PCT/ JP2011/ 051766 DESCRI PTI ON SPUTTERI NG TARGET OF FERROVAGNETI C MATERI AL
W TH LOW GENERATI ON OF PARTI CLES 5 TECHNI CAL FI ELD (00011The present
invention relates to a sputtering target of ferromagnetic REU/E2HISI®EE use
in the deposition of a magnetic thin filmof a magnetic 10 recording

medi um and particularly for use in the deposition of a magnetic recording
| ayer of a hard di sk based on the %G&F&Nar magneti c recordi ng system
and to a sputtering target with | ow generation of particles which has |arge
pass-through flux and enables a stable el ectrical discharge when sputtered
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on Co, Fe or Ni as ferromag Sa 20 magnetic-thin-film
material which is used for the recording. For exanple, Co-Cr-based or

Co-Cr-Pt-based ferromagnetic all risj Co as its main conponent are
used for the recording |ayer of -ﬂ%&'a’m%&ﬁ@&d on the | ongitudinal
magneti c recordi ng system Mbreover, conposite materials of a

Co-Cr-Pt-based ferromagnetic 25 all Oéégorrpri sing Co as its main conponent
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erformng sputtering with, a ferr,o netic utt.eri ng target, havin .he
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target, the | ti ng met hod or the powder-netall urgi hod nay be
35cons| der od?hieh a3 1Agge ﬁ@é%gaaﬂquﬁ%ﬁﬂepﬁnams @ostgaﬁg@@tctrm'@g%r%d is

when sputtered with a magnetron sputtering device.
15
BACKGROUND ART

[0002] In the field of magnetic recording as represented with hard disk drives,
a material based on Co, Fe or Ni as ferromagnetic metals is used as a
20 magnetic-thin-film material which is used for the recording. For example,
Co-Cr-based or Co-Cr-Pt-based ferromagnetic alloys comprising Co as its
main component are used for the recording layer of hard disks based on the
longitudinal magnetic recording system.

Moreover, composite materials of a Co-Cr-Pt-based ferromagnetic
25 alloy comprising Co as its main component and nonmagnetic inorganic
substances are often used for the recording layer of hard disks based on
the perpendicular magnetic recording system which was recently put into

practical application.
[0003] A magnetic thin film of a magnetic recording medium such as a hard
30 disk is often produced by performing sputtering with a ferromagnetic
sputtering target having the foregoing materials as its components in light of

its high productivity.
[0004] As a method of manufacturing this kind of ferromagnetic sputtering
target, the melting method or the powder-metallurgical method may be
35 considered. It is not necessarily appropriate to suggest which method is



2PCT/ JP2011/ 051766 better since it will depend on the demanded
characteristics, but a sputtering target conposed of a ferromagnetic all oy
and nonmagnetic inorganic grains, which2is used for form ngCubrR0t1&50168I ng

| ayer of hard di sks based on the perpendi cul ar magnetic recordi ng system
is generally manufactured wth powder netallurgy. This is because the
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sputtering LALpels atmosphere.

[0008] Here, inert gas is ionized, plasma composed of electrons and positive

U

30 ions is formed, the positive ions in this plasma collide with the target
(negative electrode) surface to discharge the constituent atoms of the target,
and the extruded atoms adhere to the opposing substrate surface to form a
film.  The sputtering method employs a principle where the material
configuring the target is deposited on the substrate as a result of performing
35 the sequential process described above.



[0011] After the sintering, the coarse netal grains forma netal phase,
whi ch has a conponent conposition different fromthe nother phase, the
specific 20 perneability of the sputte8ing target | essenspcaorRotins1766
pass-through flux increases, Thereby, it has been possible to achieve a
stabl e di scharg\:§ However, if this nmetal phase was fornmed, particles have
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during the sputtering, and has the inproved pass-through flux. [0012]1In
order to achieve the foregoing object, as a result of intense study,

thg present inventors di scoves@RMMARY @F INNVENTMIKh a | arge pass-through
flux 30and | ow generation of particles can be obtained by adjusting the
target structure. [0013] Based on the foregoing discovery, the present

i nventy provi des, in ar UNTR i j Ng di rised
ferr or[rgdélrr?«]eti C rrat%}nlei%ﬁ\)l( n %ﬁé’ng‘nrﬁagne r|]‘;5§F()(\:1r{r1al ns@ci;lo si(efsetg?%gq%fu%%c@s are
di sper sed i peafagBmspaittehiang mgtha ac depropiagneticc sputiering gtazgetyromkicbr of ¢bs of
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ox0des are desprragmetioi hddy) endottrsrefore! de pass-thriwgjh filbasdl deredsyang a
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peri phery Ofspﬁﬁtbﬁh%m?&ﬁéfdiécﬁiarbé iSUHsIbIé @%en iPAWiddHargd RO HIRI N Si ze of
the netal phases (B) is 10 pmor nore and 150 pm or | eSs. [t0014] The present

i nvention additi Bhaldsy teraxareede thjsapehleme it is knosrghat ghe target structure
tic-grakRyd WG terl i I CF mgnetic
Gr o neconsl o1 TeRiBhERE Fiale YDA by ind Bl F6arde Bt Ehd ANTBANC]
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basi s net al ,spaﬁdriﬁgttg&geq_hases 15 (B) having a conponent conposition
different fromthe basis netal within the phase (A), the area ratio .
occupil®@® by oxi dBenthesinterings theosrarse mes geinefopara pialalplaseryhich

phases (B) ihss89%mMpdrieht ¢ difi6n AFERAE iRk FhdthePbhbls, IR pebifi@ses
(B) is 10 pmor nore and 1 pm or | ess.
20 permeability of the sputtering target lessens, and the pass-through flux
increases. Thereby, it has been possible to achieve a stable discharge.
However, if this metal phase was formed, particles have tended to increase.
In light of the foregoing problems, this invention aims to provide a
ferromagnetic sputtering target, which is capable of obtaining a stable
25 electrical discharge when sputtered with a magnetron sputtering device, and
capable of low generation of particles during the sputtering, and has the

improved pass-through flux.

[0012] In order to achieve the foregoing object, as a result of intense study,
the present inventors discovered that a target with a large pass-through flux
30 and low generation of particles can be obtained by adjusting the target
structure.
[0013] Based on the foregoing discovery, the present invention provides:

1) A sputtering target of nonmagnetic-grain-dispersed ferromagnetic
material in which nonmagnetic grains consisting of oxides are dispersed in a
35 metal having a composition containing 20 mol% or less of Cr, and Co as the



[ 0015] The present invention further provides: 203)The sputtering target of
ferromagnetic material according to 1) or 2) above, wherein the average
| ong di ameter of oxides existing withind2 pmfromthe nost POUIRRO1IEEII6Pher y
of the nmetal phases (B) is 10 pmor l|ess. [0016] The present invention
additional ly provides: 4) The sputtering target of ferromagnetic
material acd8MAiRGer owhaieianthexsarget) s&r@cfsye apsldeswaepbppet (o) fetwhicphase

(B) is a flgl,phaschavidigs n§‘é‘ﬁh Bt &5 taré?iép%r?é i rtn‘& l}a metal
aofeto b L

[ 0017] The presen I'on pr OVI
target of feancbntejabphaseat(Br)lrsdvnag-cdmp@nteota:mynmmtlm d11)‘e|tent4borattbee

wherei n the netal on
12710 weos o R ety iairing BhaselfitheaBRdRTP IS Py ies Wi
spgttering tan gﬂimQﬁebeépﬁagﬂe{beﬂpﬁaV%ﬂ mbta-?lwsélsn@gt e 80% @N‘és@f aihh tO
5) above, wherein one or nore elenments sel ected rom , ,

Ru, My, Ta, taﬂcﬁ\'\ﬁfﬁg% Ha §Izﬁe@lf e medak phases éRbin 40 vsh’mh‘Prn”’[QFG Q!E’r éﬁee of
0.5 nol % or 10 nmol % or | ess. [0019] The present invention further
provi des: 7) e s utterlng target of ferromagnetic material according to
any orfeois{ 1) toT ® raeeent invkotien mdditeonallyprosides: occupi ed by the netal

Phoses S hvendh SRERBGSE; I obr DR AG DR 8 st Aol e
albarge pas sndaﬂewmhghwhiaixnommﬂgababIgeamb&mmusimlg ofi eites gee dispereedit ai ned
since ioni Za}rtlét%? h?avmg a tcomposmon containing 20 mol% or less of Cr, 5 mol% or
more and 30 mol% or less of Pt, and Co as the remainder; wherein the
target structure includes a phase (A) in which nonmagnetic grains
consisting of oxides are dispersed within a basis metal, and metal phases

15 (B) having a component composition different from the basis metal within
the phase (A), the area ratio occupied by oxides within 2 ym from the most
outer periphery of metal phases (B) is 80% or less, and the average grain
size of the metal phases (B) is 10 ym or more and 150 uym or less.

[0015] The present invention further provides:

20 3) The sputtering target of ferromagnetic material according to 1) or 2)
above, wherein the average long diameter of oxides existing within 2 um
from the most outer periphery of the metal phases (B) is 10 um or less.

[0016] The present invention additionally provides:
4) The sputtering target of ferromagnetic material according to any one

25 of 1) to 3) above, wherein the metal phase (B) is a flat phase having an
average aspect ratio of 1:2 to 1:10.

[0017] The present invention further provides:
) The sputtering target of ferromagnetic material according to any one
of 1) to 4) above, wherein the metal phase (B) is a Co alloy phase in which

30 the Cr content is 10 wt% or less.

[0018] The present invention further provides:
6) The sputtering target of ferromagnetic material according to any one
of 1) to 5) above, wherein one or more elements selected from B, Ti, V, Mn,
Zr, Nb, Ru, Mo, Ta, and W are contained as additive elements within the
35 range of 0.5 mol% or more and 10 mol% or less.



10 gas wll efficiently advance when the target is used in a nmagnetron
sputtering device. Mreover, since the thickness of the target can be nade
thick, there is an advantage in that thg& replacenent frequeatyr2ii/asareget s
can be reduced, and a magnetic thin filmcan be produced with | ow cost.
Furthernore, since the generation of particles is low, there is an
advant[@®] 15i n t A&e present inventiagrietther pexvides ng fil ms obtai ned by sputter

deposition cgn b e : ef ed.

DESCRI PTI ON ar DA AT n@BYpp? B TofToAoRIE Maerh AEHFRY to S bne |
observi ng t hef 1)dbi6) dbvey mhereinothet dreat ratigedccopidek byphe nmetahpleasesn(B)dhi cal
m croscope. JFig. 2] This [§ a structure img bserving the polished
surface of tthﬁ c?%sc,%@ctbqn @tﬁif'a?%'t'ﬁ%@%ggéﬂﬁ{% ‘ES nggg%?an optical nicroscope.
[Fg. 3] This is a structure inmage upon observing the polished surface of

25t he target of Exanple 2 under an optical mcroscope. [Fig. 4] This is a
structure image upon observi nEFﬁE@ QR HAMESUPA e of the tar get of
Conpar ati ve Exanple 2 under an optical mcroscope. DESCRI PTI ON COF

EMBODI MENTS 30 [ 0022] The mai n conponent configuring the ferromagnetic
sput t 00209 t ar gei tafgethibapisadjustechasnesceribed abavet as adatgd passrtaougbl % or

| ess of Cr d e i.nder; tal, co i_ni no. 9 | ess
of Cr, 5 rmﬁ Oxogﬂﬂgsig&%n%legg}i%lq;s&hg%(?gg ot oﬁa'ﬁéian&g'gﬁ&ag@%réefoﬁﬁgﬁder.
gg?g} 3 }: ggtl 19,'? ﬁggdﬁ;@bmf/ w'dmlenzm?nf Ctberptar‘]rgelg igndsed MV wiaghetros

. erefore exclude om the foregol ng range
Speci 1 cal | PPURPTING qaitesi nUproavelnsisuhe thiskpess of Mamiaieel an bsrmadtal 1o
the anal yzabhek! awRe i$ af ddvdritag®h HatGRBIreplackiet frEYuENC) oflt8Rfets 88N
effect is yielded even in cases of adding trace amounts. The present

i nvention céfergduged.opndha mpangtic thin filnheean dee prodperdivith RN KO8 e
required as ﬁﬂh&%r?ﬁ?ﬁ%@tﬁe}[@&%rﬁhﬁﬂ dfg&%erEPeBE ffclnk,' MEggse[GrPEHVaﬁf%ebe

variously changed w the regol ng range, n' any
char act eri stin tisatadefaentied Meagnetie reegnding dilme cdatdineg bye dp uite caep dmdtion can

mai nt ai ned. ,J] 002 at _I,s ipportant in the esent invention is that the
target stru Jﬁf“lf\é\g’ F‘Héﬁ?&gsgcﬂ%?‘é?feﬁ?{gs%%wf Cfavi ng a conponent
conposition different fromthe peripheral texture, the area ratio occupied

by oxides within 2 pmfromthe nost outer Bl%riﬁher of nmetal phases (B) is
80% or | ess, and the aveBﬁ’dEFdPESQ@PJéON h@RmY G§hases (B) is 10 pmor

nore and 150 pm or |ess.

