1PCT/ JP2011/ 077897 SI NTERED COVPACT SPUTTERI NG TARGET BACKGROUND [ 0001]
5The present invention relates to a magnetic material sputtering target to
be used for produci ng a perpendicul ar nagnetic recordi ng PCITRP201/077897
particular, a sintered conpact sputtering target conposed of a magnetic
material of a Co-Cr-oxide systemor a Co-Cr-Pt-oxide systemto be used for

a magnetic |ayer, andgigTeRED EOMP WﬁUﬁEFP{JN@?AR%Eﬁe target. 10

[0002] I n the field of nmagnetic recording/reproducl ng Vi ces represented by
hard di sk devices, a perpendicul ar nagnetic recording systemin which an

axis of easy magnetization is orignb%*&%\ﬂs direction perpendicular to a
recording surface is practically ACH ticular, in a hard disk nedium

enpdggyi Ng a perpendi cul ar magnetic recording system a magnetic film having
a granular structure, in which 15 perpendicularly oriented magnetic
Erystal |l i ne pkhe ipceésentaneention celatésdtobg magoetimyadertial sputteringl targetdocdh@ase
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is a ferromagnetic alloy primarily conposed of Co, such as a Co-Cr-Pt
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Ti Q2. ﬂﬂ,g : met hod of producing the granular structure-type
magneti% |ﬁk}mh§ t@gﬁ%@@@ sputtering target conposed of a Co-base all oy and
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Co- base al'l oy and a nonmagnetic material 1s produced by a powder
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phase produce rapid solrdification an er constituting a ceramc

phase amateriat Hardeciease dhe gpagnetis inielra@tinnyben?vgpertb@ megngtiodparticles, has
Cons L ] B BRA T U R e Ra AN ATSe £ BAE eg” SPer
spyobgri ng t dngeie dgranbladl spytidee-Bme bRagnetic film of which magnetic particle
material is a ferromagnetic alloy primarily composed of Co, such as a Co-Cr-Pt alloy,
20 the nonmagnetic material is usually a metal oxide such as SiO; or TiO,.

[0004] In a known method of producing the granular structure-type magnetic film, a
complex sputtering target composed of a Co-base alloy and a nonmagnetic material is
sputtered with a DC magnetron sputtering device. In the methods described in the
literatures mentioned below, a nonmagnetic material is added to a ferromagnetic

25 material primarily composed of a Co-Cr-Pt alloy.

[0005] In general, a complex sputtering target composed of a Co-base alloy and a
nonmagnetic material is produced by a powder metallurgical process, because of
necessity of uniform dispersion of nhonmagnetic material particles in an alloy base.
For example, a method of preparing a sputtering target for magnetic recording media

30 is proposed (Patent Literature 1). In this method, an alloy powder having an alloy
phase produced by rapid solidification and a powder constituting a ceramic phase are
mechanically alloyed to uniformly disperse the powder constituting a ceramic phase in
the alloy powder, and then the dispersion is molded with a hot press.

[00086] Incidentally, in sputtering of a complex sputtering target, a metal oxide may be



2PCT/ JP2011/ 077897 deconposed into a netal and oxygen, and the netal
generated by the deconposition nay penetrate in the nagnetic crystalline
particles and cause to decrease the nagretic characteri st PC3/PRO11007TE07 t O
solve the problem Patent Literature 2 proposes sputtering with a
sputtering target containing an appropriate amount of Co oxide. 5 The
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I nternational Publication No. W 2010074171 Patent Literature 4: Japanese
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reduced, but, how much Co30O4 and/or CoO remains in the sputtering target is not
20 specifically investigated.
[0008] Patent Literature 4 describes a magnetic recording medium containing a Co
alloy; at least one first oxide selected from the group consisting of oxides of Si, Ti, Ta,
Cr, W, and Nb; and Co oxide constituting a second oxide, but does not define any
composition range effective as a target.
25  [0009] Patent Literature 1: Japanese Patent Application Laid-Open No. H10-088333
Patent Literature 2: Japanese Patent Application Laid-Open No0.2009-238357
Patent Literature 3: International Publication No.WO 2010074171
Patent Literature 4: Japanese Patent Application Laid-Open No.2009-170052

30 SUMMARY OF THE INVENTION
[Technical Problem]
[0010] In a Co-Cr-oxide system target or a Co-Cr-Pt-oxide system target, the oxide is
usually SiO2, Cr203, or TiOa.
However, the metal oxide in a target may be decomposed into a metal and



3PCT/ JP2011/ 077897 oxygen during sputtering and the netal generated by the
deconposition may penetrate in the magnetic crystalline particles to
decrease the magnetic characteristics. tmothln order to spCYRPROE/H78DY em
a nmethod of providing a predeterm ned amount of Co oxide in a target, as
descri bed above, is proposed. This nethod intends to 5 cause a phenonenon
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present invention provides: ) a sintered conpact sputtering target
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are included in the netal base; and _ ] _
It is an object of the present invention to provide Co-Cr-oxide system and Co-

20 Cr-Pt-oxide system magnetic material targets that have a required amount of Co
oxide remaining and have a sufficient sintering density to decrease the occurrence of
particles during sputtering.

[Solution to Problem]
[0014] In order to solve the above-mentioned problems, the present inventors have

25 performed diligent studies and, as a result, have found that a sintered compact
sputtering target that has a required amount of Co oxide remaining in the target and
has a sufficiently high sintering density can be prepared by regulating the mixing of
powders.

[0015] Based on such findings, the present invention provides:

30 1) a sintered compact sputtering target comprising a metal base containing Cr
and Co as the metal components and an oxide dispersed in the base, wherein the
sputtering target has a structure in which a region (A) containing Co oxide dispersed
in Co and a region (D) containing Cr oxide and being present in the periphery of the
region (A) are included in the metal base; and



4PCT/ JP2011/ 077897 2) the sintered conpact sputtering target
according to 1) above, wherein the target includes C in an anpunt of 0.5
nol % or nore and 45 nol % or | ess as the gretal conponent. pPeIFAPRINMROTMBETEN
invention further provides: 53) a sintered conpact sputtering target
conprising a rret aI base containing Co, C, and Pt as the netal conponents
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accor di Eny one of 1) to 6) above, further conprising at |east one
oxideo nt selected from~Co, C, B, Mg, A, Si, Ti, V, M, Y, Zr, Nb,
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19f [doz7mol %OrTﬂl@F%s%‘ht%\i&ﬂl@h fGRRSHelidesand 309) the sintered conpact
sputtering target according to any one of 1) to 8) above, having a relative

density of 90B)tbe siersd dzmpaqtﬁwettﬁanQeﬁ aoeerding to any pheof ) tov#)iakave,
wherein the Co oxide is at least one selected from CoO, Co,03;, and Co304; and
6) the sintered compact sputtering target according to any one of 1) to 5)
above, wherein the Co oxide has a volume fraction of 1 vol% or more and 20 vol% or
20 less with respect to the sputtering target.
[0018] The present invention further provides:
7) the sintered compact sputtering target according to any one of 1) to 6)
above, further comprising at least one oxide of element selected from Co, Cr, B, Mg,
Al, Si, Ti, V, Mn, Y, Zr, Nb, Ta, and Ce as an oxide dispersed in the metal base in a
25 region other than the region (A), (B), or (C) and the region (D).
[0019] The present invention further provides:
8) the sintered compact sputtering target according to any one of 1) to 7)
above, further comprising at least one element selected from B, Ti, V, Nb, Mo, Ru, Ta,
W, Ir, and Au in an amount of 15 mol% or less as a metal component; and
30 9) the sintered compact sputtering target according to any one of 1) to 8)
above, having a relative density of 90% or more.
[0020] The present invention further provides:
10) a method of producing a sintered compact sputtering target comprising a

metal base containing Co and Cr as the metal components and an oxide dispersed in



10) a method of producing a sintered conpact sputtering target conprising a
netal base containing Co and & as the netal conponents and an oxi de

di spersed in 5PCT/J P2011/077897 the base, the nmethod copgriSsi200/0F780ng a
powder prepared by pul verizing a sintered conpact containing Co oxide

di spersed in Co, a Co powder, and a Cr power; and pressure-sintering the
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present in the periphery of the region (A or (¢ are included 20in
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and Co304; 15) the nmetho ucing a sinte conpact
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region (A), (B)themétbpdafprodecingai simtetéd compact sputtering target according to
12) above, wherein the target comprises Cr in an amount of 0.5 mol% or more and 30
mol% or less and Pt in an amount of 0.5 mol% or more and 30 mol% or less as the
metal components.
25  [0022] The present invention further provides:
14) the method of producing a sintered compact sputtering target according to
any one of 10) to 13) above, wherein the Co oxide is at least one selected from CoO,
Co0,03, and Co304; and
15) the method of producing a sintered compact sputtering target according to
30 any one of 10) to 14) above, wherein the Co oxide has a volume fraction of 1 vol% or
more and 20 vol% or less with respect to the sputtering target.
[0023] The present invention further provides:
16) the method of producing a sintered compact sputtering target according to
any one of 10) to 15) above, wherein the powder mixture for sintering further



[ 0024] The present invention further provides: 517) the nethod of producing
a sintered conpact sputtering target according to any one of 10) to 16)
above, wherein the netal powder for sintgering further conpCTae20at/017883%t
one el ement selected fromB, Ti, V, Nb, Mo, Ru, Ta, W Ir, and Au in an
amount of 15 nol % or | ess as a netal conponent; and 18) the
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15 dispersed Co oxide. The region (A) containing Co oxide dispersed in Co or the
region (B) containing Co oxide dispersed in Pt, or the region (C) containing Co oxide
dispersed in Co-Pt is dispersed in a base (matrix) of a Co-Cr alloy or a Co-Cr-Pt alloy,
and region (D) containing Cr oxide is formed by a reaction of Co oxide with Cr
diffused during sintering in the periphery of the region (A), (B), or (C).

20 In this case, the use of a powder prepared by pulverizing a sintered compact
containing Co oxide dispersed in Co, a sintered compact containing Co oxide
dispersed in Pt, or a sintered compact containing Co oxide dispersed in Co-Pt as a
sintering raw material prevents Co oxide from coming into direct and full-scale contact
with Cr even in a temperature range in which the sintering reaction sufficiently

25 proceeds. Thatis, Co functions as a buffer to prevent the contact.

