléh{?ﬁ)ﬁgﬁgﬁg?feﬁ‘%he e cts of a magnetic material thin
fillfAetlan be obta| ned. Thus, the | ower I|mt is determined to be 0.5 nork.

[0)
RSP obast o Rl ThmoHEhe MRl PRl BRloke | RESrdne' o o°
char act espugtaring tasgyet dfﬂﬁlgslﬁtesemmmlah.prowdes a large leakage magnetic flux to
15 efficiently facilitate ionization of an inert gas to give stable discharge when the
target is used in a magnetron sputtering device. It is possible to increase the
thickness of the target to enable a reduction in frequency of replacement of the
target, resulting in an advantage that a magnetic material thin film can be
produced at a low cost.
20
DETAILED DESCRIPTION OF THE INVENTION
[0025]
The main component constituting a ferromagnetic sputtering target of the
present invention is a metal composition comprising 20 mol% or less of Cr, 0.5
25 mol% or more and 30 mol% or less of Ru, and the balance of Co: or a metal
composition comprising 20 mol% or less of Cr, 0.5 mol% or more and 30 mol% or
less of Ru, 0.5 mol% or more of Pt, and the balance of Co.
[0026] Cr is an indispensable component, and the content is, therefore, higher
than 0 mol%. That is, the Cr content is higher than the analyzable lower limit.
30 Furthermore, as long as the Cr content is not higher than 20 mol%, the effects can
be obtained even if the amount of Cr is small.
When the Ru content is 0.5 mol% or more, the effects of a magnetic
material thin film can be obtained. Thus, the lower limit is determined to be 0.5
mol%. In contrast, the upper limit is determined to be 30 mol% since a too large



[0027] The ampunt of Pt is desirably 45 nol % or |ess. An excessive anmount
of Pt decreases the characteristics as a magnetic material, and Pt is
expensi ve. Accordingly, a snaller anmnougt of Pt is desi pam)Jez(bﬂmm_Biwe

vi ewpoi nt of Smanufacturing cost. [0028] The ferromagnetic sputtering target
can further contain 0.5 nol%or nore and 10 nol % or | ess of at |east one
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20 element, which is basically present in the metal base (A), may slightly disperse
into the metal or alloy phase (C) containing Co or a Co alloy as the main
component described below through the interface with the phase (C). Such a
case is encompassed in the present invention.

[0031] Furthermore, the metal or alloy phase (C) may contain 90 mol% or more

25 of Co and at least one alloy with element selected from B, Ti, V, Mn, Zr, Nb, Ru,
Mo, Ta, W, Si, and Al, as additional element.

[0032] An important point of the present invention is that the structure of the
target comprises a metal base (A), and a phase (B) of Co-Ru alloy containing 30
mol% or more of Ru and a phase (C) of a metal or alloy primarily composed of Co

30 or a Co alloy, both in the metal base (A). The phase (B) has a maximum
magnetic permeability lower than that of the structure surrounding the phase, and
the phases separated from each other by the metal base (A). The phase (C) has
a maximum magnetic permeability higher than that of the structure surrounding
the phase, and the phases separated from each other by the metal base (A).



7PCT/ JP2011/ 079321 Though the effect of inproving the | eakage
magnetic flux is expressed even in a target structure conposed of a netal
base (A) and a Co-Ru alloy phase (B) cegntaining 30 nai PcorPpori®7@82Ru or a
target conposed of a netal base (A) and a netal or alloy phase (C)
primarily conposed of Co or a Co alloy, the effect of inproving the | eakage
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pargdsgl es are pReTeASohd! of HSe MRROVEIASSH Weakb{;eﬁh%gﬁ%@%?ﬁn%ettQF‘gcé?hase
(B) is spaller than 10 pm the difference 1n size with the inorgani

mat er i al NPUREY | Ys g stryglre arg pakinecessasilyi gvigiso vt Bhewewsenhanpnest ( B)

_ \ . . . ' N ¥ The.

i1 er onip L St aE R, RhEEe dehelqlgs EPEf pRBheHLux dPify | e

IShase (ByortieAcRs wellbrs enowumegaetic iluxhdemsityppartiossissioe mleetadgétfmfslinahz I Thgg :
i . | i I e.and preferably

om or oy SONEOGENERRE T cdrp RS b thar M SRS nB A ErERES: Pness

of the tmageetic pefracability and thati the leblkage ofjthes maghetip dluiketoi the . outéids oray

readily t&%ﬁé?gfgésorgﬁ?@féwpéliysgg&atﬁtgéggu%Tr”S’ the di aneter of the phase (B)

is desir of these regulations are for

i ngooegsi ng t heTheephage (BRoasitalsly hawa dibhtetbeakageo MBONGHI C Thephaakss)can be
metal s and i norganic

ater | al A NPoNGGRUnTERRad PRTIGIRS 50 guesentodong sty bese (A1 If the
ot o e pase 1) ROSTRIEPInAIP 0 ) IR BFReERie 1 SRYVET e T ¢ e
vol ume pPBEANIG Brateriak partislessie Bl to facilitate Ciffusian bebvesn te phasgdB)or t he
Sl 1 (el Hediell ol (RyRRfing Bhi g BEr R AR dlaT “Can be obt ai ned. 1 n
order to suffildieedifleyerndst in strubleralf é@opohentt betweeesitecmetd| idse phjased (B) ,
28PCT/ JPZtRéthOdgg?»(%J; tends to become unclear with the progress of the diffusion. Thus,
the diameter of the phase (B) is desirably 10 um or more and preferably 30 pm or
more.
[0035] Meanwhile, if the diameter exceeds 150 pm, the smoothness of the target
surface is lost with the progress of sputtering. This may readily cause a problem
25 of particles. Thus, the diameter of the phase (B) is desirably 150 pm or less.
All of these regulations are for increasing the leakage magnetic flux. The
leakage magnetic flux also can be controlled by the amounts and types of
additional metals and inorganic material particles contained in the target.
Accordingly, the above-described size of the phase (B) does not necessarily have
30 to be satisfied, but obviously, is one of favorable conditions.
[0036] Even if the volume proportion of the phase (B) to the total volume of the
target or the area proportion of the phase (B) to the erosion surface of the target is
small (e.g., about 1%), the effect of a certain level can be obtained.

