PCT/ JP2011/ 079057 DESCRI PTI ON FERROVAGNETI C MATERI AL
SPUTTERI NG TARGET 5TECHNI CAL FI ELD [ 0001] The present inveRCTOR201e/0206538 to0 a
ferromagnetic material sputtering target that is used for formng a
magnetic material thin filmof a nmagnetic recordi Ing medi um in pg_rtl f:ul ar,
a magnetic recording |layer of a hard disk 10 enploying a perpendicul ar
rragngti c recording system and r &#BPERIPAI@Monnmagneti c- grai n- di sper sed
ferromagnetic material sputtering target that provides a |arge |eakage
magnetic flux and can provide stable electric discharge in sputtering wth
a magnetron sput FErRRYMAGNET S MASBRIKCRRMD TARINGJRRGETt he fiel d of
magneti c recordi ng represented by hard disk drives, ferronmagnetic netal
materials, i.e., Co, Fe, or Ni-based materials are used as materials of

magnetic thin films that perforPECEMNICAINFIEEDr exanple, in 20 recording
| ayers of hard disks enploying a | ongitudinal magnetic recording system
Co-Cr or Co-Cr-Pt ferromagnetic alloys of which main conponent is Co are

used. [ooo1) | n T eRar Pidibrtangeatigh Mét‘ésdfo’s‘ésf&?@#@gn%ﬁcanﬁ%éﬂﬁlngtnﬁﬂéﬁﬁ%
magneti c recordi n% system that has been recently applied to practical Use,
conposi te 28@taalrinat 4s aisen tsnfessnn & magosticr materiak trindymeof o raagoy_tugfl
whi ch in tnbS: ; I r ely
Uoed, 10003 PRInE oA, A Pl RRafee Prrtite TR 06e BIRG T
médi um such empyhg & dieskendicpiardoEaghdiic seetrdeng reysterherarmhaglaees do a

oo SoHhE B A AR POl nfhehEP S BURLAREEHEP R
provides a large leakage magnetic flux and can provide stable electric

discharge in sputtering with a magnetron sputtering apparatus.
15 BACKGROUND ART

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

20 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 use, composite

26 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 material
sputtering target consisting primarily of the above-mentioned material

30 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 characteristics,
the sputtering target composed of a ferromagnetic alloy and nonmagnetic

35 inorganic grains, which is used when forming a recording layer of a hard



[ 0004] Such a ferromagnetic material sputtering target can be produced by a
mel ting process or a powder netallurgigal process. ThoughPaTpP2ries39a56 be
enpl oyed i s decided depending on the requirenment in characteristics, the
sputtering target conmposed of a ferromagnetic alloy and nonmagnetic
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m xture w t Roastiiting Bfstdrat 60t alpedRBAIcadl) alibyedigéwaEr.structure in this
case ;ohlé)o%ears to be such that a netal phase (B) of spherical shape is

pFeseltf07h a phRSEIQUA) Usiaga apagdioepawden RIGISEChOYgaaPs golifiicadion, a
eakage maarers el Batdflsiitiaie PRGUTRIN Sn pepRfileh, B ety "¢
dependi ng osotheewmaleavailable v nratedahpowteentsdhemespsctve bomponents
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
25 sintering the powder mixture with a hot press.
[0008] For example, proposed is a method of preparing a sputtering target 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
30 powder mixture with a hot press (Patent Document 2).
[0009] The target structure in this case appears to be such that a metal phase
(B) of spherical shape is present in a phase (A) as a base metal in which
inorganic grains are uniformly dispersed (Fig. 1 of Patent Document 2). [n
such a structure, the leakage magnetic flux is not sufficiently increased in

35 some cases depending on the content rate of the constituent elements such



PCT/ JP2011/ 079057 as Co and Cr. Thus, the target structure is not preferred
as a sputtering target for magnetic regordi ng nedia. [001BTFUP2MH&IORASE,
proposed is a nethod of preparing a sputtering target for form ng
thin films of magnetic recording nmediumby mxing a Co-Cr binary 5 alloy
powder, a Pt powder and a Si 02 powder, and hot-pressing the resulting
powder m xt B@seCorandrer. Dol‘:mjtn%nithessarget stiuctyre igerel prrfgricgaas tthePuieted

structure 'qaé‘ﬁ}%ﬁ g%ﬁ%ﬁ ?ec%rdﬂ?fr?e g Si 02 phase and a Co-Cr binary

al | oy phase, i spersio ayer is observed in the periphery of
t he Cde@ro)bi nar ¥ uaihleom drey propassd sha)vmethlmddmfap\nerp@)'mg&l(slpuzbieazmlguttalrgletefqrs

[0011] Pat ndCBBEEEAD 7t Sh ety FHaRbne i ERRRThY TSRS RE MY ng
the

magnet i ¢ phaﬂl@yc@@m&ié"ﬂ g D, pavdenzErgnet iSihpswvdeentaidi i-giess
oxi de phase that are separated from one anot her. Though this technol ogy
ains to |ncrréﬁﬁg'ntghféo‘é(ﬁﬁﬁm”x@frel(&ﬂiﬁ@b ﬁ’ﬁ&jmﬁnt@)ﬂ ux, the phase structure

thereof is diffareieddityBd it the fhGePsRBehlrol AN LABCIRRCEI PEPhhel oy and
r g ano |?f om t t

the functions and effects thereof ar erent ose of

present i nve?incﬁhaSleéodd@ e r binarPaﬂI@Mtpmmtmtcam#merswmmras a
i i
ref erence. R Bl e Ut fheeBICH SELOP 313y R oA Rugsh T or

form ng th|n I ng medi of 'a
naAmagneti c ctmvwieg CrSuth a stnulcttulne iballsooet preféoredlbe g Bputtesingaahyet! fogy
i i e the ampunt of .| eakage magnetic flux, the phase structure

ainms to i ncgﬁss di
thereof is 'é‘?té%{e‘f‘?fé’m &9'8f the present invention described bel ow and

the fuyoetions ant@‘itﬂB@&@mﬁeh@ﬂQﬂEcl@rs@sfﬁ mﬁétﬁcﬁfw&ttérﬁmé@%ﬂ@n@lﬁdtﬁgea
present invention. Accordin gla t he Patent Docunents cannot be used

as ref er encédagnetic pRagaic HhE®. 2 RERMPJIBEHR Piasel Gydaling @ sk
produci ng a gyl ﬁéb@ghé%gé’%ehﬁfatfe fF&rﬂgoﬁé‘bHPfHér”B THoUGPIHiS 'té‘cﬁr?cﬁew' ng

