1PCT/ JP2011/ 078152 FERROVAGNETI C MATERI AL SPUTTERI NG TARGET BACKGROUND
[ 0001] The present invention relates to a ferromagnetic materi al

sputtering target that is used for formng a nagnetic thi i
magneti c recording nedium in parti culkr, a magneti c re%éf’d‘if) %Z 195% of a

hard di sk enpl oyi ng a perpendi cul ar magnetic recording system and rel ates
to a nonmagneti c FPERROMAGNETICIMATERDEL SEWUTEERINBIARGETmat eri al
sputtering target that provides a | arge | eakage i omagnetic flux and can
provi de stable electric discharge in sputtering with a magnetron sputtering

apparatus. [0002]In the field of I cording represented by hard
di sk drives, ferromagnetic netal Bﬁfqgshg%ﬁﬁi .e. Co, Fe, or Ni-based

mat ppdpl s are used as materials of magnetic thin films that perform
recording. For exanple, Co-Cr- 15 based or Co-C-Pt-based ferromagnetic
a | oys with Cihspiesentriniventionpelates toaa ferocraghetic matesialispytteEnatargst har d

di sks enpl oying a_l ongi tudi nal magnetic recordi ng system .. cln.

recor di ﬁgat tsyased far ﬁ%’?"ﬂ"gd?srl@gﬁ‘?rﬁq g’W ﬁﬁnapcfp%ﬁb%&lﬁ?%JP&Pf%Hé‘ﬂ'Emr &Lordi ng
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S or | itticldt & i’gé%’%eggd&tgby%{ﬁ@%@?ﬁ ?brgés@d&'?gﬁ'%brﬂgg'ﬁgt ?ﬁ??@c%lfa " whi ch
mai n_corpagRétic irscéidlind) Gyatéranragnetliates 1tor ganosmaghetic ahaterial wartith- used.
[0003] In many cases, the magnetic thin filmof a nmagnetic recordjng medi um
such as dispensed degrmagnetieduaiadiabppypeting targgt Mteprpam@n%t'@@en‘ﬁ?k’f‘&%l
sputtering tar of ich main cqQ pe .S L. ve- L terial
’dﬁcause 'ngf'é‘técggg'l’fi aﬁgg?%'a&f?."\%et ?@%Cﬁ%‘f@écﬂlggh@% g.'nar%ﬁtgk ﬁ@&%a?@rfal
sputteri ) Sdneed by a neltin rocess or a powder

nmet al | ur@?gg%gfggg@?'@ﬁgegh whi ch process ig Esed depends g_n t he
requoszgrent i rinctiey digierofs magnedicd récordingarepresentesl dyf ihaed disle dpi@st eri ng

target conposed of a ferronmagnetjc Ilﬁy and ngnma(gnet' c. 30 inorganéc
parti cl deromagneticsmgtaldmatarials.r ke.oF @ 1§ | Ay Bi-Pged maleiialy ake i5ey @
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used for recording layers of hard disks employing a longitudinal magnetic
recording system.

In recording layers of hard disks employing a perpendicular magnetic

recording system' that has been recently applied to practical use, composite

20 materials each composed of a Co-Cr-Pt-based 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 of which main component is the above-mentioned material because of its

25 high productivity.

[0004] Such a ferromagnetic material 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 and is a hard one to define,
the sputtering target composed of a ferromagnetic alloy and nonmagnetic

30 inorganic particles, which is used for a recording layer of a hard disk of a
perpendicular magnetic recording system, is generally produced by a powder

metallurgical process. This is because it is difficult to produce the sputtering

target by a melting process, since inorganic particles need to be uniformly



[ 0005] For exanple, proposed is a nethod of preparing a sputtering target
for magnetic recording nedia by nechanically alloying an all oy powder

havi ng an al | oy phase produced by rapid solidification and a
constituting a ceranic 5phase, uniformy dispersing thep%ym?&ﬁ{ﬁzi tuting

a ceram c phase in the alloy powder, and nol ding the dispersion with a hot

press (RiAgmorsedin enalloydase, [0006] The target structure in this case
appears such that the base links in a soft cod roe-like nmanner, and Si 02
(celogd®i cs) sufosE@NplRe PRRRRSECFisya methodpat BrRParinger Spultterag tarast for

Tou ter diegieti Fecefifignmstity, byghieATichll EN6B8cE MR o FIRE' Yy have
simlar gibyHHddesSroduced by rdpi®EblidiAétion asdGNpwaer BEhSIEtINRS duramicns

descri bed gel ow and is not a preferred sputtering target for magnetic
mecor di mhaseduaifomoly edispersinghthespowdercednstitwting alcesamim phasainythesalldy Pat ent

Literature 1 is not structure constituting th 5t arget, but. a

mechani d&wqﬁra@m%ﬂw‘%ﬁe\ﬁé%td.'SF{efﬁﬁg'?]V‘AhT %?‘P%H&ﬁﬁe@@# '@F?té!fe ébut tering

tar al so ¢ fat S/ rapid
sol PO cati on eeerge iR ael R Last adlibaR <Ach MaEitEisaliRe IR RS at

avai | ablgadr p&-lik efaréierpavdl SiQ, dsetanticsospooends tito haiset (Fig.nY of Pateget so
as to give a desired conposition, mx the 20powders by a known fprocess W th

a bal | rhgug(r)atum)ﬂ)@kwlsegrsaddnrtbegoramefmimnsb'rngsrie thenase (FigBwefPateth a hot
. E ' h f ' i
ooci HRRRLIS T ARl BB dart, Bk eRT hhy ESRkG B

al oy payfRfured Pt powder, and a Si02 powder as raw materials with a ball

mll and nolding the 25resulting powder m xture with a hot press (Patent
Li terat ure 2) Urforosatehe stieh gestructunechas problenn$idescritsad belpwsand isuwdt & hat a

tal ph B) of a Co-Cr aglloy is,. in a |, b A) i n. which
T S st Rao e ot et e s Bind mediars a o TBaFel dnrefabl
2) . Tho%ﬁ&eﬁHFQre&NﬁtiﬁL%&%ecg' ﬁaﬁé};ﬁ Lﬂ@#ag%ufeoi i€ nof IS AR BbMRGA] tHe SON®
extent or nore (e.g., - 10 nol % or nore), the recording nmedi um

Ighar act earget basa asechaiichilyellioyedtpangrdr. for nmagnetic recording nmedia are
inferior conpared with those of a target conposition havi ng a | ow content

of O07(e.g., @& fermmagnetir materyl, spiteringctasgetu@lsaraan ke myeduesshwithput y

pref er r%%ing an alloy powder produced by rapid solidification as in the following way.
Prepare and weigh commercially available raw material powders as the
components constituting a target so as to give a desired composition, mix the

20 powders by a known process with a ball mill, for example, and mold and sinter 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 Co powder, a Co-Cr alloy powder, a Pt
powder, and a SiO, powder as raw materials with a ball mill and molding the

25 resulting powder mixture with a hot press (Patent Literature 2).

[0009] The target structure in this case appears such that a metal phase (B) of a
Co-Cr alloy is present in a metal base (A) in which inorganic particles are
uniformly dispersed (Fig. 11 of Patent Literature 2). Though such a structure is
suitable for a target containing Cr to some extent or more (e.g., Cr: 10 mol% or

30 more), the recording medium characteristics as a sputtering target for magnetic
recording media are inferior compared with those of a target composition having a
low content of Cr (e.g., Cr: 5§ mol% or less), and the structure is not necessarily

preferred.



3PCT/ JP2011/ 078152 [0010] Furt hernore, proposed is a nethod of preparing a
sputtering target for formng magnetic recording mediumthin filnms by

m xing a Co-Cr binary alloy powder, a Pt powder, and a 5102 powder and

hot - pressing the resulting powder nixtdire (Patent Li ter%@ﬂ#%goéﬂ/m%ﬁzoml] I t
is described that the target structure in this case has a Pt phase, a Si02
phapeio) and a GuriBberiviondr proposey iphaseetand éfhpieparidyspspuittering asryetifor
observed in the periphery of the Co-Cr binary alloy layer (not shown in

dr awi ng)formingt magnetie nesordiagimegdigim fkinsfilors év BiRg ath GcCaebinaryapley not

preferred as a uttering tar for neti.c, recordi nedia. 1

P0012] TiROMETetr 8 ThaoREet it P tndBtond, bpt-BieRUge ik E55 Ut BPWAeT on of
t he nagr}ﬁf,&lﬁer(pg%,qi%@ éthl'éné) magnetron sputtering devices equi pped with DC
power sources ‘are w ery used because of their high productivity.

SpufobAr i Ng i s leisradderibedithgtcthertatget gtratuze do this cabe dlag Dt phpseg,i an$i@2 hi gh
vol tage between a substrate serving as a positive electrode and a target

servi ng @sg, Apd# p@&&@@%ﬁ?ﬂ'@ﬂ@hgﬁg Fhdchat g digpersionlayeriscposamed Minder

ont sedn? ARsRhFRZRLES Go Rty altal MvBrBfdricuh rdvingl' A8fure | (e
pl asma Gt IHadmgiispetsivh sEsliEE anUxidd R 4lab IRt prefesratl La paakring eargep ke

the target constituent atons fly out fromthe target and to allow the
f1ying dat magoetic recardingrmedi@.t he faci ng substrate surface 20so that a film

is fornmed. Sputtering is,based on the principle that a filmof the materi al
o8Pl ot g 4 NSk GER SPRtPdGaRa e pviclis istaten (o toBnBlioh 7 v one.
0014] R L X ji s i i

H10- gbaddr EytcHHEcr Y fims, miRRReR s UeRTh deVictsBGURRYE Wit DT poier

Li t er at worrées sapawiciedy kRaednbetauskt @fethefubighc productidty. 28patd@R) iL5

SUWARY OF THE | NVENTI ON [ Techni cal  Probl em [0015%'] n general, in
sput t er iMethed af Lenetatinghan eleskice fiell bypapklyingng bighgeltage peiweemyfet r on