In order to sufficiently obtain the effect by the presence of the phase (B),



t he vol une proportion of the phase (B) to the total volunme of the target or
the area proportion of the phase (B) to the erosion surface of the target
is desirably 10% or nore. A larger vol gne of the phaseptBupgan/imgsease t he
| eakage magnetic flux. [0037] The vol une proportion of the phase (B) to the
total volune of the target or 5the area proportion of the phase (B) to the
erosion surface of the target can be 50%or nore, further 60%or nore, in
sone t ar thet valomeqgwiopodion oftthe phalser(B) do the tuialpmhpmetdfcbhe m'geber the area

appropri eI .ad' te de i on _t.he co |o th e Such a
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axis) each re to two- t t he the p rpose can be
achi evedt@stargﬁtg Ssichiecantaiseen@)mpassedde the present Ryeatiboy cont ai ni ng 30

nol % or nore t. mg\};a a d the
pur pose of the ér_\{ebsent ven?{goﬁr%%eﬁﬁb'leﬁ%twﬁ ?l’g aeeiiru gﬂ%ﬁg’céﬁ%itﬁgons
I00039] Thaverhgs epa@lr)le dwneh?mlnyed:mtm aierage betwéerBtha mirdibinpaianhétet had

di anet eraf ' is smaller than 30 pm the difference in particle
size w tw%tméglmﬁﬁ@%@é'd with the inorganic material particles is small

t o [foagli | i t at e Thd tosiposithet vkte ;bHiHsep{B)Sle dlﬁérew{l&mmét&ifathehﬁéfal bAseduring

interi f the tarqget 25 nmt.eri.a Thus, the _dj renc n structural
comonentbeTHBtaIoR, dRkFamPRRLEN (nytha P HIS Y 4186 (TyAsealBlsmay . HREN:

uncl ear. cwmmghﬁt of the pﬂ‘la%@%B’?fbnylfﬂﬁQ@n lé'f'éﬁ#nér@% du?m?%%téﬁhb)’ 30 pm or

nore and preferably 40 pmor nore. [0040] Meanwhi | di anet er exceeds

1950 pm the sr’ﬂotf‘ﬁrf@é‘geo@f 2 H%‘atsﬁr'@t'n%@r shape ééﬁ'ﬂ&é’a@e@awoﬂ‘ ihe pbagedfress of
sputterigwy hZJJ‘ih T&%Cthﬁforcé*@%n@ll@gﬁr%@('@@a‘?ﬁ r%ﬂk/f:éﬁltf?\/vomlﬁs e size

of the phase (C eS| rabl'y 30 hese regulations
are for ¢fdbem8ﬁg(&)hma pakege oaaghetacblervbdms [oing asetileapleasen (Bleisi roaflé ux

praL e L e T RV
above- desnnanhxm}sseszwcﬁ a bas@hané th€) pupesenoft the pessarti ihyehtddre can be
20 achieved under such conditions.

[0039] The phase (C) desirably has a diameter of 30 to 150 um. If the diameter
of the phase (C) is smaller than 30 um, the difference in particle size with the
metals mixed with the inorganic material particles is small to facilitate diffusion
between the phase (C) and the metal base (A) during sintering of the target

25 material. Thus, the difference in structural component between the metal base
(A) and the phase (C) tends to become unclear. Accordingly, the diameter of the
phase (C) is desirably 30 um or more and preferably 40 um or more.

[0040] Meanwhile, if the diameter exceeds 150 um, the smoothness of the target
surface decreases with the progress of sputtering. This may readily cause a

30 problem of particles. Thus, the size of the phase (C) is desirably 30 to 150 um.
All of these regulations are for increasing the leakage magnetic flux. The
leakage magnetic flux also can be controlled by the amounts and types of
additional metals and inorganic material particles contained in the target.
Accordingly, the above-described size of the phase (C) does not necessarily have



9PCT/ JP2011/ 079321 to be satisfied, but obviously, is one of favorable
conditions. [0041]In order to sufficiently obtain the effect by the
presence of the phase (O, t he volgune proportion ptTukeoPhERe21 C) to
the total volume of the target or the area proportion of the phase (C) to
the erosion surface of the target is desirably 10%or 5 nore A | arger

vol unme of the phase (C) can increase the | eakage magnetic flux. [0042] The
vol une ptcob@rsaﬁsfiecbfbut RbVishialyeis(@)e obfavheatiecanditionsire of the target or the

ti C i f
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i amet er an e maxi mum di aneter. erefore e conposition in the
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by di f f ugHeOBredf pRIRMRSH Df W iphasE | () 96 itRE-erosion surgd?:ﬁt BFtHeafé’\?gentgctﬁaerfg@hase