medi um by 30 pulverizing a tere conpact of primary raw nateri
péder, ni xi@igstieencegasa they apuduntr oizieakpgrdvagnetio faxs dbemdwse stavcture

mat eri al po r Pat e

Docunent s 7‘(‘98?(?0&6}5 s'ﬁHogsrg ﬂrﬁ’{’i‘eﬂ{éﬁo‘ﬁgﬁgﬁe@%ﬁ‘g} @%fd&ggggg% %‘%]h‘fve?n%g
anEj do ]no':] dhe éendtjornrsehnt effects heeneroéseefalsmdeffdrenhfrdmmoémdfbféfpmsent
35[0012] Ther e are sputterin par a vari ous, syst I n matlon
of 4PCT/ JP¥OENtPo05ACCRE 3858 ?‘@ i’t:]’ﬂr% E%%ﬁﬁ@ﬂrc“ ‘ry?dw% hg #pedsas
magnetron spgfdrent®9 apparat uses equi pped with DC power sources are W deI y
used because of _their high productivity. Sputtering is a nmethod of

géherating an ePal@antillogyrapatng ansp? paRb diselpgh asnutieiing targeéforfosmig r at e
serving as fhIHO?IIrtrfsv%f5%§gﬁél‘?9€r@dquﬁlgt FABIume" Whith 38 2MRIGEdY Sof a

el ectrode di sposed s
nonmagnetic oxide, Cr, Pt, and the balance of Co. Though this technology

aims to increase the amount of leakage magnetic flux, the phase structure
thereof is different from that of the present invention described below and
25 the functions and effects thereof are also different from those of the present
invention. Accordingly, the Patent Documents 5 and 6 cannot be used as
references.
Patent Documents 7 and 8 each disclose a method of producing a
sputtering target for forming thin films of magnetic recording medium by
30 pulverizing a sintered compact of primary raw material powder, mixing the
resulting pulverized powder with a secondary raw material powder, and
sintering the resulting mixture. Thus, Patent Documents 7 and 8 disclose
inventions relating to processes of sintering and do not directly relate to the
present invention described below.

35  [0012] There are sputtering apparatuses of various systems. In formation of



face each other under an inert gas atnosphere. [0013]On this occasion, the
inert gas is ionized into plasma conpoged of el ectrons anHCpPOB2G11AQBI05GNS.
The positive ions in the plasma collide with the surface of the target
(negative electrode) to make the atons 0 constituting the target to eject
fromthe target and to allow the ejected atons to adhere to the facing
substrate sdgﬁa@é’qV@'¢1©$¢ﬁllaed i magrsgia t@condings filased nvrgnefeonr sAULEIIBIt hat
a filmof t j i i i y
Such seri es PR aResk eGRRHId WM AREASbulCod ALETAALH, GoibRbELe df
conponent cdhposhighopradectplityse Sputtering és shovethed, of. gelnerating atemdextritor a

target that .can perform staple dischar and efficient sputtering. [.0014]
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Patent Docurglgttréde IanpretRgBaiseminipras iacathativéleledPdde AidpdePioeas to
Docunent 3: Japanese Lai d-Open Patent Publication No. 2009-1860 20 Patent

Docunent 4: f36R&AESOINEr ANGRERPHIEShIAPAIMOSRANES® No. 2010- 255088 Pat ent
Docunmg sz} Jap@ﬂmeﬂﬂstawéﬁ%ﬁp theliRBH G40 isBhIAN Mo glhnd hhidoddd ot

Docurnent Japanese Lal d- Qpen Pat ent I't cation No. ) Pat ent
Docunent 7: €leplapes @ndhpesitpenianst enthepsisitive ias b theplasmesesltidpaviht

Do t 8: Lald- | cat i . 42011-428 S Y OF
PRVENTT O [ THehaerenr Ry tbRHE ThabH ke e Afodg, 5] afeke " Be SRS
f é0r omagnet iconstitgimaltheplarget itogejeat deom B@ varget eamhdoehlion theuejentedg

t us, of magneti ¢ f.lux froma magnet sses through the
iagg;a(rjg gfs tnﬁggén rté’e%gﬁ%eeg%?h%??w%ﬁ%ﬁﬁf t?@%&‘@rF(gform)ar@ﬂhcegPHéeT'Eﬂkage
magneti c fl ux basesubhithe prindpk thatrhilrandofhemaleFahasastiRtingns talRjet is
di scharge in sputteri ng.q#OOlG In order to solve this problem a reduction
in content ?a'frﬁﬁdcﬁ” EoSubpirale Py sHgfepedrdgerstiontet dn airagngtednaterial

reduction i RafgetHAVIREG Unique component composition and phase structure, however,
15 there is demand for a target that can perform stable discharge and efficient
sputtering.
[0014] Patent Document 1: Japanese Laid-Open Patent Publication No. H10-88333
Patent Document 2: Japanese Patent Application No. 2010-011326
Patent Document 3: Japanese Laid-Open Patent Publication No. 2009-1860
20 Patent Document 4: Japanese Laid-Open Patent Publication No. 2010-255088
Patent Document 5: Japanese Laid-Open Patent Publication No. 2011-174174
Patent Document 6: Japanese Laid-Open Patent Publication No. 2011-175725
Patent Document 7: Japanese Laid-Open Patent Publication No. 2011-208169
Patent Document 8: Japanese Laid-Open Patent Publication No. 2011-42867

25
SUMMARY OF INVENTION
[Technical Problem]
[0015] In general, in sputtering of a ferromagnetic material sputtering target
30 with a magnetron sputtering apparatus, most of the magnetic flux from a

magnet passes through the inside of the 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
35 is a ferromagnetic metal, is suggested. A reduction in Co content,



5PCT/ JP2011/ 079057 however, does not allow formati on of a desired magnetic
recording filmand is therefore not ansessenti al sol uti onPCTHB2ayN/0r2057s
possi ble to increase the | eakage magnetic flux by reducing the thickness of
the target, in this case, the target lifetine is shortened to require
frequent replacenment of the target, which causes an increase in the cost.