* b ough SReTASALET & PhPBuE HEELOS A & FEREERE Al 8 P8P  cauce
she | eakg@aramomepbsed 58%s tbFaee EhdY otHeraundied aprindit gak AtmaspRechar ge or
unstabl e discharge in sputtering. In order to solve this problem a

r edpetsj on i n @mtteist oo¢asion,athen inerP@a's) 2 (ndnizad i6 pasmarapnpasednet al i s
suggested. A reductign in content, .however, does ngt allow forpation of
a desi r&dhe%%@m caaeraff-dif@epﬁtlﬁmﬁﬁath%\ﬁf%%maepemgeﬂwﬂ] the sddacs Phine
solutio L& /i S] i Se L j uci ng
het i QRS (hERRRRZLECHSLD) G HIAREh RRopCASRAR.SRBHISTHY ol IRFLC' 1D
shor t enegrged ahddoi dlRow tesIfiging o Riterenerddidrettbehe Faging subbtrate satises an

increase in the cost.
20 so that a film is formed. 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 No. 4499183

Patent Literature 3: Japanese Patent Laid-Open Publication No. 2009-1860

25
SUMMARY OF THE INVENTION
[Technical Problem]
[0015) In general, in sputtering of a ferromagnetic material sputtering target with
a magnetron sputtering device, most of the magnetic flux from a magnet passes
30 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.
In order to solve this problem, a reduction in content of Co as a



In view of the problens nentioned above, it is an object of the present
invention to provide a nonmagnetic material particle-dispersed
ferromagnetic material sputtering target that increases_the |ea

magnetic flux to allow stable dischargk with a nagnet roﬁcyﬂ'ﬁgméfwgb”devi ce.
10 [Solution to Problen] [0016]In order to solve the above-nentioned

pr obl emgerrbRtaghietic ¢hétal Rvaiddested. AhedgctiperihaCoedntnti hewevert ddeesoand, as
a result, have found that a target providin Cg a |arge Ieakage magneti c fl ux
)

c?n Ee o rﬁ@ma%orr ofj 8 wg-:asrrgdt magnstio rfeeeiding filmnandt isutheigfare dwhsan t ut i on
of the tar 1 find h d
D) &' erssRRlAde o b oSl db drariges Do laraal s it UL B on
Compr i SitRg tRickResE Of thg‘%éggé?f h&hefdin ths %ﬁﬂ?g&%e@ﬁaﬂ%% QhBrtbAéd tar get

has a structure 1nclu a metal base hase (B) a Co-Pt alloy

gont ai nirequir®Hequent’ fepiaderment dftthe rbalglee vvmclababse@ao;k)crea@e)imqh‘er@s;hr esent
i nvention further pr OVI des: a ferronagnetic te{ al s ut ering
target having la view0f 'f@@nﬁ@?ﬁm%rﬁn%@ﬁﬁﬂquﬁhﬁvej it} @b Jg&r@ the mor/ 0

or |ess .of ure

"l uar dgvartsin 3 plevbe A Wi, g, Pa“**%sé%bﬁfée4"ﬁ‘%fyf@@%hb§ﬁ%. ng 40

to 76 M Yehfal Ebuttéhﬁg{Warget fMat has8asey thelleakage seadnetieviand icoalldwi stdies

provi des: 3) ferromagnetic material sputtering target according

to 1) ordihazpewdth & oragreatranosmpitiesinggleyic®. nol % or nore and 10 nol % or | ess

of at |east one elenent selected fromB, Ti, V, My, Zr, Nbo, Ru, Mo, Ta, W
and Al as additional elenents. 30 [0019] The present invention further

provi des: : Ignl?‘e ferromagnetic material sputtering target accordin
to any j?glu&onltﬁ) Ft’réb above, wherein the netal base (A) contains at Ieastg
onepbfepr gani ¢ Inedreler ab soive the rdbovelmentichéd proldamsorthe cpréslen;t inventorsles,
carbides, and carbonitrides in_ 5PCT/JP2011/078152 the netal base.

[ 0020] THaver @@éfﬁfmﬁﬁvdﬂigﬁﬂh studieneangr 86i aekesult, have f@;nq Hhat & t9ghneti c

i EH a1PrpEc” e, oS ARG RN 1P ol FoorIBHT b (iR 9, © o
%22 14 40"‘5%'5'@?5”%%2‘11]@%3"%*?‘:!?&t”"’fﬁ&@ﬁ??‘gﬁ‘ on, of the norgani ¢ materi a
f er potrvpgnet i ¢ Basteer orathesfindings,ithg presepdtinwentiondirogides: any one of 1)

1) a ferromagnetic material sputtering target having a metal composition
comprising 5 mol% or more of Pt and the balance of Co, wherein the target has a
structure including a metal base (A) and a phase (B) of a Co-Pt alloy containing

20 40 to 76 mol% of Pt in the metal base (A).
[0018] The present invention further provides:

2) a ferromagnetic material sputtering target having a metal composition
comprising 5 mol% or more of Pt, 20 mol% or less of Cr, and the balance of Co,
wherein the target has a structure including a metal base (A) and a phase (B) of a

25 Co-Pt alloy containing 40 to 76 mol% of Pt in the metal base (A).

The present invention further provides:

3) the ferromagnetic material sputtering target according to 1) or 2) 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 elements.

30 [0019) The present invention further provides:
4) the ferromagnetic material sputtering target according to any one of 1)

to 3) above, wherein the metal base (A) contains at least one inorganic material

component selected from carbon, oxides, nitrides, carbides, and carbonitrides in



to 5) above, wherein the phase (B) of a Co-Pt alloy has a particle dianeter
of 10 toismor nore and 150 pmor |ess. [0022] The present invention further
provides: 7) the ferromagnetic nmaterial sputtering target according to any
one of 1) to 6) above, having a rel ati%ve density of 97%‘6?‘”?1%91&’.0@ 2Ef f ect s
of Invention] [0023] The nonmagnetic material particle-dispersed

f err omagReimétanBass.i al sputtering target thus prepared of the present
invention provides a |arge | eakage magnetic flux to allow efficiently
accpbaer at ed i diezpnesent inveation rgaevides:gi ve st abl e di scharge when used

{hi cknoss of BleMEalGEmAg S BraetSl SauBRTIh Pivet AESOEY (5 & b YBement

of the t I 0 : ' ' ' nb

or oduced i el iHEARIE O a8k RAST PR oo 1 AT RBRIE sEfihoq from ean be
B g. 1 im, aSisthuzruAbl NbmByeard Go;pahd the dvadumEapmpoftian todrtbet inofgabianpl e 1
under an optical_ m croscope. Fig. 2 is a structural image of a

pol i shednaigriphise2dto 40 val%get of Conparative Exanple 1 under an opti cal

m croscope. 3QFig. 3 is.a StLr ral | . of a polished surface of a

t ar §8&" of Exa%egprfsﬁﬂﬁ'é'y_eaﬁorgﬁ'[rheilprh)ﬂ@gg‘scope. Fig. 4is a
structural i mgyanheifeRoRriRighshie hateribPssutiring tapdateiccefdifg o aingt orveofEtpnpl e 2
under an optical mcroscope. 6PCT/JP2011/078152 Fig. 5is a

st r uct urtal5)iatmye, sfhezeipdhegtases(@)fefce CorPhalley has agrartislepdiametercofElinpl e 3
under an opti cal m'dcrgﬁco e. Fig. 6 is a structural inage of a

190l i shedt8 @F MRe a4td 150 #PY e 1658 Conparati ve Exanple 4 under an opti cal

M cpgsgope. 5 TETelesER MR GrovitBs! NVENTI ON
7) the ferromagnetic material sputtering target according to any one of 1)

to 6) above, having a relative density of 97% or more.

15 [Effects of Invention]

[0023] The nonmagnetic material particle-dispersed ferromagnetic material
sputtering target thus prepared of the present invention provides a large leakage
magnetic flux to allow efficiently accelerated ionization of an inert gas to give
stable discharge when used in a magnetron sputtering device. It is possible to

20 increase the thickness of the target to enable a reduction in frequency of
replacement of the target, resulting in an advantage that a magnetic thin film can

be produced with low cost.

BRIEF DESCRIPTION OF DRAWINGS
25 [0024]
Fig. 1 is a structural image of a polished surface of a target of Example 1

under an optical microscope.

Fig. 2 is a structural image of a polished surface of a target of

Comparative Example 1 under an optical microscope.

30 Fig. 3 is a structural image of a polished surface of a target of Example 2

under an optical microscope.
Fig. 4 is a structural image of a polished surface of a target of

Comparative Example 2 under an optical microscope.



[ 0025] The mai n conmponent constituting a ferromagnetic material sputtering
target of the present invention is a nmetal conposition conprising 5 nol % or
nore 10of Pt and the bal ance of Co. Though these_netals are

i ndi spensabl e conponents in a nmagneti crecording medi unfPCTHB2ZBIEBHRZnt is
desirably 45 nol % or | ess. An excessive amount of Pt decreases the

characteristi g§gass dsmagreucturartivagal of |a pokbhedosurfacacef P fasgetxpénsi ve,
a smaller amount of Pt is desirable fromthe viewpoint of 15manufacturing
cost. [ OQa@parativedrxamplgnttindenan opliedl NBISIRSCOPENg t arget of the present

invention may further conprise 20 mol %4 or |less of Cr dler_0O | % or
nore and 10 nol'% 'Fe?sg’&uc raj dmage, % 38 dseﬁuggﬁgdofr%rﬁ%éﬁpr V,

M, Zr, o 1Y uRler AN dpfital hitréddpki on to Pt. The bl ending

rati os c(gﬁm %hri o)ﬁa:spﬁ(/) evaylﬁgd Wi t R% trﬂe 20 above-nentioned ranges, while
the characteristics as an effective magnetic recordi ng nedi um bei ng

mai nt ai ned. That iéﬁgwﬁ_eéﬁ ﬁég&ﬂ?bﬁ@ﬂ%@ﬁﬂg’ﬂ%tbﬂﬁ@@t ained in the target

for inproving the racteristrcs as a magnetic recordi ng nedium Anong
these elenents, Cr nmay be contained in the target in an anmount hi gher than
those of the other elenents. 25 [0027] The 20 nol % or less of Cr and/or 0.5

ol Y6pes) nor e arkk IHaifo lckmponkeds scarifstifitinge as ferroraaghetice matedb e spettefingm B,
Ti, V, M, Zr, Nb, Ru, Mo, Ta, W Si, and Al are basi_call present in the
met al baleeggtayf the present invenfion is aimsialrempogiton RRMPHEKE %( B)olgr OuMEse pt

al Il oy desgcri bed bel qw t hr h the interface with the phase (B), which is
boncorrpas‘%fg%t qrﬁjdmgb%?@%%ﬂfalgnventi on. 30 [0028] An inportant point of the
present inventyifgrs thBsd eealst BRCtiHABpEhsdtIE EamPBheh@IN | 4emagnett al
base (A) and aﬂg%agse (B?éof a Co- Pt |aI I gy cont ai ﬂ':hﬁg 40 to 76 m)aig% of Pt in

t he net alecbadieg (Mediufiethphigs eoiNt lismsleairablypds innoltm odilessr & excessivéiat  of
th tal b A, h i ti bi.lit A [JP2011/ 078152
| over t HRIAOUREE B deREasepane LA PRI G oo Pomegpaia Ao Abm B 2o iPher