20 [0021] [Fig. 1] This is a structure image upon observing the polished surface of
the target of Example 1 under an optical microscope.
[Fig. 2] This is a structure image upon observing the polished surface of
the target of Comparative Example 1 under an optical microscope.
[Fig. 3] This is a structure image upon observing the polished surface of
25 the target of Example 2 under an optical microscope.
[Fig. 4] This is a structure image upon observing the polished surface of
the target of Comparative Example 2 under an optical microscope.

DESCRIPTION OF EMBODIMENTS
30
[0022] The main component configuring the ferromagnetic sputtering target
of the present invention is a metal containing 20 mol% or less of Cr and Co
as the remainder; or a metal containing 20 mol% or less of Cr, 5 mol% or
more and 30 mol% or less of Pt, and Co as the remainder.
35 Note that Cr is added as an essential component and 0 mol% of Cr is



15[ 0024] Mor eover, the average | ong dianeter of oxides existing wthin 2 pm
fromthe nost outer periphery of the phases (B) is desirably 10 pmor |ess.
If the long dianeter of oxides within 16 pmfromthe nost oaCwiPpErOSHi6Er Yy
exceeds 10pm sintering of the phase (A) and phases (B) will becone
insufficient, it encourage the phases (B) to flake off during the

sput teri ng, theeefare exelydedsiremethgefrspaeingnraneparSnagifically] 6028 crmtainedm
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wi t hout any reeigdngewdium, othrplapsing ratihgmysbewarods b’gmaﬂgﬁédﬂ'é'ﬂ'ﬂdheand
unevenness u h r t et
avi g this R rafgE BEE It Bl e P S s A, SRR ednefE
wedge effectrewdmwmetgummampaenam@amejd atom zed powder into the formof a

wedge, gener gt o ti,C C f. i 0 t al
phasclo®ar . “Vor e st 3 g RHEEE RYehbEn L e o8t shUEEL
re\c,i\gce t he (ii];ecwdéé enefah Mﬁer(ﬁi h)a\gﬁgeﬁ@ghﬁainhammmmismbmﬁlﬂéﬁém fegromi zed
powder was as c a an nhibit t ener.ati o
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mat erial s haweé neodt fdREEeHerihesy QT ﬁ@@ﬁ@haEQQZ(E)Prsefs@p@t&ryleéshearﬂyqnege
grain size of the metal phases (B) is 10 pmor nore and 150 pmor less. If
the di amet e@V6fadearginAies of e metpkrRasemPlie HhiinmipF MR S0 ten @t al
el ements w |l.oroceed when sintering the target materials, and the alloy
conposition o% ‘'t he phase (A) and the phases (B) wll become uni f or m Thus,
the extoR#pnce of Mdieopdratbe qV@ragellbnpetiametemof exidesMexristing | withinf2 tume

di amet er of .t he hase exceeds 1 t he rget surfa becones

ron ot . 1M HROTRER Atbr HERBER. 7 the Bhate R BrstbUafEERT IR o1 os
tends to arifsthe Iong didvbesnver oxiieBC®ithite 10pndfsatifs tdodtheutert pdrigheages
(B) exist in reI&élvel% | arge, nunbers within therl‘@erlpheral texture and

these netal S¥A88 tewenagf PhiBe ophase ((A) sanghRhasege(§) vyl Rgrame ne
generation ?ﬁsd?ﬁ?éléhf: ?%n%h éyelgm:#rﬁsbe%sg%cgé%w Munheqhél Guttringhe

nmetal phases ( eS| rab m or~| ess.
MB0 eover, i andriecpusestite generatioorf pditiclest al phase (B) is desirably a Co

a1 oY 8PS, " g B Bl Shoh €8s el oty P TF YBBeCERS
within the pleage, Cfeskattpoe ql.edmeﬂoendorta él&ﬁﬂﬁwhb@e @woour Aesetad thesst on
t he outer peBther of the ne resent

h I n the
i nventi on, §Sa '8%6’9@?‘89&?4 P ?8"%" oWhenp tess ?ﬁi’rﬂ?psarﬁieléeﬂﬁ?% or

| ess of oneqgantiAtiveR), eﬂ%‘tr‘étléeb‘FCﬂ@ SHARHN @ambter Van&”‘thezrlomg'bdla%'etewb
Ta, and Was addl tive el enents. These are the el enents ich are added

a35 needed i fheseinaftargefenedie astbe taspetratiptiscen avesagmghiattpd:1@cor di ng

medi um Incidentally, the term "flat" or "flat shape" is referring to the shape
when viewed from the top, and does not mean a completely planar shape
without any unevenness. In other words, shapes with slight undulation and
unevenness are also included in the foregoing term.

30 [0026] With a target having this kind of structure, it is possible to prevent,

based on the wedge effect by shaping the spherical Co atomized powder
into the form of a wedge, the generation of particles caused by the flaking
off of the metal phases (B). Moreover, by destroying the spherical shape, it
is possible to reduce the deviation in the erosion speed that occurred when
35 the atomized powder was of a spherical shape, and inhibit the generation of



Moreover, the ferromagnetic sputtering target of the present invention can
contain inorganic material of oxide in a dispersed state wthin the basis
metal. In the foregoing case, the present invention conpri sesJA2aviasaiske
characteristics as a material of a magnetic recording filmwth a granul ar
structure; particularly a recording filmof a hard disk drive based on the
per pendi cul dartigigaatiributakler @i the a¢g between (e dvat@rials havingediffetentbi des
or car boni treirggi%nc ébes used as substitute for the inorganic material of
oxi de. These rnorganic materials can al so be conbined to use. These

mat er i[@d23] can pofsefesablyetheavemgendrainsizel oitheanets pdraises.(B) is 10 pm or
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di scharge caimbaifRiich Bedhei metali Qameats Wl Protded twias siitbling fthe ahegut! v

advance when this target is used in a ma%netron sputtering device, ,

Mor eover, sil@ieriaie ansd tenaliey egmprgition qtihgdthasgn(Aansdeile prasas (B)iete i s
an advant a j : re e t o S nyipe ed,
and a nagngﬁéga{rﬁﬁsq'ﬁ?mcaghgg’ gﬁgdﬁ%% W tct?fl {g{v? tc;pg{satg.%g (87 Wanbéa [ tgi on,

as a result wicldasi ndledwhiley if tbudiemeter détheaphase{B) dxcaadssi o0 popdbd and

prevent the t al ses fr f L aki f, there i.s also 10an advance in
Phat “the gordiostifi %" BerbfiBee ubiniiesth;as 48! foldfhrfiel Prockt, AAVARCHR
prnoducti on anel the mrabldre ofeduicds té0PSH] akisef erromagnetic sputtering target

of the present ipvention i.s manufactured with the nelti nmet hQd or  powder
met al I0H28Y. 1 n t MOTEQYRN: o3iNEB WS e PP\ ti’ﬁe”l%%@?‘gsﬁ? @ee?"égd@cti ve

netal el emengrtivald larke dRine&dediithimetheopdeibherdl idl@urddnd tRes®t Rbtal

el ements are prepared.” Desirably, the maximum grain size of these powders
is 20 pm or Phasss (frtengeto flake affi dyispevaderlkealy toheauserthelgenesgtion b be

di j f ' t :
but 1t s oBe Ry dehg Syt PR aRlan e SERPBE e et Pha IS, o
i B5such a 20easably] ODRH) beamrkidre] 160 prherdess.n size is too small, there is

a pro in that, oxidation is promted and the c nent, ca sition wll
A R VIt SN AT ARt U P P TG S AP
size is 0.1Qumaldy pRESe WIREH RDAEIASUIOYWt% R9essef @r. PR forageingeddted t o
achi eve the i|ntended conposition, m xed and pul verized with well-known

met hods sucBiNE® Mg CrnpXidenas lewi siangdars éresornergy sf formrtiodbe, oxideshoul d
be added angyfFir gtk Whhle! (2§ BEIcRhe PONGELS aRtl if atisStHRIEr oxides to exist on
20 the outer periphery of the metal phases (B).

[0030] In the present invention, it is also possible to contain 0.5 mol% or
more and 10 mol% or less of one or more elements selected from B, Ti, V,
Mn, Zr, Nb, Ru, Mo, Ta, and W as additive elements.

These are the elements which are added as needed in order to
25 improve the characteristics as a magnetic recording medium.

[0031] Moreover, the ferromagnetic sputtering target of the present
invention can contain inorganic material of oxide in a dispersed state
within the basis metal. In the foregoing case, the present invention
comprises favorable characteristics as a material of a magnetic recording

30 film with a granular structure; particularly a recording film of a hard disk
drive based on the perpendicular magnetic recording system.

[0032] Moreover, nitrides, carbides or carbonitrides can be used as
substitute for the inorganic material of oxide. These inorganic materials
can also be combined to use. These materials can possess the

35 equivalent function to the oxide.



[ 0036] Car bon powder, oxide powder, nitride powder, carbide powder or 30
carbonitride powder is prepared as the inorganic powder, and it is

desirabl e that the maxi numgrain size o the inorgani c powder/r2811m5piE6 Or

| ess. Meanwhile, if the grain size is too small, the powders becone cl unped
together, and therefore the grain size is desirably 0.1 pmor nore.