In view of tHWeyebress nrirllamiermasiie of ardesirechmagnatic wcordiaggiles ant
i nvention tqgspRoMide: A Icﬁ%%%ftle sElAioh. d'ﬁ%&fﬁ |§‘E)Us€m18’f8tn'1 g%@é% aI

sputtering target of age magneti ¢ ux is Increased to a
st abl e di scHaa@@gwmagaemguatbsore@wngethedglc;kplpasalfdhe tamg@olmntthlsmass

Probl e 0 rder. to. salve t above nti on robl e ent
Tventor s haus Bt Rl gl &F 1R FrBuly 8RS Po Bl B R SBIHE ha
a target prahidhngusdsadggéndrealsage thegstti ¢ fI ux can be obtained by

regul ating the ﬁbn‘&om |on and structural stitution of the_tar

15[ 0018] Accor di 1R Papbleras ment! ﬂ\ée’p &3 8RtORIRGEAT t%gfﬁ%ﬂtdes

1) a ferromagyeiticn 1@ ieevidle émaﬁneégﬂ@né @mﬁtdlggapééoﬁrérgoﬁqa@%ﬁb rﬁét@rﬂag a
corrp03|t| on that C is contained in an amount | % or "l ess, Pt

cont ai ned i SPAteAiRsUIATOSE OF Widich, the laakageam@anedicr iuwaiis deerepseddo &H*@Nel n
the target s’i‘ﬁl‘)l‘é%%&? Bﬁaﬁﬁnﬂﬁeé%aé@%tg@v‘?%gu‘fn‘%}r&gg?ﬁ@a?@e metal (A), 20 a

Co-Pt all oy ase talning and a netal or alloy
pifise (O, pbHidrstalPrékiesmt from t he phase (B) and is conposed of Co or

an al l onpri N 00191 The esent i.nvent
o EndfzroTP L BRidAoorde TR RS IR R Honeko R e, e BERdens N FEMAR]
tar get accorfrd!vegpexfoﬁmedbdlugenQEW{tﬁeelahd hees ﬁEﬁe%lultomaallel mmdmaﬂ 4 @rget
contains 90 no resent invention further

provi des: OY'%)@Q @%%3?@5?33 r?ﬁ?@?%féh?lé'gu‘ﬁ%tbien% bladpeddyaresiaiing the 1)

or 2) abovecoMmﬁuan%r@ gnu(%ut?él eaﬁﬁutaﬂenld?tﬁelt%’frg?ét | ess of at |east one
el enent selected fromB, Ti, Mh, Nb, Ru, Mo, Ta, W Si, and Al is

coht ail¥d] as 3oéa@ﬁ>rtdln@lyebéﬁedton timfzmqim@ thepeesentingantion pravidest
Dre'b D)« o) HIGHHIATAARER Hhe B S5 a0 ARG e RS ERTGIE
i nor gani ¢ mapemicditieconthahdét issebertained fincan canbont 0b20daw|Y%nior riesesPt is
car bi des, a%SnFaa}BBS”fnt ra'nd%?nount of 5 mol% or more, and the remainder is Co,
wherein the target includes a base metal (A) and, within the base metal (A),
20 a Co-Pt alloy phase (B) containing 40 to 76 mol% of Pt, and a metal or alloy
phase (C), which is different from the phase (B) and is composed of Co or
an alloy comprising Co as a main component.
[0019] The present invention further provides:
2) the ferromagnetic material sputtering target according to 1) above,
25 wherein the metal or alloy phase (C) contains 90 mol% or more of Co.
[0020] The present invention further provides:
3) the ferromagnetic material sputtering target according to 1) or 2) above,
wherein 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 is contained as
30 additive element.
[0021] The present invention further provides:
4) the ferromagnetic material sputtering target according to any one of 1)
to 3) above, wherein the base metal (A) contains at least one inorganic
material component selected from carbon, oxides, nitrides, carbides, and
35 carbonitrides.



6PCT/ JP2011/ 079057 [0022] The present invention further provides: 5) the
ferromagnetic material sputtering target according to anypomargd11byodss 4)
above, wherein the inorganic material is at |east one oxide of elenent
selected fromCr, Ta, Si, Ti, Zr, A, Nb, B, and Co, and the vol une
proportion of the nonmagnetic material is 20 to 40% [0023] The present

i nvent[P®R]1f ur t hdheppr@sedédnves)tiaméurther piavigesi ¢ nmaterial sputtering target

o e EcOlnandie B R A S g RghBIdhb 16 iRy ShLer ) ©7%
nonmagné_t i c-tgr4)i abaNes peherzinftherinorgmet incatenia is _aglaqnncfrﬁr bmigllet@flr<@et‘nmft t he
Tagneti c {1 GIeGeB e Shi T Sioder bavh o 5T sh e Y lEre Biptrions
achi eve stahijhdimhﬁ_ggﬁeﬂlaeﬁatéﬁ@mgggqb 40%used in a magnetron sputtering
apparatus. It is possible to increase the thickness of the target to enable

a reduB®ddn in fheqresept verdianbismanpiovidass target, resulting in an
q . TEPTATERETIL T
gogg_nt ggeDtEfS%}ql @TWSO@%%%@@W@MB EA9ePacRORAHG RS My Bné draY

to 5) above, wherein the relative density is 97% or more.
10 ADVANTAGEOUS EFFECTS OF INVENTION

[0024] 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

15 achieve stable discharge when the target is used in a magnetron sputtering
apparatus. Itis 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 with a low

cost.
20
DESCRIPTION OF EMBODIMENTS

[0025] The main component constituting a ferromagnetic material sputtering

target of the present invention is a metal having a composition that Cr is
25 contained in an amount of 20 mol% or less, Pt is contained in an amount of
5 mol% or more, and the remainder is Co.

[0026] Cr is an indispensable component, and the content is higher than 0
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

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

[0027] The amount of Pt is desirably 45 mol% or less. An excessive amount
of Pt decreases the characteristics as a magnetic material, and Pt is
expensive. Accordingly, a smaller amount of Pt is desirable from the
viewpoint of manufacturing cost.

35 [0028] The ferromagnetic material sputtering target can further contain 0.5



[ 0025] 25 [ 0026] 30 [0027] 35 [0028] The mai n conponent
constituting a ferromagnetic material gputtering target oPctiie2pnesest
invention is a metal having a conposition that Cr is contained in an anount
of 20 nor/o or less, Pt is contained in an amount of 5 nmol % or nore, and
the remai nder is Co. Cr is an indispensabl e conponent, and the content
i s hi gher tHaal% aroNooe amiato Mmol% aeless eforitleast peeltigment shtacteddrom B,

anal yzabl e | I mst . Eurg he r .0 a e, Cr.. tent Q.S | %
or |ess, the-ﬁgsqE el\é?g]zté’awgbeé%b ar n-lgad \&\’s/eér{’ ggdt’ﬁle%gn%%wg;élé%qné' Si&e?_g
The anount ddleflents alesiopdidnallgSadoedo tr thestargéh neaieeisdi foe ianprovingfthet

Accor di ngl y S BRSPS abATagne B TPEOGLES ABHEM: ofhenReRHipEeS GAn
maguf act uri g cegrioushe RNjUSKBAINRIthM MRRET | AoiRHdrRIdned t 2a9§Es Cahile
further Contrﬁlairgmtgi'n?ng the characteristics as an effective magnetic recording medium.