Wi th thegpgligiher, eﬁgﬁlgctauérﬁaﬁ@r?ﬁm%nf BF PI&S ?i'etsﬁé‘ﬁl.@ fréth- the vienginllt bft he

target having sucha structure, e reasons o e | nprovenent eakage

mpgnet i cmbhufactithg@stnecessarily obvious at the present nmonent, 5
however, it is believed that a hi gih magnetic flux density portion as well

as wor@w nagnethe farramageetic materiglispotiedng tawes ohthel presand dnvandiondngt to
i j tat | ith th

havi g JUIET GomPREG AL MO besmiesn of ChArler ORanel o sheieuaes OUHE A et s

fl t i i il Og;j

[ 0059] TS5 oL L RASF ofie SipehELaRoid PrEREBITE o M ZANBTRARE o, VIS

phase (Bandmd ihheddifien teRts e TaB)bleadihgraties adnde agesusiy daded adithinttbges,

and it is desirable to determ ne the shape of the phaseéB)_ dependi n% on
2he pur pakeveomendened fangesaryaite ther charagianstics nas sphsffedive pRiadBel®)

D bl S B0, et 1B . i VR SRl "

e =Ry Fhet Ay R TRIAS) i HseiSTRACD e Mg Atring
medium. Among these elements, Cr may be contained in the target in an
amount higher than those of the other elements.

25 [0027) The 20 mol% or less of Cr and/or 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 are basically present in the metal base (A), but may slightly disperse into the
phase (B) of a Co-Pt alloy described below through the interface with the phase
(B), which is encompassed in the present invention.

30 [0028] An important point of the present invention is that the structure of the
target comprises a metal base (A) and a phase (B) of a Co-Pt alloy containing 40
to 76 mol% of Pt in the metal base (A). The phase (B) has a composition

different from that of the metal base (A), has a maximum magnetic permeability



In addition, since the surface area of a spherical shape is the snmall est
when the volune is the sane, diffusion of netal elenents between the netal
base 20 (A) and the phase (B) hardly proceeds in sinteri ng of the target
material. As a result, a netal base (A and a phase (B)Pef/RFI13{Q78152
conpositions are different fromeach other are readily generated, and a

target rnoiver thdn traitioighe réias easé (A),GindPis séparatezbfromi eacty otitertwitty therol % of
Pt can be produced. [0030] Though the spherical shape has an advantage to
hardl y aderphelsiivuctgednadsof fiaietd basedBdcri bed above, it does not mean

that diffusio es_not ,occur at _all.. sho ] ' met al
base (A) incl Eai@e fat ttiWFrl?aﬁV%h Rettiysture. she ??%?‘2%5\,,\/8%“% ﬁr%w%wee?"@ﬁ’

di spers ' [ i ' HtCtHBtREset Rmheml €s. | f
t he di arqrg?lkegrg@o?nﬁ) eétro g@é ?IrB '?%t r"gg‘?;&tatﬁ@ﬁ dlﬂg@cfolgﬁ] t he fjp?ffer ence in size
et ween Hdveevienoit gmbelieved erata higdr maghetic fiod densityatcetiopastwell as &Bwf t he
phase (B) is small to accelerate diffusiqn between the phase rgl?rzﬂgand t he

met al  bdBagnetic Wy dagsity perdienAje generated dngjde thetargehio cause a B33t ogr ess

et al babd iR ERE Bt Bringed i b Skl BGTRRIERR pRgheRen the
8PCT/ J PH b %8% ililﬁewbw@ak&ge o$ thy AfRielt flukQoRtAe @utsiae &fane taiget r abl y

30 pmor nore. I f "'the di anmeter exceeds 150 m however, the
snmoot hnds enefgaticelly adyantagaeisce decreases with progress of sputtering to

{5 Pty 10 T RBES a8 BeL PRty 55 1D (g " “The SelirRefafiase, ' °

regul ati ' ' h | didddvsntafes, haakip@e
e (BYarRf &€l Rt PRASEIB) UbchRale BURHMGRANAN Giscdvintales, Eha R |

of net aldesimatble trodgtenmine éive shhps of dhe pihasd (B) depeadiet on Thepurpose of
above-descri bed size of the phase (B) should not be necessarily satisfied,
but obvius@dfithe 1@id6t.one of favorabl e conditions. [0032] The term "spheri cal

pseudo- spher o2 O AL e SpieHEE ieSBE) Haler TR A MPHERRCIIRCS o6
15N ever ysghape, tThe ShhéfitnsitadteiBEHartife caBsEY featicH bft iGled MOtheédXi s 1S

0 to 50% based on the major axis. In othér words, in the 15 spherical
shape, tihterfiageibetwéeen ke meetahbase (A} ard thenphase (IB) whenlatajget material fige

center of gravj to the ciircunference is t r less,,. Wthin this range,

t he phaﬁoa%‘ed:é%sﬁgeﬁ"lﬂ ARd capdhes yt'ﬂ%reﬁé?;@%%gws'ﬁégf thertaigsty r equl ar i '?i es.
When it is dififi . . fol rical i fi ledtt A f the
ot mum o ¢ b dfditort MIRELTUE ButaEo SHEE|oFR pHeRs hase ls e SHdlRsP|

ci r cunf eyigactheofolamerio se 2aARS; Wiffusiat of metalderaenis) bdteiceg the onethblssseray be
used as a reference. 0033] Even if the volume of the phase (B) based on

20he t ot 4R) agiduiine phasenéB) hatlly psecaads inreintesing: elethehtasaet BpterialedAsA t he
i f th i g, .19, th f

certai n EbH Daekfne A B e mheE o S cBr Syt b e enf foot oy

the pha%cﬁ@theh&?‘@ar\bé?ggﬁtdéﬂe\’ﬂbhlFEn@,%StSFbé{'?nét@ﬁaF RAdhg 225hakel 62 Crfpt he

target or the area on the erosion surface of the target is desirably

10% or ratipg.coAtdiringeiO tooT 6 mmlUf oft Pecarhiaes prqdijcedan i ncr ease the | eakage
magnetic fl ux, e volunme of the phase (B) based o he total _vol unme

of 0PI t ar get T&P“ﬂhéhﬁ-rggﬁ'eﬂFa'tﬂPp@n%%ﬁaa@ @FVBH?@G)thhquB’ @E’H‘té Peagress Phce of
2t5he tar %%usqgr?ag%egg%gé above, it does not mean that diffusion does not occur at all.

As shown in Fig. 1, the metal base (A) includes fine inorganic material
particles, and the finely dispersed black portions in Fig. 1 are the inorganic
material particles. If the diameter of the phase (B) is less than 10 um, the
difference in size between the inorganic material particles and the metal particles

30 of the phase (B) is small to accelerate diffusion between the phase (B) and the
metal base (A) during sintering of the target material.

The progress of the diffusion makes the difference in structural components

between the metal base (A) and the phase (B) unclear. Hence, the diameter of



30 nore, or further 60%or nore, in sone target conpositions. These vol une
or area proportions can be appropriately adjusted depending on the
conposition of a target, which is enconpassed in the present invention.

[ 0034] When the phase (B) is flat, howder, detachment ofCTHR2HAR4R12B) from
9PCT/ JP2011/ 078152 the peripheral netal base (A) during sputtering can be
pr event gHe phat8eBRisf mreferablyt 1@ pahesmoss and Wedirably 30 um or thord.he flat phase
(B), variation in erosion rate, which tends to occur in the spherical phase
by e r uct i onf tfe diamnetphexceeds dhApen, bawener, ithawteerthpeps of dhe target
5o0ccurrencg of particles. which is caused by interface vi_n ufferent :
er osi on §.d g@gg?srh\gltf]am&pgm.?gsgﬁ(sgyﬂﬁg%{%rtg F%?@Moé%uh%a\?i ﬂb&g%@pg such
as a we : cr t 3l d Sy sl [ [ two or
nmore th recl)?l.és'l nﬁgﬁgﬁ‘t F@éaigﬁz\/e;%?ggﬁlggl on((B} 'fr@gfee@é%l pggﬁgtﬂ?fkﬁgtﬂidhape is

@ef i ned desiraBly 3Guee180 pat.i o of the minor axis to the major axis
(hereinafter, referred to as aspecf{ ratio), of 1:2 to 1:10 in @veraﬂf. The
flat shape isAlRfitheserrarlations amuips ingiga agghﬁdﬁaha@pépagaetép hpl Ei%l y

flat sh it i iLies. j . havi
a few undreid BRghsE MEFAR! bon B3 coMiBlg By O Bricdas Agbypeesy it 1501 N0
pr ef er akifyriddgls aandVidbfgehiO aparticlee doAEmicd idSa igdld PThe, the eband- 150 m
or less, desirably 15 mor nore and 150 mor |less. The lower limt of the

pr ef er r etesgribed gizepol theaphassi dreahould Rot be Hecassarily satisfigd, byt @bvicesnt from

that in.the spheric shape. And a slightly larger particle dianeter is
Qesi rabl'%oﬂﬁtoﬁ?%vqr?@l? iﬂ%@t@,nsr his is because a flat phase tends to diffuse

co dwth REGH 1 S | 7 i MBS o Ftheee Wimehsiomal al
bag@%(zﬁ) i ncl ngee: t he %%QSQE%IB)‘%%%% fl%%g bé?rlgani csmat eri a? Sgﬁi gﬁgs (in
Fig. 1, shapeéiineluding spkemasngpselidoispherds, spheaoidst (edipsoitsgehirevataticn)i al
particles, and the relatively large circul ar_portions are the g@gse,(B)).