havi ng a spape simlar to that of the phase (C) and having (maj or
axi s and®8Ymer Meke Syrbae ROVeauBWIe: B $ame taige sorpasitionst hdhehademedyr, t he

pur pose m P&p[ﬂa? TR Ofi- L oty all oy
phase (Czll%iés@ﬁ) or| @‘6%@ gﬂalé’@ eelg:‘%qug%ﬂteﬁi %%ent|@£ton2%'ee§§r8§§g@égs&such a
I®ase, antettreggiur Bush ataschis gnoompassedir the preseahityentiohi eved under such
conditions. [ 4] h r. et | teri target .of the
present i nven??@en drﬁlté;?%cgfr?{rg{ %eaw?se%ngt'hg%@t i n%#aé/aﬁ?'génﬁyegﬁape’s i ctﬁgd from
car bon, awirdge,partitlei diemeterameiadestheaadtrage lwdriheé misdaumndiansdtet andithger sed

in the S ln such a case, the target has characteristics suitable
as a nn?@%?!’ﬂgrﬁocﬁa'gegﬁigneti c recording filmhaving a granular structure, in

pamhdqu! arl, aTrweﬂ{ﬁeﬂthe‘ bd:mgbgmon inand p@riglgggi%/ﬂ}eﬁﬁﬁé@’@ﬂnﬁy sligthtly_ |

er penail gul ar C ecqQordin st.em, e lnorganic nmateri al,
Be | east® eo{fﬁ?'ﬁgﬁa*r°fe‘?1sri§}ﬂses(§>i¥/t%§uerlpémfeiqmw,s dsar',ngﬁ'r,?tezng- A, Nb, B,
and Co is effdpttheerangBeorvalphBeMARY bl Sagd sinfifar tgothQP'am%‘?%égegPt)e” al

can be 20 to 40% In the case of an oxide of G, the anmount of t he
oxi de i s2Rfl BaYIRgiamete s (Braiemaxis apdrminer agis) sagbdedycad e two-thinds that

det er mi r}ﬁqh@}g@s}é?{bﬁﬁﬁme"ﬁ@@lﬁ}%ic‘éﬂ I@éa@hiﬁ%&’%&qgﬁé’@sgﬁ?rqn@&mm%ﬁ% the

nonmagneti c terial part es are usua I spet se e (A,
some of thRemef@imegnaltayc phaser (Q) ipaCoi el es Callwlog. t THeheresent invention

OPCT/ JP. 1. ci f th h B th C
B onta ned T Esse e 2 Easey B8 BhobdRee O R iRt g B oS ¢
t ar get . adindeveahumedpredtioh coxiditiorsl particles in such a case, if the anpunt is

smal | . do not affect the magnetic characterjstics of the phase (B) or the
p@%‘”( O and F‘E‘g{r}%mqrﬁhﬁh& %rliqr]’réam $0%1_tterfng target of the pr%sent in(ve%tion

may contain at least one inorganic material selected from carbon, oxides, nitrides,
carbides, and carbonitrides in a state dispersed in the metal base. In such a
25 case, the target has characteristics suitable as a material for a magnetic recording
film having a granular structure, in particular, a recording film for a hard disk drive
employing a perpendicular magnetic recording system.

[0045] As the inorganic material, at least one oxide of element selected from Cr,
Ta, Si, Ti, Zr, Al, Nb, B, and Co is effective. The volume proportion of the
30 nonmagnetic material can be 20 to 40%. In the case of an oxide of Cr, the
amount of Cr of the oxide is distinguished from the amount of Cr added as a metal

and is determined as a volume proportion as a chromium oxide.
Though the nonmagnetic material particles are usually dispersed in the
metal base (A), some of the nonmagnetic material particles adhere to the



5 [0046] The ferromagnetic sputtering target of the present invention nore
desirably has a relative density of 97% or nore. It is generally known that
a target having a higher density can mpge effectively pegueeoieogspunt of
particles occurring during sputtering. In the present invention also,
simlarly, a higher density is preferred. In the present invention, a
relative density of 97% or nore 10can be achi eved. [0047] The rel ative

densi ty ticurhterenes ofithe plvase (B)ror thephase€) detaee nontaihdd/indide tiierghaskee

donst ty) (CITRE the eBed, ' g Wb Ao Gharefsine e, Mo agSE ik aidthie! e
st ruct ur phrticissponesuich af casd, aif qae am©unt Aedsrmalt, h@otneti ffest tHie heaghetic

reacting with 1lbeach, gt her an by the fo|] ow ng expression:
For mul a: cRaectiristies o phgse(B) (‘a&épﬂr&o et 'HL@ﬂth€tpth'f se.

GONBRBENt ) X (vnéaferrcﬂhagnatctttﬁrtfetrrngcttalrg@t 6P RENYREddrt( Grm?sln%Hl Ahoraei ght

of the structural conponent (mol ar ratio of the structural
corrponeng??'(qt? Y d1ast ﬁr"@laié’ﬁsij?vs'ﬁ’a@a 9%t/ 1aemste-udt is genetatyokeewn thabeHer e,

E is thetpyat Rdvihd'a wi Wghé’ﬁéer‘i’élgﬁéadtes arlé’%gl‘#gtgvelg g%lgdeéeﬂ\tesarﬂt)uht‘ﬁf ‘Béﬁ'g&%en the