[0029] The 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 additive
element is basically present in the base metal (A), but may slightly disperse

10 into the Co-Pt alloy phase (B) described below through the interface with
the phase (B). The present invention also entails such a case.

[0030] Similarly, the 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
additive element is basically present in the base metal (A), but may slightly

15 disperse into the metal or alloy phase (C) composed of Co or an alloy
comprising Co as a main component described below through the interface

with the phase (C). The present invention also entails such a case.

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

more of Co, and further includes a case of Co alloy with at least one

20 element selected from B, Ti, V, Mn, Zr, Nb, Ru, Mo, Ta, W, Si, and Al as
additive element.

[0032] An important point of the present invention is that the structure of the

target includes a base metal (A) and, within the base metal (A), a Co-Pt
alloy phase (B) containing 40 to 76 mol% of Pt and a metal or alloy phase
25 (C) composed of Co or the Co alloy. The phase (B) has a maximum
magnetic permeability lower than that of the structure surrounding the
phase, and the phases are separated from each other by the base metal (A).
The phase (C) has a maximum magnetic permeability higher than that of
the structure surrounding the phase, and the phases are separated from
30 each other by the base metal (A).
The effect of improving the leakage magnetic flux is expressed even in
a target structure composed of a base metal (A) and a Co-Pt alloy phase
(B) containing 40 to 76 mol% of Pt, or composed of a base metal (A) and a
metal or alloy phase (C), which is composed of Co or an alloy comprising
35 Co as a main component; but the effect of improving the leakage magnetic



7PCT/ JP2011/ 079057 nol % or nore and 10 nol % or | ess of at |east one

el ement selected fromB, Ti, V, My, Zrg No, Ru, M, Ta, WecSiJp2end7ébs7as
additive elenent. These elenents are optionally added to the target
material for inproving the characteristics of a magnetic recordi ng nmedi um
The bl ending ratios can be variously adjusted within the above-nentioned
ranges, whi |f&is fWrdher sgheneedharadagatsni whicksthen baseavetaleAMadhetdlloy

recordin i L %%.ar nmol % or | ess of at | east
one el engng%ée#geecf%)ci afn:a(;m%aﬁ%whé)sgl\%dy%ﬁ%%e% I\/b? Ta, W Si, and Al
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[6D34] The pleal@geBnagigticabuy akse candpeueentiolles ay the ansoupm and types bhase
metal (A), bBEitRRARFetaR) A iddBanid YramR ¢ AR et SHRVe-abdchtisy
size of the phase (B) does not necessarily have to be satisfied, but is one of
favorable conditions.
[0036] Even if the proportion of the phase (B) to the total volume of the target
30 or to the volume or area of 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), however, the proportion of the phase (B) to the total volume of the
target or to the volume or area of the erosion surface of the target is
35 desirably 10% or more. The leakage magnetic flux can be increased by



di aneter of the phase (B) is smaller than 10 pm the difference in size
with the inorganic grains is small, and therefore, it accet®nrt®@s/odedsizusi on
bet ween 15t he phase (B) and the base nmetal (A) during sintering of the
target material. The progress of the diffusion nakes the difference in
structural conponent between the base netal (A) and the phase (B) unclear.
Accor di ngl y,thernmegeagetafrmany ph@sesa$d. (B) is preferably 10 pmor nore, and
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0036] E if thes ti h h : e
argel Soor to IRATyrny, 108 Bhal R Re SnbDbresbrlt iyl i, FRyeah VT
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order £ ShER) Mol gy B by iud pBysy coence of, Lhe phase (3,
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e S sy abEr, R L s erBRely orHecBiese T
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 (B)

15 and having diameters (major axis and minor axis) each reduced to
two-thirds of the phase (B), the purpose can be achieved as long as the
phase (B) is made of a Co-Pt alloy containing 40 to 76 mol% of Pt. The
present invention entails such a case, and the purpose of the present
invention can be achieved under such conditions.

20 [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 grain size
with the metal grains coexisting with the inorganic grains is small, and
therefore, it accelerates diffusion between the phase (C) and the base
metal (A) during sintering of the target material. Thus, the difference in

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

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

30 particles. Accordingly, the size of the phase (C) is desirably 30 to 150 ym.

All of these are means for increasing the leakage magnetic flux. The
leakage magnetic flux also can be controlled by the amounts and types of
additive metals and inorganic grains. Accordingly, the above-described
size of the phase (C) does not necessarily have to be satisfied, but is one of

35 favorable conditions.



[0037] I n sone target conpositions, the proportion of the phase (B) to the
total volunme of the target or to the v une or area of theceypsi@n7sisyface
of the target can be 50%or more, or further 60%or nore. The volune or
area proportion can be appropriately adjusted depending on the conposition
of the target. The present invention also entails such cases.
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case, and the purpose of the present invention can be achieved under such
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phase (C) tendpel aiPingeaveeRAgrAnCeizdl tans the slicrapkenr the tithiRNAge
(C is preferabl ?4%‘_30 pm or nore, and nore preferably 40 pm or nore.

[0040] 1 f t h&ingket and dhe daaximwp diainatee snoot hness of the target surface

d ith t ' Thi s: raohl
S0par 1o be, | Acie o BEEREEor AR Clnas ERInE AT b [ ETbEge 1
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of addi t1 ve "ot a1t e TR Bt o heusBaeh (o) bY ISk oL deneBed
si ze of thedphiagesict@rirtpes not necessarily have to be satisfied, but is one
of 35favorable ICnOtrrlucciei |Iainognesbf a phase having a shape similar to that of the phase (C)
and having diameters (major axis and minor axis) each reduced to
20 two-thirds of the phase (C), the purpose can be achieved as long as the
metal or alloy phase (C) is composed of Co or an alloy comprising Co as a
main component. The present invention entails such a case, and the
purpose of the present invention can be achieved under such conditions.

[0044] Furthermore, the ferromagnetic material sputtering target of the

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

30 perpendicular magnetic recording system.