I ]1: t Ee _cﬁ@nﬁ%%lfd%ﬁp'ﬂ?fé’_i%aéﬁy%‘@ryi%‘alpésy@ ifferency metwaen dhe meldh @i n' si ze
t . ] ) i
() 1'e A FRO a8 12 BE88 b AR AN e Tudff B i eyl M ot

Base (A)spRefitaldsHdpe, ehé Rati®of the niddikam Rty mimum in the Bt frogT é%s of
the diffusion nmakes the difference in structural conmponents between the

met al basoteraf gradty tecthehzisinifBjenaecis dap.orfesss, Withindthimeange, de phasehase
B) i f ly, 10 ptlTI . f bly 15 L A 30npr e, d
bt or ABS(EH PeHTHRRoPVSR o 10 GEEB[RRAARR! 7 doni IHagiareane WSk dods 150
th i ] t i
Dvance<Tioat d8cemin, (e SpHdie) SHbBCRsoif, 2 felio®sr 3R Sk PoBTES

minimum in the length from the center of gravity to the circumference of a cross

20 section of the phase (B) being 2 or less may be used as a reference.

[0033] Even if the volume of the phase (B) based on the total volume of the
target or the area of the phase (B) based on the erosion surface of the target is
small (e.g., about 1%), the effect of a certain level can be obtained. In order to
obtain a sufficient effect by the phase (B), however, the volume based on the total

25 volume of the target or the area based on the erosion surface of the target is
desirably 10% or more. A larger volume of the phase (B) can increase the
leakage magnetic flux.

The volume of the phase (B) based on the total volume of the target or the
area of the phase (B) based on the erosion surface of the target can be 50% or

30 more, or further 60% or more, in some target compositions. These volume or
area proportions can be appropriately adjusted depending on the composition of a
target, which is encompassed in the present invention.

[0034] When the phase (B) is flat, however, detachment of the phase (B) from



Thus, the size of the phase (B) is 10 mor nore and 150 gmor |ess, nore
preferably 15 mor nore and 150 mor |ess, and nost preferably 30 mor nore
and 150 mor |less. [0039] As descri bed above, the phase I%(g‘?' of the present
invention is made of a 5 Co-Pt alloy ontaining 40 to WO B8 TR2.  Si nce
t he phase (B), irrespective of spherical or flat, has a conposition
di ffer eﬁhefﬁefﬁl?ih mtm@tfal base A} duribgsputtéling toam E@ﬁmﬁdrﬁe@b ithetdffecpef | phery
of the phase (B) may slightly change fromthat of the phase (B) by
di ffusi dhe@haee@sfmwgdgerl ng sintering. [0040]Wthin the range of a phase
having a shap imlar to e_phas en, the di aneters
(maj or axis aﬁ'ﬁl%ﬁ? ﬂafpaﬂ%fggfvat'ﬁe%rt%@%@)‘ r%ﬁee@%m@ nelgtocpaUy | Q}l@e
thereof, [ | % of

" he SEPrEACpIRIRRGy Byl SidROP YRl sihertal knbe Sar ¥ BBl IP0ERefT oe
c5ases argtcamenes hofeparticles pnigho e cuuded B driterfacel thaoingy diflRPddi] Erosidrer nor e,
the ferromagnetic material sputtering target of the present 15 invention
may contrates. at | east one |norgan| c material selected from carbon, oxides,

b SR RS BB e, A RERe Sl Bl L

I
for a W@ﬁérﬁ-llké%ﬁéﬁbnﬁ sfetﬂlé"rchéVélnéJcém%iriwiéh%f tWordtGhietthetdbfpar ticular, a
recording filmfor a hard d drive enpl oying a perpendi cul ar magnetic

recor di ng sysﬂterquaﬂmltthagalattdteloﬁﬂhese abhaphks, th&)rﬂgarshapearsedefated ta | east

f t | ted C, T d Co
00t o haveea T %05{{%”%@5%%%%?9# L RBhion s TherRinafias té%rt:?ti 10 ABHSPBEL 35 1 o

40 vol %, oxi de
is disti ng IShZ?PPgﬁ(fﬂﬁsnga nt g?'ledﬁatod'\d@f elasfsm;atzr%rfe%?& anc'iﬁn %sbogétée'{rb?n ned
as a voldoes rutoefer to arcampletali flatshapevtkodeirregularities. Tihayis, theeshape

nonmagnetic material particles are basicall y dispersed in the netal base
(A), soniclddes thosedigving a fawtwnduationgrariigpgdlagtie®re to the circunference of

Lar G e nd R Lot Bl BeR, RS ah At BIRICREIEL T,

li5s smal lof 1@Svﬁpg,r #dr8%nd 150 TRANRLIE ﬁ?ﬁ@ﬂgxgiji{m(‘o‘% Abrd aﬁ Spuﬁm(&) and

do not inhibit the purpose. [0043] The netic materla tering
t arget déss helhm bmeatt limitvafnthieopredersed alveyadea padicle ldiameter derthist gase i97% or
nore. It is gen known that a PCT/J P2011/ 078152 t ar get havi n

i gher  SUSBI GG KaTTBATHE BRORRETSR! BRARP ol 460 Gt SUahl Bask PGS
sputteriffnetdd i&hGed) a%?ggzputﬂ %Vflgf pﬂQs&' ffls i§'HidatbYa fFatQ&t?A%"ert Sigy of

t he ferromagnetlc ma eri spu Ingtarget 15 preferre and € present

i nvent i efiffscarapardenitiia sppreyieanstiiseoned rel ative density. 5[0044] The
relative density herein is a val ue determ ned by dividing the neasured

20engory of a P@r@tmwrmyntﬁlg ¢ atheumetaldbasen A} inqludesothet pbase chahdyf)ne The

| | ated d it t d that, th 1 t |
componetUaBmaleral PR N B1 dsthe Bne FeParsing Bck RTINS At her
and s SGHhR! AshoRd bARICEL LA D rOBNANTARIGAIRUA: pciRbYLA Bk fogs 1Y = E

[ (nol ec a structura ar ratio

struct urBj). thertﬁalrh)eler/of&hérphlaeeL(BNs l@esghén dD grhetret diffetancal inasigpohent ) X
(rmolar ratio of the structural nPonent (literature density data of the

st r uct uthg incsapisenaterial ménctﬁSnanCE heemeﬁaltn%ﬂ@aﬁpéth%phagq (Bicis iraall to

Zragnet  ccepplEtevatiEIC tetbied " pREs® IPE onloa YiRel AT GRIER e
i oni zat isplefig afltHerlgf-qetgﬁgtelr@| efficiently accelerated to give stable

di scharge. Increase the thickness of the target enables a reduction in
frequency of Tbpl gregress aff tihe difugen, makes tlmsudlﬁerenc&anna@tramtmgle t hat

e e PR RS ) b 8L o LA FRLE: e 1
diameter of the phase (B) is preferably 10 pm or more, more preferably 15 um or
30 more, and most preferably 30 um or more.
[0038] Meanwhile, if the diameter exceeds 150 um, the smoothness of the target
surface is lost as sputtering process advances to readily cause a problem of

particles.



particles that cause a reduction in yield. [0046] The ferronmagnetic materi al
sputtering target of the present invention can be produced by a powder
nmetal | urgy process. First, a powder of a nmetal elenment or

prepared; here, note that a Co-Pt alld9 powder is indi s'f)%ﬁé%?ﬁmém?%?”
25form ng the phase (B). As needed, an optional netal elenent powder to be

added or i nor gauisC therisedd af tﬁ@%@&e(}B) R$ eva/flor more and H&0humebeless! ement
powder may be produced by any netho The maxi mum particle d| aneters of

t hese pcmdra preferablyath udeer mate pngdo! 56 pmoor lees,sand/mostpreférably 30ermeer i s
desi r abl QCE gh Fe since too small a particle dianeter 30accel erates
oxi dat i 43R H5? 9b1&€S$s such that the conponent conposition is outside

ItO gmerfeSSGVYA(fHQ&rlﬂe%Oﬁ‘gé\%'éqgsgie%% )dfhﬁ n{jﬁgéé’éntﬁﬁ ra@dmtaae cﬁ'd oy

are wei ghed to achiev eco sition an are m xed and

pul ver i 2&sPiialiby @oktainng 402 RCT6 TG0 bf B 8ls'mcprtheqﬂwse QB)I inrespbatu\ye of | 1,
for exanple. When an inorganic material powder is also , 1t may be
m xed wisPeripal efflal hasviiepmaesitionedifferasy fimdeat anth%rr@t@tteaj@ (A), the  The

poder . GrRaHorEin BseTorry B 3 B PHEoy sMEnR LG HBRL ihef ofild . °°

maxi rmmm@rsbl(sb By Hifs6e bf éfen%ﬁk@unh?%‘ﬁwteﬂ%' e, the dianeter is nore
desirably 0.1 mor nore since too small a particle dianeter tends to cause

aggioegat i on. [Wmma]tha rfaogmﬁ@mhaSedlaAlmgaausfmpepﬁayler(tB)tha& of thexphgse:, a

h f,. Co-45 % Pt .hav di t h f 30t
350" m o) L 1S piAmpisiadr aqqnax'a‘?‘ms{;ﬂv@wa%?@ Eitae AP GHlR: §°Gfht or | al

powder) rQ&ﬁ’ﬁe?d Eﬂzrﬂ‘tlﬁqégg?ﬁth%r&égé‘@étlwm 'F‘ax(% Pt IRy (Paving apherzeal

powder can pr epar ed gas atom Ion Si evi ng t e resulting powder.

The m xenol¥%s opRtf theaplinpose daaniee achmedewmemsent ipventidraenpcsmpasses
agitator. In addition, considering the problem of oxidation during m Xxing,
the ni xithgse saspsard §BP@CB@VﬁdhﬁMFW§QﬁHn¢¢f&QC 1efulitiatSansphere or in

eporLar powdetnfngRe ;88 B fist mpti: saiBpaPd o wegr§RRED £, °
1300 pm iigvdtRPahs céﬁﬂalrﬁ’ﬁf lé%rs'c 6ﬁé n%rgan% rhbﬂs‘ﬂra?gélbﬁté&%rh dirbén, GEM’esCO Pt
powder becomes into a flat shape with progress of pulverizati on.
pul ver i ndtrides, carbiiesyrarchoarbanitrijes én aa dispersdad stiitarirthe métalb@sm otn | ess.
The Co- Ztucﬁphggse tlhe 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.

20 [0042] Furthermore, as the inorganic material, at least one oxide of an element
selected from Cr, Ta, Si, Ti, Zr, Al, Nb, B, and Co is effective. The volume
proportion of the inorganic material can be 22 to 40 vol%. In the above 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

25 oxide.