[ 0048] The obt ai ned target pr magnet |
t ar get |§C‘EI-§§GQ|¢W$DQr§@H3§F"@QI sputtherpregenteiivestion calseasinitartyf amigheert gas

is effi Cﬂéﬁgltyyl \‘érrédit elﬂ thg ;?Jegg ltn@erﬁorﬁj ;f?éta{.@ee elt It)5 595/8' Phﬁ’é%cy of

i ncrease the't ness t0 endbl e"a re
I0epl acenean befachiayed25 tar get, resul ting in an advant age that a magnetic

| h 0 b .0d d at | th
IhdTHRL | Geths PoRANe RGO Fe BrofrntiueRia is.a valug, FeleaTdOEY: of
parti cl egividirag thmmn;eas;wreddlmtsrtqnoﬁ a t;arg{dtcby tH48iclinfed Qj‘ér%litﬁqlﬂﬁdrétlcal d
tteri 0 s nventi on pr oduce a powder
rsrg'ltjal I urg%]sdﬂj de gp gal%e(i ‘g r\'lst)fa Sehsf )élwg?'en‘gri? BesuNe yt%aaﬁagan
opt i onal stnmwheﬂ o@tnmeimléilot laom@emreahn@@mnbuﬁaﬁruer@oﬁr 8 redilry witRt €

that a Co- %HOE powder is indispensable for formng the phase™(B) as a
Ifet al %Qﬁ‘;h?t 6F @ rﬂr%galwt%%hyéaerplmag eXp@ssin: powder may be produced by
any nethod, t I met e r ably
20 11PCIVP201%;M91§%T€FJHA1&§? ogsﬁeﬁeg'@ %ngieé“%st?’%% ”€f5f§£h§t£<?§d"

el enent GUERRRMENthsMESIAr r@ruoanItbty§trubtwalmnpma1t)s]lﬁiﬁyolbeutarwmgtﬁobf tha such

par 11 ol & cuel i ReoruE X EhSlal " oF S BT irab W Duutalgife ™
Meanwhi |density niata Di)thessmlrdtun_lpa_ntpomleet )i arret er faC| litates oxidation to
e Bt S B e Ve oSSR ERT o ob S B cdbel
[ 0@B4Y) Subs equeTiig ysbtaﬁﬂi‘@i rargat ppovEss aapdgé r@a@deomagﬂ\éﬂsrfmr eWgeigsl to
give a erS| rtalts)l e ng)oam tion trgonnd Sar teteml xeddevacned pul verized wth a known
procedur ge use magne pu g , ionization of an inert gas is
efficiently facilitated to give stable discharge. It is possible to increase the
thickness of the target to enable a reduction in frequency of replacement of the
25 target, resulting in an advantage that a magnetic material thin film can be
produced at a low cost.
Furthermore, the increase in density has an advantage of reducing the
occurrence amount of particles that cause a reduction in yield.
[0049] The ferromagnetic sputtering target of the present invention can be
30 produced by a powder metallurgy process. First, a powder of a metal element or
alloy, and an optional powder of an additional metal element are prepared. Here,
note that a Co-Ru alloy powder is indispensable for forming the phase (B) as a
metal element or alloy. Though each metal element powder may be produced by

any method, the maximum particle diameters of these powders are desirably 20



10using such as a ball mll. Wen an inorganic material powder is also
added, the powder may be m xed with the nmetal powder and the all oy powder
in this stage. As the inorgani cimaterial powder pca/Jpaobigovopewnder, an
oxi de powder, a nitride powder, a carbide powder, or a carbonitride powder
is prepared. The inorganic material powder desirably has a maxi num particle
dianeter of 5 pmor 15l ess. Meanwhile, since too snmall a particle dianeter
t ends toponosiesagacbgati on, the dianmeter is further desirably 0.1 km or
nore. [0051] Thﬁ1

s d i ' jXture
of & b ponter ML SRAR T Bt e RS pEtaRls b aR O B Mhetdlssy
product . nﬁyeb@prefaa’r%at Icrgmlgturs admsbraiﬁd,ythpegm megrpdw;démmymegpro&ime?)bygalt I
ill. Th bt ai - 0 r having a.di aneter in a range o]
Ts0 gm | SMREHOR He merim Bt dRReRreAr TIFSRaNEersAie QROCHY Bhal |y
sel ect ed i @rJRBE Ced@H. er MRlanRAMEE sivdd fo® dhalera particle diaffefermix@iitates
prefer abrxiégHgé]gnet ary screw m xer or planetary_screw agitator. In

addition® BrGaMget FOLIHBS ISMAN AS 8xdRYUh Ohthe FgMRASKERL COMPOSHioRi ng i s

pr ef er abkpnpgiel EdERdaty raMyel IR diaBRste A TORRBLESSIRIbIY U,WFFn ore. _ The
hi gh energy ball m |l ‘can’pul verize and mx raw nmaterial powders within a

shoPP50t i me” conpHPeRAUgntly. HepEnetal owdesang thewlgyinawdariare weigheg tnaive
sho . ; f .
aving asdj R compfdstiRiiogng aréggr@d_la‘»@do@Pgoﬁggﬁhﬁ.trwaefeﬁmg ;%‘éc e

atom zation and si evi ng? f e product _ 2] The "obt ai ne er is
Mol ded aH8ingisuckrasiawallimil. v i¥bemanonorganic mideiialgowdser isvadsb Bgdedicthieni ng