[0045] Furthermore, 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 nonmagnetic material can be 20 to 40%. In the case of
an oxide of Cr, the amount of Cr oxide is distinguished from the amount of

35 Cr added as a metal and is determined as a volume proportion as a



10PCT/ JP2011/ 079057 [0041]In order to sufficiently obtain the effect by the
presence of the phase (C), however, tha proportion of thepphvas®1/0yodse the
total volune of the target or to the volune or area of the erosion surface
of the target is desirably 10% or nore. The | eakage magnetic flux can be

i ncreased by 5the presence of many phases (C). [0042]In sone target

conposi ti onehremduy @pdet i on of the phase (C to the total volume of the

Larget or to thepuohye poieals LhE 03 OsPUIar Sy the id sl (kRN be

50% or nor e, urt b Or® nor e or-area pr opo on ¢
appropri at elt;utesi;mettﬁdhdspmny adhere tchﬂwéLGcroupdelenwobfhe pratanBgtor thae

pr esent |nve tlon ntails.such c identally,, the phase, (O
in the pr es \('@&nqr eﬁﬁvenmrﬁﬂ{/a §ﬁal%° @ﬁdpﬁﬁée ééhSr%h %l@é
nmegns the a\mfra@e pPHd i Ofo i o ﬁuﬂérgeﬁﬁeﬁ%eaﬂﬁwddﬂﬁ @agmrétumtﬁeaﬁr@ﬁme netlc
[ 0043] The conposition of the phase (C) is different fromthat of base

netal (A). 'QrFéFl@fH“reSUOPh@ eaﬁ@o@?twnaffﬁcft Hée;j@agbﬁaeychﬂraptﬂarlqmés@f tes nay
slightly chqj}%ef{] ésé?@é%%s@o (N} |rtﬂ¥bﬂ'tf1feﬁﬁ!rgﬁsgf el enents during

sintering era hase havin simlar to that of
t he pHe&®] (O a?ﬁhehf&\vtqmadnehetmatﬁr(mmtemgtermtmfnthe am@nteauhnhemced

e et o "ol 4I4 SRRt RS Byt BERRAY RRE792 O RE) VRS A,
alfmi n conpdmemn th'atea targeehavingartiglosr eema'ty sasusbreacffastivelgnddlbe the
purpose of thrtlglregssgtneira %S”Ehﬂﬂgcé‘é‘ut grlﬁg %Yseg in the psigggntc?r?vdegtfo%nsa
higher density is preferred. In the present invention, a relative density of
97% or more can be achieved.
[0047] The relative density in the present invention is a value determined by
15 dividing the measured density of a target by the calculated density
(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
20 component) x (molar ratio of the structural component)].” Z[(molecular
weight of the structural component) x (molar ratio of the structural
component)./(literature density of the structural component)], wherein X is
the sum of the values of all structural components of the target.
[0048] The thus prepared target provides a large leakage magnetic flux.
25 When the target is used in a magnetron sputtering apparatus, ionization of
an inert gas is efficiently accelerated to achieve stable discharge. 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 with a low cost.
30 Furthermore, the increase in density has an advantage of reducing the
particle generation that causes a reduction in yield.
[0049] The ferromagnetic material sputtering target of the present invention
can be produced by a powder metallurgy process. First, a powder of a
metal element or alloy (note that a Co-Pt alloy powder is indispensable for
35 forming the phase (B)) and, as necessary, a powder of an additive metal



[ 0044] Furthernore, the ferromagnetic material sputtering target of the 25
present invention may contain at |easti2one inorgani c mat epcalp2ohiozdosis

di spersed in the base netal, selected from carbon, oxides, nitrides,
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suitable as a material for a magnetic recording filmhaving a granul ar
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cost. also can be prepared by gas atomization and sieving of the product. The

thus prepared Co-Pt powder and pure Co powder each having a diameter in

25 the range of 30 to 150 uym, a metal powder prepared in advance, and an

optionally selected inorganic material powder are mixed with a mixer. The

mixer is preferably a planetary-screw mixer or planetary-screw mixing

agitator. In addition, considering the problem of oxidation during mixing,

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

30  [0052] The thus prepared powder is molded and sintered with a vacuum hot

press apparatus, followed by machining into a desired shape to provide a
ferromagnetic material sputtering target of the present invention.

[0053] The molding and sintering is not limited to hot pressing and may be

performed by spark plasma sintering or hot hydrostatic pressing. The

35 retention temperature for the sintering is preferably set to the lowest



30Furthernore, the increase in density has an advantage of reducing the
particle generation that causes a redugtion in yield. [00881/bg11/079057
ferromagnetic material sputtering target of the present invention

can be produced by a powder netal lurgy process. First, a powder of a netal
el ement or alloy (note that a Co-Pt alloy powder is indispensable for

35f ormi ng t HenmperatureB)n) thadterapersduessange @ pdwclerthef taagehdsli suffieiemiiyal

12PCT/ JP2011{ 079057 elenen r repar ed.,, Though each tal, el ement powder
oy be. pr od A any THEeRo D, G R davd triRFor APRoS s Bo 4 (ALLE JBIBRY ar o
each desir atﬂaée%(,)ﬂﬁ@t@mdeﬁ?éﬁueﬁwih hﬁéﬂ‘ﬁh?e oMSO@ a6l 13foocach Tmd @'re@shﬁ@ﬁﬁt
powder, an all oy %gwde_r of these netals nmay,be prepared. In also such a

5
case, thougHheranissieels W@iefﬁplbr@@u(%éog%géwz-net hod, the maxi mum grain
size of the powder is desirably 20 pmor less. A too small grain size,
however, accel erates oxidation to cause problens such as a deviation of the
conponent cdFP88IRIEBh from t he necessary range. Accordingly, the size is

i . I h
and noSfl oy potleePtereiliyRlRoH, viRHBhS S AR, A0 FoBMRISR AHE o e
m xed and pulomparatived ExaraplesownT pe dEealupéesigragmeirely dimtiadtive, aardlthe