Though the nonmagnetic material particles are basically dispersed in the
metal base (A), some of the magnetic material particles adhere to the
circumference of the phase (B) or are contained inside the phase (B) during
producing a target. The nonmagnetic material particles in such a case, if the

30 amount is small, do not affect the magnetic characteristics of the phase (B) and
do not inhibit the purpose.

[0043] The ferromagnetic material sputtering target of the present invention

desirably has a relative density of 97% or more. It is generally known that a



powder used here can be prepared by the gas atom zation nethod and sieving
the resulting powder. [0050] The high energy ball mll can pul verize and m x
raw material powders within a short tine conpared with a ball mll or a
vibration mll. Subsequently, the 25 Ml at Co-Pt powderP¢EIRRHAQ78I%2h a

m xture of a netal powder and an optionally selected inorganic materi al
powder paRRAMdinga AfjHeeRNeIty Baf retiies thefamonhkef particlesedceuaing/daring

pl anetary-screw m xer or planetary novenent agitator. |n addition

consi derspudfering. priobthempoesenti wention dalsongimilaynga highemidensiy i ef the

pr ef er ahl erformed jn an inert gas atnosphere or in vacuum, 30 .

0051 aretpiiangtiyalsriah SpiREHa HBtast Boutardarn e ATt UpRIg e
range Ofcaﬁoacgrﬁe\?é)&eoéﬁﬂ@- ntBhal rggﬂ@@a h&nd an optionally sel ected

i norgani ¢ material powder) prepared I n agva ce may be pul verized and m xed
W t foo4) hi gh- erfiegyrelzive diehkity | hetein sisc as ealueh edeferrfinedobye dividiogntie a f | at

shape with pr ogr ess of 13PCT/JP2011/ 078152 pul veri zation. The pul verization
and ni ximgasureddansityef@ tasoeh Riethe palculbtaddansityetteorsticalsdensitn.or Thesss. 1n

i xi ng. GRS i ACPETIR GRS sl ot tREb USRI RN o0
vacuum g5 4 P4tgél dgshdtidisusy lt’clpéf S Mevdatt Withreddhesthendndl Rt &ileslatedt ty a

vacuum hot preéss device, followed by machining into a intended shape to
provi de theffellowinggmeti ¢ material sputtering target of the present

i nvention. The_ Co-Pt, spheri cal wder or _the -Pt flat, powder forne

¥hr ough t he p%XPéW%"t‘fGﬁ'%'fﬁt?@gg%}?ﬁiy FoZt ﬂ@@%ml?f aﬁlgbﬁgﬁa (BIUGWR s
observed. r | eh hOEF PO 1S
ot 11 madpdriéth B GRdiaC AL e syrdSutiCumodinuTy S ABIGHara bt bof

si nt eri rthe Gtruetiral seipdhient)st (melarngtio Dithe atrecturancomppresnt) ur(btefrature he

sintering is preferably set to the lowest in the tenperature range in which
the tar g%tnsm; dataf ot thetstiucherat icomuenentibu yihereing &p areansothe g Afpdi ti on

of a target, . n es, the tenperature is in the range of 800 to
151300C.sq%%ur8p8%58¥5&i?t§'the sintering is preferably 300 to 500 kg/cn®.

1sEXpe®| es] [ 0G94 iHie pl%PéFéH tdr§eepio I sV |Iérg€€leﬁ|l|@§g“é hiRmheli¥ flexamiligsn and

Conparative Exanpl es bel ow. The” Exanples are nerely illustrative, and the
pr esent theergetds usbdlih a magnetrn $euttdringt devicdeioalzationrofarhmertivgasids t he

i i hall only be limted by th f ¢l ai
a0 A ol i ks B BN s o
7 . gtg@é‘ggﬁﬁﬁl&sﬁéﬁ!ﬂ%ﬁ iﬁf%a%eﬁe%gfgﬁlgéfé‘mgﬁfgﬁ“ﬂgg té}qﬁlt,‘)\gﬁ@'%g%fp e

: aving an average parti I anel _
havi ng an apvRivd@eadeathat &l aghetieta filbh cdn e FroSLE&d matwdew doati ng
20 Furthermore, the high density can advantageously reduce occurrence of

particles that cause a reduction in yield.

[0046] 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 is prepared; here, note that a Co-Pt alloy powder is indispensable for

25 forming the phase (B). As needed, an optional metal element powder to be
added or inorganic material powder is prepared.
Each metal element powder may be produced by any method. The
maximum particle diameters of these powders are each desirably 20 um or less.
While, the diameter is desirably 0.1 pm or more since too small a particle diameter
30 accelerates oxidation to cause problems such that the component composition is
outside the necessary range.
[0047] Subsequently, the metal powder and the alloy powder are weighed to

achieve a desirable composition and are mixed and pulverized with a known



25 an average particle dianeter of 1 m and a Co-45Pt (nol % spherical
powder having a dianeter in the range of 50 to 100 p. mwere prepared as raw
mat eri al powders. These powders were wei ghed at wei ght oporti f 40.08
W % of the Co powder, 13.06 wt% of thd2Pt powder, 4.96 F\%%’%#mﬂlﬁgg 02
powder, and 41.91 wt % of the Co-Pt spherical powder to give a target having
a conposirb¢edure with0d Hat i Plor exandld. moMen rlifbaSidmatprahpbydet isalsto
powder, the Pt powder, and the Si 02 powder were placed in a 10-liter ball

m |1 potaddegeit meay be rmixed witbrtha metal Bowdepand éhe alleypawderin thisstage ni| |

pot was seal ed.,and rotated for, K 20 hour.s f I X] r | 1.

14PCT/ JP2011/ g?@l*ﬁ‘?’%"v!ﬁé?‘aﬁrk?{ EPWARS o BhetBhiOfuer i RSRELPRGe,

spheri c3igrigeVEisyddY Ncarbiepelvaky. 6PX LBRBbNideepofvaei BBdaddsitdolchRgG ty of
about 7 liters for 10 m nutes. [0057] The powder m xture was filled up in a
ar bon mbximamd paticleodigmetes edf i5n pm verc less. at\Wiilphdhe diadwter asdnoieons of
a tenperature of 1100C, a retention 5 tine of 2 hours, and a pressure of
30 MPa tdssisBbly A.Ta HEY remene conemdeo small & perick dinsies tengs 'g’r AP with a
surfacea%rir%%qfonto gi ve a di sk-shaped target having a dianmeter of 180 mm
and a t fOKeeL6f 5 mm [ 0058] The | eakage magnetic flux was neasured with
ref gspnce to ASTdintdHOOf prhﬁﬁ@él_?pﬁiﬁbeTﬁ)t, fofedtpdplepa sprssichhpowdér 6f ux of
Circul ar Magnetic Sputtering 10 argets, Method 2). The target was fixed
at the dem#brmolterBbhasing acdiameten idths rangesof Hio d60 pavande deefakes,

d the | tig. fl d ity.of the t t. h
A e o R e i R e
mul ti pligfhaR¥e HQ rﬁ&eg'\)éi?n 2 RreNTheatspt syh%riéal%é\ﬂﬁeﬁ/éé#%e%re?méd‘i ve
points is shown In Table 1 as the average | eakage magnetic flux l1l5density
(PTF ( %by. ga®atrhizatiGorgral sieving tBeargsulting, pawdear. p dleemixenis pyetenakly & age

particle diameter of 3 p.m a Pt powder havin n ayerage particle diameter
of 3 pi Plangtarysseen. Misider pnl?mtﬂ@{-%me\é{v%g'?geg pi?‘tq%ﬁtéo’gi %&&@?f"& the pm

b opor 1 Foaeh) BEekEHER g mpRIE e mkIEFR AISEq, ML A if,er O
@nd 4. 9GaetIerisphBRe §f Pvari@er to give a target having a conposition of

74Co- 19Pt - 751 02 (nor/ o). [0060] These powders were placed in a 10-liter
bal joo4si | | pot In dgenation wft b fatr (lakealikedl pbases (Bul ferr examglaredi sphesial t he

mll pot was sealed and rotated for 20 hours for m Xing. S equent |y,
the r ESLHOLVYdf?@ %G/ee‘ﬁam%% & Ravdng i3 W%Fér im, the Jﬁpélﬁr&n%q?goﬁﬁ) \%ﬁ% s )
hot - ' J il f t f
12000 il BndRENERLEDARACE it ghefBall B DT |GOWR powte N

si nt er etheeoMERCinto Bhffatssindses adthcprogresds vhpulyesization t HTe pulviedizatigr isder to
gi ve a di sk-shaped target having a dianeter of 180 mmand a t hickness of 5
26m continued to give a particle diameter of 150 um or less. The Co-Pt spherical

powder used here can be prepared by the gas atomization method and sieving
the resulting powder.
[0050] 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. Subsequently, the
25 flat Co-Pt powder is mixed with a mixture of a metal powder and an optionally
selected inorganic material powder prepared in advance with a mixer. The mixer
is preferably a planetary-screw mixer or planetary movement agitator. In addition,
considering the problem of oxidation during mixing, the mixing is preferably
performed in an inert gas atmosphere or in vacuum.
30 [0051] Alternatively, a Co-Pt spherical powder having a diameter in the range of
50 to 300 um and é metal powder (and an optionally selected inorganic material
powder) prepared in advance may be pulverized and mixed with a high-energy

ball mill. In this case, the Co-Pt powder becomes a flat shape with progress of



30The average | eakage magnetic flux density of the target was neasured. The
result is shown in Table 1. [0061] [Table 1] No. Exanple 1 Conparative
Exanple 1 15 Target conposition (nol% 74Co-19Pt-78i 02 Phase (Pb article
size: 50 to 100 pm spherical, Co-45 @8l % Pt None PTF(%CH4PZ13 .7%52
PCT/ JP20111078152 Rel ative density (%

pulverization.  The pulverization and mixing are continued to give a particle

diameter of 150 um or less. In addition, considering the problem of oxidation of
metal components during mixing, the mixing is preferably performed in an inert
gas atmosphere or in vacuum.

5 [0052] The thus prepared powder is molded and sintered with a vacuum hot
press device, followed by machining into a intended shape to provide a
ferromagnetic material sputtering target of the present invention. The Co-Pt
spherical powder or the Co-Pt flat powder formed through the pulverization
corresponds to the spherical phase (B) that is observed in the target structure.