[ 0037]10083addi ti oA\ talgetathatiis adjydedas desdrikediabove becamesi a tatget vatiye of

SpCT) 9P2011/ e, BaSHARER, (AT nbE 8 ARG R aR ofark W SHERSY "
hi gh- ener gy shadd ionizationTbeirery haeneill effitiehtly midvanbernvehérs thibltarget |®lullsedr ize

and m x the raw powders in a short, period of tinme jn conparison to bal |
mll or a vi'%r%t’ﬁﬁ%n?ﬁrw SHLGE%B]QCFE-@ i"o'ier?é’ebr é'ﬁ&?e@‘ecg‘ ?'&?ﬁsz@(ﬁafBSV\der

Wi §h a di angheyetVédlioe n%dé”'?m&l@”ﬂ%r@f s59n téﬁv%@@aj&”ﬁ%ﬂa?‘?h@%ﬁ%fdeﬁ%ﬁtm one

to prepare coarse grains, and these grains nay be mxed wt e foregoing
m xed pomderfrqu@aneOfntaigﬁSd@an de radueedr apf a megngticwiimdilm ganveei zi ng
force is pr?s& e| Moyieover, mxing is preferably performed in an

i nert gas atnosphere or a vacuum in consideration of the probl em of

oxi dati on duri ngln laedition, s BOpEsutie st bejrip 28)elthe rpdude rthebdeviatoh af the
descri bed above is no

ed ,and siptered ,usi a_vacu hot ss devi,ce and
Thoar ] et High: s, B0A e BRE R Fhetdl hBFsEs tRFIIEKIN ol MiSelRiaRE: o
spottering tar gdfaride inidaptes gehetdticandf particdy, aieh catibe theldéitédoratien
sintering processes are not |limted to hot press, |S and the plasm

di scharge simtR® PrRAYRIIoRCY el candeamd Li(‘@@st atic sintering method may al so
be useghs4he hol ghag féﬁaﬁﬁfﬁe‘ﬁ'&es H’Etbﬂﬂg | Bf the Wrﬁéé’ﬁtat?ﬁ\yerﬁ?dn |9 the

| owest terrperature within eratu nge In he target w |
becone suf f incarufaiciurednsithitbe. meltlng matlnm)@grpqwde;r wietallufgpentn e chee

target conpqgi CHS, e ra

800 to 1200%? F{f!nl <6 g eca@[e cr ys% gro c}ﬂ%g |F§Ie?%ﬂg Tgmgﬁg can
b&5i nhi bi él edsbyekdeq| et bewsllers ]grﬂ ﬂg;-, taﬂgjgtgy@tmet?él iIWmeMtseamrprephmd
ressure durjn intering i,s prefera to 5 5 Exa e
P0040] The. SSrab e AN raig it Aol ass. BOMARTS vt 20 T sb ol 1 o

t he Exanpl efl\/lé’r%v@@”ﬂ?é @I!o epE%@l@PéQﬁ tHiee nﬁél_é‘s hﬁ'@?%l@%@'&é{)ﬁf& Wﬁre| y

illustrative, and the presént invention shall in no wa ed thereby.
In ot her mﬁubstlv&eufﬂ;sthﬁ)cnqw@@ﬁ ohsthgndesneriivee mrfal rfﬂﬁmfﬁﬁi,ebu'f it is

desirable that the maximum grain size is also 20 ym or less even in such a

20 case.

[0035] Meanwhile, if the grain size is too small, there is a problem in that
oxidation is promoted and the component composition will not fall within
the intended range. Thus, it is desirable that the grain size is 0.1 ym or
more.

25 Subsequently, these metal powders are weighed to achieve the
intended composition, mixed and pulverized with well-known methods such
as ball milling. If inorganic powder is to be added, it should be added and
mixed with the metal powders at this stage.

[0036] Carbon powder, oxide powder, nitride powder, carbide powder or

30 carbonitride powder is prepared as the inorganic powder, and it is desirable
that the maximum grain size of the inorganic powder is 5 ym or less.
Meanwhile, if the grain size is too small, the powders become clumped
together, and therefore the grain size is desirably 0.1 um or more.

[0037] In addition, Co atomized powder with a diameter within the range of

35 10 to 300 um is prepared, and the Co atomized powder and the foregoing



30covered by the present invention, and the present invention is limted
only by the scope of its clains. [0041] (Exanple 1, and Conparative Exanple
1) In Exanple 1, Co powder9wi th an average gr acwJEiozeo50f663 pm
Cr powder with an average grain size of 5 pm 5i02 powder with an average
35grain size of 1 pm and Co atom zed powder with a dianmeter within the
10PCT/ JP2011MdE U8BV dehgte phlvedzed uminammefirt@mw achigh-anesgy dallgoilder s.

The Co powd

respect Pvel y%m&mgwgya%%}%g%?@?a% ale)fé] %B@F I on oﬁgwg&quSBS 02
(nor/ o). gOO#%&Mpeuedtdf}tlrgehrecﬁmnambsdartoha(balibavmlelr,a ﬁbf)ﬂmg)mlbr and (Cj:o
5 atom. zed powder ce to er wt irconia S,. as r.i ndi ng
oo ulbETn BOber Ot WisB, e prep S e b ocrpiged mowariawan 2 dismeteuisl o od
fos 20 hour SthéQaﬁ%é of 159 toe¥0PPWHEAS be pulveriZéd 5ldﬁe><®dpr@p\a¢@rcom @mhﬁ@d in
a carbon nold, and hot pressed in a vacuum at nosphere under the foll ow ng

condi ti ons; akhihese geaipemayibe arixed with thecforrgpnongixedpoyider. hbsrtee and
wel di ng pre b i

vel 9 19 pr o5 Aoy, b 10 b SHHEA SRUGHTRG e pReRY
of 180 nm arused.t IWMclawyes, mixing impragfocatsy peHoanedtin @n mbrhﬂgaﬁ)etmosphere
particles) Since it is.diffi.qult.to ﬁ}ﬁerv thefrjlffe LERS enugber of
barticl s 25 SuvpRbye T fonsiftiarienCol i bligdfaf GrioBgHcgidh I nillie
prnoducts (tlpresesss of a recording layer is 5 to 10nm, the number of
particl es was eva'LI uated by i ncreaS| ng the filmthickness appro 200

ti mes (P4 ckness be peVEehnyblaed AsadreeiPed qt}%’%ﬁjz{mlﬂﬁpnﬁﬂal %'!aif‘e@é and
thereby inc L%‘gr?%agvéélﬁjrﬁbﬁﬁlﬁbgs fué'm%f aﬁ& tRRY f! &lﬁﬁto Fﬂ'@lrﬁéﬁé‘éa shape ishown

in Table 1. 044] (Measurenent nmethod of pass-t roug
Mor eover, t r%dgh&ptanaﬁegheffermszmmeﬁﬁéswﬁf@dmsdatgeiuqu e@rmnm lnsz@amrol

St andard T f r erin
'(I'ar get s, ﬁéﬁbpﬁﬁ r%%éld;@ t n}ﬂ%@ﬁ&ﬁgﬁb ensl ? ér%ﬂa@l}}rwg@@% XI ng % °
tdbfget cent eandattmb rpdmahanglscha(gejsgrteanga&eﬂ&gi mst,he R6t Gébs:la’ga: esastenﬂg
degrees, and 0 [degree s divi,de Iue of, the, reference field
Gofi ned’ i n TREALTTAYn G bRe ekt oq ThA paling: b efsture Ui FitoT0s 1S
thereto. Thererssbly Qét %/Qhégb%st hén‘fdérré?ﬁl@éHﬂltﬁthme%r’%)ératﬁré ndhgatigd in
Table 1 as the average gass through flux density (PTF 45]

(Measur ementWhigh ﬁl@qtqyge Mé'éb?ﬁ@”@ Wﬁ'@?ﬂﬂéﬂe@@ﬂ%’ area ratio occupied by
oxides within 1 megﬁﬁﬁ‘thﬁkem%teg%'ﬁb%n RAL! B ngb?@oﬁe |ﬁ|mgﬁﬂ§%§e§5)
ac g a

was neasured by using©a cut sinter ncl u
spOttering the gem]oeratuneasunmlm liee fangyelof 8@|0e1'@ 1)200°I€‘e okhidds tmoaslsengei n

the viewng field enlarg 220 .t and di vi dj ng; s by t Ot area

W thin 1 pcvant GEAb g el Gartrgetopan RS dinnibited™by Keepiy The
sintering temperature low. Moreover, the pressure during sintering is
preferably 300 to 500 kg/cm?.

25 [Examples]

[0040] The present invention is now explained in detail with reference to the
Examples and Comparative Examples. Note that these Examples are
merely illustrative, and the present invention shall in no way be limited
thereby. In other words, various modifications and other embodiments are

30 covered by the present invention, and the present invention is limited only
by the scope of its claims.

[0041] (Example 1, and Comparative Example 1)

In Example 1, Co powder with an average grain size of 3 ym, Cr
powder with an average grain size of 5 ym, SiO, powder with an average
35 grain size of 1 uym, and Co atomized powder with a diameter within the



35nmetal phases (B). This process was perforned at five arbitrary view ng
11PCT/ JP2011/ 051766 fields and the nmeasured val ues were averaged. Note that
a nmetal phase (B) that is partially corPained in the view RQT/if2ei1th51vas

excl uded. Mreover, the netal phases (B) were neasured only for those with
a short dianmeter of 4 pmor nore. The results are shown in_Table 1. 5[ 0046]

( Measur enentrange b 0oto 19 ey avaremjepatasas theraw,nandgrs. The Gadavwiay,

di " " , e S ; _ . ¢
the et al pias B0 S0 bolldeh arky AOh RFhizRH BBc?Ciele PRIcoRERLHY ©
conpact (i noveighed ta ashieveca tanget aoggtosition ab88.UICo-1BEr{7088iQY @nelfer of t he

oxi de isting .h,the vigw field enl arged 220, ti ., and , 10 taking the
aver aq@@her eof . SPRESAPFBHGs I6eE0 pRPNGRRe &2 POMASE DRt PAMGET; 208 ngo
figlds and tdiemimaspoadeyalées plried, aygsthee dvitiNefreohidabals BBt tak ’\gﬁh@diﬁg( B)
that is partially contained in the viewwing field was excl| uded. reover,

t he net al pH‘&%‘é‘E”‘(’ By aepl Mmitlarel wih c?hP9P$QiW ohdQditalisy png & was rofatasdetasr of

4 pmor nor &g hGs tB8SH[KE Fieday 88QRWRrd N Tabl e 1. 15[ 0047] (Measurenent
met hod of size of neta ?B?’) The size of the netal phase (B)

hase
was neasured by &'bijhmi*@f? Powdaingas fibed ietaataibioasew!d,Bynd hoh psesgashin af 30
cmon a pho j . l.ape ' act
(ol udi ng. S28HART affiod s per tiEeuBlvi P fRBR 0 ey SR Efls e T
the cut | endtiB020] heldiog timidef Rasaurssand aveldmgp@assure o 30rMpa; ¢o abtaisi ze

in Table 1. [0048] ,(Measure t nmethod, of aspect ratiq,of t al ase (B))

\br caver .t ASIETEA CATARRG: orl N BT CYRAsE: vas Tl adiret s aRER v h
the cut pl agsiehapsd far?@ed/imoémme(érrwhws@mm andRUMHiekrigxg dfes @fh) under a
m croscope, neasuring the short dianeter and |ong dianeter of the 25 netal

phasedoq48) dkvaluatigniaf nunabei efwardiclassl d enl arged 220 tines, and taking the

average thereof. giifieSit RE QRfiSHt ‘f@%b@@F\fé’fHBaﬂiﬁ%tr?\@%ée’ ?nt ﬂg{hgfrﬂfe%f aci\fip%‘nﬂiélgs

fields and the neasured val ues were aver aged. me ase (B)
that i s parwith &yilmohicknesd that ishgeneraly ragldpited domte prodluctie (thidinees oér |

the netal phases (B) were. ured qnly for those with a short di er of
504 pm or o BCORIDY, YR S ot Biiathn e, PP S PRbisR WA BRIHa G bY

i ndi cat ed i indrbasihgbtira filmethicleressadpGroximatdig R0y titdes (BicknesBases00®) can
be obt ai ned by observi ngot he cut plan a sintered conpact (including a

 of ¢ .
sputtering _)g@_t FOTREEISOR ﬁﬂ %é‘é&lﬁ!&ﬁ%ﬁ%ﬂ?ﬁ@ Q%t%ﬁ'@ yomeer?eS'mﬁa?_ _
phases (B) epssiit@@unibdrhr parfivie’dd friHel fésfaﬂrk,gdrs%o%ﬁpint*rdmﬁn.35and di viding
this by the overall area of the viewing field. Mreover, this
12CTIWR2D 1 {MessuBBngRbeiRodef ppestioughifik)at five arbitrary vi ew ng

hel s and re TRRpLOGE, YAk RO RE e Rt e d PRI BT

phase (B) tFa086s0pa(Staathsd cletaiMettiodn fohePasewl e ughel Rluxasf eQirtulded.