mll. When an inorgani ¢. materjal powder is.als dded, the powder y, be
m xed wi th HHESHEL AVertitlabel 2 atq Kevabe dimiieddBerety.  ncothetguords ingg
t he inor ganigregaheimaintRMEBal ohig I imiReAMBERthedbdpe BF cRAWHRS: addikht,i de
powder, a carbj dE ﬁo,wd r, or a carbonitride powder is pr e%ar ed. The
i nor gani ¢ m&"&r SaR!p e gediquspmpeditisationsathemtgen; thesExamples ofnihis
| ess, wher eggyentig¥@ small grain size tends to cause aggl oneration.
[0055] (Example 1 and Comparative Examples 1 and 2)
In Example 1, a Co powder having an average grain size of 3 ym, a Cr
15 powder having an average grain size of 6 um, a Pt powder having an
average grain size of 3 pm, a CoO powder having an average grain size of
2 um, a SiO; powder having an average grain size of 1 um, a Co-50Pt
(mol%) powder having a diameter in the range of 50 to 150 um, and a Co
powder having a diameter in the range of 70 to 150 um were prepared as
20 raw material powders.
These powders were weighed at weight proportions of 16.93 wt% of
the Co powder, 2.95 wt% of the Cr powder, 16.62 wt% of the Pt powder,
4.84 wt% of the CoO powder, 5.43 wt% of the SiO, powder, 33.23 wt% of

the Co-Pt powder, and 20.0 wt% of the Co powder having a diameter in the

25 range of 70 to 150 um to obtain a target having a composition of
88(Co0-5Cr-15Pt)-56C00-7SiO; (mol%).
[0056] Subsequently, the Co powder, the Cr powder, the Pt powder, the CoO

powder, the SiO, powder, and the Co powder having a diameter in the
range of 70 to 150 um were placed in a 10-liter ball mill pot together with
30 zirconia balls as a pulverizing medium, and the mill pot was rotated for 20
hours for mixing. The resulting powder mixture was further mixed with the
Co-Pt powder with a 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
35 hot-pressed in a vacuum atmosphere under conditions of a temperature of



20Accordingly, the size is further desirably 0.1 pmor nore. [0051] The

Co- Pt powder can be prepared by gas atqm zation and sievi pgrQb2dh@7giszduct .
A Co powder having a dianeter in the range of 30 to 150 pm al so can be
prepared by gas atom zation and sieving of the product. The thus prepared
Co- Pt powder and pure Co powder each having a diameter in 25 the range of
30 to 150 pm1Q0°fetaretembider timeeph? dwlira, addanpeessung e300 pdPartal dhtain a
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pr ef erably rforrre an inert gas atmosphere or in vacuum 30 [0052]
The thus prgg (? F"ms nol ded and sintered with a vacuum hot press

appar gbesss) fol %dlelé!ka@écﬁia@n'&lc' 12 m?aﬁﬁ?ééﬁﬁe&"@é’é%d SnPASTIMIE 2086-01
ferromagnetic material sputteri ngé target of present invention.
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[ 0054] The pres i now be descri bed | es and
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at the five points is shown in Table 1 as the average leakage magnetic flux
density (PTF (%)).
[0059] In Comparative Example 1, a Co powder having an average grain size
15 of 3 um, a Cr powder having an average grain size of 6 ym, a Pt powder
having an average grain size of 3 ym, a CoO powder having an average
grain size of 2 ym, and a SiO; powder having an average grain size of 1 um
were prepared as raw material powders. These powders were weighed at
weight proportions of 53.55 wt% of the Co powder, 2.95 wt% of the Cr
20 powder, 33.24 wt% of the Pt powder, 4.84 wt% of the CoO powder, and 5.43
wt% of the SiO, powder to obtain a target having a composition of
88(Co-5Cr-15Pt)-56Co0-7Si0; (Mol%).
[0060] These powders 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
25 hours for mixing.
Subsequently, 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 then ground
30 with a surface grinder to obtain 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.
[0061] In Comparative Example 2, a Co powder having an average grain size
of 3 um, a Cr powder having an average grain size of 6 ym, a CoO powder
] having an average grain size of 2 ym, a SiO, powder having an average



present invention shall in no way be limted thereby. In other words, the
10 present invention shall only be |lim&ed by the scope obPctliagimifoseosa
patent, and shall include various nodifications other than the Exanpl es of
this invention. [0055] (Exanple 1 and Conparative Exanples 1 and 2) In
Example 1, a Co powder having an average grain size of 3 pm a C 15 powder
havi ng an av#@Pdy&igg Afnl dive ICE8IMt (gnqﬂ?o)pmm@rerﬁwﬂng ardiamatageén dﬂei n
size of 3 p Vi TS i i 2 i
powder havi rr%m ﬁ%@%‘?%ﬂ%’r Qﬁ’n d;gjzgr%(?\b% pm %%Q%%%r@%{%ﬁggbﬁw ng
a di ameter if0 thd50qmgevefe plepareti5ds pav materiaal Gowoevder havi ng a di anet er

inth f 70 to 15 ' teri
These. powter s wifEShepORaaTaMveiE: WRISThE0 I1ghL FPPIBIGE R AbofS Hgs &f
powder, 2.95hetCoqowder, @.9Bondsrof the 62 peiler! 4t &e Wit RPVHEICoO. Sdwukfo of

the Co0O po r, 5.43 W% of the Si02 povvdeor, 33.23 wt % of the Co-Pt powder,
and 20.0 mmgée-f}? Wtr(eoééh?)@@erpwﬁrngwp%wér@e@fetheiG%Ot'?ﬁegwd%@@dom % 150
pmto obtai WHR - RASiikl e = =281 02
(ol 9 - [ 00N e Bouleft, hiflg GURATSISE Ry Bt Eto o hrpla e o
the Co0 powdargetihavisy @compesitiomat 88HeoGLpdalE-56a0-7§iQ2 dnai¥)er in the

range 0Oto i i ker R t wth
30 zi r[§(§o6nz|?a bal ﬁggggaggﬁﬂyvgar‘??%gd%e%ﬁ%hgaﬁg q(ﬁ@&%ﬁl ep&%%vé’s&’gi‘%ﬂﬁé‘a for
200hour s f orSifixpoydemhand d¢bealCo mpvpdevdkeavimgxa wiamesr fnuthd eangexsfd7 ®itd h
the Co-Pt p with a planetary-screw mxer having a ball. capacjity of
e PR g BB RLE! BT ST bl iR Firseichali ok
charged in a paesizinghtedineh, e bred nﬂﬂgﬁﬁeﬂaé, Rofdt&@FHH DDA IS FRE RixiHeder
condi tions QII a tenperature of 14PCT/JP2011/ 079057 _
he resulting powder mixture was further mixed with the Co-Pt powder with
a planetary-screw mixer having a ball capacity of about 7 liters for 10
15 minutes.
[0063] 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 with a surface
20 grinder to obtain a disk-shaped target having a diameter of 180 mm and a
thickness of 56 mm. The results of the above are collectively shown in
Table 1.