10 [0053] The molding and sintering is not limited to hot press, but may be
performed by plasma discharge sintering or hot isostatic sintering. The retention
temperature for the sintering is preferably set to the lowest in the temperature
range in which the target is sufficiently densified. Though it depends on the

composition of a target, in many cases, the temperature is in the range of 800 to

15 1300°C. The pressure in the sintering is preferably 300 to 500 kg/cm?.
[Examples]
[0054] The present invention will be described by Examples and Comparative

Examples below. The Examples are merely illustrative, and the present
invention shall in no way be limited thereby. In other words, the present
20 invention shall only be limited by the scope of claims for a patent, and shall
include the various modifications other than the Examples of this invention.
[Example 1 and Comparative Example 1]
[0055] In Example 1, a Co powder having an average particle diameter of 3 pm,
a Pt powder having an average particle diameter of 3 um, a SiO, powder having
25 an average particle diameter of 1 um, and a Co-45Pt (mol%) spherical powder
having a diameter in the range of 50 to 100 um were prepared as raw material
powders. These powders were weighed at weight proportions of 40.08 wt% of
the Co powder, 13.06 wt% of the Pt powder, 4.96 wt% of the SiO, powder, and
41.91 wt% of the Co-Pt spherical powder to give a target having a composition of
30 74Co-19Pt-7SiO2 (mol%).
[0056] Subsequently, the Co powder, the Pt powder, and the SiO> powder were
placed in a 10-liter ball mill pot together with zirconia balls as pulverizing media,

and the mill pot was sealed and rotated for 20 hours for mixing. The resulting



97.4 97.2 74Co- 19Pt-76i 02 [ 0062] As shown in Table 1, the average

| eakage magnetic flux density of the target of Exanple 1 was 41.5% which
was | arger than that, 39.1% of Conparative Exanple 1, and was confirmed to
be considerably inmproved. In 5Exanpl e14, the rel ati ve dEnE¥R3PNRE8HR 49
Thus, a target having a high density of exceeding 97% was provi ded.

[ 0063] Figbwdlers Rfixtareéd Wwas Uirthies! mixeaigavithl thdeCodti sphericalr pawdeofwitten t ar get
of Exanple 1 observed under an optical m'c_roscoBe. In Fig. 1, the blackish
por t i onPlanetansmondment siiger having alhall capacity ehaobput h@r%?crru*& mirites.mage of

Fig. 1, a notgble 10gharacteristig in Exanple 1 is that the |ar spheri cal
pha®®7hot cont enpql\gggri puxtye wWas) fﬁkedi WP 41 aarean mglldaa%yvrals)pcﬁqu&ﬁ%: 8i 02
parti cl i i rm,&,q_,‘ " i i f the
pr esent qﬁﬁs\;eaﬁctuﬁ.lohﬂ?{rlxgégniegg 0 gcggmg‘gtonglo;f%ytéc nt aﬁﬁ?%&qﬂgoquﬁ%ﬁeg%@ﬁr? and

kas an appe ofi2vhbetsy swharpressurehad0 Wika dotdistainadisintefed bempact. mirhe o t he

mnimumin the length fromthe center of gravity to 15the cjrcunference is
about 1.sintefesbeampactwasrareund with aesusiacaarndsr to v adlisk-ghaped tarael

surface h%lfviﬁghg dﬁa%g%tr of 180 mm and a thickness of 5 mm.

[0058] The leakage magnetic flux was measured with reference to ASTM F2086-

01 (Standard Test Method for Pass Through Flux of Circular Magnetic Sputtering
10 Targets, Method 2). The target was fixed at the center thereof and was rotated

by 0, 30, 60, 90, and 120 degrees, and the leakage magnetic flux density of the

target was measured at each degree and was divided by the reference field value

defined by ASTM and multiplied by 100 to give a percent value. The average

value of the five points is shown in Table 1 as the average leakage magnetic flux
15 density (PTF (%)).

[0059] In Comparative Example 1, a Co powder having an average particle
diameter of 3 um, a Pt powder having an average particle diameter of 3 um, and a
SiO, powder having an average particle diameter of 1 um were prepared as raw
material powders. These powders were weighed at weight proportions of 51.38

20 wt% of the Co powder, 43.67 wt% of the Pt powder, and 4.96 wt% of the SiO;
powder to give a target having a composition of 74Co-19Pt-7SiO, (mol%).

[0060] These powders were placed in a 10-liter ball mill pot together with zirconia
balls as pulverizing media, and the mill pot was sealed and rotated for 20 hours
for mixing.

25 Subsequently, the resulting powder mixture was filled up 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
give a disk-shaped target having a diameter of 180 mm and a thickness of 5 mm.

30 The average leakage magnetic flux density of the target was measured. The
result is shown in Table 1.

[oos1] [Table 1]



prepared in Conparative Exanple 1 shown in Fig. 2, no spherical phase was
observed at all in the matrix in which 8i02 particles are dispersed.

[ Exanpl e 2 and Conparative Exanples 2 to 4] 20 [0065]In_Exanple 2. a Co
powder having an average particle diafdter of 3 pm a (fcydag@r”ngﬁzng an

average particle dianeter of 5 p.m a Ti 2 powder having an average

particle dianmeter of 1 p a..Si JLQowder havi aver O’alrtﬁe{atie

di anet er of’\%l pm a#ﬁgﬁﬁga’%og{}@e@%@vi ng an ai\bl%rg% parti ci gpdidan@vé’/:i) of 3
pm and [a Co-53 (ol (%ﬁspheri,cal powdidriclkause Ed te1¢diaEt er_ 10 the range of
50 to 25100M% W vwere pfERaRE S raw nnflggﬁér;aéhmgdﬁm%.pt 415 ése

powder s Were v ighed—at—wer ght_proportifons of 26.53 W% of thEe Co powder,
6. 38 vwogf_ﬁ(ﬁff}\\% Cr  powesio; 19870t % of |t he Ti GRnpowder,| 13934 wt & 8f the
Si 02 powder—3—

O 2k 0L ~f + I O 20D AAAM and L7 04 Lo,

T IJ it 70700 CTrC—CI 2030 puvvuci‘, AT JT1. JX Vﬂ /(J Uf tIIU CAJ' rt
sphevégal powdes showsi ineTableat,gite beeragg leakagp osagnetic fidx density of the
59Co0- 11Cr- 21Pt - 5Ti 02- 302Si 02- 2Cr %03 (Ml 9% . 16PCT/ %PZOll/ 07?&?@

powSubs dawasit pf , Exaraptey howasr 4185%. avhigbwwas, larger 1ihep Hatdes?-1the 08 oo

powder , he. er p i 014 () po

t oget heré&%p%ra?w%%%gﬁgeal I saﬁgg("%tﬁl é ri g}érgg;t% i 8%&6{%%46% 'mnmq\)egbt l’Ir\]/vas
spal ed gaghrmhpledt afleflralativl devisity Wady 9TUh.NIThid)aa tRget fhaving Bovige defisity ur e
and the Co- spherical powder”  5were placed in a high energy ball mll and

wer e pul afeniceedingridV %iwasipfayidedd. hour s. The powder mixture was filled
up in a carbon.nold and was, _hqt-pressed jn a vacuum atnps re . under
contf®3¥ ons of q:égt iV @ Birgftu éﬁ'égeac’#r@‘[eeﬂ?fsg\?dt ?Wia?ﬁ 82%%15?@&8% a
pressur ' ' r (‘é‘ft‘ﬂE Ctin Fige 15tHa! BB &Ests poMiBRs Was
ground %ﬁmé@sﬁoﬁgtg@égﬁxﬁ%é&é?O%pgf;@erﬁgr 'S -éshta?peI t ar get 180 Eavi ng a
di armet ercopfesp8Ad tonSiDsl partictesc k dasshavwin b the stithotural ienaggeof Eigk dge notahiet | c
flux density of the target was neasured. The result is shown | g{l? e 2.
fcle

;
10067] | Gharaglepisian Exampledl & Bat helaras aRbelisal PRase AohGeRANENG

2 Ti oo iR bR e BE ey B KLPRIcR S0 P 8ls el MPERS oucer
having 15 an W@Wﬁ@eﬁ@&ﬁé?‘h@sdi(BW%e ggesﬂermin‘ﬁerﬁlo%(,)?s pragéest 800-Pg an
average particle dianeter of 3 m and a Co-37Pt (nol % spherical powder

havi ng ealby=comtaining 4’ meoltaaf)Pt,cdndbas @nlamgproxiwmatelysmhsacatishape wherit eri al
owder s. . hese powders were, wei ghed at i.ght . .propartipns of ,15. 27
56 o ithe ralio gbUCMaxEnam tacthe SrinImaman (e engith i i& Santer of GV &5
wder , tg}e%ﬁcp@%%csﬁgafaﬁﬁt 1S|202 powder, 3.39 wt % of the Cr203 powder, and
00 e -

9.17 wt spherical powder to give a target having a

conpes ti on ofin SHrerabl G- thEPstrdctlRR -imagieOafF te BolisHewspifage of the target
[ 0068] Subsequently, the Co powder, the Cr powder, the Ti Q2 powder, the Si02

powder , RregareaseircCoospgatide rExamplepll sshaavn in £id.021 Npesphiiical mhase pyas

t th ith 2 j ia balls. I | Zi di dth il t
seal ed rervRchecal rLPeInArBneMidh S Paclon e eefterfly powder mixture
and t he [E%\ @Qi’ﬁ{g %6}).(,13%9%@?%%%@??@{@@] in a high energy ball mll and

were pulverized an The powder m xture was filled
200 jodesp car bonn rExainple R, ver € ohpdwadsrelssng iam average partidlenkigrhetes ofii3dem,

conditions of a tenperature of 1050C, a retentian . .
a Cr powder having an average particle diameter of 5 um, a TiO, powder having
an average particle diameter of 1 pm, a SiO; powder having an average particle
diameter of 1 uym, a Cr.O3 powder having an average particle diameter of 3 pm,
and a Co-53Pt (mol%) spherical powder having a diameter in the range of 50 to
25 100 um were prepared as raw material powders.
These powders were weighed at weight proportions of 26.53 wt% of the
Co powder, 6.38 wt% of the Cr powder, 4.45 wt% of the TiO, powder, 1.34 wt% of
the SiO, powder, 3.39 wt% of the Cr,O3 powder, and 57.91 wt% of the Co-Pt
spherical powder to give a target having a composition of 59C0-11Cr-21Pt-5TiO>-

30 2Si02-2Cr203 (Mol%).