(I;/ib ;rerg;/g; ’ 01E g{;m}%tt%lr SEQ%%%%QS&aB?ge\{\SB,r RAeTES‘S ué)?d 'Pf?(—lz ypa;csosr—thtrgt?g?he fY\lﬁ)} %e%sﬁ{) ort
measured by fixing the target center and rotating it 0 degree, 30 degrees,

25 60 degrees, 90 degrees, and 120 degrees was divided by the value of the
reference field defined in the ASTM and represented in percentage by
multiplying 100 thereto. The result of averaging the foregoing five points is
indicated in Table 1 as the average pass-through flux density (PTF (%)).

[0045] (Measurement method of area ratio of oxide)

30 The area ratio occupied by oxides within 1 um from the most outer
periphery of the metal phases (B) was measured by using a cut plane of a
sintered compact (including a sputtering target) to measure the (total) area
of the oxides existing in the viewing field enlarged 220 times, and dividing
this by the (total) area within 1 ym from the most outer periphery of the

35 metal phases (B). This process was performed at five arbitrary viewing



The results were 15% or nore and 50% or |ess. [0050] Al t hough not i ndicated
in the Table, the existence ratio of grains having the intended shape anong
the netal phases (B) was neasured by obderving the cut pl areT/of20at/0siT86€er ed
conpact under a mcroscope, counting 10 the nunber of grains having the

i ntended shape (flat shape including a wedge shape and the Iikg@armng t he
net al phasedigldy andi the measwred v alueswiege faveraged! aNgéel thatoatmetsd phase

di vi di ng thi e, nuaher : : I.Ski it h I

vi ewi ng fi ol q%ﬁf% %%I%Egsco\%g%'ﬂgé%gﬁ?reaﬁd&g%n(gf%%@&gé ie?gyrd%d\'/i g\’/'u&\r%’l;’?u} ‘el ds
and t he neadbeadetadiphasesdBe wissavaeagertd day dot tredseawithtaabh it aame®r dfhat
is partially, contained i the view ng fi eI.d_[\/\%iﬁqxcl uded. Moreover, the

nmet al phases4 egowéemiggrrgaUBﬁp{,e BPWPHBS@ th a short diameter of 4 pm
or 5noriee46] hgMefsulrémene hietABlogTraviepi ge Idr%oéié}ﬂéte%ﬂbﬁrd%%w_e Exanple 1, Co
powder with an average grain size of 3 0. pm owder with an average

Cr
grain size of 5 ghe ISpgdigaeder ofrkides£xistirg yathin ﬁi psfrom ihe moghputaid
LA e X . Sl _
orepar od_ab TpHEty O et GraNRS OB) Ad hibesifed H0RsR 3 8ul BiRPobE! weor ©
Co- O at oni #dttepethdesmpect (irglpdingi welspulieringe datgethdhi eveasureathgetiong

iti 7 2Cr-, 257,.35] 99 ..
S abed  t g lamRr b okiges Bt R Higing SERELRHIRR AR s BPR 1 )
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wel di ng pressure of a; to obtain a sintered conpact. is sintered
conpact was Mefeoxet.nthe metaleohaseasn(Bli weke measusad iy forr thasewnvith aasbpdnet er

of 180 M angla Aeldl FDEAS oPInche MBS S BRALES shBh hafd 1. Lhe nunber of

35particles was counted a € average pass-throug ux density was
13PCT/[003ZD 1 IMeBmsuedmMent method af sizedof Mietalpdasket (B)ar e shown in Table 1.

[S? gt5 2] | [;rigl) e 1] Th%4§izce:r/o tﬁ%orlnlétgF 1p?1fzsa%e'\|?8)Ofwapsarr%('ae'ilseusre'dn bly ?:c%Lﬁ‘l'ntlSnagr c{ﬁgy
number of metal phases (B) in a segment of 30 cm on a photograph
enlarged 220 times of a cut plane of a sintered compact (including a
sputtering target), and obtaining the average value (um) of the cut length
20 thereof. The results are shown as the average grain size in Table 1.

[0048] (Measurement method of aspect ratio of metal phase (B))

Moreover, the aspect ratio of the metal phase (B) was measured by
observing the cut plane of a sintered compact (including a sputtering target)
under a microscope, measuring the short diameter and long diameter of the

25 metal phases (B) existing in the viewing field enlarged 220 times, and taking
the average thereof. This process was performed at five arbitrary viewing
fields and the measured values were averaged. Note that a metal phase
(B) that is partially contained in the viewing field was excluded. Moreover,
the metal phases (B) were measured only for those with a short diameter of

30 4 ym or more. The results are shown in Table 1.

[0049] Although not indicated in the Table, the area ratio occupied by the
metal phases (B) can be obtained by observing the cut plane of a sintered
compact (including a sputtering target) under a microscope, measuring the
area of the metal phases (B) existing in the viewing field enlarged 220 times,

35 and dividing this by the overall area of the viewing field. Moreover, this
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process may be performed at five arbitrary viewing fields and the measured
values are averaged in order to improve the accuracy. Note that, as with
the measurement of the aspect ratio, a metal phase (B) that is partially
contained in the viewing field was excluded. Moreover, the metal phases

5 (B) were measured only for those with a short diameter of 4 uym or more.
The results were 15% or more and 50% or less.

[0050] Although not indicated in the Table, the existence ratio of grains
having the intended shape among the metal phases (B) was measured by
observing the cut plane of a sintered compact under a microscope, counting

10 the number of grains having the intended shape (flat shape including a
wedge shape and the like) among the metal phases (B) existing in the
viewing field enlarged 220 times, and dividing this by the number of metal
phases (B) existing in the overall viewing field. This process was
performed at five arbitrary viewing fields and the measured values were

15 averaged. Note that a metal phase (B) that is partially contained in the
viewing field was excluded. Moreover, the metal phases (B) were
measured only for those with a short diameter of 4 ym or more. The
results were 90% or more.

[0051] In Comparative Example 1, Co powder with an average grain size of 3

20 pum, Cr powder with an average grain size of 5 ym, SiO, powder with an
average grain size of 1 ym, and Co-Cr atomized powder with a diameter
within the range of 30 to 150 yum were prepared as the raw powders. The
Co powder, Cr powder, SiO, powder, and Co-Cr atomized powder were
respectively weighed to achieve a target composition of 80.7Co0-12Cr-

25 7.3Si02 (mol%).

[0052] These powders were placed, together with zirconia balls as the
grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
rotated for 20 hours to mix the raw powders.

Subsequently, the foregoing mixed powder was filled in a carbon mold,

30 and hot pressed in a vacuum atmosphere under the following conditions;
namely, temperature of 1100°C, holding time of 2 hours, and welding
pressure of 30 MPa; to obtain a sintered compact. This sintered compact
was cut with a lathe to obtain a disk-shaped target with a diameter of 180
mm and a thickness of § mm. As regards this target, the number of

35 particles was counted and the average pass-through flux density was
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measured. The results are shown in Table 1.

[0053] [Table 1]
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[0057]

[0058]
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As shown in Table 1, the number of particles in a steady state was
29.3 particles in Example 1, and it was confirmed that the number
decreased in comparison to the 166.7 particles in Comparative Example 1.
In Example 1, the average pass-through flux density was 60.6%, and a
target with higher pass-through flux density than 52.6% in Comparative
Example 1 could be obtained. As a result of observation with an optical
microscope, the area ratio of oxides was 65% in Example 1, and a target
with lower area ratio than 85% in Comparative Example 1 could be obtained.

It was further confirmed that the average grain size of metal phases
(B) in Example 1 was 70 um and the metal phases (B) had an aspect ratio
of 1:1 and a spherical shape. The structure image upon observing the
polished target surface of Example 1 under an optical microscope is shown
in Fig. 1. On the other hand, in Comparative Example 1, the average grain
size of metal phases (B) was 70 ym, and the metal phases (B) had an
aspect ratio of 1:1 and a spherical shape. The structure image upon
observing the polished target surface of Comparative Example 1 under an
optical microscope is shown in Fig. 2.

As described above, it was acknowledged that the area ratio occupied
by the oxides existing within 1 ym from the most outer periphery of the
metal phases (B), which have a component composition different from
peripheral texture, was 80% or less in Example 1. It was found that this
kind of target structure would inhibit the generation of particles during
sputtering, help uniform erosion, and have a very important role to improve
the pass-through flux.

(Example 2, and Comparative Example 2)

In Example 2, Co powder with an average grain size of 3 um, Cr
powder with an average grain size of 5 ym, SiO, powder with an average
grain size of 1 ym, and a powder, to which Co atomized powder was
pulverized, with a diameter within the range of 30 to 150 um were prepared
as the raw powders. The Co powder, Cr powder, SiO, powder, and the
powder, to which Co atomized powder was pulverized, were respectively
weighed to achieve a target composition of 80.7C0-12Cr-7.3SiO; (mol%).

Subsequently, the Co powder, Cr powder and SiO, powder were
placed, together with zirconia balls as the grinding medium, in a ball mill pot
with a capacity of 10 liters, and it was rotated for 20 hours to mix the raw
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powder was pulverized, were further mixed for 10 minutes in a sun-and-
planet motion-type mixer with a ball capacity of approximately 7 liters.

This mixed powder was filled in a carbon mold, and hot pressed in a

5 vacuum atmosphere under the following conditions; namely, temperature of
1050°C, holding time of 2 hours, and welding pressure of 30 MPa; to obtain
a sintered compact. This sintered compact was cut with a lathe to obtain a
disk-shaped target with a diameter of 180 mm and a thickness of 5 mm.
As regards this target, the number of particles was counted and the average
10 pass-through flux density was measured. The results are shown in Table 1.
[0059] In Comparative Example 2, Co powder with an average grain size of 3
um, Cr powder with an average grain size of 5 ym, SiO, powder with an
average grain size of 1 ym, and Cr-Co pulverized powder with a diameter
within the range of 30 to 150 um were prepared as the raw powders. The
15 Co powder, Cr powder, SiO, powder, and Cr-Co pulverized powder were
respectively weighed to achieve a target composition of 80.7Co-12Cr-
7.3Si02 (mol%).

[0060] These powders were placed, together with zirconia balls as the
grinding medium, in a ball mill pot with a capacity of 10 liters, and it was

20 rotated for 20 hours to mix the raw powders.

Subsequently, the foregoing mixed powder was filled in a carbon mold,
and hot pressed in a vacuum atmosphere under the following conditions;
namely, temperature of 1100°C, holding time of 2 hours, and welding
pressure of 30 MPa; to obtain a sintered compact. This sintered compact

25 was cut with a lathe to obtain a disk-shaped target with a diameter of 180
mm and a thickness of 5 mm. As regards this target, the number of
particles was counted and the average pass-through flux density was
measured. The results are shown in Table 1.

[0061] As shown in Table 1, the number of particles in a steady state was

30 12.3 particles in Example 2, and it was confirmed that the number
decreased in comparison to 22.3 particles in Comparative Example 2. In
Example 2, the average pass-through flux density was 54.0%, and a target
with higher pass-through flux density than 49.7% in Comparative Example 2
could be obtained. As a result of observation with an optical microscope,

35 the area ratio of oxides was 65% in Example 2, and a target with lower area
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On the other hand, in Comparative Example 2, the average grain size of
metal phases (B) was 50 um, and the metal phases (B) had an aspect ratio
of 1:3 and a flat shape. The structure image upon observing the polished
target surface of Comparative Example 2 under an optical microscope is
10 shown in Fig. 4.

[0063] As described above, it was acknowledged that the area ratio occupied
by the oxides existing within 1 ym from the most outer periphery of the
metal phases (B), which have a component composition different from
peripheral texture, was 80% or less in Example 2. It was found that this

15 kind of target structure would inhibit the generation of particles during
sputtering, help uniform erosion, and have a very important role to improve
the pass-through flux.