[0064] [Table 1]
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88(Co-5Cr-15Pt)-5C0o0-7Si0,

88(Co-5Cr-15P1)-5C00-7Si0,

No.

Example 1
Comparative

Example 1
Comparative

Example 2

conpact. The sintered conpact was then ground 30
O obtain a disk-shaped target having a di aneter of
f 5 mm The average | eakage magnetic flux density
measured. [0061]In Conparative Exanple 2, a Co
grain size of 3 pm a C powder having an average
0 powder having an average grain size of 2 pm a
erage 15PCT/JP2011/ 079057




[0062] 10 15 [ 0063] 20 [0064] grain size of 1 pm a Co-81 Pt (nol%
powder having a diameter in the range f 50 to 150 pm anéca/JEonordeEs7?
having a dianmeter in the range of 70 to 150 pmwere prepared as raw

mat eri al powders. These powders were wei ghed at wei ght pr opo][tl (r)]nscgfo
25.75 wt % of the Co powder 95 wt % of the Cr powder, 4.84 wt% o0 t e
powder, 5.43 wt PScshewa 18 fazalgdwdbe averags leakegs magneic fux siensdy, (P

% 5 t
Shiain oy oSl BrBaLOFEAMBRI1 WA LG, diflich Vg ARTeCnafD 41 %0 Balln ' ©
Subsequent | Y0.8Pe o€& pupdeatjve Eea@rplesvidand 2, hesﬁ?‘llwwan ean]g \g%stcgntllggedm
Poroth aned tPnBa SefpitEEaol A Bloved ) ¥ Eiamhis "6 I TRiadive QebRivowal s

ulsveri zi ng 9®edbam Thod, AhgrgstiHa aVr§h roeinag daxfdéred ReYs wasOsbtainddg-
‘Fl)'he result?n gt o VR gmxedt(?vxlltht:F)IggCo-Pt powder with a

m xture was further
pl anet! 3?‘?/5-15({%@@%%3 aﬁﬁ@p@rsﬁw Ex@paR'et3) of about 7 liters for 10
mi nut es. Then ESaMigIENE o éwﬁb?‘%'é‘i/ﬁw?"@ﬁ é%}é?égég;nrbfh 8iz8A9 Py Erand
er condi a tem!ijeratur

was hot-pressed in a vacuum at here un e of
1100C, a r etRWI&N haviRg &N ?Vﬁm% grant sazerafsSupm, od RO poRpalerohavingi ana

sbrarn s o Shgs OB RLROrs RTR IS ARG U5 Pl SN B AEE o1
51Am The rgs80] asTlé)z pbwdelochmnag earcat/émge geain sizeverf 1 nurhakl 8iQ, powder
having an average grain size of 1 ym, a Cr,O; powder having an average
grain size of 3 ym, a Co-50Pt (mol%) powder having a diameter in the
range of 50 to 150 ym, and a Co powder having a diameter in the range of
70 to 150 um were prepared as raw material powders.
15 These powders were weighed at weight proportions of 18.86 wt% of
the Co powder, 3.44 wt% of the Cr powder, 21.53 wt% of the Pt powder,
5.58 wt% of the Ru powder, 3.53 wt% of the TiO, powder, 2.65 wt% of the
SiO; powder, 3.36 wt% of the Cr,03 powder, 28.04 wt% of the Co-Pt powder,
and 13.01 wt% of the Co powder having a diameter in the range of 70 to

20 150 um to obtain a target having a composition of
59C0-6Cr-20Pt-5Ru-4TiO2-4Si0,-2Cr,03 (mol%).
[0066] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ru

powder, the TiO2 powder, the SiO, powder, the Cr,O3; powder, and the Co
powder having a diameter in the range of 70 to 150 um were placed in a
25 10-liter ball mill pot together with zirconia balls as a pulverizing medium,
and the mill pot was rotated for 20 hours for mixing. The resulting powder
mixture was further mixed with the Co-Pt powder with a planetary-screw
mixer having a ball capacity of about 7 liters for 10 minutes.
[0067] The resulting powder mixture was charged in a carbon mold and was
30 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 with a surface
grinder to obtain a disk-shaped target having a diameter of 180 mm and a
thickness of 5 mm. The average leakage magnetic flux density (PTF) of
35 the target was measured.



[ Tabl e 1] 17PCT/ J P2011/ 079057 As shown in Table 1, the average

| eakage magnetic flux density (PTF) of1sthe target of Exanpt®JR2omam79eb72%
whi ch was | arger than, 38.1% and 40. 8% of Conparative Exanples 1 and 2,
respectively, and was confirmed to be considerably inproved. In Exanple 1,
the relative density was a97.4% Thus, a target having a high density

exceedPefip! 97% wis Cstieparadtye Evasmie Goabpl Rowdenbadngoan avievag Egampl $28)
In Exanpl e 2 @ (0 BO@P%VJ&‘P ﬂg fﬁ’%ﬁlgﬁf & \ﬁbﬂ\ %i'zéeof)é aﬁ‘mp@ Q(Nd%‘?‘mer
éj % avera

havi ng an avera grarn'size o e gra|n
size of 3 pma\an@anpmmiagergmumglmfa&ana,gaaRglrmwder bavmfg &n aiteraga geaifi O2

wd havi ver age ain owder having an.,.
verage o aEarid B E gos RO hdindd hubrads Bredvsragd bHAE S0 o
3 pm a Co- wdémnb%gp@mweragélgwurasﬁea@feﬂ gimi Bndhe Ora09®oNdérthding 50
pm and a arrgowder havi ng a di arret er in the range of 70 to 150 pm were

prepared as AFhRAVREALR HRIHSERS. 3 |HTHEGES ;5’(5%@'?953‘ REr W giRs iR AR OEe bt