30 time of 2 hours, and a pressure of 30 MPa to obtain a sintered conpact.
The sintered conpact was ground with a surface grinder to give a

di sk-shaped target having a diameter of 180 mm and a thickness of 5 mm The
average | eakage nagnetic flux density16f the target wasPHEABZHEH784%%e
result is shown in Table 2, 17PCT/JP2011 /078152 [0069] I n Conparative

Exappdeg 3, a Qubzeydently)aneQo povaler! thgeCppoiwdelrethel Tt mowdér, hep®iOa Cr
powder having an average particle diameter of 5 pm a Ti Q2 powder having an
aver age fsavdercaed dhefse@s powder were plagieghinpaidditemaad] mdll aat EA@@t*aﬁjéNlﬁbrt icle
di anmeter_.of 1 a G203 powder,. havi an..aver.age rticle ' t of 3
m and az'r(§8n'?9&nﬂs(%f)&}5’e§'ﬁﬁ‘8rmgg|a'6’5\?38? ill\R dva% %&%‘é?ﬁ'p rpf?q%ﬁlzgrr&ge of
50 to 1 : re Wil 6hi [o¥etlTe : i gepder s
ner e el RS T g P B e B P P P o6
& the Querepldesd irtahigivefemry Ballemill p)] weralpulvefizédiant thiméd fore2 B00B. powder ,

3.39 wt % of the Cr203 powder, and_ 49.34 w % of the Co-Pt 10spheri cal , powder
to give a tardde pewdagmixigemas filleghupin Soearben dpoldand wasghot-pressed o 203

the & 02h oV STHOSHeent uss soRaBRREES 2 el ¥ Ba0i G PRl A i 1
pot t ogafherofW hBud, rfifNhdpreashie 8s30WIPartozottainTadinteréd dobipaickii | Thgpot was

sealed and rotated for 20 15hours for mxing. The resulting powder m xture
and t he sintered spimgaict wiaspgradad with @ surfasedrindes thidgive ardislgpghaped target and

B s nitsh & wiaietehar d80 ot 2hf & Bigknass.of Stia Afimaftans Bakae ' o
condi ti %égﬁ%@%ﬁ&?@éigﬁg PeQhrgl Wis m%aéﬁlte%lr.‘t M2 fesOR i®Ehawh i Teblead a

pressure o a aln asintered conpact. The 20 sintered conpact

waspgs7pund w tlh Gospafatie @Exangde 2,0agCoepewdeskhairapenh baegge pattiolyy a
di anmeter of 180 mm and a_thickness of 5 nmm The average Ieaka(%e magneti c
flux derfigmetestoft Bainapder Pawdendayindean aveeage particle diarpeian af P #EbIZ 2.

[0071] I n.. arative.Exampl e 4 i,ng. a r Bcle

G anet er'GF PONERr £eng BfGEraes, Paiub SE0EReb Y 1oty B DG RMRETNA
B 25 pve@sraga\gdiiclatiaveterass pﬁﬁf,'aCC%O%' FORASET h&fing af averdgéParmisler
havi ng an average particle dianmeter of 1 m a Si 02 powder having an average
parti cl eiametestafr3 pim,lamg aaBd-3 Rir(B8%) epherichlbpowdenhaving raag@npeatert ircl e

di aneter of 3 pmwere Br epared as raw materi al %ovi/ders These powders were
vei ghed the raRge At 5O te 8P Mergrepared ag v, matera S.powder, 6.38 wt%

S 7, S 71 et ol Rl bR s ol A e cer
target Ieybbwder,@8B oPtheoCr poWwded UCH5 It¥ ofbtheORO2 Pioiie? Ct.3a3vid%bof %) .
20 the SiO, powder, 3.39 wt% of the Cr.O3; powder, and 69.17 wi% of the Co-Pt
spherical powder to give a target having a composition of 59C0-11Cr-21Pt-5TiO»-
28i02-2Cr;03 (Mol %).
[0068] Subsequently, the Co powder, the Cr powder, the TiO, powder, the SiO;
powder, and the Cr,O3; powder were placed in a 10-liter ball mill pot together with
25 zirconia balls as pulverizing media, and the mill pot was sealed and rotated for 20
hours for mixing. The resulting powder mixture and the Co-Pt spherical powder
were placed in a high energy ball mill and were pulverized and mixed for 2 hours.
The powder mixture was filled up in a carbon mold and was hot-pressed
in a vacuum atmosphere under conditions of a temperature of 1050°C, a retention
30 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 give a disk-shaped target
having a diameter of 180 mm and a thickness of 5 mm. The average leakage

magnetic flux density of the target was measured. The result is shown in Table 2.



[ 0072] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ti Q2
18PCT/ JP2011/ 078152 powder, the Si 02 powder, and the Cr203 powder were

placed in a 10-liter ball mll pot together with zirconia balls as
pul veri zing media, and the m |l pot WA seal ed and rot ACHFHI1BF8R3urs for
m xi ng. The resulting powder m xture was placed in a high energy ball
andpousp pul vennzeompatativex Eahile 23 hauCs. pbwher pravitey am xveragenpartiold | ed up
in a carbon nold and was_hot-pressed in a vacuum at nosphere under
condi t i cliameterzoft @mper atGir powtlel hagiDg an yeeage particlerdiagneter el sm, ahd a

pressur

gr ound

i anet efaPhyveBe Hard dlamBlersior il Ok pdierdR/iAgEn SRFEGE paRIERS

flux density o

(T8 PRRClY PG RIBFaaS PRIUFIS Hietner oh i Pap BerP AT IS

arget was ne e result IS shown
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netic
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[50073] [diapeterZyf Noun,Exradal €o7 IRtr(ges %) ephesical powdemhaying FHdiaméter i1
Pt -5T102-2Si 02- 2Cr 203 Phase (B) PTF(% 52.2 Relative density (% 96.5
pate scithevgngs PHPO & 1eP @pmyere prepared as raw material powders.
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[0070]

[0071]

[0072]

These powders were weighed at weight proportions of 35.10 wt% of the
Co powder, 6.38 wt% of the Cr powder, 4.45 wt% of the TiO, powder, 1.34 wt% of
the SiO, powder, 3.39 wt% of the Cr.O; powder, and 49.34 wit% of the Co-Pt
spherical powder to give a target having a composition of 59C0-11Cr-21Pt-5TiO»-
2Si0,-2Cr203 (Mol%).

Subsequently, the Co powder, the Cr powder, the TiO, powder, the SiO,
powder, and the Cr,O3; powder were placed in a 10-liter ball mill pot together with
zirconia balls as pulverizing media, and the mill pot was sealed and rotated for 20
hours for mixing. The resulting powder mixture and the Co-Pt spherical powder
were placed in a high energy ball mill and were puiverized and mixed for 2 hours.

The powder mixture was filled up in a carbon mold and was hot-pressed
in a vacuum atmosphere under conditions of a temperature of 1050°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 give a disk-shaped target
having a diameter of 180 mm and a thickness of 5 mm. The average leakage
magnetic flux density of the target was measured. The result is shown in Table 2.

In Comparative Example 4, a Co powder having an average particle
diameter of 3 um, a Cr powder having an average particle diameter of 5 ym, a Pt
powder having an average particle diameter of 3 pm, a TiO, powder having an
average particle diameter of 1 um, a SiO, powder having an average patrticle
diameter of 1 um, and a Cr,O3 powder having an average particle diameter of 3
pm were prepared as raw material powders.

These powders were weighed at weight proportions of 38.77 wt% of the Co
powder, 6.38 wt% of the Cr powder, 45.67 wt% of the Pt powder, 4.45 wt% of the
TiO, powder, 1.34 wt% of the SiO, powder, and 3.39 wt% of the Cr.O3 powder to
give a target having a composition of 59C0-11Cr-21Pt-5TiO2-2Si02-2Cr,03 (mol%).

Subsequently, the Co powder, the Cr powder, the Pt powder, the TiO,



Conpar ati ve Exanple 2 Conparative Exanple 3 Conparative Exanple 4
59Co- 11Cr-21Pt - 5Ti 02-2S102- 2Cr 20 59Co0- 11Cr - 21Pt - 5- 1102- 25102- 2Cr 20
59C0- 11Cr-21Pt -51i 02- 26102- 2Cr 203 particle size: 50 to 100 Bgaufl at

nmol % Pt particle size: 50 to 100 pm flBat, Co-79 nol % PrCld

Co- 37

B781598 0o

98.4 98.6 None 45.7 [0074] As shown in Table 2, the average | eakage
magnet i pdvder, henSi0ypoekdéhand the Cr,0; powder were placed in a 10-liter ball mill
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[0073]

[0074]

[0075]

pot together with zirconia balls as pulverizing media, and the mill pot was sealed
and rotated for 20 hours for mixing. The resulting powder mixture was placed in
a high energy ball mill and was pulverized and mixed for 2 hours.

The powder mixture was filled up in a carbon mold and was hot-pressed
in a vacuum atmosphere under conditions of a temperature of 1050°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 give a disk-shaped target

having a diameter of 180 mm and a thickness of 5 mm. The average leakage

magnetic flux density of the target was measured. The result is shown in Table 2.

[Table 2]
Relative
No. Target composition (mol%) Phase (B) PTF(%) | density
(%)
11O PLETIOL DS ). particle size: 50 to 100 pm,
Example 2 | 59C0-11Cr-21Pt-5Ti02-2Si0;-2Cr203 flat, Co-53 mol% Pt 52.2 98.5
Comparative : g ETiOY. DG particle size: 50 to 100 ym,
Example 2 59C0-11Cr-21Pt-5Ti0,-2Si0,-2Cr,0; flat, Co-37 mol% Pt 46.7 98.0
Comparative ) y ETiO). Q). particle size: 50 to 100 pm,
Example 3 59C0-11Cr-21Pt-5Ti0,-2Si0,-2Cr,04 flat, Co-79 mol% Pt 46.0 98.4
Comparative . .
Example 4 59C0o-11Cr-21Pt-5Ti0,-2Si0,-2Cr, 05 None 45.7 98.6

As shown in Table 2, the average leakage magnetic flux density of the
target of Example 2 was 52.2%, which was larger than those, 46.7%, 46.0%, and
45.7%, of Comparative Examples 2 to 4, and was confirmed to be considerably
improved. In Example 2, the relative density was 98.5%. Thus, a target having
a high density of exceeding 98% was provided.