[0026] As a result, a region where Co oxide is dispersed is formed in the sintered
compact sputtering target. Thus, the present invention has an excellent effect of
providing Co-Cr-oxide system and Co-Cr-Pt-oxide system magnetic material targets
that have a required amount of Co oxide remaining and decrease the occurrence of

30 particles during sputtering to give a sufficient sintering density.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

Fig. 1 is a microscopic photograph showing a polished structure of a powder



prepared by pul verizing a sintered conpact containing CoO dispersed in Co.
Fig. 2 is a photograph show ng a typical structure produced by mxing a Cr
powder, a Co powder, and a powder prepared by pul veri zi ngpgTaIP2OENE897
conpact containing CoO dispersed in Co and pressure-sintering the resulting
powder m xture. 5 Fig. 3 is an explanatory drawing of Fig. 2 and
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1@nboay)i ng a perpendi cul ar magnetic recordi ng system The structure of the
sputtering target has a region (A) containing Co oxide dispersed in Co or a
region (B) cohf@iSiteleccsopinast spustsengdarget ok they Peesesyiioyention sidgsndng
Co oxid j IS pn: ) ' ) WY :

oxi de aﬁ‘gq? lflt%%l? e t?'ﬂlrgoggaarfoagggé t?%%t?l)(?@ﬂ?ﬁ@erﬁtﬁearﬁgﬁ% ?ﬁ@ﬁéﬁ%@??‘? ayer
pr oducetheusaseot imelsiesta meatalgoase gattaiming Ge, Or,carehPt aatlkemeaial taspanents

T L B FHR, WO b Ryt o
15N Co, fdiforf €A1 eBnfafling T6 dxiHe disparsed fecdl érpﬁfrégfgrq' (IfB)PéontQihir‘r'@Gor&Gd@”

(O containing Co oxide 30 dispersed in Co-Pt is mportant “structural
requi r edispersed inhRt et atregian (SnpertainipgiOocexidg dispersed dn Gnbt faliay@nd a

[ tion. the. f.th ' . taini Cr ' ipth
per | phefape (OReoaRIRLET RN &0 bafarsee ibithe BREDARY, MnSredbhi®). B ne
pr esent of (CAedrkiinEluded B tHel mesal Hasedi f fused during sintering reacts with Co
oxide in the periphery of the 8PCT/JP2011/077897 region (Q cont ai ni ng Co

oxil@eeoldi sper sEle cAMpesiticneot thei sputtesingclengeti ofi thg rwesent aweatiaspis aided Ao pt |

200 conls Ay eriBbd fiostion thiGs o7 BEEATfl L rlfelrid Grifedtion 8si4E "
can posgiaghgtid¢ayafrfraateridl by & hard disksmediuhhenigioyingt pegeriivvlar magnetic

sintering cgnditions, 5and therefore the Cr. oxide Is not necessarily .
di sper s&€&oiHiNg syatem. nThestiustirerpf(the sputtering tangehbasra regien (At contatnipgwder

ol J e S S . q i
or oY e o o o A e D, e e I e e
f rom corEgian (Q) comtaimdrng Candxitleldispseraee it Qo-Bt {alloy) AnGra eagion i(B) aontaining
t enper agure ich the si i roceeds

2nd 1 heCheidDaErnaates” Fo el bige  dhasfRaveity DREEYIDTIEeten AoRE
per i pheppsdated WRIHEHO S Utdring BlgetBf th&préSeSniéhtR k' B rbhiaP8frubhes v -
satisfactory as a perpendicular magnetic recording medium.
The presence of the region (A) containing Co oxide dispersed in Co, the

region (B) containing Co oxide dispersed in Pt, or the region (C) containing Co oxide

30 dispersed in Co-Pt is an important structural requirement in the sintered compact
sputtering target of the present invention. Also, the presence of the region (D)
containing Cr oxide in the periphery of the region (A), (B), or (C) is the distinctive
feature of the present invention.

[0030] Thus, Cr diffused during sintering reacts with Co oxide in the periphery of the



[ 0031] The region (A), (B), and (C) may di sappear by the diffusion of C
under sone sintering conditions, but such excess sintering nust be avoi ded,
since it is an object of the present ingention to all ow apCeEQER2GIR7A8TUNE
of Co oxide to remain in the target. 15 The cross-sectional shapes of the
regions (A), (B), and (C) and the double-layer with the region (D) forned

in the i r f.t eq| : J y CR Ayi
spheri C%ﬁ[qrﬁ%&%@amﬁﬂi%q gk@% é@%ﬂ)st(e@:'gl ,861 gﬁarﬁ%@%? gg) (\dg:n?#biﬁ g% aorxI GT ke
aneba, digpsisedundaf bnete & (85 cohtaming ICdogideZdispadethia Qo4 ¢ofornmitent i on
enconpasses all of these shapes._20 [0032] The sputterin éf%r et c%f t he

pr esentregiaretR) eantaining &d -byThe fFUW?é'Pns‘?frFE'éBWF'@%Ve@%O fugigpof Giyean
above- I i i ) ne
2ot herPousiY BR SRHETB TR s SRNRIRERAC pEWBRIS dnd SRAEMEERLGhS
Hbser veahd theréfers the Ceoixitg it avog @ecesdsdriie dispesssd uniforanty inotie regiarh@)r egi on

A taining Co oxide di din Co, th i on (B) 25, i ni ng, Co
x| de_di <per JERVEYETmUS s RE or BaweRy praparert il HiRGriesod oG Somedtt
Co- Pt, &htﬁhﬁi@ﬁ@b MidE'did | 8ef%n o, t, BRERPt NIV dété‘%intéhr?% r&R ytedial my

be recogni ze ue to nutual diffusion during sintering and the influence of
trace iprpventsitbe Conxigienfsomi eorning intondireatandafiullseateecentachwih € everdse

h h i Lal , i
oxt o epeiatlis ot 7 iehidh e STERhS0 Soatith SaeRRuk Plofids 2l e tae e
100f CONé\fériﬁ@élWrﬂn% é‘%ﬁhbﬂh@'t@vin@mdofeyi@mf(m iV €Y periplearyositaesegionu@),
he Co oxide can be at |east one selected from CoO, Co0203, and

cases. (%3033 ]
CcoB04. (BeodS)Ba aetnayraundthenperiRheywi t hout causi ng any particul ar

di ant age. [} - d i i in
ChIBRon "o TS O AR bty SRR S ols PieibR or O iRRrIBME !
Thef vol sir:nterifig a:oFd/iﬁongfbutrwcﬁée?gsdslimem?iusgbe;\amicfamtsirfd m? aralog;ptc;c o
refera val.% or _ nore an v.ol % or S Vv e fraction, O ess
Phon 1 Delhresstimisrion baliia repuitedadoupl B Gorde M TerfiR b 1 e gt o
0 ¢ i " _ 0 . o ¢ ) i
1 Gt Pon di e gfosseuptienal Shib SR 6P dRedlons ARAEY, ah8 (2.1l &% dompier ! ©
r ecor dilagerf witmth& megiont(Bd fatmoed inrthre perighkerny afdee iregidadiA) atB)e or [Qpawy e

ti t i al tteri \ 1 . duci di |
et | SraloPHEnRSTeH i Bk diedRiong; Shelich. Bl JroGiBRRH SsPRc e
from B1né\ﬁely%nde‘ﬁhed-@ha_p}jééaé\@hmﬁn iKFig.®, anththedprdseht indentib eAsbMPass&er

than Co oxi de and Cr oxi } ese oxi des have standard free
ener gi el efithese shapes hi gher than that of Co oxide and recombine with

d i f i, i i i
2 A, o o T SBUBETE ety PRnS pBRatt Bt B e s Pfiger
pref er afihtering ARitR6d 2l Theks, ahangpevé-mdritivhed (YIS Rnaj eneblbe, nebeswmint ent
of oxides including Co oxide and Cr oxide is 40 vol % 15 or |less as the

vol une qieaidt sepatied fjamEne a@nofrrt dut dbe isiiuglire avieg dhe akevermentiened
rLoher s anaLihianta h nasaeaat Bl I BRe B R, 5 St el 0

f or egoi ng rangethes rpg@he(Apctontaining Co oxide dispersed in Co, the region (B)

25 containing Co oxide dispersed in Pt, or the region (C) containing Co oxide dispersed

in Co-Pt, an element other than Co or Pt and an oxide other than Co oxide may be

recognized due to mutual diffusion during sintering and the influence of trace

impurities contained in the raw material powders. In such a case, however, the main

structural elements of the region (A) are Co and Co oxide, and as long as these main

30 components are contained, a small amount of contamination is negligible. The

present invention encompasses such cases.
[0033] The Co oxide can be at least one selected from CoO, Co0,0;3;, and Co030,.
The Co oxide may have any form without causing any particular disadvantage. As

described above, the presence of Co oxide is desirable in the light of forming a film of



[ 0036] The sputtering target can contain at |east one el enent selected from
B, Ti, V, Nbb Mo, Ru, Ta, W Ir, and Au as an additional elenent in a
blending ratio of 15 nol/0 20 or less ag a netal conponemcCT/JP20h0077897
sputtering target. These elenents are effective as the magnetic materials
used for producing a perpendicul ar magneti c recording film as well as Co,

G, andyld mag{r}%tuérn‘? RAdRd i LOBRHEEA Mh%%&%&ud@écdﬂfbgﬁﬁﬂﬁﬁth@rrlng

further i frpr errs a magnet1c reco

[ 0037] Thargepig pﬂafemw argsi% of mdre aJTdaQGmoIVmaeh!ssonﬁcmiuhm/ﬁaetlorebﬁtesse
densi ty of 25 90%or nore to revent 0

| | ack
of densthdn Tnple esramigven 'ét ofeihg: ¢ '§P§vyWI‘§ Feg t/!? S’P Le*raci'ﬁﬂaqfhgc
present hid&\éﬁgf\%ﬁ $Ag %Ih/S r?Hékéé‘Fﬁaﬁﬁ‘l%ﬁwllt'@‘?)f r(% @x‘d@a?%‘%ﬁébﬁﬂc [c,‘a)ﬂ%ﬁio-ﬁhg’ ifficult

relative y In e present invention is a va eterm ne di vi di ng
the rreaaudenhadedeteﬂ;araté thes phatasterisdics aagyet niggnetie temiocdihgt fon. de'FhuSt, ythe
(t heoret bcal 30 de ééé%The I cul at ed densi ty is a density when it is

assuned 2PR%E- n?%'o&? srf'"f' gESIEPIE. { ar get are ni xed without diffusing to or
r eagddsNg W t hTRAGHaghERE nﬁ’él@rlhlssﬁ@hﬁ#ﬂ@leﬂ*gebmé@%f QPdM|ﬁ§J af pér'ﬁiéhalcular

Formul a: cal cul ated density = E [ (nol ecul ar wei ght a constltuent%
(ol ar Mmagretisreeprgingfils cau@ﬁmqm pt least ape exidesef Qb@ﬂ’@lﬁ\t selectaskfrom B, Mg,

const i 4end) vyl B 2130 Orark e, ORETLARRRHGIAEATT SRS dEkE b

(litera Urd valVué denS|’ty o neans é'aki ng

1bhe sum of al Thése oridesannid stapdar! frddenergies bé toraeatidnt higleér thanthat ef Cog
target is, a val ue neasured by an Archi nedes net hod. 9%303% gPrﬂ ttering

t ar get SK'd?h@n‘?)rreg@ﬁp"lem‘ﬁ@ht P’é)\fgqns QEP%'@B%(PYb eeerpB ‘? ring
t hod. d
met ho o ﬁ]ﬁ'ﬂé 'oggié@. eé F |%Qé‘%9r%0?)%&n,ﬁgg§é’. Copf'w%tgﬁ oy ﬁ]e§lg§éer e

conpact I ng oXi spersed i produced
in advaptm‘erablelasdnat*éhales qfid magnehd lp@nder desirably has an average

pr 0] or ' adBITPERY Bpamoten Avidgs Hruis i BeBR A GPdERA ab %) m

187 | essof fdssbgs weedoluphe ?r%ﬁéﬁ"dcbﬁﬁynh@‘ihé@puﬁ@ﬂﬁ@%ﬁg’e@” ANIGRE fradtien d?Ot
only a netal powder of a single elenment, but also an alloy powder can be

used. | highetthan 48sml% tendsttnslesreaseythencharactedsticnas @esputieringstargatifor a0 gm