[0064] (Example 3, and Comparative Example 3)

In Example 3, Co powder with an average grain size of 3 ym, Cr

20 powder with an average grain size of 5 ym, Pt powder with an average grain

size of 2 uym, TiO, powder with an average grain size of 1 um, SiO, powder

with an average grain size of 1 ym, Cr,O3; powder with an average grain

size of 1 ym, and a powder, to which Co atomized powder was pulverized,

with a diameter within the range of 50 to 150 um were prepared as the raw

25 powders. The Co powder, Cr powder, Pt powder, TiO, powder, SiO,

powder, Cr,O3 powder, and a powder, to which Co atomized powder was

pulverized, were respectively weighed to achieve a target composition of
66C0-10Cr-15Pt-3Ti02-2Si02-4Cr,03 (mol%).

[0065] Subsequently, the Co powder, Cr powder, Pt powder, TiO, powder,

30 SiO; powder, and Cr,03 powder were placed, together with zirconia balls as
the grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
rotated for 20 hours to mix the raw powders. The obtained powder and the
powder, to which Co atomized powder was pulverized, were further mixed
for 10 minutes in a sun-and-planet motion-type mixer with a ball capacity of

35 approximately 7 liters.
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sez. ... apos As regards this target the number of parti€les was counted and the average
pass-through flux density was measured. The results are shown in Table 1.

[0066] In Comparative Example 3, Co powder with an average grain size of 3
um, Cr powder with an average grain size of 5 ym, Pt powder with an

10 average grain size of 2 ym, TiO, powder with an average grain size of 1 pm,
SiO, powder with an average grain size of 1 ym, Cr,O3; powder with an
average grain size of 1 ym, and Cr-Co atomized powder with a diameter
within the range of 30 to 150 um were prepared as the raw powders. The
Co powder, Cr powder, Pt powder, TiO, powder, SiO, powder, Cr,O3; powder,

15 and Cr-Co atomized powder were respectively weighed to achieve a target
composition of 66C0-10Cr-15Pt-3Ti0O2-2Si02-4Cr;03 (mol%).

[0067] These powders were placed, together with zirconia balls as the
grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
rotated for 20 hours to mix the raw powders.

20 Subsequently, the foregoing mixed powder was filled in a carbon mold,
and hot pressed in a vacuum atmosphere under the following conditions;
namely, temperature of 1100°C, holding time of 2 hours, and welding
pressure of 30 MPa; to obtain a sintered compact. This sintered compact
was cut with a lathe to obtain a disk-shaped target with a diameter of 180

25 mm and a thickness of 5 mm. As regards this target, the number of
particles was counted and the average pass-through flux density was
measured. The results are shown in Table 1.

[0068] As shown in Table 1, the number of particles in a steady state was 2.5
particles in Example 3, and it was confirmed that the number decreased in

30 comparison to 49.7 particles in Comparative Example 3. In Example 3, the
average pass-through flux density was 52%, and a target with higher pass-
through flux density than 50.9% in Comparative Example 3 could be
obtained. As a result of observation with an optical microscope, the area
ratio of oxides was 55% in Example 3, and a target with lower area ratio

35 than 90% in Comparative Example 3 could be obtained.
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with an average grain size of 1 ym, and a powder, to which Co atomized

powder was pulverized, with a diameter within the range of 50 to 150 um

were prepared as the raw powders. The Co powder, Cr powder, Pt powder,

20 B powder, SiO; powder, and a powder, to which Co atomized powder was
pulverized, were respectively weighed to achieve a target composition of
62C0-14Cr-15Pt-2.5B-6.5Si02 (mol%).

[0072] Subsequently, the Co powder, Cr powder, Pt powder, B powder, and
SiO, powder were placed, together with zirconia balls as the grinding

25 medium, in a ball mill pot with a capacity of 10 liters, and it was rotated for
20 hours to mix the raw powders. The obtained powder and the powder, to
which Co atomized powder was pulverized, were further mixed for 10
minutes in a sun-and-planet motion-type mixer with a ball capacity of
approximately 7 liters.

30 [0073] This mixed powder was filled in a carbon mold, and hot pressed in a
vacuum atmosphere under the following conditions; namely, temperature of
1050°C, holding time of 2 hours, and welding pressure of 30 MPa; to obtain
a sintered compact. This sintered compact was cut with a lathe to obtain a
disk-shaped target with a diameter of 180 mm and a thickness of 5 mm.

35 As regards this target, the number of particles was counted and the average
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tabget wit hplagwéﬁrcmgéraﬂux density than 51.2% in Comparative Example 4 could’ be
obtained. As a result of observation with an optical microscope, the area
ratio of oxides was 70% in Example 4, and a target with lower area ratio
than 85% in Comparative Example 3 could be obtained.
[0077] It was further confirmed that the average grain size of metal phases
30 (B) in Example 4 was 120 ym and the metal phases (B) had an aspect ratio
of 1:6 and a flat shape. On the other hand, in Comparative Example 2, the
average grain size of metal phases (B) was 70 ym, and the metal phases
(B) had an aspect ratio of 1:1 and a flat shape.
[0078] As described above, it was acknowledged that the area ratio occupied

35 by the oxides existing within 1 um from the most outer periphery of the



17PCT/ JP2011/ 051766 ratio than 85%in Conparative Exanple 2 could be

obt ai ned. [0062]1t was further confirnmed that the average grain size of
nmetal phases (B) in Exanple 2 was 30 pratand the netal phasesT/{fp1iadrean
aspect ratio of 1:5 and a flat shape. The structure inmage upon observing
the polished 5 target surface of Exanple 2 under an optical m croscope is
shown in Fi gneal @rasdse (B)havhickankave ra comroenantyeompasiiicn ziffersst fiamage

grain size t S ; tal ( d an
aspect rati ?eéﬁf?él %hﬁ@ﬁ%’fv?% B?Qtéﬁgqeggén%u@p%r gpi @a‘é"%ﬂ%@ﬁ%@%?@‘%g
t he poli sherkirhdir(gfﬁtarget fstaectofe Googldr mHiMeJEeagpgeijaziagndﬁrpaﬂclmt daaihg

m croscope i s 10sho in Fi,g. 4. [0063 escri bed above, it was

acknow edgedPU 'ns\ﬁ'ge!ﬂ Haffgﬂpi%ogp@uéngéh%‘ﬂ? ?h‘@fxxm@&a&i@(ﬁ 19 MONPN 1
pmsfrom t he tAR$lasqlthfsudtefiighery of the netal phases (B), which have a

conponent conposition different from peripheral texture, was 80%or |ess in
Exanplle0o78] (Exaawle SuaadiGamperative EXamipieiShf target structure woul d

Thibit th . : ; . iy .
erosion, - and havi L gmdle, 8L Heifadt itioanrald she rani it W ST Bt
[ 0064] (Examuveded, withcarCavprage igvainEsiaepdfe? 3)m || il popider JyithCanpavetagewi t h
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S om Pt poRial Pt ey ks rmder SRS SR e ke Sl Bk b 4
ac\rl% gge % aiﬁbv_ﬁdeﬁlr,e tef whighmC Sididmipast _q:rovw;érfime putvgaiqedg\r,\vgfm aSitdmneferﬁ g;n
powder wi.th an averagge grain size o m .and a powder, to c
at om zed poWdENNUAS rBUQ@éﬁ%‘%g‘? q\ﬁﬁt*l‘fnawﬁ'iedﬁﬁ%’e%acshm? F% pro&fﬂféso:‘,\lt}g@ to
150 pm wer e gy 8BARY, ﬁfg%%e?,mozzﬁo\ﬁ@é‘ﬁ@é% B&@vo@? BRYGLpowlEr REWASER Pt
powder, Cr203 powd d a powd h Co

powder, Ti G2 powder, Si , _ er, and der, to whic
atonm zed pogeptemizedupoweer was nelverized pwere vespecivehhweighedatshaelieve

: : cF b et Lo
[ 0085] Subsed rertcapastln ' Taco Tapt T 88i0: MbERY (T howder, 30

SileP padsder , andSCbgéliueijeihew@roeppMmiee,dPtthg/edérerTi@ztﬂxO\]ydenona @®ralks gs
th i ndi i i | nill pot with it 10 liters,.

1 Cuas 1ot abadasWes igted teadTher wiB 7 Ralls RS helodiviad mbdibhaa; "and
the powder, g Balmil (hobavieh areaiReityQYRIED liwRs, abd tewhs edtatserfer RorHdies te1 xed

for 10 mnutes in a sun-and-planet notion-type mxer with a ball capacity
of 35appr oxinﬂr'ﬁtt@PyraW Prvsiess. 1speniteinedogawder and theTlh‘P‘é’dﬁi,%éd’Vb'&hn@P was

ol o ny o387 BBler s R BEASE el (B IPIE RIAME ol "
hdtrs, and weneRndypianet smotooftyp® mber with cbtbalincapadityt of eppcoxipwtely Thi s
sintered corﬁpea}gF was cut with a lathe to obtain a
This mixed powder was filled in a carbon mold, and hot pressed in a
vacuum atmosphere under the following conditions; namely, temperature of
1050°C, holding time of 2 hours, and welding pressure of 30 MPa; to obtain
25 a sintered compact. This sintered compact was cut with a lathe to obtain a
disk-shaped target with a diameter of 180 mm and a thickness of 5 mm.
As regards this target, the number of particles was counted and the average
pass-through flux density was measured. The results are shown in Table 1.
[0081] In Comparative Example 5, Co powder with an average grain size of 3
30 um, Pt powder with an average grain size of 2 ym, and TiO, powder with an
average grain size of 1 um were prepared as the raw powders. The Co
powder, Pt powder, TiO, powder, and Cr,O3 powder were respectively
weighed to achieve a target composition of 73Co-17Pt-5TiO,-5Cr,03 (mol%).
[0082] These powders were placed, together with zirconia balls as the
35 grinding medium, in a ball mill pot with a capacity of 10 liters, and it was



5 di sk-shaped target with a diameter of 180 mm and a thickness of 5 mMm As
regards this target, the nunber of particles was counted and the average
pass-through flux density was nmeasured.22The results are sheemnJr2o1iiaiice 1.
[0066] I n Conparative Exanple 3, Co powder with an average grain size of 3
pm Cr powder with an average grain size of 5 pm Pt powder with an 10
aver age gr airataieddoo20 hopis ta 102 theviewrpawdersan average grain size of 1 pm
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hours, and wel di n sure tgin a sintered conpact. This
sintered cor%%%slfu e(ﬂsy Szf"?zf%%@"} B’OBE!% ?In a di sk-shaped target with a
dilenetjegs3pf 180 A%SshnwmndTablbm ckeaammbér of pantichss inegatatrlyt State asdgRl?, the
nunber of partjcles coun ed &nd t he average asa throu%h flux density
was neasur ed3THHES 1B qrgp anduhwas sfire ”1%(56 81EMReLdRciERsedHNe 1

the nunber QonisdriddH &§4!5‘P§rtﬁﬂ@§‘ﬂ¥csdlﬁ|5§ra\ff@é I?xar?nBFiiS' Cﬁr?E)da%pﬁé%Tﬁhé 3
and it was confirmed that the nunber decreased in 30 conparison to :

particles i Rvergrrrassvidrenghpiux slensity Ewaapd63p, and av@rggtewpfé\sblghﬂrough
flux densi t?br?‘é%f)th?&/dalﬂ 9 E‘EF‘%}P%% éé%hfngﬁ% %rﬁ%ﬂgé '5”%59@'@ ?éty

t han 50. 9% coul'd be o resu
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Example 3, and a.target w ower area ratio 35than 90%in Conparative
Exanpl e 3 céﬁfj 58X a‘i"ﬂ%@w i@%&‘? 311/ 051766 [0069] It was furt her

confi nooed) t hat t keway duaber @bﬁf.ﬂnéd&ﬁapthérat/éiag@ﬂg@ﬁ dife dfimbwdipplages was
100 pm and t he netal phases ( had an aspect ratio of 1:5 and a fl at
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of net al ph%?@?ﬂﬁ@)wd"@ﬁat?%e%@. and the netal phases

20  [0085] As described above, it was acknowledged that the area ratio occupied
by the oxides existing within 1 um from the most outer periphery of the
metal phases (B), which have a component composition different from
peripheral texture, was 80% or less in Example 5. It was found that this
kind of target structure would inhibit the generation of particles during

25 sputtering, help uniform erosion, and have a very important role to improve
the pass-through flux.