Fig. 3 shows a structural image of the polished surface of the target of
Example 2 observed under an optical microscope. In Fig. 3, the blackish
portions correspond to TiO, particles, SiO, particles, and Cr;O3; particles. As
shown in the structural image of Fig. 3, a notable characteristic in the above
Example 2 is that the large flat phase not containing TiO, particles, SiO; particles,
and Cr,0; particles is dispersed in a matrix in which TiO; particles, SiO, particles,
and Cr,03 particles are finely dispersed. This phase is the phase (B) of the
present invention, is made of a Co-Pt alloy containing 53 mol% of Pt, and has a

flat shape where the ratios of the minor axis to the major axis at arbitrary five



15 target of Exanple 2 was 52.2% which was |arger than those, 46.7%

46. 0% and 45.7% of Conparative Exanples 2 to 4, and was confirnmed to be
considerably inproved. In Exanple 2, the relative density was 98.5% Thus
a target having a high density of excd8ding 98% was pr oW HEROGETHRF g.
shows a structural image of the polished surface of the target of 20

Exanpl e ;ngb%@é‘agduum@etb fngoptical mcroscope. In Fig. 3, the blackish
portions correspond to Ti Q2 particles, Si02 particles, and G203 particles.
As BbI6n i n t e contrast im dhe petighedsurace O’Btheataﬁ@efame@a&%tra@pmnaé@ﬁl@ in the

02" paroFEIdE 2 SRAWE oh 4 dndial o HafpRRce M PROSOR: udt R0, T &
particl gfagel &2 p@th’tcbﬁ% copaififfy S72RDIAALE M adiffe favefhde dosifjesed.

Thi s phase i1s the phase present invention, Is ma

al | oy Cma@netldfm%@emmﬂy%aé nét highlydnipreved.f | at shape where the rat| os of
the mnor axis to th or axis at arbitrary flve 19PCT/ JP2011/ 078152
points are abdi'mtthqu|'$|'(‘ﬁ smdacw@ﬂ@t} targebrrerased in &qrnear&&wﬁ@a"@aﬂf ace of

the tar r h

e & SO EPGCS, RyERTPRAEEhAS B BERLRch, RAE S gt el 2
ol % of Fﬁtallo?%n&élﬁmgvm A% @ﬁka%mmmra é latkagenabyheN@fuxdensitghl y

i mproved. I'n the polished surface of the target prepared in

Conpar atwagengbighlydmpre in Fig. 5 though a flat phase was observed, it
h d f - | | t ai f, Pt dth

Woakdat magnet ing scbialimgosat fisP oot FufRsPovel® RTORRPRI e o

St r uct Uicimpaiaide Exalfifie ROSHAVAT h Py A6 i Pgtase Ak gtseRiepar A i n

Corrparatlve Exanpl e own I n Flg.~ 6, hase was observed at all.

[ 00[@&%] | n bot in Bodmihesndlearnidafd 2, awhetal base ((-\a\)armhd phasea® (®)ingpavi ng a

di aneter of 50 to 100 m (see the photographs of the structures) surrounded
by the mraete@aﬁe‘iqm QR en deee thenphotqaraplasi pf thﬁ]s’trw@t%@ LBUNdeEPY hat

- Tt e Mgl Ehed R BePe R dNeg, R lafonuBRTARIRRE AL e R

lismpor t anBz Wak& pRase BPa ©o-PY allbf chbRRiMEg 4086 TE r'n@l%'dﬂDPt [ fQvE Féh/%aled
above-nmenti oned Exanpl es are an exanple of a target having a conposition of

74Co- 19|ﬂnat7$ucﬂr12 a( stoloyirad rebnstitusioanplays & veryt impetantaroleJomiraprovingntissi ti on
of 5960 - 21Pt - 5Ti 02- 25102-2Cr 203 (mol %9 . It was confirmed that simlar
effects! gl?emﬁgf‘%ﬁ'% WX-when the conposition ratio is changed within the

ra f the S st one
cl anzef e l'eoTog Fove- feionet Examolps afg B BRARpITRE & A hing 1 DG
all of gepipdsitiapeds 7dQo- 19PBYSIO, (el%8p andhan axaeiplstsfca targeti i@ e
magnetic recording nedia. In other words, these elenents are el enents that
28r e opt icompasitiond & PAGo-1 4e gef Et-ﬁib'roz-?@leZ(ﬁ@Qah@n@Wo)r adt sasseorfymes
magneti ¢ _recordi ng nedia., Th f e not specifical sho
Beanpl e gk Plefs Gallog Shifined Siarire RihepPEth =l is CadtLrifin ¢ o
those siyoup, Sefint&stigH esent invention. 30 [0080] Further, the
above- descrl ed Ex%?es s ow exanples in which oxides of Cr, Si, or Ti are
added, but eqUhedbeyet nedy eomtawaateleam elenerd setdcted from Bdeéas Mns Zfa, Zr,

Al, Nb B, or Co. In add|t| on, thoug ampl es show t he cases, of u5| ng
oxi des .t RésdMel eltenys, Si.t addsA Eoﬁ'ﬂ‘i’r%‘ﬁc?ft fdeh Hatgatsiecan drpitaiBstheang
25 characteristics as effective magnetic recording media. In other words, these

elements are elements that are optionally added to targets for improving the
characteristics as magnetic recording media. The effects are not specifically
shown in Examples, however, it was confirmed that the effects were equivalent to
those shown in Examples of the present invention.

30 [0080] Further, the above-described Examples show examples in which oxides of
Cr, Si, or Ti are added, but equivalent effects are shown in case of other oxides as
Ta, Zr, Al, Nb, B, or Co. In addition, though Examples show the cases of using

oxides of these elements, it was confirmed that nitrides, carbides, and



20PCT/ JP2011/ 078152 carbonitrides of these elenents and further carbon can
show effects equivalent to those of oxides. [0081] [Industrial
Applicability] 5The present invention regulates the structural constitution
of a ferromagnetic material sputteringOtarget to al | ow PeH/RRBNEORE152
dramatically in | eakage magnetic flux. Accordingly, the use of a target of
t he presibonifticRiet dfthes@elghetssarmbfugtheér sartsorgean showldfferts equivalent &o
magnetron sputtering device. Furthernore, it is possible to increase the

t hi cknedboes oboxideget, and thereby the 10target |ifetime becones long to
al | gw production of a magnetic material thin filmat a | ow cost.

The[OP%?E[)get of the present invention is useful as a ferromagnetic materi al
sputteri[ngju%ﬂ,[egg? ii@éﬁilifﬁ used for formng a magnetic material thin film of
a magnet’ c recor Png medium in particular, formng a filmof a hard disk
drive 15recordiheg prgsent iRERGONIRRGUIBIEY SiHE SlrddtvEal lconatifubionomdgreet i ¢
material sputtering target having a nmetal conpaosition conpri Si f mol % or
more of fRfrORAgNele matelil cspttanng feetita allpw (igseyemeat r@,@?ﬂg@! Yuite

i ncl udi | £ - ind hild'g 40
to 76 nobaked® BRangtE s RO adV B b5 P Brdtt iR arRtefiE BT

Cter n | L om 06 cleice .
0 e e St o7 el errer s he T arger. has. a
st r uct urfurthertmodé niy is possible tminereage thedthickiesseof(Biarget, aarchthereby ths

cont ai ni,n to 76 nol % qf in the netal se (A .. 3.. The fetrronngnetic
Rt er altatstitatioe Befamas ong o ok drodicidn oS Fadnstic sateRBR g ST FE e
0.5 nol % % e and 10 nol % or | ess of at |east one el enent selected from
B, Ti, \ﬁ ., Zr, Nb, Ru, Mb, Ta, W Si, and Al as additional elenments. 4.
The f err omagnéthectargéteof e prasentinventivarigatseddcas di fegromagneficanatesial 15
Clains 1 to 3, wherein the netal base (A) contains at | egst .one ingrganic

mat er i alSPEYRHBA iArIRle thalt I8y UPPBNIOE PHBHING & MRS Mates ,tmﬁrfﬁi‘{jg’ @ and
car boni Q@é@rﬁ%;énge{dgﬁa’@}rﬁédi{?ﬁ?% patticdBF fofhiy RO Rfh | & JBh&% BlskSaiid ering

t ar get
15 recording layer.



wher ei n
from Cr,

the inorganic material is at |east one oxide of an el enent selected

20Ta, Si, Ti, Zr, A, Nbo, B, and Co; and the vol une proporti

the inorganic material is 22 to 40 vol% 6. The ferronmagnetic i
sputtering target according to any on8lof Claims 1 to f&ﬁé%ﬂﬁ%ﬁr@

(B) of a Co-Pt alloy has a particle dianmeter of 10 pm or

on of
al
phase

nore and 150 m or

| ess. 257.The ferromagnetic materi aCLAfMBt ering target according to any one
of Clains 1 to 6, having a relative density of 97% or nore.
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1. . A ferromagnetic material sputtering target having a metal composition
comprising 5 mol% or more of Pt and the balance of Co, wherein the target has a
structure including a metal base (A) and a phase (B) of a Co-Pt alloy containing
40 to 76 mol% of Pt in the metal base (A).

2. A ferromagnetic material sputtering target having a metal composition
comprising 5 mol% or more of Pt, 20 mol% or less of Cr, and the balance of Co,
wherein the target has a structure including a metal base (A) and a phase (B) of a
Co-Pt alloy containing 40 to 76 mol% of Pt in the metal base (A).

3. The ferromagnetic material sputtering target according to Claim 1 or 2,
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 elements.
4. The ferromagnetic material sputtering target according to any one of
Claims 1 to 3, wherein the metal base (A) contains at least one inorganic material
component selected from carbon, oxides, nitrides, carbides, and carbonitrides in
the metal base.

5. The ferromagnetic material sputtering target according to Claim 4,
wherein the inorganic material is at least one oxide of an element selected from Cr,
Ta, Si, Ti, Zr, Al, Nb, B, and Co; and the volume proportion of the inorganic
material is 22 to 40 vol%.

6. The ferromagnetic material sputtering target according to any one of
Claims 1 to 5, wherein the phase (B) of a Co-Pt alloy has a particle diameter of 10
um or more and 150 pm or less.

7. The ferromagnetic material sputtering target according to any one of

Claims 1 to 6, having a relative density of 97% or more.