) deci . . . . ' £ th
or esent ouaet Ty o5 phie Wik g bGP ARIBCAT Lk A RSB0 d, ot
pressi ng and nAy the ipengfammmhtblyalp;b@sdn/ar, ] Sadbangg%\gdiert_r?ni ogderpdwder, a

hyd e i ing. 12PCT/JP2011/Q7 e retention

tonper at QP08 GEVNG & HEBd, dRvetely b & ZBIPUSEe RORFE FoREStaPH (B
t enper at inoegardo geaterianpowlict besivatigefasi & nsakirhusi patticle drinsétet ef5 atgh it
epends many cases, the tenperature is

npowte t & _
B the’  Bise HleaumiRosis8d0 sl s Raticle BiAmbien s o tig 3aTaakdhabl
300 to 50 KEARAE: is FERERIesladi8 54 Fhg meRsent invention will now be

descri bed by Exar’r%I es and ] . ]
[0051] The Co-Ru powder can be prepared by sintering a powder mixture of a Co

powder and a Ru powder and pulverizing and sieving the sintered product. The
pulverization is desirably performed with a high energy ball mill. The obtained

20 Co-Ru powder having a diameter in a range of 30 to 150 um is mixed with a metal
powder prepared in advance and an optionally selected inorganic material powder
with a mixer.

The mixer is preferably a planetary screw mixer or planetary screw
agitator. In addition, considering the problem of oxidation during mixing, the

25 mixing is preferably performed in an inert gas atmosphere or in vacuum.

The high energy ball mill can pulverize and mix raw material powders
within a short time compared with a ball mill or a vibration mill. A Co powder
having a diameter in a range of 30 to 150 pm can be prepared by gas atomization
and sieving of the product.

30 [0052] The obtained powder is molded and sintered with a vacuum hot press
device, followed by machining into a desired shape to provide a ferromagnetic
sputtering target of the present invention.

[0053] The molding and sintering is not limited to hot pressing and may be
performed by plasma discharge sintering or hot hydrostatic pressure sintering.



Conpar ati ve Exanples. The Exanples are nerely illustrative, and the present

invention shall in no way be limted thereby.ln other words, the present
10i nvention shall only be Iimted by t{e scope of cl ai pcrep2eipsfoest, and
shal | include various nodifications other than the Exanples of this
invention. [0055] (Exanmple 1 and Conparative Exanples 1 to 3) In

Exanmple 1, a Co powder having an average particle diameter of 3 pm a O
powder hdvengtenioaviemprrapuetfocitke girdemngis pfeferahly sat @ thewleesthiaviheg an

ai anot or "ape4 e taREE 1t s Bhod s5alficRR0Y Koo I g B R e o
50 to 156nghe, compbsalcﬁoopa}[fsgig{e;Pmmgagg&adeg,g@;ﬁgtemp@réﬂ%e ﬁsihgt?'leoi\f/?enb@hcgg ét50
el ont - pPBREF MRBRE of The Prosauragn e Relstioi R a8y o0 AN Ka/fE” O

powder, 5. 76 wt % of the CoO powder, 6.46 wt % of the Si 02 powder, 45.56 wt %

of the - Fvag and 20.0 wt % of the Co powder having a dianmeter in the
range of Rlyes50 pmto give a target conposition of

88 5Cr-15 Si | 9 0Q56 ept | wder
th((a[g%rgppomder ﬁ?%eéﬁngo nﬁ\gerr(ti%ﬂ @"" %'%V\[ Qée]rdéggﬁlgg&l BE/ Exa% ﬁaw ng a
di anet er Pﬁ‘ﬁ%@t'\f%ﬁgé”tmesio The fsemmiewe mﬁml)gdwstratlme mnqi |t|n@rprbmnt mll

pot toge t i rizing [ n pot
was sealré1 82?1 r%}aglt e'fi % l%]eg Iﬁﬁlt IHH!I’EI‘IeéXI n IH H:F'eq s?ng‘ep[)bv\%g%rlt

1% xt ure iR&sntien shal Oniyxiwllmlted ttyhtdaecs:@oﬁa qjmlaimfcwat ;batanB(anidas‘rallanylusler ew
m xer h rs. f.or 10 mnutes. [0057] The
resul ti ﬁ%é pov\gTlBalflJca %?%8%%%%1 ﬁgeg&?rﬁp!a %tﬁgﬂn}‘r%n t*™and was hot pressed
i n [@5%acuum at nosphere under conditi ons of a tenperature of 1100C, a
retentio our s nd f 30 MPa to give a sintered
conpact . %@n@?ﬁt@q&g Qﬁ‘( @ggﬁtﬂ? th a surface grinder to give a
di sk- shaped ﬂaFE&HrﬁﬁéOMé @&Pé’wdénahgﬁhgWQMageCBa%fraéwuamfeté&Q and a

hi ckness of 5 0058] The | eakage magnetic ux was neasured w
5ef er encd &P 'FQE’(U% @V%%@mﬁl@eﬁmemm@d»mﬁ @agquwderu@wmg ux of
Circul ar r at
Che cemae”?@?ﬁ?ﬁeeépﬁi"ﬁ’f o Bf 23irhy 2 5] oy aVing BrOSle S dride o
and t he digaieiRfeofihgieta €of4aRu G’GQI%XQOWGHPFf)a\MQ arliamateydn thesampaeli5@d at

oot noaEerElay S 2B AT ARl YIE FUREAE RO S50 b7 i
aver age Nrephageasrtamenaterial powdenssi ty (PTF (/0)) obtained as the average of
ohhe val ues at e fLNER NER: Wakgrsa 9% weight proportions of 18.70 wt% of the
Co powder, 3.52 wt% of the Cr powder, 5.76 wt% of the CoO powder, 6.46 wit% of
the SiO, powder, 45.56 wt% of the Co-Ru powder, and 20.0 wt% of the Co
powder having a diameter in the range of 70 to 150 um to give a target
composition of 88(80Co-5Cr-15Ru)-5C0o0-7Si0; (mol%).