[0086] (Example 6, and Comparative Example 6)
In Example 6, Co powder with an average grain size of 3 ym, Pt
powder with an average grain size of 2 ym, Ru powder with an average

30 grain size of 8 ym, TiO, powder with an average grain size of 1 ym, Cr;0;
powder with an average grain size of 1 ym, and a powder, to which Co
atomized powder was pulverized, with a diameter within the range of 50 to
150 ym were prepared as the raw powders. The Co powder, Pt powder,
Ru powder, TiO, powder, Cr,O; powder, and a powder, to which Co

35 atomized powder was pulverized, were respectively weighed to achieve a



5(B) had an aspect ratio of 1:1 and a flat shape. [0070] As descri bed above,
it was acknow edged that the area ratio occupied by the oxides existing
within 1 pmfromthe nost outer periphesdy of the nmetal phasevJr2B)t/05WascCh
have a conponent conposition different from peripheral texture, was 80% or
|l ess in Exanple 3. It was found that this 10 kind of target structure
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powder, Cr pUveRrCopatypizgs: powsterewaswabverigedy Wermddvrthendnixedofied0 to

hehi ove i aTpares B Ak S EHaYBE HESentihE, AHREC AN YAty
[0\%2] Subse@w;@g?klmatelyd tttﬁrpowpl;ar, Cr powder, :Dt povvdﬁr, rBi po;/vder, and Si 02
ot am T a” bar T i Boluddrbag KiERTh 3 BRtoeh fd, S Heh B oReEh 8, 4 e
00,20 Saur stk xmeet T oan gl pnepsonsr, L
o e o BsPSE e RS S5 0B Relis: SHH el MshblesSaEmar o) MP 58 OB Hifnt oi y
7 liters. 3¢ SAttbdiompacted MRYERTteMREcdbhetiwhB dut GatHPaNafiel & oftath Hot

pressed in a vacuum at nosphere under the follow ng conditions; nanely,
t enper at ur e d6¥K-30BRRS tawedi wighta tiaeter oloiBq, Mmah@ndef dhitknesesefup endt. 30

MPa; t bt & i . I L (PRYY|
N 0 b AR AR RATRR oot By PP GEE SRR 47 4 alhiBe?
t hbckness ofpassithrowgrlux edgasidy was meaaured., The resuttsearecoshantin dabke has
t d th OPCT/ JP2011/ 051766, . -through f
dans 1P4Es measll EaTEATCY EAIOOR S R baROer witia ar8RgR ol R e of ¥
Conpar at i ve ymxaPplppowiderCoithonteavavage arminveizr@as 2r@nd B Zovwder3with) afr

powder with an average grain size_of 5 pm Pt powder with an average grain
size of 2 pRVeEIBIFBNGEFE Af Briinn TEpAYdeHWENRRsAYRIage Waphsizei 2T Bowder
with an aver i } s 1 1

i anet er i CROrCERR BRdguRh o BT S Sy Bt B e e s,

TR Co powdé&ay @w@ersderhePtCopomisier, Bt pondiar, R e2wsienddiQ» aowder.- and

tom zed ivel .0k chi.eye et i i on
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t oget her w B6BCo-1ZRRERUBATICR-BCr0w(nywiP4)di ng nedium in a ball mll pot

ith a capacit 10 liters, and it was rotated for 20 hour o mx the
Fow e Y PhesgiaoufeR 98 madSh cltisthStiwl St Gals s ad
carbon mol dgripgthgfiedii®S SRt iballamyPp Y itk Eﬂﬁﬁlﬁﬁt? onderiiteRe 4ridl itonasg
conditions; nanely, tenperature of 1100C, holding finme of 2 hours, and

web di ng pr esefaied tr Zbhepes ta BixHiearaw fovidersr ed conpact. This sintered
of 150 mm and- & THiBeRehBl the Brabih el lidHRae ARG fabontndlen T <
particl es wasdchempessaddin hevasamagatnpeapherdrundgn thieufolldevisg topnditions:;
measur ed. Tﬁgmreefs‘,uketr%pgltaefu?ehoﬂn1i180‘-’r6,b|heolc}|hg time of 2 hours, and welding
pressure of 30 MPa; to obtain a sintered compact. This sintered compact
30 was cut with a lathe to obtain a disk-shaped target with a diameter of 180
mm and a thickness of 5 mm. As regards this target, the number of
particles was counted and the average pass-through flux density was
measured. The results are shown in Table 1.
[0090] As shown in Table 1, the number of particles in a steady state was 2.6

35 particles in Example 6, and it was confirmed that the number decreased in



As shown in Table 1, the nunber of particles in a steady state was 5.5
particles in Exanple 4, and it was confirnmed that the nunber decreased in
conparison to 185.5 particles in Conmparative Exanple 4. | npExarmpleosdzsst he
average pass-through flux density was 55.2% and a target with higher
pass-through flux density than 51.2% i n Conparative Exanple 4 could be
obt ai ned. Axanparisdnr tof. 5)lpaehic,las|i|mr€wmparaaiveolﬁxamale M crlrm:{-bmrepletmethar ea
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of 1:1 and a flat shape. gg@grl bed above, it was acknow edged t hat
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Bot 9G93 hngéﬁamp\[fv"?ﬁ Zlg(;?q)mlpg@tlved ﬁamp ‘?Ng)sgr:)t a!t eg forI go hlours to mx
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sintered con act Thi s 5| ntered, co s cut with a lathe to obtaip a
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regards thi sitraa @eametdrewitHindgle ffngeast 50/t6S1 SBRENTRERE Peparedt 8ty phvage
pass-through flux density was neasured. The results are_shown in Tabhle 1.

| n Conpar at Pe¥WdStEnp| e, C@op%\dﬁﬂ@r Cli ROWES, ablbrrEdey; al P2s ipoWdsr, $iPm Pt
rain size SPVLoin i, Foider? ahR Bloquddh, (S Rith SoPQRREeN A RgET 20°
pdfwer, Ti oputmxzed weie Gsisstivelyweigtad to eaqbdene weltarget composition of
70C0-5Cr-15Pt-2TiO2-3Si02-5Cr,03 (mol%).
[0094] Subsequently, the Co powder, Cr powder, Pt powder, TiO, powder,
SiO; powder, and Cr,O3; powder were placed, together with zirconia balls as
the grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
30 rotated for 20 hours to mix the raw powders. The obtained powder and the
powder, to which Co atomized powder was pulverized, were further mixed
for 10 minutes in a sun-and-planet motion-type mixer with a ball capacity of
approximately 7 liters.
This mixed powder was filled in a carbon mold, and hot pressed in a
35 vacuum atmosphere under the following conditions; namely, temperature of



wei ghed to achieve a target conposition of 73Co-17Pt-5Ti 02-5Cr203 (nol % .
These powders were placed, together with zirconia balls as the grinding
medium in a ball mll pot with a capadsty of 10 liters, aRdTiUR20W®1766
22PCT/ JP2011/ 051766 rotated for 20 hours to m x the raw powders
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to 150 pmwé OHES Fh@"’ﬁéﬂ/? FRNdomdershe co powder, Pt powder, Ru
powder, Ti Q2 povsi@ise éqge%(?l?e respe oﬁ@q—ruﬁ(eﬁoﬂﬂ%er Was'HeANn Pearpdhatbired
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L08T] SubseRuBl sohBersRre oo, ARG, oftb REEChoul EnfWlEing™
medi um i n arésdurenofl 30 pAPawd bbtaic apamiténedotorhPakt.t eTisis sim@réd coagpaodt at ed
For was cut with a lathe to obtain a disk-shaped target with a diameter of 180

mm and a thickness of 56 mm. As regards this target, the number of

25 particles was counted and the average pass-through flux density was
measured. The results are shown in Table 1.

[0097] As shown in Table 1, the number of particles in a steady state was 9.1
particles in Example 7, and it was confirmed that the number decreased in
comparison to 120.5 particles in Comparative Example 7. In Example 7,

30 the average pass-through flux density was 38.2%, and a target with higher
pass-through flux density than 36.5% in Comparative Example 7 could be
obtained. As a result of observation with an optical microscope, the area
ratio of oxides was 70% in Example 7, and a target with lower area ratio
than 85% in Comparative Example 7 could be obtained.

35  [0098] It was further confirmed that the average grain size of metal phases



5 20 hours to mx the raw powders. The obtai ned powder and the powder, to
whi ch Co atom zed powder was pul verized, were further mxed for 10 m nutes
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25 the grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
rotated for 20 hours to mix the raw powders. The obtained powder and the
powder, to which Co atomized powder was pulverized, were further mixed
for 10 minutes in a sun-and-planet motion-type mixer with a ball capacity of
approximately 7 liters.

30 This mixed powder was filled in a carbon mold, and hot pressed in a
vacuum atmosphere under the following conditions; namely, temperature of
1050°C, holding time of 2 hours, and welding pressure of 30 MPa; to obtain
a sintered compact. This sintered compact was cut with a lathe to obtain a
disk-shaped target with a diameter of 180 mm and a thickness of 5 mm.

35 As regards this target, the number of particles was counted and the average



15t he pass-through flux. [0093] (Exanple 7, and Conparative Exanple 7)
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with higher pass-through flux density than 65.5% in Comparative Example 8

could be obtained. As a result of observation with an optical microscope,

the area ratio of oxides was 65% in Example 8, and a target with lower area

ratio than 90% in Comparative Example 8 could be obtained.

30 [0105] It was further confirmed that the average grain size of metal phases
(B) in Example 8 was 80 um and the metal phases (B) had an aspect ratio
of 1:8 and a flat shape. On the other hand, in Comparative Example 8, the
average grain size of metal phases (B) was 50 um, and the metal phases
(B) had an aspect ratio of 1:3 and a flat shape.

35 [01086] As described above, it was acknowledged that the area ratio occupied



25particles was counted and the average pass-through flux density was
nmeasured. The results are shown in Table 1. [0097] As shown in Table 1, the
nunber of particles in a steady state was 9.1 particl es i nPEwaappi1@57766 and
it was confirmed that the nunber decreased in conmparison to 120.5 particles
in Conparative Exanple 7. In Exanple 7, 30 the average pass-through flux
density was 8im/oxides gxisdingewitiin H Wy liam ghssmost auger Peairhasnsi tthet han
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and hot presasdditiwag rotated for 20 hours to mix the raw powders. The obtained
powder and the powder, to which Co atomized powder was pulverized, were
further mixed for 10 minutes in a sun-and-planet motion-type mixer with a
25 ball capacity of approximately 7 liters.

This mixed powder was filled in a carbon mold, and hot pressed in a
vacuum atmosphere under the following conditions; namely, temperature of
1050°C, holding time of 2 hours, and welding pressure of 30 MPa; to obtain
a sintered compact. This sintered compact was cut with a lathe to obtain a

30 disk-shaped target with a diameter of 180 mm and a thickness of 5 mm.
As regards this target, the number of particles was counted and the average
pass-through flux density was measured. The results are shown in Table 1.