Nobof the B SsouBardety Ul pEIgHR AR HETont brofomigElr Bh Rt c8™ ©°
povvder , 2. 657%0*@019 441@“% () tlp@ﬁfepQWQeB@rSAﬂ%\@ﬂ%tdfdhe:rFZDBO\pdadeﬁ 5828t%4
:Mn%')t ﬁfe ﬁgﬁge%q oﬁte?m%&%é;oég \QE%%gitg% n-rr ;b%t &8% qua{ﬁlgytz{? goofﬁg%si t6(r:;‘rof
59C0- 6Cr - 20RovEiRr; ATid3- 381 WP 26T M8 Gmdls/ ﬁ@)wdbﬂQBGbﬁtdmemuargdty%\tihg é:tr)]
owder, the t er, e owder, the
gi 02 powder Cgmfgo\%\féﬁffp%&e@r'%s ﬁgt”Cnggﬂg rﬁ§ |Ot er in the
range [0d6970 to Iﬁésémd\ﬁdérsﬂvﬂé@dpla‘ce@ i ﬂ@fl'ltle?edalpiﬂulll ﬁbi kogéthet gk her
with zirconia bal%ﬁﬁﬁﬁgs gul verizing nedium and the m |l pot was rotated

for 20 hour $'"/C8p! Hulyedging; W@dfwmdéﬂdnﬁhﬁtmr”ép%éﬂﬁ%mtﬁtﬁd e
wth the Cohlarurg)%\pﬁﬁx,wgt h a planetary-screw m xer having a ball capacity

of about 7 liters m nut es.
15 Subsequently, 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 with
a surface grinder to obtain a disk-shaped target having a diameter of 180

20 mm and a thickness of 5 mm. The average leakage magnetic flux density
(PTF) of the target was measured. The results of the above are
collectively shown in Table 2.

[0070] [Table 2]
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As shown in Table 2, the average | eakage magnetic flux density (PTF) of the
target of Exanple 2 was 46.7% which vas |arger than 39. 28cufiPLoNpageEyi ve
Exanple 2, and was confirmed to be considerably inproved. In addition, the
relative density of Exanple 2 was 98.2% Thus, a target 5having a high
density exceeding 97% was obtai ned. [0071] The above-descri bed Exanpl es show
an exanpl e of aASashWwnhaviahe 2, doepgysrageneatads agrsdtic flerdensiydPTE) 2

(rmol %9 and o) t, hayd C i t].QN
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the range of, _the present inpyention.. n th bove-descri hed Exanpl es,
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t hose shown a 0 ] .y i . 0 . t her nor.
though tne IRIBIGeHt BRsobobimel RET Kt MCRIees; o4 e QBRI HA NG the;
o0Cr, ot hercooxpaigitionfralia,is Zihandled WithirBtheorarige shtive pepserdlirnéngdiects. In
addi tion, thou he above ,descri t he cases of adding oxides, it S
confirned thatg EQ?Q&QV%Q?BFHéQS?’é‘?‘@B}ﬁ%r He@'ogﬁd'scé‘%ggﬁ; %OW‘F]‘é%re\?ﬁe
el ement s canagjeawnay foeitsincsiticsst onle élemdrisseletbtekirdas B, 2%, VNIISTR N,
APPLI CABI LI E\L [0073] T resent invention can not abl rove the | eakage

u )

h | i mp
magneti c f1 &Y dgul t%hga%e“'ﬁ addiiva elespart @nd sl drsuch targetragnet i
material 30 méi,ﬂ%ﬁihefHé‘Q:HéFEG@rLst'rﬁ%CQEd fidttive (HSgHE6c %c@r&iﬂpgﬁ’ied?g. the
present invention can &| ve stable discharge in s%utterl ng W th a magnetron
sphtteri ng e aards, rheseeelemantsi ara oppiossilpl added itoctarget materidhifokness

o1 2 v ges PR BB KHERRENRAG 'S PRl KoM ety R B

i nvention i effestd il eashadseraemonspécially shown in Examples, it was confirmed
that the effects were equivalent to those shown in Examples of the present
invention.

20 [0072] Furthermore, though the above-described Examples show cases of
adding oxide of Si, Ti, or Cr, other oxides of Ta, Zr, Al, Nb, B, or Co show
equivalent effects. In addition, though the above describes the cases of
adding oxides, it was confirmed that nitrides, carbides, carbonitrides and
carbon of these elements can show effects equivalent to those of oxides.

25
INDUSTRIAL APPLICABILITY
[0073] The present invention can notably improve the leakage magnetic flux
by regulating the structural constitution of a ferromagnetic material
30 sputtering target. Accordingly, the use of a target of the present invention

can give stable discharge in sputtering with a magnetron sputtering
apparatus. Furthermore, it is possible to increase the thickness of a target,
and thereby increase the target lifetime to allow production of a magnetic
material thin film at a low cost.

35 The target of the present invention is useful as a ferromagnetic



21PCTI P2011/ 079057 materi al sputtering target that is used for formng a
magnetic material thin filmof a nmagnetti c recordi ng nmedi upCcTAUP2@&OYIGSAl ar
formng a recording layer of a hard disk drive, 22PCT/JP2011/ 079057

CLAI M5 A ferromagnetic material sputtering target conprising a
metal having a conposition that G is contained in an amount of 20 nol % or
| ess, Pt is roatarial iawtiaiingrtargetitbatbols gsedifos lormivged magnetiemajgaphthin i s

(R "a"co. Mo SR LR RO by B Al el Rl o

al | oy phase df@ hamhdidk develi fferent fromthe phase (B) and is conposed of

Co or an alloy conprising Co as a nain conponent. The ferromagnetic
material sputtering target according to aiml1, wherein the netal or alloy
phase (C) contains 90 nol or nore of Co. The ferromagnetic materi al

sputtering target according to Claiml1 or Claim?2, wherein 0.5 nol % or nore
and 10 nmol % or less of at |east one el enent selected fromB, Ti, V, M, Zr,
Nb, Mo, Ta, W Si, and Al is contained as additive el enent. The
ferromagnetic material sputtering target according to any one of Clains 1
to 3, wherein the base netal (A) contains at |east one inorganic materi al
conponent sel ected from carbon, oxides, nitrides, carbides, and
carbonitrides. The ferromagnetic material sputtering target
according to any one of Clainms 1 to 4, wherein the inorganic material is at
| east one oxide of elenent selected fromCr, Ta, Si, Ti, Zr, A, Nb, B, and
Co, and the volune proportion of the nonmagnetic material is 20 to 40%

The ferromagnetic material sputtering target according to any one of C ains
1 to 5, wherein the relative density is 97% or nore.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

22 PCT/JP2011/079057

CLAIMS

A ferromagnetic material sputtering target comprising a
metal having a composition that Cr is contained in an amount of 20
mol% or less, Pt is contained in an amount of 5 mol% or more, and
the remainder is Co, wherein the target includes a base metal (A)
and, within the base metal (A), a Co-Pt alloy phase (B) containing
40 to 76 mol% of Pt, and a metal or alloy phase (C), which is
different from the phase (B) and is composed of Co or an alloy
comprising Co as a main component.

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

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.

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.

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
40%.

The ferromagnetic material sputtering target according to
any one of Claims 1 to 5, wherein the relative density is 97% or

more.