25 [0056] Subsequently, the Co powder, the Cr powder, the CoO powder, the SiO,
powder, and the Co powder having a diameter in the range of 70 to 150 pm were
charged in a 10-liter ball mill pot together with zirconia balls as a pulverizing
medium, and the mill pot was sealed and rotated for 20 hours for mixing. The
resulting powder mixture was further mixed with the Co-Ru powder with a

30 planetary screw mixer having a ball capacity of about 7 liters for 10 minutes.

[0057] 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 give a sintered compact.
The sintered compact was ground with a surface grinder to give a disk-shaped



10 [0059] I n Conparative Exanple 1, as raw material powders, a Co powder
havi ng an average particle dianeter of 3 rim a C powder having an average
particle diameter of 6 um a Ru powder{dhavi ng an aver ageTpppd1187638h anet er
of 10 rim a Cot) powder having an average particle diameter of 2 um and a
Si 02 powder having an average particle dianmeter of 1 rimwere weighed at
wei ght proportions 15 of 63.76 wt % of the Co powder, 3.52 wt% of the O
powder, ogé&ithaving afdiameteRof j@Qdem asd Eahimmesé of HenrGo0 powder, and 6. 46
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hours for2 rg?%e id "h°da£5 H%%&%%W??J'XE @tﬁés‘iﬂ'ﬁ”ntj‘% h d wag: ofate
ghar ged by0a30260,030, r*arﬁod1mae??éeshahdnhéffe%ﬂ@gbnnagﬂé\t%wm akABRP(FET gender
condltlons of a terrperatur aretentiontine of 2 hours, ‘and a

pr essur el ta5gevmas; g1qasieed ai eret é@g&ﬁ‘rﬁﬁcﬁmahﬂﬁb a@ﬂnWéﬁe@V@GH'pbY:tthWas
ground Wddrefic el 98I/ deififeid hoASTRL Shd Pruiiletop1B09d i Bferbatiang

di aneter of 180 nm an I ckness of erage ge nmag et| C
flux denwdleg. (We)a\tﬁrragﬁdealeagﬁatrnmtweﬂwudedsuttso (BEF4@0H%ebtad@el1 hs rthe

Corrpar at %m average particle dianmeter of 3
um é\)’ ha%yﬁluega%é)ﬂwg)parwaglqseza(?ﬁ/arret er of 6 um a 30 Co0O

1}60\,{@@91 haV| ng IaerpasajwepExamplee1 disarest enatefialawdera, SiG2ppwdeehaViagi ng an
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wt % of t@ 8 . 3.52 wt% of the owder , 76 wt%of t he 'Co0

powder , QGWOB/? ﬁav'fﬂﬁlayﬁm%mmf'g @tefal‘?jzz p0daRd & XO2 Hopgent o, of

t he Co- Rbla Q_-m)p
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mll pot was sealed and rotate or mXxin he res
powder ﬁﬁ@ﬁiﬁ@%ltfqneﬂﬁ&(SﬁCﬁeQDWWRu) 5@0@37&@@@0«0!%) with a planetary
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Qf 1100% @ r§ entlon time of 2 hours, and a pressure of 30 MPa to give a
intere ?rlﬂ)r cff)r% 9i nt ered conpact was ground with a surface grinder to

give a disk- sramquanu;etthéaasmun?,odwaeehﬁktueé Wh%cbﬂﬂff?éd'ﬂwéch%&kﬁﬁﬁ@ of 5

nm The aver agef\] | eaka netic density (PTF) the target was

measur e®NoWBE ek pge/gsedlg %(‘JGGU{‘]’”’I # §F%Pﬂd@r eiagitiers of aatewepaiw@r
havi ng a1 aNRrEedS F?élretn'tl(éhetnﬁéa@ﬁ?eﬁ%ﬁ’s nd Q]pr%sglreog‘f‘% gqegdé‘ver age

particle dianeter of _|p aving an average partl anet er
of 2 ! diintares gomperkier h%\sm’sgraﬂncweaefgwagagmuadwm areudaceyrindéi o and a
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at weig thepawegellealsagﬁ nm@r(kllcvf/tl%dJénSMye(PGEF)FIﬁWdertarg%tWaSNtr%a@Urédm) Cr
powder , Z:go %of the Co0 powder, 6.46 wt% of the Si02 powder, and 56.95
wt % of t Ru powder to give a target conposition of

88(0%{30 5Cr - 18R Gerbfafhativel B2apie %),. a Co powder having an average particle
diameter of 3 um, a Cr powder having an average particle diameter of 6 pm, a
30 CoO powder having an average particle diameter of 2 um, a SiO, powder having
an average particle diameter of 1 um, and a Co-70Ru (mol%) powder having a

diameter in the range of 50 to 150 um were prepared as raw material powders.
These powders were weighed at weight proportions of 54.97 wt% of the
Co powder, 3.52 wt% of the Cr powder, 5.76 wt% of the CoO powder, 6.46 wt% of