[0109] In Comparative Example 9, Co powder with an average grain size of 3
um, Cr powder with an average grain size of 5 uym, Pt powder with an

35 average grain size of 2 ym, Mo powder with an average grain size of 5 um,



vacuum at nosphere under the follow ng conditions; nanely, tenperature of
1050C, holding time of 2 hours, and welding pressure of 30 MPa; to obtain a
sintered conpact. This sintered conpact2owas cut with a | at ReT/ireooliseiea a
di sk-shaped target with a dianeter of 180 mm and a thickness of 5 nm 35As
regards this target, the nunber of particles was counted and the average
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hours, and wel di ress re of 30 MPa; to obtain a sintered conpact. This
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nunber of 20part es was counted and the average pass-throu ux density
was measur e@amﬁm rt%@crlef%tuae eolsHARARCn hpi@llng 1img gAf02] )—\9U§hownd| wekiibge 1,

t he nunber p G e 8,
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pasticles i mva@ouwawethlavéaiﬁ)eatmbbtaﬂn a dlstS':hdi)mhtdrge’Bwnmha dametgreof 180
pass-through flux density was 4% a tar hi, g as through
flux densitVyThaAde8, @%'%l'}?séoﬂga? &i fﬁ‘&laé t@&t‘%rgﬁé E\berafqmﬁ

result of o &ﬁidléélwas%btbnt%@ @pidl Qlé?é Q\‘/@ﬁ’agé09§§s thiRigh FRix! AehSit /)wa%' des
was 65%in anple 8, _and a target with | ower area ratio than 909

Conpar at i ve "ES@fH{see. 8T86dle§UB%aé%tSBPW@dn Tai®1o5]1t was further confirmed
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other hand, paﬁlmmmeaaamﬂlﬁ ®as tdoafiavedahat yn@mmmberederfreaeedalin
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area ratio aeetgyecgass-through flux density was 39.5%, and a target Wlth hlgher
pass-through flux density than 38.2% in Comparative Example 9 could be
obtained. As a result of observation with an optical microscope, the area
25 ratio of oxides was 60% in Example 9, and a target with lower area ratio
than 90% in Comparative Example 9 could be obtained.
[0112] It was further confirmed that the average grain size of metal phases
(B) in Example 9 was 80 um and the metal phases (B) had an aspect ratio
of 1:8 and a flat shape. On the other hand, in Comparative Example 8, the
30 average grain size of metal phases (B) was 50 um, and the metal phases
(B) had an aspect ratio of 1:3 and a flat shape.
[0113] As described above, it was acknowledged that the area ratio occupied
by the oxides existing within 1 um from the most outer periphery of the
metal phases (B), which have a component composition different from
35 peripheral texture, was 80% or less in Example 9. It was found that this



28PCT/ JP20111051766 by the oxides existing within 1 pmfromthe nost outer
peri phery of the netal phases (B), which have a conponent conposition
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the disk-shaped target with a diameter of 180 mm and a thickness of 5 mm.
25 As regards this target, the number of particles was counted and the average
pass-through flux density was measured. The results are shown in Table 1.
[0116] In Comparative Example 10, Co powder with an average grain size of
3 um, Cr powder with an average grain size of 5 um, Pt powder with an
average grain size of 2 uym, TiO, powder with an average grain size of 1 ym,
30 and Co-Cr pulverized powder with a diameter within the range of 50 to 150
MM were prepared as the raw powders. The Co powder, Cr powder, Pt
powder, TiO, powder, and Co-Cr pulverized powder were respectively
weighed to achieve a target composition of 68Co-10Cr-14Pt-8TiO; (mol%).
[0117] These powders were placed, together with zirconia balls as the
35 grinding medium, in a ball mill pot with a capacity of 10 liters, and it was



grinding medium in a ball mll pot with a capacity of 10 liters, and it
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20 of 1:6 and a flat shape. On the other hand, in Comparative Example 8, the
average grain size of metal phases (B) was 50 uym, and the metal phases
(B) had an aspect ratio of 1:3 and a flat shape.

[0120] As described above, it was acknowledged that the area ratio occupied

by the oxides existing within 1 pym from the most outer periphery of the

25 metal phases (B), which have a component composition different from
peripheral texture, was 80% or less in Example 10. It was found that this
kind of target structure would inhibit the generation of particles during
sputtering, help uniform erosion, and have a very important role to improve
the pass-through flux.

30 [0121] (Example 11, and Comparative Example 11)

In Example 11, Co powder with an average grain size of 3 ym, Cr
powder with an average grain size of 5 ym, Pt powder with an average grain
size of 2 ym, Ta;Os powder with an average grain size of 1 um, SiO;
powder with an average grain size of 1 ym, and a powder, to which Co

35 atomized powder was pulverized, with a diameter within the range of 50 to



10 O powder, Pt powder, Ti Q2 powder, and a powder, to which Co atom zed
powder was pul veri zed, were respectively weighed to achieve a target
conposition of 68Co-10Cr-14Pt-8Ti 2 (n@3k% . [0115] SubsequenRtt/yr20tins1@o
powder, C powder, Pt powder, and Ti Q2 powder were placed, together with
zirconia balls as the grinding nedium in 15 a ball mll pot with a
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partl cles duri n&y puttering, help uniformerosion, and have a ver

y
ortant role bseauenty: the fpmomgmq@ﬁ gqwger was filled in a carbon mold,
and hot pressed in a vacuum atmosphere under the following conditions;

namely, temperature of 1100°C, holding time of 2 hours, and welding
pressure of 30 MPa; to obtain a sintered compact. This sintered compact
was cut with a lathe to obtain a disk-shaped target with a diameter of 180
35 mm and a thickness of 5 mm. As regards this target, the number of



(Exanpl e 11, and Conparative Exanple 11) I n Exanmpl e 11, Co powder
wth an average grain size of 3 pm C powder with an average grain size of
5 pm Pt powder with an average grain si3ze of 2 pm Ta205 powieo1mistTesan
average grain size of 1 pm Si02 powder with an average grain size of 1 pm
and a powder, to which Co 35 atom zed powder was pul verized, with a
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of 180 3S5mmtigedassthictigheisx.of 5 nm As regards this target, the number of
33PCT/JP201110517?6 Barti cl es was, counted and the average pass-through fl ux
densi 13728hs (Rxamgreds #hd Gevpptaliverexamelgh12h Table 1. [0125] As shown in
Table 1, the nunpeEx@hmmaris CbesSpé i i t4 [
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was 60% i n le 11, and a target, with |lower area ratio 10than 90%in

Conpar at i veoéjgﬁﬁl gnéf ROWAE" He V%Hpg;,&%atomlzed powger was pulverized, with a
diameter within the range of 50 to 150 ym were prepared as the raw

30 powders. The Co powder, Cr powder, Pt powder, Ti powder, SiO, powder,
CoO powder, and a powder, to which Co atomized powder was pulverized,
were respectively weighed to achieve a target composition of 57Co-17Cr-
17Pt-2Ti-56Si02-2C00 (Mol%).

[0129] Subsequentiy, the Co powder, Cr powder, Pt powder, Ti powder, SiO,

35 powder, and CoO powder were placed, together with zirconia balls as the



[0126] 1t was further confirnmed that the average grain size of netal phases
(B) in Exanple 11 was 70 pm and the netal phases (B) had an aspect ratio of
1:8 and a flat shape. On the other hangs4 i n Conparative Exaopleoiilositebe
average grain size of nmetal phases (B) was 50 pm and the netal 15phases
(B) had an aspect ratio of 1:3 and a flat shape. [0127] As descri bed above,
it was ackngsinstiiggamediam,t ineadralbmithtpod withe @prapadity ohd Oolitieds sardiits wviasg

have & componaied (arRRaRb S0 BhiRe ARt Suftrser  pREpBleited BEReCr g Boc o
I ess in Exanowerl to MhighsCo aiomizdtipotties wad plilvetizel, twsrgefuridier unixede
woul d inhibit the generation of particles during sputteri nglq hel p uni form
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[ 0%28] (Exargfpeo)},a,atgwmgmar ative Exanple 12) In Exanple 12, Co powder
wi th an aver gi_aln size of 3 pm C 25 powder with an average grain
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target conposition of 57Co-17Cr17Pt-2Ti -5Si 02- 2Co0 (no
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was filled :% a carbon Id and hot pressed i a vaCé% atrm her under

the fol | owi miOedRl ?'bl‘f‘é' A8V erade ghaina si#ee oby! ags 2
hours, and wbehgwgpéuﬁ8§uéeofoi p?ﬁ MRra: CéTropliRrbnzéd %deiéresﬂltﬁoéTE?eﬁﬁeteTh' s

Si ntered compact was cut with a lathe to obtain a
within the range of 30 to 150 ym were prepared as the raw powders. The
Co powder, Cr powder, Pt powder, Ti powder, SiO, powder, CoO powder,

20 and Co-Cr pulverized powder were respectively weighed to achieve a target
composition of 57C0-17Cr-17Pt-2Ti-5Si02-2Co0 (mol%).

[0131] These powders were placed, together with zirconia balls as the
grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
rotated for 20 hours to mix the raw powders.

25 Subsequently, the foregoing mixed powder was filled in a carbon mold,
and hot pressed in a vacuum atmosphere under the following conditions;
namely, temperature of 1100°C, holding time of 2 hours, and welding
pressure of 30 MPa; to obtain a sintered compact. This sintered compact
was cut with a lathe to obtain a disk-shaped target with a diameter of 180

30 mm and a thickness of 5 mm. As regards this target, the number of
particles was counted and the average pass-through flux density was
measured. The results are shown in Table 1.

[0132] As shown in Table 1, the number of particles in a steady state was
10.1 particles in Example 12, and it was confirmed that the number

35 decreased in comparison to 90.5 particles in Comparative Example 12. In



10 di sk-shaped target with a dianeter of 180 mm and a thickness of 5 mMm As
regards this target, the nunber of particles was counted and the average
pass-through flux density was neasured.35The results are shewnJr201ilabtee 1,
[0130] In Conparative Exanple 12, Co powder with an average grain size of 3
pm C powder with an average grain size of 5 pm Pt powder with an 15
aver age grailxample 92, thepayerapgepassethroughflax d@ﬂ@ﬂgg@%‘f’&ﬂ%s&i@@%ﬁ@ﬂl pm
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together with zirconia balls as the grinding nedium in a ball mll pot
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of particles was counted and the aver ass-through flux density was
rreagur ed. TIPé‘ats@&(gb]@agr%n 3ABGA! fatioreiy 1953% ?@ﬁﬁéfﬂgeshown in Table 1, the

nunber [0@f4£pa”'ch§5dé§2:rrbe%téi?&>é H b8 dtRAowledged tha the hPed r& bbElGigd! 1
Exanple 12, and it was confirned that th er ecreased 1 n conparison

to 90.5 par ttWCﬂ& que@oﬁmtlagu wethm(anprrefmn tha m@sp@mbeopenpb@%@f Rkanpl e
12, the aver hrgug 7

hi gher pass-t ﬁggerullsrﬁryﬁ%%%%% 01 N @%@ngﬁ@g Eﬁeﬁgf’e%&iﬂcoul d
bé&5obt ai ned pe@mheraldsutdreoi/vasbse?/o/at less in ERampleod@l cdt wascioosdaopet thike
area ratio of xids S.,65% in Ex le.12, and a target 5w | ower. area
Tt than S08 01 BRRR AR R SnbiE 08 adsRetalion: R PartiBessHiindns
further Confslprf@ﬂnghﬁélpt DRIfEIVE 'er08io8! ahl wa@aqfervﬁmbr@h@fﬁ@ﬁ toBhngrBve
Exanpl e 12 was 80 pm and t he net al phases (B) had an aspect ratio of 1:5

and a fl at émﬁp@ssﬂhrm@ Wher hand, in Conparative Exanple 12,
[0135] (Example 13, and Comparative Example 13)

20 In Example 13, Co powder with an average grain size of 3 um, Cr
powder with an average grain size of 5 ym, Pt powder with an average grain
size of 2 um, Ta powder with an average grain size of 100 pm, TiO, powder
with an average grain size of 1 ym, SiO, powder with an average grain size
of 1 ym, and a powder, to which Co atomized powder was pulverized, with a

25 diameter within the range of 50 to 150 um were prepared as the raw
powders. The Co powder, Cr powder, Pt powder, Ta powder, TiO, powder,
SiO2 powder, and a powder, to which Co atomized powder was pulverized,
were respectively weighed to achieve a target composition of 64Co-10Cr-
15Pt-1Ta-5Ti02-5Si0, (mol%).