?nﬁr'eesfnsrpf@ﬁok'h‘?%%vrﬁaﬁ@%ﬂ?ﬁréo!ﬁwﬁéﬁ gy dhersy tERop RS HRog S ATe R hat
t hgogtgnsi ty ofhé Rpuierlhgtadet eaRawintdinrAdllyadtheedigatont SelddOhRaBWTi I\, 1 f
a particle dianeter is too small, oxidation of a netal powder w || cause

pr obl enBlbs M Ris T, Wy iraandAusas an@déam@helﬂm@mnﬁ@sbl@néwgfrﬁamfﬂé mol%
q_ecessah elr gncgsgaw%#? gpfrﬁg)n%bﬁpﬁfh%rs LﬁtefrH'u tt'%?%etde%gegg le\ferﬂgﬁtsgé’?eoéffé’g?(/g :

hese shou npone npositi on an sinterin
condi ti agshe Hedgnasictineatesialt userl fongrodwrsisg agerpaadithlar aiaymtlcaeeormngmlm

sui t abl g 20ranges that are usually perfornmed. Accordi ng y, it should tb?
readi | yagwell 88 S ¢hand Pt, and aré added to the sputtering target, as necessary, fo
further improving the characteristics of a magnetic recording film.
[0037] The sputtering target of the present invention can have a relative density of
25 90% or more to prevent occurrence of particles due to a lack of density. More
preferably, the relative density is 95% or more, and the present invention can thus
increase the relative density.
[0038) The relative density in the present invention is a value determined by dividing
the measured density of a sputtering target by the calculated density (theoretical
30 density). The calculated density is a density when it is assumed that the constituents
of a target are mixed without diffusing to or reacting with each other and is calculated
by the following formula.
Formula: calculated density = X [(molecular weight of a constituent) x (molar

ratio of the constituent)] /  [(molecular weight of the constituent) x (molar ratio of the



si zes other than the above-nentioned sizes are also applicable. [0041] Oxi de
powders ot her than Co oxi de desirably have a maxi num particle di anet er
of 5 gmor |ess because of necessity of1fei ng finely di sp@cIed2ont/a7resral .
Meanwhi |l e, since too snmall a particle dianmeter readily causes aggregation,
the 25dianeter is further desirably 0.1 gmor nore. [0042]First, a powder

pr epare : [keZ I g{p&g {1ni ng Co oxi de di spersed in
Co, Pt,Qgﬁytgggﬁj?6%@{5395@@%;0%@%%? er, na#ﬁ%arﬁ)]oxi de powder according to
need are wei gHetet @ gieansataldisg rtad sumpofidli targeSdosstiuents. yThe heeasirgded

owders are. m xed by a known nmet hod such as bal [ m.Il ,or a,m xer. The 30
hus- pr S5BPBAOh RAKIeRng tATBEt B Hellgdneasiiod By Awhiperss mathad” | st oad

of hiyg hot pr?@@s&ﬁ’@ér égglté‘f@% S m_lgﬁyr%rﬂr inﬂ@hti@ﬂ%oﬁlto@fuicédpbﬁséhﬂdﬁvder

sintering may be enpl oy e retention tenperature for the
8i nt er i siptéringptetihod.a Asagtadinggoaterial, E2po@iebprepanedby paiveriaisigya swutered

1100C. Th ipt d t f t i t t ~of [ JP20 077897
Lhe pr cLBTPAChoRBRdc ke xdh oikneiied bt i SaE ot alay) Lavbghted if

[ 0043] Faflvadce B @sdd. CIMais phiverieBa pRadr Wesiravlythsfap alesiedaticlediameterf a
powder pg%Bar ed by pulverizing a sintered coggact oxi de (Co0)

cont ai ni ng Co

di sper s@f3Pro@H0 wm. Filg additionha pewder ofa egtakiGa, Bt, &, Qfaa(ﬂdqlti‘q)@@i elermest)Co,

dth ' k. 5. fla i ' " d
" o8 i St odicls, MeMeISr bl 20 4 3 es Ban beieed RY cohuPlingHhee
1g0nt ai n'gompGeitioni d«Eudﬁhepgom?odtde aag_dtamppwdéed of pgp%ltee@letnlpnn;blnﬁsahng a
sintere coO ac contal nin oXl1 de | Sperse n - al |, .al's i
o ovi do ol Posdes ATt gy WEH. [ Jpasiah § Cahe g, She T adm ForAE MISHOlE s cal
structu ] kXi N : i i and
a Co po&gglfé@gg gr egrulgbe%('si ﬁ&??%g%&%g%@%@gdﬂo& el;nerj(r?lft% tﬁ?rng?gﬁlrg IS
an expl anmaseythér driving farceFoysingering is low, resultinguin a pratilgy. that thedde)sityref

sintere cor’rpact struc HLe i ncludes a region (A) containing CoO di spersed
in Co, St etrgﬂiCBHqFﬁS} EB‘HYgf%?ﬂ%esCr oxide is observed in the periphery of

15 heodsgoi on ( AMeanwhile, if a particle diameter is too small, oxidation of a metal powder will
cause problems such as a deviation of the component composition from the
necessary range. Thus, the diameter is further desirably 0.5 pm or more.

These should be controlled by the component composition and sintering
conditions such as temperature and pressure, and therefore, are within suitable

20 ranges that are usually performed. Accordingly, it should be readily understood that
sizes other than the above-mentioned sizes are also applicable.

[0041] Oxide powders other than Co oxide desirably have a maximum particle
diameter of 5 um or less because of necessity of being finely dispersed in a metal.
Meanwhile, since too small a particle diameter readily causes aggregation, the

25 diameter is further desirably 0.1 pm or more.

[0042] First, a powder prepared by pulverizing a sintered compact containing Co
oxide dispersed in Co, Pt, or Co-Pt (alloy), a metal powder, and an oxide powder
according to need are weighed to give a desired composition. Subsequently, the
weighed powders are mixed by a known method such as a ball mill or a mixer. The

30 thus-prepared powder mixture is molded and sintered by hot press. Instead of the
hot press, spark plasma sintering or hot hydrostatic pressure sintering may be
employed.

The retention temperature for the sintering is set in a range of 800 to 1200°C,
but more preferably 850 to 1100°C. The sintered compact for a sputtering target of



15This region (D) containing Cr oxide is newy formed through reduction of
Co in the original raw material powder, which contains the Co0 as a

di spersoid in Co, by C diffused fromtie periphery in thecsvmreni/onso7
process. The region (D) containing Cr oxide has a |large thickness when the
sintering tenperature is high and the sintering tine is |long, and

ul L1 T Sy ofedBnt 9k Aol Sin SR ALIEAE bR, LHRTIaEALE oyl sappears. 20

[ 0045] I'sappear ance e regi con alnlng oxi de di spersed
nmegoms) as desEigl Heid abhtvmscopiet plidtegriphestiowihg sepolkgdmd stouctuset abh powetenl

of a mebbaRY ?&gﬁﬁtt%ﬁeﬁg USRS APERRAATIAMAG BocRygerCoehcd spedemyn
decomopit i 4 . PouRXiiie 1RRBOImARXPB! Bofides TGS CAPRRFIAT STy bl

regi on is 't ere re not pre era structure owWn |
and 3 i ﬂalke:dmtmrhreshm@ d@oQA) Tws, aCabnis Cdmspzarselda idi ap@rosbasen @o pamaﬂerrs

h f f d. f A d
tar got _BiaraEd Py AUNETRITS § SirtepcpoBRBE Soem AP S s RDBTRER FITANA
di sper spewtér prepdied Iy pEl&fiziRg esinfTed RMERS %bhféﬁﬂngmé bRidebdi¥se rs§dﬂh| ar

structures _and functions are obtained in the case of 30a sint ered conpact
sputter Cadt @lligex alse prievide simian sielatigres. r egi on (B) containing Co oxi de

Tou G p01 1 6B 20 BomiPlanL SRRl B.OBieRE sESkfife diBEE By, iyt the
101 | ust r powder showntiheFigr d¢sanCr ipoweler and sh@bl powdeoamndpréssurersinterng fiee eby .

I n ot her rds t he sent jnvention shaII only be limted by the scope of
cl ai ns, 'Y s@@gur\?arl'gd%sffﬁ)@ EXRIZDAINY GrAWIREAT Rt 0 the exanpl es

i ncl uded in tﬂé 'oWhei'i‘lt F@@ 25a|{cp@4¥l'1 (éoﬁ*%'réﬁl &itééa%o%ructurghfnﬁldd%saa? &n Of

usi ng Co- Co0 po er i n production’ o tering tar

A Co po(ietontzininggCa dispersgd ipdBa,iaridea degiont(B) cohtamrngCramddarstbs;mueI@r
havi ng a aver a pga{ i cle, di ter of 5 1.1mas netal powders, and a

Co- Co0 P é)rer'l‘?g9 7 GIELGE: particle dianmeter of 150 j.trn prepared by

1pul veri zing armsﬁégroﬂckmmhm@oot akiaens neady farﬁww&rgmr&mcﬁsﬁrﬁr%o I on:

Co- 25nm1%Co0) wer e prepared he powders were welg at
t he f ol Indhemyigiealgaw matertaltp@mrlwbshlcog\talnsﬁm 8§00 asmdlgperaoat inoCo, by

Foi 1 owt b CHHURETn e P8RRI, indhesiftBlito S0 e, et nsceolen BRLES AR 600
(nnol 99 oXi@8 43l £tdngecmwkhleys viem e ghwimgeteﬁtpmtméne Vg Qn§|tﬁ§%ﬁhtenn@

10-liter ball mll pot together with zirconia balls as a&l veri zi ng
medi um tiragds {ang, @adrultrmateluthe [RHors 63 eantaining o6k digpersedin Kaudisappears xi ng

| veri z r
o k] 1 25 BB M4 ik €8 0 Bk o
bal | capadesyrioéd adbmvie, thai thes Safﬁe@t o?fosergregatﬁg; al bab®wdetal roxidel ibetweeen
out fromthe é’l anetary screw mxer was filled 1n a carbon pold
magnetic particles” through recombination of a metal element of a metal oxide
decomposed during sputtering with oxygen generated by decomposition of Co oxide
cannot be obtained. The disappearance of the region (A) is therefore not preferable.
25 The structure shown in Figs. 2 and 3 includes the region (A) containing Co
oxide dispersed in Co and is therefore a preferred form.