[ 0065] Subsequently, the Co powder, the Cr powder, the Co powder, and the 25
Si 02 powder were charged in a 10-liter ball mll pot together with zirconia
balls as a pul verizing nmedium and theiqril| pot was sertedraod/o7sated for
20 hours for mxing. The resulting powder mixture was further m xed with
the Co-Ru powder with a planetary screw mixer having a ball capacity of
about 7 liters for 10 m nutes. 30 [0066] The resulting powder m xture was
char ged the &Si@ar pewdenl @ndnd@Nes Wi - oprtbes€-Ru powdenuin givesphtargetunder

diti ; f 0% i time of 2 hours, and a
ngséhlrgeg?‘géfsﬁ‘ﬁ/h%@‘?%%gé#@fé‘é@éﬁ%@ﬂ“#ﬂ% !si ntered conpact was
gr aassd] wi t h a Subseauesrgly tfﬁ;aclg pov;y'de;? tgeoﬁ:nsb?\srs]/Uepetdet(aerpomden apdathe

i d t kne . e average, _. .
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: I Conpar ative Exanple 1
lable 1 'OIQ@Z(L ;gggglti% qrm&xﬁgﬁ%g@%@he@%ixed with the r(E%-Ru powder

Conpar at
with a planetary screw mixer having a ball capacity of about 7 liters for 10
minutes.
[0063] The resulting powder mixture was charged in a carbon mold and was hot-
10 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 give a sintered compact.
The sintered compact was ground with a surface grinder to give a disk-shaped
target having a diameter of 180 mm and a thickness of 5 mm. The average
leakage magnetic flux density (PTF) of the target was measured to be 44.9%.

15 [0064] In Comparative Example 3, a Co powder having an average particle
diameter of 3 pm, a Cr powder having an average particle diameter of 6 pm, a
CoO powder having an average particle diameter of 2 um, a SiO, powder having
an average particle diameter of 1 um, and a Co-36Ru (mol%) powder having a
diameter in the range of 50 to 150 um were prepared as raw material powders.

20 These powders were weighed at weight proportions of 27.31 wt% of the
Co powder, 3.52 wt% of the Cr powder, 5.76 wt% of the CoO powder, 6.46 wt% of
the SiO, powder, and 56.95 wt% of the Co-Ru powder to give a target
composition of 88(80Co-5Cr-15Ru)-5Co0-7SiO; (mol%).

[0065] Subsequently, the Co powder, the Cr powder, the CoO powder, and the

25 SiO, powder were charged in a 10-liter ball mill pot together with zirconia balls as
a pulverizing medium, and the mill pot was sealed and rotated for 20 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 about 7 liters for 10
minutes.

30 [0066] 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 give a sintered compact.
The sintered compact was ground with a surface grinder to give a disk-shaped
target having a diameter of 180 mm and a thickness of 5 mm. The average



Conposi tion of target (nol% 86(30Co-5Cr -15Ru)-5C00-78102

88(80Co- 5Cr - 15Ru) - 5C00- 75102 88( 80Co- 5Cr - 15Ru) - 5Co0- 7Si 02 .
88(80Co- 5Cr - 15Ru) - 5C00- 78 102 Phase ({3 .1 Particle dpemereoi1/d?@sLicle
dianeter: 50 to 150 pm 70 to 150 pm Co-45nol %upure Co None Peril de
dianeter: 59 to 150 pm Co-70nmol %u Particle dianeter: 50 to 150 pm 1,
Co- 36nol %Ru Rel ative FTF (9% density (9% 52.097.4 43.597.0
44.997. 2lepgage magnetic flux density (PHGWof the teapeiowas maasused tabe 46e2age

Contirmed 1o bt eanersdhe #Bous Al bRl PR Fatde B 44 0o, "ana ™

46.10%]1 i n Conparative Exanples 1

[Table 1]
Composition Relative
No. of target Phase (B) Phase (C) PTF (%) density
(mol%) (%)
Particle diameter;| Particle diameter:
Example 1 88(80C0-5Cr-15Ru)-5C00-7Si0, 50 to 150 pm, 70 to 150 pm, 52.0 97.4
Co-45mol%Ru pure Co
Cé’mp"’"a”"e 88(80Co-5Cr-15Ru)-5C00-7Si0; None None 435 97.0
xample 1
. Particle diameter:
Comparative | gg80G0.50r-15Rw)-5C00-7SI0, | 50 to 150 um, None 449 97.2
Example 2 Co-70mol%Ru
. Particle diameter:
Cé’mpa'?t"’e 88(80C0-5Cr-15Ru)-5C00-7SiO; 5010 1é%n:16me,r None 46.2 97.4
5 xample 3 Co-36mol%Ru
As shown in Table 1, the average leakage magnetic flux density (PTF) of
the target in Example 1 was 52.0% and was confirmed to be considerably
improved compared with 43.5%, 44.9%, and 46.2%, in Comparative Examples 1
10 to 3, respectively. In Example 1, the relative density was 97.4%. Thus, a target
having a high density of exceeding 97% was provided.

[0068] Though the above-described Example shows an example of a target
composition of 88(80Co-5Cr-15Ru)-5Co0-7Si0, (mol%), it was confirmed that
similar effects can be obtained even if the composition ratio is changed within the

15 range of the present invention.
Though, in the above-described Examples, Ru alone is added to the
target, the target may contain at least one element selected from B, Ti, V, Mn, Zr,
Nb, Ru, Mo, Ta, W, Si, and Al, as additional element, and all of such targets can
maintain the characteristics as effective magnetic recording media. In other
20 words, these elements are optionally added to targets for improving the

characteristics as magnetic recording media. Though the effects are not
specially shown in examples, it was confirmed that the effects were equivalent to
those shown in the Example of the present invention.