30 [0136] Subsequently, the Co powder, Cr powder, Pt powder, Ta powder, TiO,
powder, and SiO, powder were placed, together with zirconia balls as the
grinding medium, in a ball mill pot with a capacity of 10 liters, and it was
rotated for 20 hours to mix the raw powders. The obtained powder and the
powder, to which Co atomized powder was pulverized, were further mixed

35 for 10 minutes in a sun-and-planet motion-type mixer with a ball capacity of



10t he average grain size of nmetal phases (B) was 50 pm and the netal
phases (B) had an aspect ratio of 1:3 and a flat shape. [0134] As descri bed
above, it was acknow edged that the area rati o occupi ed bypPther2oxiidess
existing within 1 pmfromthe nost outer periphery of the netal phases (B),
whi ch have a conponent conposition different from 15 peripheral texture,
was 80% or lagpsoximagebnplliters2. It was found that this kind of target
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the nunber @bnijuditic 66 6UED- mﬂﬂsptarra 511©2$$O§€(ﬁwd?%)5 t hrough f1 ux
densHétwas nmeasured. The results are shown in Table 1. [0137]1ln

Conpar@38le Exanmphesazpowdepowere \ilasechnteaathagevigh arifcaniacbalis am tepm
Cr powder w raiyh s e
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Cr powder, BhdpeodpressBad fowdesacudn infsbptere Widst PRMERIowiag cdaetitigns;
pul verized powder were respectjvel ghed to achieye a target conposition
of 64Co- 10@3@,_ qmpgﬁqtyge OéngP/hgldmg time of 2 hours, and welding
pressure of 30 MPa; to obtaln a sintered compact. This sintered compact
25 was cut with a lathe to obtain a disk-shaped target with a diameter of 180
mm and a thickness of 56 mm. As regards this target, the number of
particles was counted and the average pass-through flux density was
measured. The results are shown in Table 1.
[0139] As shown in Table 1, the number of particles in a steady state was 8.8
30 particles in Example 13, and it was confirmed that the number decreased in
comparison to 90.5 particles in Comparative Example 13. In Example 13,
the average pass-through flux density was 59.8%, and a target with higher
pass-through flux density than 57.1% in Comparative Example 13 could be
obtained. As a result of observation with an optical microscope, the area
35 ratio of oxides was 60% in Example 13, and a target with lower area ratio



[ 0138] These powders were placed, together with zirconia balls as the
grinding nedium in a ball mll pot with a capacity of 10 liters, and it
was 20rotated for 20 hours to m x the r3@w powders. Subswapeentdsyzeet he
foregoi ng m xed powder was filled in a carbon nold, and hot pressed in a
vacuum at rmsEhere under the follow ng conditions; narrel y, tenperature of
1100C, hol dithgn 5% i Comparatise Examplel th aguigrke shtained. 30 MPa; to obtain a

= G HOHEped © allghes TuRheL BgRAnTiBaNAG} nEaviRad rat gife b Relf ety 7.0
regards thi B) & gxampled rwailser0 afm aadtthelmeta\lfvphasesmByedadm aspectwatiage

pass-throughf_ X densjpty was ne ed re uIt are sho In Tabe 1.
013018 shalinl Breneis: ot shae nORe Bineshata sCoParat ey Br ol fs
8.8 30 parthe! frerbfeEyriiR! §iz4 3of attal tph‘é@ésCGB)f wakedot Dt 4 tﬁém’fh@tm
decreased in conparison to 90.5 particles in Conparative Exanple :

Exanmpl e 13, PhaeeavBr g8 yaasrest @ligofil:dangeadiat habe. 59. 8% and a tar get
W th *f%gﬂgf paSSAE*HéE&Qi'Befd' \%e’?ts\wg¥ atcﬂﬁew'isgdqaﬁé’L Happsat tY&oEeﬁg&gggels

coul d bt ai ned.” As servati on an optical mcr ,
t he area 35yt the @b(ld:ea eastmsWﬁb% i1n uEx frgoh dhe3moahobtaelt pegpheni of thewer

bt i nedt. [ 18] INGRES (B Y el g do ot c b Ry Bifertar JMme
meoal phase%e(rofheral texeure! Wa@S@%SoF%wﬁnaEQaHpﬁbe mat allt Waasmneahahaﬁsan

aspect rati 6 and a flat sha he ot her hand, arative
Exanpl e 13 atlaé'gﬁbes gl é’Y%‘BSOF‘%E dhe pagneration) Oﬁa%argélngnfjuﬁm t he

et al phase%pﬁﬁérlhgdhéib ﬁﬁi@é’ﬁﬁ drasiod, ahdlhakeaBd ety filplorahersle fo0kddrboe
descri bed above was acknow edged’ that the area r t| 0 occupi ed by the

oxi des exi sth@gagptthiauah Bwe.fr om t he most outer periphery of the metal
phases (B), which have a conponent conposition different from 10

peri pheral texture, was 80%or less in Exanple 13. It was found that this
kifid of target structure woUuNDUSHRbAL AP IGABILBTY on of particles during
sputtering, help uniformerosion, and have a very inportant role to inprove
t he pass-through flux. 151 NDUSTRI AL APPLI CABI LI TY

[0142] The present invention enables the generation of particles to be
significantly inhibited and the pass-through flux to be improved by
adjusting the structure of the ferromagnetic sputtering target. Accordingly,

20 by using the target of the present invention, a stable discharge can be
obtained during sputtering performed with a magnetron sputtering device.
In addition, since the target thickness can be increased, the target life can
be prolonged and a magnetic thin film can be produced with low cost.
Moreover, the quality of the film formed through sputtering can be

25 significantly improved. The present invention is useful as a sputtering
target of ferromagnetic material for use in the deposition of a magnetic thin
film of a magnetic recording medium, and particularly for use in the
deposition of a recording layer of a hard disk drive.



[0142] The present invention enables the generation of particles to be
significantly inhibited and the pass-through flux to be inproved by
adjusting the structure of the ferronmagseti c sputtering taPgetr2011/051766
Accordingly, by using the target of the present invention, a stable

di scharge can be obtained during sputtering perforned W|th a magnetron
sputtering device. In addition, sinc€lMMT arget thickness can be
increased, the target |ife can be prolonged and a magnetic thin filmcan be
produced with | ow cost. Mreover, the quality of the filmformed through
sput t er i[G¢pimath] be 2% si gsputteramgt | y tiarglatovedf Theorpneageetic-graiardispersed
useful as a sputterlﬂb‘al(%1 fi_rget of. ferro etlc mateﬁl al for use.in trr;ﬁ
deposition of a netichmatefiph, 19 g'h%@mégP% ©r 9 nesisH
pakticularly forom@@s iafle td1§p&iR@sint laolﬁhe@él RaVif§ 04 Hondodsiieh dntainlgy dodi sk
drive. 38PCTIJP2011/051766 CLAI V5

1] Asput t er i ngt argelaf ¥olfey9ét ©6- gné GOdagdéeswameém@eéﬂrthttarg%tl in
whi ch nonmagnet ig N i St t al
navi ng a compositUaiene LS, & ripeeny i MEATRorfho e AR GFRE coRe U
remai nder; wher @if roxitdes taaregénspetsedzmm’rm mblasdaemeiaprmma nae!t)al iptasgs o)
nonmagneti c grains.consistin rret al ,

o{) Xl deﬁ. ar e. e{sed b P
ond metal phasel A RsahBoHeRh apeRt R iRLeR BRI Ask. Aeld i
basihs mzat al }Nith.lh@ phEGet (49, @ aeed @étl%td@eup;eelaby ixidesOGAtH [ Equhyfr(ﬂN:)}deS
within mfromt st oyter ery of nme i

| ess, andpt he a\%?gtg@”&r’apﬁr'ebﬁr 8 ﬁ@ ?;qﬁa(ges k'g)ség@; él?%sf? ?‘ﬁnre
and 150 pm or |%S/éradé]g?élﬁ‘Qké\iﬂl{hé%éfwtﬂfag%qmqgmﬂﬁi bPerfré'éhdj%Qersed
15 ferromagnetic material in which nonmagnetic grains consisting of oxides

are d| spersed i WA OMRSH. havi ng a corrp03| tion containing 20 nmol % or | ess of

, royore and 3 f a
vvher ein mr{:r{eﬂ r get s?\r uc%lﬁ)rrﬂleﬁ I'n IudZ%%ae?phase (Z%n%a%etaﬁh%ﬁ%gﬂngr?éd
glai ns consi sti rﬁgroma@medies naateridi Spewhérh wdrnmagaeti@ Ogriadrss scamsisting arid
nmet al phases (B) a,.co ent _co iti.on different fromt.he basis
motal witnin { noxiEs A% AiSPTREIC R P MEe A SaTTREe Hee T IRe2S pm
fromthe nmost ouiiR, BRISSEET Cr, & nBYRbr MdRe ehd( 3D MEI98BM s bRt andndot he
average grain size of the net al phases (B) is 10 pmor nore and 150 pm or

less. 25[C aim @Fﬁhs ISHANEET; n\gh@wrgélﬂe rgeérsthagﬁempmﬁs&t @rnharsea(eddn di ng
to claims 1 or Wo?l'nﬁ'aéornﬁlcfi&?élﬁg%om&@ing m}l%§gregﬁg€es e?B\gvﬁf@njﬂLo om

within 2 pmfromt e nost ‘outerperiphery o
o020l ess. [d ai mbapiEhaaiplitaret inmgfat eprhgeesdB)fImvingv@mmWnanteadmpositiom di ng

metal” phases (o TTeRe s e 4R Fhtal il LRABPARLEN [P Brs a0
ferromagneti c meteupied Iacogiddisngithia 2pyn éoen eie ot Butdr perigheryhsfrmetalt he

metal phase (B) js a f e that is Co all oy phase in which the Cr
content is 10 WP @ﬁ?sl(bgs's @él'%%]%@@%@{%?gﬁ@@ﬁ} §iae of the metal

ferromagnetic nphgsbalBRECPH §inMSr itor@™nd 150 pm or less.

25 [Claim 3] The sputtering target of ferromagnetic material according to
claims 1 or 2, wherein the average long diameter of oxides existing
within 2 pm from the most outer periphery of the metal phases (B) is
10 um or less.

[Claim 4] The sputtering target of ferromagnetic material according to any

30 one of claims 1 to 3, wherein the average aspect ratio of the metal
phases (B) is 1:2 to 1:10.

[Claim 5] The sputtering target of ferromagnetic material according to any
one of claims 1 to 4, wherein the metal phase (B) is a flat phase that is
a Co alloy phase in which the Cr content is 10 wt% or less.
35 [Claim 6] The sputtering target of ferromagnetic material according to any



39PCT/ JP2011/ 051766 5 10 [Claim 7] one of clains 1 to 5, wherein one or
nore el enents selected fromB, Ti, V, M, Zr, Nb, Ru, Mo, Ta, and Ware
contai ned as additive elenents within t3ge range of 0.5 nol peosroovee1@mad 10
nmol % or | ess. The sputtering target of ferronmagnetic nmaterial
according to any one of clainms 1 to 6, wherein the area rati o occupi ed by
the nmetal phase®oneB)f dainas fll tat5,smb@rein onely e eleseentswelestedfrosgittier i ng

target is 15 to\ﬁ,%/?l, Zr, Nb, Ru, Mo, Ta, and W are contained as additive elements
within the range of 0.5 mol% or more and 10 mol% or less.
[Claim 7] The sputtering target of ferromagnetic material according to any
5 one of claims 1 to 6, wherein the area ratio occupied by the metal
phases (B) of a flat shape in the cross section of the sputtering target
is 15 to 50%.
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