A case of a sintered compact sputtering target structure including a metal
base and a region (A) containing CoO dispersed in Co in the metal base has been
described in the above. Similar structures and functions are obtained in the case of

30 a sintered compact sputtering target structure including a region (B) containing Co

oxide dispersed in Pt or a region (C) containing Co oxide dispersed in Co-Pt.

[Examples]

[0046] The present invention will now be described based on examples and



25and was hot - pressed. The hot-press conditions were a vacuum
at nosphere, a rate of tenperature rise of 300C/ hour, a retention

tenperature of 1050C, and a retention tizre of 2 hours, angcF/ressormBoef 30
MPa was applied to the nold fromthe start of the tenperature rise till the
conpletion of the retention. 30The nold was naturally cooled after the

conpl et | e i onowkkLh < Dr.odu i 0 c
Wih o Pofparate EfPs o The TBifed e fiffeld, MuShAtye: BRR Ina Bedift o0
mm and @vehtiokrshad infn® way bé QindifddT therebyit tler other Wwords that ptdsient inventibad a

| ati jt f.97.5% A small pjece cut fromthe sputtering target was
gﬁbﬁe&vghgﬂﬁh&%ﬁm'fsﬁ Bih e, s5ap&,pf blaiifs) aRd ensprPASESS Yariots BHIiGABEE on

Spect I OPPAUAIIEN 16 theDRHERE indlIBed HRAS iellloR! the sputtering target

cal cul ated based on the analytic result was as follows. _
§9.19800- 9. 56Cr - 3. 01Cr 203- 8. 20Co0 (nol % The vol une fraction of Co oxide

cal cul a{ r{] Ion?the target conposition was 5 12.3 vol% A part of the
sputter é\Pgét was cut out, and the cross section thereof was polished

to observe thvhistisy@tda@e-ofﬁuéiﬁgiwth) powWdet iRl pradtefion & HECrack,D9-Cgo and
a region (D) containing Cr oxide being present in the periphery of ‘the
regi on ERYteingtagigier ved. Fromthe foregoing results, i

t
fi dat t ai i nsS.in the ugterin

target 1n Excinsts PeveEBiiEsl BT rady paRid RireRte) o d uin Snf Reb) Bodree
l?f no% h?\iéigg o oMe%mhavilﬂéngiﬁhngg?F@?téigggl-r?tgip;net er 'g?ﬁg%t%ﬂsgﬁ)a Cr

ar get . [ : . - M.

powger H%Wﬂrg?'aﬁmgv%? RYETRES Ralide iarmeter obf158 prnpeepared Ay EB&_@SZ@Q %mgra
Co0 i I & : Sean

were pr onrog A R N0 eReeal T £o Fam i CR b ApCBay e
1836. 1 wereprepaseéd. Wi ght ratio: 69.32Co-12. 06Cr-18. 62Co0 (W% 20This

o 1o 0 T BRI Al b o1 Y80 i R A8 8B a6 7 ot
15 Weight ratio: 25.39C0-12.06Cr-62.55(Co-Co0) (wt%)
This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 71C0-14Cr-15Co0 (mol%)
[0048]
Subsequently, the weighed metal powders were placed in a 10-liter ball mill
20 pot together with zirconia balls as a pulverizing medium, and the ball mill pot was
sealed and rotated for 2 hours for mixing and pulverization. The powder mixture
taken out from the ball mill was further mixed with the Co-CoO powder with a
planetary screw mixer having a ball capacity of about 7 liters for 10 minutes. The
powder mixture taken out from the planetary screw mixer was filled in a carbon mold
25 and was hot-pressed.

The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1050°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature
rise till the completion of the retention.

30 The mold was naturally cooled after the completion of the retention. The
thus-produced sintered compact was cut with a lathe into a disk-shaped sputtering

target having a diameter of 180 mm and a thickness of 5 mm.
[0049] The sputtering target at this time had a relative density of 97.5%. A small
piece cut from the sputtering target was subject to composition analysis with an ICP



[ 0051] Subsequently, the weighed netal powders and oxi de powder were
placed in a 10-liter ball mll pot together with zirconia balls as a

pul veri zing nmedium and the ball 25m|lqpot was seal ed angomire@bedof @972
hours for m xing and pul verization. The powder m xture taken out fromthe
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not clearly confirnmed. Fromthe foregoing results, it was confirnmed that

Cod295dl deconposed in the 10sputtering target, and al nost no CoO remains in
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sputtering target.

15 A Co powder having an average particle diameter of 3 um and a Cr powder
having an average particle diameter of 5 um as metal powders, and a CoO powder
having an average particle diameter of 1 um as an oxide powder were prepared.
The powders were weighed at the following weight ratio to be 1836.1 g in total.

Weight ratio: 69.32C0-12.06Cr-18.62Co0 (wt%)
20 This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 71C0-14Cr-15CoO (mol%)
[0051]
Subsequently, the weighed metal powders and oxide powder were placed in a
10-liter ball mill pot together with zirconia balls as a pulverizing medium, and the ball

25 mill pot was sealed and rotated for 2 hours for mixing and pulverization. The powder
mixture taken out from the ball mill was filled in a carbon mold and was hot-pressed.

The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1050°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature

30 rise till the completion of the retention.

The mold was naturally cooled after the completion of the retention. The
thus-produced sintered compact was cut with a lathe into a disk-shaped sputtering
target having a diameter of 180 mm and a thickness of 5 mm.

[0052] The sputtering target at this time had a relative density of 98.1%. A small
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retention. The thus-produced sintered conpact was cut with a lathe into a
di é??—séﬂhaped sputtering target having a dianeter of 180 nm and a thickness
of 5 Exami®838] The sputtering target at this tine had a relative density
of 96.3% A snmal'l piece cut fromthe sputtering target was subject to
conposi ti on ahaibyisia case lof arsingCie eefio€s powdep ért forogiationnet CocCr8H¥Cei05- The

conposi Ll of., the sputtering target cal cul ated based on the anal ytic
resul t Ev?ﬁg’n%%“t?e&"ﬂ&ﬂgg,et-76. 83Co-12. 1Cr- 5. 97Si 02- 1. 12Cr 203- 3. 98C00 ( ol %
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was 5.5 vol % A part of the sputterinhg target was cut o Cross
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containing CoO dispersed in Co (composition: Co-25mol%Co0) were prepared.
20 The powders were weighed at the following weight ratio to be 1513.4 g in total.
Weight ratio: 50.87C0-13.20Cr-6.10Si0,-29.83(Co-Co0) (wt%)
This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 72Co-15Cr-6SiO,-7CoO (mol%)
[0054]
25 Subsequently, the weighed metal powders and oxide powder were placed in a
10-liter ball mill pot together with zirconia balls as a pulverizing medium, and the ball
mill pot was sealed and rotated for 20 hours for mixing and pulverization. The
powder mixture taken out from the ball mill was further mixed with the Co-CoO
powder with a planetary screw mixer having a ball capacity of about 7 liters for 10
30 minutes. The powder mixture taken out from the planetary screw mixer was filled in
a carbon mold and was hot-pressed.
The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1100°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature



remains in the sputtering target in Exanple 2. [0056] (Conparative Exanple

2) This is a case of not using Co-Co powder in production
of Co-Cr-8i02- 20Cr203-Co0 sputtering tegget. I n Cpmmp@t)wwﬁganpl e
2, a Co powder having an average particle dianmeter of 3 pill and a C

powder having an average particle dianmeter of 5 p.mas netal powders, and a

Si 02 poﬂggii"ng'q‘ggéﬁP?‘\é%ﬂgﬁe@ﬁiu‘q e dianeter of 1 vrn and a CoO powder

havi ng an average anmeter’ of 1 nm as oxi de powders were prepared.

25The powder sThermoltewgisedatarallyneodled! @ﬂ%ﬂ%moeéveggiépge&ogt bb tlg@ r@i_?niiBﬁ.B_. Iﬂe in
total. \Wight ratio: 71.82Co-13.20Cr-6.10Si 02-8.8 w is weight
ratio i E!“%SgWPQEE?ﬁ' &intgfed Kempact Nashguinwitaclatheviaiey ﬁté'ﬁhté%épeﬂ/tﬁpélgﬁﬂag

wei ght L0y - i Y/ I ubsequently, the

wei ghed{ag%mar@g%rdééﬁegéc}?c{%r? ’gﬂ?s@g}%ttﬁwbg??zinsﬁqﬁbot together with
Zirjewsp)i a bal | Shaspattpring dargatrag thisdtiong hadich telativealdiensity lof 96t 3%as Asemhtd
and rotated for._ 20 hours.far m xing and pulverizatiopn. The powd m re
Faken oBECPrihaRR tBaISPutering Jaidef ratiaudicL o aBnsHion ananawuen an ICP

hot - pr eggRssion e'&%Bﬁbt%?ﬁetﬁenéhély% VEHE OnYISeSHitA fﬁf”ﬂr’t‘epQ?[J&eriﬁg et Of
tenperature 16PCT/JP2011/077897 rise of 300C/ hour, a retention tenperature
of 1100calcdlatechbasedanitos anplyiicsesult weamas follemis.a pressure of 30 MPa was

o o Lo PB4 GRS 9L e KPR e U1 o 1L e,
leonpl eti on of Theigoheherftaction dffEo tdxite palkedlated fion ties esrgeo@pARPosKRS WHE
i and 55 11k $ak O SP ) TRGSISWaR Lk PHY A1l GoR ClhsorSRCUODIHEIaRd o
L2by ooy PRI BRI SRk SRR (4] S B BB 12
and a region (D) containing Cr oxide being present in the periphery of the region (A)
were observed.

15 From the foregoing results, it was confirmed that a certain amount of CoO

remains in the sputtering target in Example 2.
[0056]
(Comparative Example 2)

This is a case of not using Co-CoO powder in production of Co-Cr-SiO,-

20 Cr203-Co0 sputtering target.

In Comparative Example 2, a Co powder having an average particle diameter
of 3 um and a Cr powder having an average particle diameter of 5 um as metal
powders, and a SiO2 powder having an average particle diameter of 1 um and a CoO
powder having an average particle diameter of 1 um as oxide powders were prepared.

25 The powders were weighed at the following weight ratio to be 1513.4 g in total.

Weight ratio: 71.82C0-13.20Cr-6.10Si0,-8.88Co0 (wt%)

This weight ratio is represented by the following molecular weight ratio.

Molecular weight ratio: 72Co-15Cr-6Si0,-7Co0O (mol%)

[0057]

30 Subsequently, the weighed powders were placed in a 10-liter ball mill pot
together with zirconia balls as a pulverizing medium, and the ball mill pot was sealed
and rotated for 20 hours for mixing and pulverization. The powder mixture taken out
from the ball mill was filled in a carbon mold and was hot-pressed.