[0069] Though the above-described Example shows a case of oxides of Co and



Oto 3, respectively. In Exanple 1, the relative density was 97.4% Thus, a
target having a high density of exceeding 97% was provi ded. [0068] Though

t he above-descri bed Exanpl e shows an ex@anpl e of a targPCT/JP2011¢argpREI ti on
of 88(80Co-5Cr-15Ru)-5C00-7S102 (ol %, it was confirmed that simlar
effects can be obtained even if the conposition ratio is changed within the
15range of the present invention. Though, in the above-descri bed

Exanpl es Si,Riher oxides of &ddtal TioZt e, Nar el Shpweequiv@gnt afigcteontraagdition | east
one ele i d A,
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char act ecagtidess amnsl cm‘rbemtmdes ofethese ietements radidnfyrired carbonncant sleyw 2feotsds,
t hese el N optignally added to targets for inproving the

char act e?ﬁ@t\’%%ﬁ; tr}t& n‘gthédélsecor di ng nmedi a. Though the effects are not
spegioad)| y showmhé rpresalimheentlmt cmmcﬁ@uﬂ?n é e Igdkagefhaghstiovue by

equi val ent o th %{1 resent i,nventi on.
[ 0069] Th ﬁﬂ@'lc ﬁu g&ae %rmega tha§eut§$”fasut%r@§t of W§ and
16PCT/ Jpﬂ‘fél&éé’?)?%ﬁtlar t1 ofothBepregshtlpvenfiot staB_I% d|§bhar§e m@putt@ﬁng%lt@asmw

equi valent effects. In addition, though the Exanple Shows a case of using
oxi des, MAGREEOROFRYtaFNG CRMICEncan |Qﬁa§0h@é{ﬁ€| dé&sirthgrmotar Ibdi Rassile tef

t hese el RicReYd e of
oxi des. . Eron Metnidinbaglor SRERRE, SR ictaby Bic BipS: Btk dbinod diads
Wagnet i calawipreduction nfa magnetie matetalthindfiimeatratdw aoston of a ferromagnetic
sputtering tar &S

stabl e di scharglié |t anr&\(seEEE tH%eP}é%%nP[m\éghﬁﬁag%é %hgg%u%tre %éé@vﬁ%fegﬁﬁ be
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present invention is useful as a ferromagnetic sputtering target that is
used for formng a magnetic material thin filmof a magnetic recording
medium in particular, forming a filmof a hard disk drive recording |ayer.
17PCT/ JP2011/ 079321 CLAIMS 1. A ferromagnetic sputtering target having a
nmetal conposition conprising 20 nol % or less of Cr, 0.5 nol % or nore and 30
nmol % or |l ess of Ru, and the



5 bal ance of Co, wherein the target includes a netal base (A) and two
different phases (B) and (C) in the netal base (A), the phase (B) being a
Co-Ru al l oy phase containing 30 nol % of7 nore of Ru, angctrheehasestf) being
a netal or alloy phase primarily conposed of Co or a Co alloy. 2. A
ferromagnetic sputtering target having a netal conposition conprising to
20 nmol % or less of G, 0.5 nol% or nore and 30 nol % or less of Ru, 0,5 nol%
or nore of Pt, and the bal ance of CGLAMSein the target structure includes
a netal base (A) and two different phases (B) and (C) in the netal base
(A), the phase (B) being a Co-Ru all oy phase containing 30 nol % or nore of
Ru, and tlhe phAa‘err()ﬁE)agmitmcspautt@ahglta:yet&idvmg ahastalmb'rrmﬁshtiqn comprsiag of Co

Co gl ! oy, The ferro |csutter| get according to Claiml
or 5, ConaDantie 8 gt 2f G S TE9 0k sB0EC e R L G0 6k of B doHaNg - co
45 The f epaRABE NS C6, &metrémrtmtérgégmclmé%%lttﬂas@nyA)OaﬁdOtt/voCHmeF@ntl to

furtheéacorrprlm nore an | % or | ess of at Ieast one

ol emont | Bhatay 1) PPEE PTIE Motabass (Anptiemanas (BrHeng saCo RnAlAY
205. The bﬁéé@%ﬂfmhg w%mg bPIndR SERASHA fleBha& fey ggﬂf‘g af metatigrs 1 to

4, wherein the netal "base (A) contains at 1east one i nic materi al
sel ect edalioyphase pamaribxearaposed of Caes a caiodes, and carbonitrides in the

netal base. 6A V\%ﬁ@n{ag g%ﬁﬂtehﬁ %Wévﬂ% E%anal['l cﬁﬁ%ﬂsﬂ%céﬁpﬁgﬁ}‘gone of

Cains 1 to I norg ter
8 ement ggln@@f/aedr fasemf@r OZBWwI%SDr more add 30ANpI%imr I@s ahRuCo:5 motlotdre
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havi ng abasd @A) ared then siffeyerntfplE&esqB) maUEC) in the metal base (A), the phase (B)
being a Co-Ru alloy phase containing 30 mol% or more of Ru, and the phase (C)
being a metal or alloy phase primarily composed of Co or a Co alloy.

15 5. The ferromagnetic sputtering target according to Claim 1 or 2, wherein the
metal or alloy phase (C) contains 90 mol% or more of Co.

4, The ferromagnetic sputtering target according to any one of Claims 1 to 3,
further comprising 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.

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

6. The ferromagnetic sputtering target according to any one of Claims 1 to 5,
wherein the inorganic material is at least one oxide of element selected from Cr,

25 Ta, Si, Ti, Zr, Al, Nb, B, and Co; and the volume proportion of the nonmagnetic
material is 20 to 40%.

7. The ferromagnetic sputtering target according to any one of Claims 1 to 6,
having a relative density of 97% or more.