The hot-press conditions were a vacuum atmosphere, a rate of temperature



em ssi on spectrophotonetric anal yzer. The conposition of the sputtering
target 10cal cul ated based on the analytic result was as foll ows.
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the sputtering target was cut out, and the cross section thereof was

polis he?ig{e&f@!@ﬁ%)ﬁ%u‘r@r&t&hﬁgﬁ grﬁ%?ljlagulletﬁ Fo0HE: hd e rgié?ﬁioﬂ'}ﬁn fgo*r@%\;?\s,d‘;"er ©

15uni f or spersed in a y base, but resence o

n(r)]t cl Iealhtiya pm¥sureefi.30 MPa waEﬁnplpiiédieo ftioe @geld fom dbe Istat of thervsanpenatlirerr:sd
that al npst,no CoO remains .in the sputtering target in npar at i ve, Exanpl e
2, [oo58Fedl Basempleyon of the reeation, 4 f&%@@ﬂ%&ﬂﬁﬁ@ycgﬁﬁ%ﬁ?@w P
product i s L0 =1.02- Cr - 0 rdi I e
powder Iﬁgmpﬁégtlogﬁ ﬂ%&é&e%'gg’r” fi ?Iq% H%?}%’?QPE%‘? ééﬁ%rr%@gg %{pa&t) wesr cﬁg\yﬁﬁgaan
aver age lgthet intd ea diisirshapedfsphitienngatadget Ravipgwdediamstengpfat8Gvemagad 25

particle .di amet(gr5 of 3 pmas netal powders, a Si02 powder having an average
parti cl DENERSAS BIM1 pm as an oxi de powder, and a Co- CoO powder having an

avep@ge parti ¢he éﬁm@ﬁngrta@éetlétotrﬁmim@ﬁaae& rEatiPe! | depisity  FTDE9K. Nt BRI
conpact contai ning CoO dispersed in Co (conposition: Co-25nml1% o0) were

pr epar e@ieceheutfoardhe spitieringi tgraal was sHbjeEbla sampgsiliengamnalysds wath: an teP

1864. 6 ¢ .0t ot ' ati g ” :

30. 4800 STES4 T Bect B dRbL Bhlyzen . Te cPesiion ofnihe RRUGRING JArgs <
10epr eseghiedldiyd based onl theiaralytiel result vasvas fpliowsat i 0. Mol ecul ar wei ght
ratio: 60Co- 150r- 12Pt - 651 02- 7000 (ol 99 [ 0060] - 17PCT( JP2011/ 077897
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15 uniformly dispersed in a Co-Cr alloy base, but the presence of CoO was not clearly
confirmed.
From the foregoing results, it was confirmed that almost no CoO remains in
the sputtering target in Comparative Example 2.
[0059]
20 (Example 3)
This is a case of using Co-CoO powder in production of Co-Cr-Pt-SiO2-Cr,03-
CoO sputtering target.
A Co powder having an average particle diameter of 3 um, a Cr powder
having an average particle diameter of 5 um, and a Pt powder having an average
25 particle diameter of 3 um as metal powders, a SiO, powder having an average
particle diameter of 1 um as an oxide powder, and a Co-CoO powder having an
average particle diameter of 150 um prepared by pulverizing a sintered compact
containing CoO dispersed in Co (composition: Co-25mol%Co0) were prepared.
The powders were weighed at the following weight ratio to be 1864.6 g in total.
30 Weight ratio: 30.48C0-10.34Cr-31.04P1-4.78Si0,-23.36(Co-Co0) (wt%)
This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 60Co-15Cr-12Pt-6SiO2-7Co0O (mol%)
[0060]

Subsequently, the weighed metal powders and oxide powder were placed in a
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calculated based on the analytic result was as follows.
63.74C0-12.92Cr-12.13Pt-6.07Si02-1.12Cr,03-4.02Co0 (mol%)
The volume fraction of Co oxide calculated from the target composition was
20 5.4 vol%. A part of the sputtering target was cut out, and the cross section thereof
was polished to observe the structure. A region (A) containing CoO dispersed in Co
and a region (D) containing Cr oxide being present in the periphery of the region (A)
were observed.

From the foregoing results, it was confirmed that a certain amount of CoO

25 remains in the sputtering target in Example 3.
[0062]
(Example 4)
This is a case of using Pt-CoO powder in production of Co-Cr-Pt-SiO,-Cr,0;-
CoO sputtering target.
30 A Co powder having an average particle diameter of 3 um, a Cr powder

having an average particle diameter of 5 um, and a Pt powder having an average
particle diameter of 3 um as metal powders, a SiO, powder having an average
particle diameter of 1 um as an oxide powder, and a Pt-CoO powder having an
average particle diameter of 150 um prepared by pulverizing a sintered compact
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production of Co-Cr- puttering target.
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The mold was naturally cooled after the completion of the retention. The
thus-produced sintered compact was cut with a lathe into a disk-shaped sputtering
20 target having a diameter of 180 mm and a thickness of 5 mm.

[0064] The sputtering target at this time had a relative density of 96.1%. A small
piece cut from the sputtering target was subject to composition analysis with an ICP
emission spectrophotometric analyzer. The composition of the sputtering target
calculated based on the analytic result was as follows.

25 63.29C0-12.99Cr-12.13Pt-6.00Si02-1.02Cr,03-4.57C00 (mol%)
The volume fraction of Co oxide calculated from the target composition was
6.1 vol%. A part of the sputtering target was cut out, and the cross section thereof
was polished to observe the structure. A region (B) containing CoO dispersed in Pt
and a region (D) containing Cr oxide being present in the periphery of the region (B)
30 were observed.
From the foregoing results, it was confirmed that a certain amount of CoO
remains in the sputtering target in Example 4.
[0065]

(Example 5)
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remains in the sputtering target in Exanple
powder with a planetary screw mixer having a ball capacity of about 7 liters for 10

20 minutes. The powder mixture taken out from the planetary screw mixer was filled in
a carbon mold and was hot-pressed.

The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1100°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature

26 rise till the completion of the retention.

The mold was naturally cooled after the completion of the retention. The
thus-produced sintered compact was cut with a lathe into a disk-shaped sputtering
target having a diameter of 180 mm and a thickness of 5 mm.

[0067] The sputtering target at this time had a relative density of 96.1%. A small
30 piece cut from the target was subject to composition analysis with an ICP emission
spectrophotometric analyzer. The composition of the sputtering target calculated
based on the analytic result was as follows.
63.83C0-12.67Cr-12.08Pt-6.03Si0,-1.18Cr,03-4.21C0o0 (mol%)

The volume fraction of Co oxide calculated from the target composition was



(Conpar ative Exanpl e 3) This is a case of not using Co-Co0
powder, Pt-Co0 powder, and Co-Pt-Co0O 10powder in production of

Co-Cr-Pt-Si 02- Cr203- Co0 sputtering targgs. | n Conmpacayipoe1Bargelre 3,
a Co powder having an average particle dianmeter of 3 p.m a C powder
having an average particle diameter of 5 sm and a Pt powder having an
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168. 63CopafichS dianméte? Ot 1608k 0dxide APSHAER3- RefS BrEpardal YThe powders were
weighed at the following weight ratio to be 1864.6 g in total.

Weight ratio: 46.89C0-10.34Cr-31.04Pt-4.78Si0,-6.95C00 (wt%)

This weight ratio is represented by the following molecular weight ratio.

Molecular weight ratio: 60Co-15Cr-12Pt-6Si02-7Co0 (mol%)

20  [0069]

Subsequently, the weighed powders were placed in a 10-liter ball mill pot
together with zirconia balls as a pulverizing medium, and the ball mill pot was sealed
and rotated for 20 hours for mixing and pulverization. The powder mixture taken out
from the ball mill was filled in a carbon mold and was hot-pressed.

25 The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1100°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature
rise till the completion of the retention. The mold was naturally cooled after the
completion of the retention. The thus-produced sintered compact was cut with a

30 lathe into a disk-shaped sputtering target having a diameter of 180 mm and a

. thickness of 5 mm.
[0070] The sputtering target at this time had a relative density of 96.5%. A small
piece cut from the sputtering target was subject to composition analysis with an ICP

emission spectrophotometric analyzer. The composition of the sputtering target



The vol une fraction of Co oxide calculated fromthe target conposition was
0.04 vol% A part of the sputtering target was cut out, and the cross
section thereof was polished to observegjhe structure. | n pFgTeI=ionHOT1IHR,
Si02 and Cr oxide were uniformly dispersed in a Co-Cr-Pt base, but the
presence of CoO0 was not clearly confirmed. From t he foregoing
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The powders were weighed at the following weight ratio to be 1940.6 g in total.
Weight ratio: 27.52C0-9.19Cr-29.564Pt-6.96W-4.55Si0,-22.24(Co-Co0) (wt%)
This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 58Co0-14Cr-12Pt-3W-6SiO2-7C0o0 (mol%)
25 [0072]
Subsequently, the weighed metal powders and oxide powder were placed in a
10-liter ball mill pot together with zirconia balls as a pulverizing medium, and the ball
mill pot was sealed and rotated for 20 hours for mixing and pulverization. The
powder mixture taken out from the ball mill was further mixed with the Co-CoO
30 powder with a planetary screw mixer having a ball capacity of about 7 liters for 10
minutes. The powder mixture taken out from the planetary screw mixer was filled in
a carbon mold and was hot-pressed.
The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1100°C, and a retention time of 2 hours,
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[ 0076] The sputtering target at this tine had a relative density of 97.8% A
smal | From the foregoing results, it was confirmed that a certain amount of CoO

remains in the sputtering target in Example 6.
[0074]
(Comparative Example 4)
20 This is a case of not using Co-CoO in the production of Co-Cr-Pt-W-SiO,-
Cr,03-Co0 sputtering target.

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 um, a Pt powder
having an average particle diameter of 3 um, and a W powder having an average

25 particle diameter of 2 um as metal powders, and a SiO, powder having an average
particle diameter of 1 um and a CoO powder having an average patrticle diameter of 1
um as oxide powders were prepared. The powders were weighed at the following
weight ratio to be 1940.6 g in total.

Weight ratio: 43.14C0-9.19Cr-29.54P1-6.96W-4.55S8i0,-6.62C00 (wt%)

30 This weight ratio is represented by the following molecular weight ratio.

Molecular weight ratio: 58Co-14Cr-12Pt-3W-6Si0O2-7Co0 (mol%)

[0075]

Subsequently, the weighed powders were placed in a 10-liter ball mill pot

together with zirconia balls as a pulverizing medium, and the ball mill pot was sealed
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' uniformly dispersed in a Co-Cr-Pt-W base, but the presence of CoO was not clearly
confirmed.
20 From the foregoing results, it was confirmed that almost no CoO remains in
the sputtering target in Comparative Example 4.
[0077]
(Example 7)
This is a case of using Co-CoO in production of Co-Cr-Pt-Ru-TiO2-SiO-
25 Cr203-CoO sputtering target.

A Co powder having an average particle diameter of 3 um, a Cr powder
having an average particle diameter of 5 um, a Pt powder having an average particle
diameter of 3 um, and a Ru powder having an average particle diameter of 5 um as
metal powders, and TiO; having an average particle size of 1 um and a SiO; having

30 an average particle size of 1 um as oxide powders, and a Co-CoO powder having an
average particle diameter of 150 um prepared by pulverizing a sintered compact
containing CoO dispersed in Co (composition: Co-25mol%Co0) were prepared.

The powders were weighed at the following weight ratio to be 1935.3 g in total.

Weight ratio: 28.26C0-9.44Cr-30.34Pt-3.93Ru-2.07TiO,-3.12Si0,-22.84(Co-



a carbon nmold and was hot - pressed. The hot-press conditions were a
vacuum at nosphere, a rate of tenperature rise of 300C/ hour, a retention
tenperature of 1100C, and a retention taqre of 2 hours, anecg/ppresgormopf 30
MPa was applied to the nold fromthe start of the tenperature t5rise till
the conpletion of the retention. The nmold was naturally cool ed after
t he corrﬁ Qh f the retention. The thus-produced sintered conpact was cut
with a [IFathe |n o a di sk-shaped sputtering target having a dianmeter of 180
mm and a t hi cKhigsseight fationis repéehligteby the followiny maleedarateight matibi re had a
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analytic result was as foll ows.

51. 91Co- 12. 16Sub$<2queﬁﬂy theoRRBightdadEte) podeBsiand- -dXidss poRdarsswetpacedoh %)
The vol u .raﬁ on, of gﬁ(l de. cal cul, a:b ﬂ from tlhe Lar %:-td.corrpoai Bi %n was
25 5.3%y rRalh il pgt t°c9? piith gireorya bafig as qRUVELFing drediymy apddhe Pals
secti onpfigygtOladesedied i e fotatod® BSERYENLHR fdrr Hﬁﬁuﬁ? eandwm.rrzat.éﬁ\) The

contai ni ng CoO dispersed in Co and a region ( al ni ng oxi de bei ng
present ppwdehénwrepm&ep out freen rthgitoall (i) \M@aefuabglémléqd wnth the Co-CoO

o Lol EPORATS 554 5ot R BRI A BBy A4 RS 8 16°

1&xanpl enfiputes. The'B’ov&:ierSnB(tm’eStekéiﬁ oub frous the plamearyiserew adinet was fitied in
Co-Cr- Pt - T| 02- Si OaéNOr 203- Co0 sputtering target. 25PCT/JP2011/077897

| n Conp@rcaf e as het-peSg8der having an average particle di aneter

of 5 P a O TREM rbGY CBAJ BN S YREBLE BB SARRL o rafe & RMpdiaftte.

powder havi ng an B e rage partic anmet er
an aver Hge op300i@heurizarat¢rtiorofenipgratiae afdt 60° @ canmtba seteatidn ahm’ﬁ 62 pouder

havi 5 i cl i . 1 i 02 i
part 1 01 BN AteRgfre, pr S0.0PS e 2BBIRH 1o ik Indi o i ST pbe BietefteS” 29
18i amet efisofil dBoRPIENNTST theYepntioker e prepared. The pouders vere wel ghed

at the followng wight ratio to be 1935.3 g in total.
rati o: 44.30Cbhe.maldr wae. satprally. Medzaftﬁrlttmc@npwoozofatmmen(m%The)Thl S

wei ght {h%ts' &ro'dacég Irﬁ(%reerflI %gm%\éc r\}veas]c 8l|.lt| with"? Iaqﬁleelﬁol &' ik sﬁapeé aL-*,tpu?terlng
target having a diameter of 180 mm and a thickness of 5 mm.
[0079] The sputtering target at this time had a relative density of 98.6%. A small
20 piece cut from the sputtering target was subject to composition analysis with an ICP
emission spectrophotometric analyzer. The composition of the sputtering target
calculated based on the analytic result was as follows.
61.91C0-12.16Cr-12.14Pt-2.98Ru-1.96TiO2-4.03Si0,-0.96Cr,03-3.86Co0 (mol%)
The volume fraction of Co oxide calculated from the target composition was
25 5.3 vol%. A part of the sputtering target was cut out, and the cross section thereof
was polished to observe the structure. A region (A) containing CoO dispersed in Co
and a region (D) containing Cr oxide being present in the periphery of the region (A)
were observed.
From the foregoing results, it was confirmed that a certain amount of CoO
30 remains in the sputtering target in Example 7.
[0080]
(Comparative Example 5)
This is a case of not using Co-CoO in production of Co-Cr-Pt-Ru-TiO2-SiO,-
Cr,03-Co0 sputtering target.
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together with zirconia balls as a pul vepszi ng nedi um and AgTeIA2ali/077dalr pot
was sealed 15 and rotated for 20 hours for m xing and pul verization. The
powder m xture taken out fromthe ball mll was filled in a carbon nold and

was hot - press ; p (R a&im : ere,
a rate of tenpﬁgpgp Lﬂaeratr“lles;E-QgFIbg%gc% ﬁ%ﬁp ng%'rrfg g'ﬁ' i%}ﬁétsee%ﬁ)eéra u?l.ga&olémﬁ%oc,
arp]d a Iref ]ghp'm)rr?] tGmpowﬂeEfHamr:rgsanaaubragermﬁglgedi_amew fyrs pﬁms aam:powbldro f
t he no romthe start of the tenperature rise ti the conpletion o
the ret gﬁt’i“&n@“ AYEr3AR Rallicle diametarisf ¢ oo .anther B Reyderohgyiag iashavgragge

Centi _ _ ' . _ . . a
i sk shEamiekd Bicheter PP R Shlel pRACRATIAR) o Ay Wil fadind BT RdrBhe 2
of 5 mmpaftisgirerod 1spmt BeSiOagpavadaydiaving aniavetageeparéidleadiamieter ofel gdenandy of

98.3% A | 5 pi t f th (g i t bj Tt
composi £ GHOARAKTE: BaVinG irhAve EBecATSR HIoUEe T ROY EirebTiE RAEES diTe The
conposi prépared. t Mhe HowWdeRs WidetvdsigRed G kise! Fallofihd dershtaatib e baned3s 3 ¢ in

result was as foll ows.
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26PCT/ JP2011/ 077897 the sputtering target in Conparative Exanple 5. [0083]
(Exanpl e 8) Subsequently, the Meighed poveders wéreuplavgdCm €o00-literpbaltimaill ipmt of

Co- Cr- Pf - B203- Si.02- Cr 203- 5Co0 sputtering target. A Co .powder havi ng
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following weight ratio to_be 1900.0 in total.
and a pressure of 30 MPa was applleag to the mold from the start of the temperature
20 rise till the completion of the retention. The mold was naturally cooled after the
completion of the retention. The thus-produced sintered compact was cut with a
lathe into a disk-shaped sputtering target having a diameter of 180 mm and a
thickness of 5 mm.
[0082] The sputtering target at this time had a relative density of 98.3%. A small
25 piece cut from the sputtering target was subject to composition analysis with an ICP
emission spectrophotometric analyzer. The composition of the sputtering target
calculated based on the analytic result was as follows.
66.66C0-8.99Cr-12.28Pt-3.02Ru-2.00TiO,-4.07Si0,-2.96Cr;03-0.02C0o0 (mol%)
The volume fraction of Co oxide calculated from the target composition was
30 0.03 vol%. A part of the sputtering target was cut out, and the cross section thereof
was polished to observe the structure. In the structure, TiO,, SiO,, and Cr oxide
were uniformly dispersed in a Co-Cr-Pt-Ru base, but the presence of CoO was not
clearly confirmed.

From the foregoing results, it was confirmed that almost no CoO remains in
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sputtering target in Exanple 8.
Molecular weight ratio: 60C0-14Cr-12Pt-2B,03-5Si0,-7C00 (mol%)
[0084]
Subsequently, the weighed metal powders and the oxide powders were
placed in a 10-liter ball mill pot together with zirconia balls as a pulverizing medium,

20 and the ball mill pot was sealed and rotated for 20 hours for mixing and pulverization.
The powder mixture taken out from the ball mill was further mixed with the Co-CoO
powder with a planetary screw mixer having a ball capacity of about 7 liters for 10
minutes. The powder mixture taken out from the planetary screw mixer was filled in
a carbon mold and was hot-pressed.

25 The hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1000°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature
rise till the completion of the retention.

The mold was naturally cooled after the completion of the retention. The

30 thus-produced sintered compact was cut with a lathe into a disk-shaped sputtering
target having a diameter of 180 mm and a thickness of 5 mm.

[0085] The sputtering target at this time had a relative density of 98.2%. A small
piece cut from the sputtering target was subject to composition analysis with an ICP
emission spectrophotometric analyzer. The composition of the sputtering target
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1 um as oxide powders were prepared. The powders were weighed at the following

20 weight ratio to be 1900.0 g in total.

Weight ratio: 46.71C0-9.62Cr-30.93Pt-1.84B,03-3.97Si0,-6.93Co0 (wt%)
This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 60Co-14Cr-12Pt-2B,03-5Si0,-7C0o0 (mol%)

[0087]

25 Subsequently, the weighed powders were placed in a 10-liter ball mill pot
together with zirconia balls as a pulverizing medium, and the ball mill pot was sealed
and rotated for 20 hours for mixing and pulverization. The powder mixture taken out
from the ball mill was filled in a carbon mold and was hot-pressed.

The hot-press conditions were a vacuum atmosphere, a rate of temperature

30 rise of 300°C/hour, a retention temperature of 1000°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature
rise till the completion of the retention. The mold was naturally cooled after the
completion of the retention. The thus-produced sintered compact was cut with a

lathe into a disk-shaped sputtering target having a diameter of 180 mm and a



Fromthe foregoing results, it was confirmed that alnost no Co remains in
the sputtering target in Conparative Exanple 6. 15[0089] (Exanple 9)

This is a case of using Co-CoO in produggion of Co-Cr-Pt- pgaQfrooh807re000
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and a rg '?ﬁ} time of 2 hours, 5and a pressure of 30 MPa was applied to

t he nol omthe start of the tenperature rise till the conpletion of the
retenti on. From thé doregioihgvessuiist itreas wonfivhed tladtt @imdsheocOol mmainsdf t he

retenti r oduced SI tered c act was cut with a lathe into a
di sk-sh %PLE%U 3?[9%(3 arﬁ E@‘aa‘pg‘?ngrret er of 180 nm and a thickness
19f [Sosgim 10 [0091] The sputtering target at this tinme had a relative density

of 99.3% A small piece cut fromthe sputtering target was subject to
COnMposi t {(oxaraplel9)si s with an | CP eni ssi on spect rophot onetric analyzer. The
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sputtering target.
A Co powder having an average particle diameter of 3 uym, a Cr powder
20 having an average particle diameter of 5 um, and a Pt powder having an average
particle diameter of 3 um as metal powders, and Ta,Os having an average particle
diameter of 2 um as an oxide powder, and a Co-CoO powder having an average
particle diameter of 1560 um prepared by pulverizing a sintered compact containing
CoO dispersed in Co (composition: Co-25mol%Co0) were prepared.
25 The powders were weighed at the following weight ratio to be 2290.0 g in total.
'Weight ratio: 34.51C0-9.84Cr-27.69Pt-13.07Ta;05-14.89(Co-CoO) (wt%)
This weight ratio is represented by the following molecular weight ratio.
Molecular weight ratio: 64.5C0-16Cr-12Pt-2.5Ta,05-5Co0 (mol%)
[0090]
30 Subsequently, the weighed metal powders and oxide powder were placed in a
10-liter ball mill pot together with zirconia balls as a pulverizing medium, and the ball
mill pot was sealed and rotated for 20 hours for mixing and pulverization. The
powder mixture taken out from the ball mill was further mixed with the Co-CoO

powder with a planetary screw mixer having a ball capacity of about 7 liters for 10
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and a region (D) containing Cr oxide being present in the periphery of the region (A)
were observed.

20 From the foregoing results, it was confirmed that a certain amount of CoO
remains in the sputtering target in Example 9.
[0092]
(Comparative Example 7)
This is a case of not using Co-CoO in production of Co-Cr-Pt-Ta,05-Cr,03-
25 CoO sputtering target.

In Comparative Example 7, a Co powder having an average particle diameter
of 3 um, a Cr powder having an average particle diameter of 5 um, and a Pt powder
having an average particle diameter of 3 pm as metal powders, and a Ta,Os powder
having an average particle diameter of 2 um and a CoO powder having an average

30 particle diameter of 1 pm as oxide powders were prepared. The powders were
weighed at the following weight ratio to be 2290.0 g in total.

Weight ratio: 44.97C0-9.84Cr-27.69Pt-13.07Ta,05-4.43Co0 (wt%)

This weight ratio is represented by the following molecular weight ratio.

Molecular weight ratio: 64.5Co-16Cr-12Pt-2.5Ta;0s-5C0o0 (mol%)
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The volume fraction of Co oxide calculated from the target composition was
0.04 vol%. A part of the sputtering target was cut out, and the cross section thereof
20 was polished to observe the structure. In the structure, Ta;Os and Cr oxide were
uniformly dispersed in a Co-Cr-Pt base, but the presence of CoO was not clearly
confirmed.
From the foregoing results, it was confirmed that almost no CoO remains in
the sputtering target in Comparative Example 7.
25  [0095]
(Example 10)
This is a case of using Pt-Co30,4 in production of Co-Cr-Pt-SiO,-Cr,03-C0304
sputtering target.
A Co powder having an average particle diameter of 3 um, a Cr powder
30 having an average particle diameter of 5 um, and a Pt powder having an average
particle diameter of 3 pm as metal powders, and a SiO, powder having an average
particle diameter of 2 pm as an oxide powder, and a Pt-Co304 powder having an
average particle diameter of 150 um prepared by pulverizing a sintered compact
containing Coz0, dispersed in Pt (composition: Pt-10mol%Co030,) were prepared.



15rise till the conpletion of the retention. The nmold was naturally
cooled after the conpletion of the retention. The thus-produced sintered

conpact was cut with a lathe into a di s§t shaped sputteri ngpdTarpet1/bargong a
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ratio. AR4SaR5uIEoPEb MBh\Ras Sppfied f e Rioid from fhe: St of the terdperature
15 rise till the completion of the retention.
The mold was naturally cooled after the completion of the retention. The
thus-produced sintered compact was cut with a lathe into a disk-shaped sputtering
target having a diameter of 180 mm and a thickness of 5 mm.
[0097] The sputtering target at this time had a relative density of 96.8%. A small
20 piece cut from the sputtering target was subject to composition analysis with an ICP
emission spectrophotometric analyzer. The composition of the sputtering target
calculated based on the analytic result was as follows.
65.69C0-10.17Cr-15.95Pt-7.02Si0,-0.80Cr,03-0.37C0304 (Mol%)
The volume fraction of Co oxide calculated from the target composition was
25 1.7 vol%. A part of the sputtering target was cut out, and the cross section thereof
was polished to observe the structure. A region (B) containing Coz04
dispersed in Pt and a region (D) containing Cr oxide being present in the periphery of
the region (B) were observed.
From the foregoing results, it was confirmed that a certain amount of Co30,
30 remains in the sputtering targét in Example 10.
[0098]
(Comparative Example 8)
This is a case of not using Pt-Co30, in production of Co-Cr-Pt-SiO,-Cry0s-
Co304 sputtering target.



10[ 0099] Subsequently, the weighed powders were placed in a 10-liter
ball mll pot together with zirconia balls as a pulverizing nmedium and the

ball mll pot was seal ed and rotated fogz 20 hours for m XipEgr/&#¥d11/077897
pul verization. The powder mixture taken out fromthe ball mll was filled
in a carbon nold and was hot-pressed. 15The hot-press conditions were a

t
Vemperature. off Coeraic EXapiER; pard podel Pedng g SV6e ntib BBl 5o
MPa was ofBRkrhed ¢|0pb\haefrﬁbdm§ramv gét;?értlcléfdléﬁ%téreéw rlm Wil Biftgdwddr t he
conpletion of the retention. The nold was naturally coo ed after the

conpl et iheMingf an lyerage partisie dwmeuenﬁspuasua%emetgl ROWAEES, AthacRiCaarowdar

T80 mn SA4TH ThelehsB e AR s L hEl o d EbRG PPRNSERGE AMB Eacl | g
a rel aE !p\aet{dlteel&etcyf OfunS)'ésB&kldé\psmelrs weﬁeepre?aégﬂr O_Fﬁhe_l'mow@erst\?enenﬁeigaegtet_
spectropnotonetri c
gﬁ:l ;ge{a?ﬁﬁé’ﬂegfo ‘g’fsellg rat anahéagég\&%m %alt ar g:{n Zglcglnculoat ed Eased on
the analytic W&gmra\%uem #@@r-3817pt-514s|o§2 p4Co0p, (Wt%)

66, 72Co- 9. 20Cr - 15. 87Pt - 6. 98Si 02- 1. 23Cr 203- 0. 00C030 ~ Since
Cosa, was not Tbisnweightgtia isgepmqeomd bxothe/\mtlowpgemmwwelgbt Gio. A part of

the sputterin arqget was,cut . S,se reof was

polished to o&?i??}gacrwg'gi]ttF?Lhﬁ'%@o'ﬁﬂef'hgsg?%@%'aé& ?'89 ahd O oxide were
10ni pewo y di spersed 30in a Co-Cr-Pt base, but the presence of Co304 was not
clearly confirned. Fromthe foregoing results, it was confirmed that

al nost no Co38ubseqnently, ithe yweighpd pawders waf@@daqewl cb@paedmervbalb@lﬂmcé 8.
01011T
Ehough t&%e a‘%‘ﬁﬁﬁ%’f}%ﬁ%l@é&g@e&gn beP({)b ﬁ&{ lfie Qﬁég‘ﬁgeb?ﬁcml"%&%éeé‘%%?

cover t badeotate@for&’&?ﬁﬂiummﬁ@w polvesizatien.r ditge powtibe atistute takenssutof
exa s were confirmed in the volune fraction of Co

t he abo e cr|
oxi de off® EWCIHWP\% iHeg 8 capban Biold aad Was hotrRIesERed. to the sputtering

1karget. [Olozi'he hot-press conditions were a vacuum atmosphere, a rate of temperature
rise of 300°C/hour, a retention temperature of 1100°C, and a retention time of 2 hours,
and a pressure of 30 MPa was applied to the mold from the start of the temperature
rise till the completion of the retention. The mold was naturally cooled after the
completion of the retention. The thus-produced sintered compact was cut with a

20 lathe into a disk-shaped sputtering target having a diameter of 180 mm and a
thickness of 5 mm.

[0100] The sputtering target at this time had a relative density of 97.3%. A small
piece cut from the sputtering target was subject to composition analysis with an ICP
emission spectrophotometric analyzer. The composition of the sputtering target

25 calculated based on the analytic result was as follows.
66.72C0-9.20Cr-15.87Pt-6.98Si0,-1.23Cr,03-0.00C0304 (Mol%)

Since Co30,4 was not contained, its composition was represented as 0.00. A
part of the sputtering target was cut out, and the cross section thereof was polished to
observe the structure. In the structure, SiO; and Cr oxide were uniformly dispersed

30 in a Co-Cr-Pt base, but the presence of Co;04 was not clearly confirmed.

From the foregoing results, it was confirmed that almost no Co3;04 remains in
the sputtering target in Comparative Example 8.

[0101] The above-described examples show typical examples. In addition, though
the amount of Co oxide described in the appended claims does not cover the entire



5The present invention can provide Co-Cr-oxide system and Co- Cr- Pt - oxi de
system sintered conpact sputtering targets having regions (A) containing Co
oxi de dispersed in Co. In the peripheryspf the region (A) peanreom/0Lrs97

di spersed Co oxide, a region (D) containing Cr oxide is fornmed by a
reaction of Co oxide with C diffused during the sintering. The use of a
powder e r t i de
i spor s Ba°TRIec 5SS SR oo erbrnd e deborbRIAEm RS vierg' ihsitiedth 0

i nto di treevolane frattiorsehCe axidd oftl vol%orGhorvamd 20 wi%endesaivithaespagieoi n
which the sintering reaction sufficiently proceeds. That is, Co functions
as a bufhesPutteriNadAEgRt. t he contact, and thereby the region where effective
Co gxbde is dispersed can be maintained in the sintered conpact sputtering
target. 15 [0103] Thus, the present invention can provide Co-Cr-oxide system
and Co- Cr - Pt - Theipteseyts inventie reen provides G Crioxidpe sgstehaandale-GePbaxide

di spersed in Co re i ni n and have suff ci.ent sjnte |)n$qnqen3|

to.
decr oas SYHRE SOLSIRASRIBPEst BRYHSTING, Brdsts haviag redions, Sibing, Gocsre
possi bl GIS}‘J@ré(éBr iM @o9r ﬁﬂfﬂ@ber’i@%}?tdf%é 'ré@'bhel)ﬂ') @gnfé?ﬁlh fd?§ﬁéf§¥d CHWBRHECa

characteristics wthout causing a reduction in yiel gue to 20 occurrence
of part regies (D) goptaininguCaoxidehis formedray ameantmlmmfcﬁmwndmwdb Codiffused

oy, ARSI g OB bRl e o i

184PCT/ J B2fpacOdoraining-So\bxide d&p%rs‘,édirrﬁdom%weﬁrﬁgliréwrmé@nblaﬂimtents Co
conpri si base cont ai ni ng and, Cr as the netal

conponeﬁt"ge from eningkinie @T%é@@"rwat%@oﬂ?é% W'%&Teﬁ"@n in a tempgrature
d
sputter téJQ;Ietnlﬁ cygﬁ gl?%s%téﬁﬁq:%%gt%n'%m&ﬁ/ gﬁr&c@gbé’ o fri%t dﬁoﬁhefbﬂétﬂﬂtscél‘t QX' e

di sperse regio cont béi'ng presen
the per byffer fo prevdnd thegcomtact)ared ¢hénsby utiedregion tvdwereta"fedtweeCoZomeéles

sintered. co ct s utter cording to C wherein the
10t ar gea i %Imqlﬂ aﬁ??‘%%@ﬁts'%? %{ ’HBP%%U"%B'PS%QWMS nol % or | ess
18S [61'0@1 et aI Fm@%@”éresént ﬁw%'n'ﬂbﬁrc%iﬁ BFHG?@&tCo'iB‘r'IoB(ﬁfé teA 9RH €&/ [F’t§' ng:

a metal base containi ng Co, as the netal onents; an
oxi de doggersye@nn magnetl@anetermargets tmlt have Lt oxidé d@pteaseﬁatn Gasremalnlng

structu A), cont in e dIS
regi on %@? h@xﬁtaagﬂﬁ' Gngg rﬁ;mré%)dgpg%fl%gacr%ﬁsgttﬁgrocgupga (péjt c@%%tcﬁﬁf"ﬁg ng
Co oxi deputteiprl se¢t i@ tﬁ@r&br@nﬁo@slmégwnfohﬁ) a:cgrbﬁuralrnswa@fneﬂél fien aRslikg! ng
present in the periphery of the region t) , or (C) are included in the
met al bgaiisfactory magnetic characteristics withou causmg a reduction in yield due to
20 occurrence of particles. In particular, the present invention contributes to an increase
in recording density and a reduction in noise in a hard disk medium employing a

perpendicular magnetic recording system.



204. The sintered conpact sputtering target according to Caim3, wherein
the target conprises O in an anmount of 0.5 nol % or nore and 30 nol % or

|l ess and Pt in an amount of 0.5 nol % or3gore and 30 nol % @CT/.899168718%¢
nmet al conponents. 5. The sintered conpact sputtering target according to any
one of Clains 1 to 4, wherein the Co oxide is at | east one selected from
Co, Co0203, and Co304. 25 6. The si nw\?\ﬂscorrpact sputtering target
according to any one of Clainms 1 to 5, erein the Co oxide has a vol une
fraction of 1 vol% or nore and 20 vol % or less with respect to the
sputtering target. 7. The sintered conpact sputtering target according to
any onelof O Aisirtered gompactspuyttaringddargat SOMPrisind:east one gxi de of gl enent
selected fro i i, : a, and Ce as
an oxi de di sparaeigtPasyRenBinith Goand Erasihd e comeshephands: 205 (X
6B), or (C) aad oxite diepersed(ibthe base,Whessimt er ed conpact sputtering target

of ement | Sel acTB SRR 2rget Ras Restrugture i, Witen & jg8ion (A3 Ratlaining ta OdABunt
of 15 naishepsed % CESarl B rédioR OfPOBEAaIning XEICHxitR2 ahd/ Qéiﬁégﬁres%nt Iﬁtecge8

sintered conpact sputterin arget’ according to any one of ai s
havi ng Qefléh%ﬁyiQféhﬂéﬁ@pﬂjAgﬂTQU%uﬂedﬂDrtbe metel baseret hod of producing a

sintered co Il r | S t cont ai ni.ng, Co
and & 35 tno e SRt st d SilneRh gl drBy B o 3 cr il o
10et hod target cempgses Cr in anraxiouht af [05ehes ] %0 oe padredamy 48unvik icri 18gs as the
sintered orr(’pact contai ning Co oxide dispersed in Co, a Co powder, and a Cr
power ; H}ﬁcia' ompon&flessure-sintering the resul ting povvﬁer m'xture(t)o

rovi deqa spu L i in which a region (A

(F:)ont ai ni3'ng &Atgﬁ%é&d{’@ﬁg?ﬁw{ﬁ?ﬁgqgwQBWF%H. on (D) containing Cr oxide
and bei ng pr eaamttal baseheomtainindg Eoy Cof and Pt as ¢he metal) canponents; and

an oxide dispersed in the base, wherein

15 the sputtering target has a structure in which a region (A) containing Co oxide
dispersed in Co or a region (B) containing Co oxide dispersed in Pt or a region (C)
containing Co oxide dispersed in Co-Pt and a region (D) containing Cr oxide and
being present in the periphery of the region (A), (B), or (C) are included in the metal
base.

20 4. The sintered compact sputtering target according to Claim 3, wherein the
target comprises Cr in an amount of 0.5 mol% or more and 30 mol% or less and Pt in
an amount of 0.5 mol% or more and 30 mol% or less as the metal components.

5. The sintered compact sputtering target according to any one of Claims 1 to 4,
wherein the Co oxide is at least one selected from CoO, C0,03, and Co30,.

25 6. The sintered compact sputtering target according to any one of Claims 1 to 5,
wherein the Co oxide has a volume fraction of 1 vol% or more and 20 vol% or less
with respect to the sputtering target.

7. The sintered compact sputtering target according to any one of Claims 1 to 6,
further comprising at least one oxide of element selected from Co, Cr, Mg, B, Al, Si, Ti,

30 V, Mn, Y, Zr, Nb, Ta, and Ce as an oxide dispersed in the metal base in a region other
than the region (A), (B), or (C) and the region (D).

8. The sintered compact sputtering target according to any one of Claims 1 to 7,
further comprising at least one element selected from B, Ti, V, Nb, Mo, Ru, Ta, W, Ir,

and Au in an amount of 15 mol% or less as a metal component.



included in the netal base. 11. The nethod of producing a sintered conpact
sputtering target according to C aim 10, wherein the target conprises C in

an anount of 0.5 nol % or nore and 45 nogdo or | ess as the peiralp2oeorsent .
1512. A net hod of producing a sintered conpact sputtering target conprising
a netal base containing Co, C, and Pt as the netal conponents and an oxi de

dis ers in r

pr eBare " by ptﬁgémgr%dgagﬁggﬁ %?@%gét%gﬁ{ddn%t%aﬁw g?fg%%mqggetﬁ) séd in
Co, Pt, hamngca%latuve dengityvefeg0% rithoreowder, and a G power; and 20
pressure-sint er| the resulting powder m xture to provide a sputterin

target A8vi ngAal Qﬂ:tQﬁrEOF’HC'\Wﬁl arsinterad empagt sRIRtesing t?@g@jocempaémg
di sper Sﬁ%tblnb 86nt§|rﬁ@bg>2?léc§brca%%§'rﬂ f&gcg@ggﬁlteﬂfi i BRToxfReE Hl?Bgfseﬂrlna

regi on al ni ng dlsperse a region

sont ai nthegb&¥e, dké deethod doeiprising:esent in the periphery of the region (A,
2513. The net hod , of roducbng a

B C | uded
it ered. conpaing g POBShPreBRSE: DARUNSIEING BosiniEish ComPaR domHn e

target QEBIdigSSTsEY i 2B @arwwdeefarmémrﬁo%érraﬁ@re and 30 nol % or |ess
and Pt in an anount of O. | % or nore and 30 nol % or | ess as the netal

conmponents. mzessmraesméenrngjthﬁ resuliingcpoydar slixitieg tal ponige ét sppteringrtargst

bt PonsPE0RE 4 ek s B WhiPRG MaiSh I Brdiife o oY Gifelntf nchnta’
19r oduci regien $Dytertathing Oraide and beirgigresanipt thaqre Tp«s\teﬁ,gof mea@gmn@\)ca‘re
Clains 10 to 14, wherein the Co oxide has a vol ume action of vol % or

more anihciusieghndhe metakhasg.t h respect to the sputtering target.
36PCT/ Jp201119¢L aﬁgthoHG%f ﬁgﬁdgﬁﬁ:gd&ﬂ{er @%@d&’ s%gﬁ#ﬂﬁ@égfhﬁ%%ﬁﬁil

sputtering target accor y one 0 erern
powder @iaitut@ wWberen theatairggt o‘:mmphses Ommplanmoamt ofe@Stmolie orxmore arid 45
el ement _sel ected fr 'Y'ﬁ : | Ti, V, M, Y, Zr, No, Ta, and
Ce as aﬂ’oi ,Q{éef%aﬁghgpwglr%'ap?rpp he netal base in a region other 5than

hsarebien, kB o o 4B gl shdogfhoai s
metal base containing Co, Cr, and Pt as the metal components and an oxide
dispersed in the base, the method comprising:

mixing a powder prepared by pulverizing a sintered compact containing Co
oxide dispersed in Co, Pt, or Co-Pt, a Co powder, a Pt powder, and a Cr power; and

20 pressure-sintering the resulting powder mixture to provide a sputtering target
having a structure in which a region (A) containing Co oxide dispersed in Co or a
region (B) containing Co oxide dispersed in Pt or a region (C) containing Co oxide
dispersed in Co-Pt and a region (D) containing Cr oxide and being present in the
periphery of the region (A), (B), or (C) are included in the metal base.

25 13. The method of producing a sintered compact sputtering target according to
Claim 12, wherein the target comprises Cr in an amount of 0.5 mol% or more and 30
mol% or less and Pt in an amount of 0.5 mol% or more and 30 mol% or less as the
metal components.

14. The method of producing a sintered compact sputtering target according to

30 any one of Claims 10 to 13, wherein the Co oxide is at least one selected from CoO,
C0,03, and Co30,.

15. The method of producing a sintered compact sputtering target according to
any one of Claims 10 to 14, wherein the Co oxide has a volume fraction of 1 vol% or

more and 20 vol% or less with respect to the sputtering target.



any one of Clainms 10 to 16, wherein the nmetal powder for sintering further
conprises at |east one elenent selected fromB, Ti, V, No, M, Ru, Ta, W
Ir, and Au in an anmount of 15 nol % or | ggs as a netal conpaneIr2010188oFhe
met hod of producing a sintered conpact sputtering target according to any
one of Clainms 10 to 17, wherein the sintered conpact target has a relative

density @f 90%Qr AU of producing a sintered compact sputtering target according to
any one of Claims 10 to 15, wherein the powder mixture for sintering further
comprises at least one oxide of element selected from Co, Cr, B, Mg, Al, Si, Ti, V, Mn,
Y, Zr, Nb, Ta, and Ce as an oxide to be dispersed in the metal base in a region other

5 than the region (A), (B), or (C) and the region (D).
17. The method of producing a sintered compact sputtering target according to
any one of Claims 10 to 16, wherein the metal powder for sintering further comprises
at least one element selected from B, Ti, V, Nb, Mo, Ru, Ta, W, Ir, and Au in an

amount of 15 mol% or less as a metal component.
10 18. The method of producing a sintered compact sputtering target according to
any one of Claims 10 to 17, wherein the sintered compact target has a relative density

of 90% or more.



