1PCT/J P2011/ 067936 DESCRI PTI ON Fe- Pt - BASED FERROVAGNETI C

MATERI AL SPUTTERI NG TARGET 5TECHNI CAL FI ELD [ant] The present invention
relates to a ferronmagnetic nmaterial sputtering target used for depositing a
magnetic material thin filmfor a magretic recordi ng medCIRP2Q1WO§R8& i cul ar,
a granul ar magnetic recording |layer, and to an Fe-Pt-based ferromagnetic
material sputtering target showing | ow particle generation. BACKGROUND ART

In the field of magnetic recordi r ed by hard di sk drives,
ferromagnetic netal materials, |Bgsré|@(§”§§|t or Ni-based materials are used

as materials of magnetic thin filnms that performrecording. For exanple, in
recordi ng | ayer r i i I | i i ¢ recording
system Co- € rt'%sgﬁFqﬁ%@%ﬁ&gk@%ﬁ?'@\?@éﬁ%‘?@p E‘ERIEI%C-I‘OHDOHGM is
Co are used. In recording |ayers of hard di sks enpl oying a

per pendi cul ar magnetic recordi t-has been recently applied to
pr actical use, conposite mater P%@M@ksfg%ﬂ%‘%f a Co-Cr-Pt ferromagnetic

al l oy, of which nmain conponent is Co, and a nonnagnetic inorganic grain are
wi dely used. In ny cases, the magnetic thin fi [ .ecordi ng
medi um@Pdh as arﬁlﬁare&pgﬁlqvgngpe({%ﬁas E?/ %Eﬂf%’@%ﬁegrcaﬁ‘ﬁge?’ %%&ﬁgpﬁ%

mat eri al sputdrget ngeti afoy edepsitiigs i nmgpeticanateyiabfthinhfiinafor @ magnetaed

mat eri al because of its. high productivity. e, ing
density of ar%ﬂ@i'ﬁea'é‘gbgﬁip%(j“ i arﬂrf"émf"éB]atﬁ’lrgﬁ?%@erggﬁgr{gyée@éﬁé%ear,
andiot he curr ant FeuPfbased eeromagnietid 0mhaGials sputteningy taeget hshowWingt $9Wn2 i n
the future. a recording density reaches 1 Thits/in2, the size of a

| f
recordi ng bi Par‘gc'%ﬂﬁﬁ‘?f 'Phan 10 nm In that case, it is expect ed t hat
super par amagneti sm due to thermal fluctuation will pose a problem It is

al so expected that magnetic reégmggﬁ@gﬁurrently used, for exanple, a

material in which 2PCUP201110 ocrystalline anisotropy is
enhanced by adding Pt to a Co-C based alloy, or a material in which

TRt L o S50 564, ARG SR RetSRTATb KRS 10,
of 10 nm or Fessmagadtioymetaiunatgriald, eer,0beghet ocNbeasad oraterals @q%ﬂ{ﬁédj to
above, an Fepe pRcaa Ty BB A SR pehapbictalicry relr xafeie, a8 (S3" O
mat eri al f or regordingrlapéghefdeardi digks empiajiimg anredgitudinarmegretipressEdingvi ng a
R o e e iR gRoP BeLERls PR Bbh el RSN drabih R bopbfofc 2

20 Co are used.

[0003] In recording layers of hard disks employing a perpendicular magnetic
recording system that has been recently applied to practical use, composite
materials composed of a Co-Cr-Pt ferromagnetic alloy, of which main
component is Co, and a nonmagnetic inorganic grain are widely used. In

25 many cases, the magnetic thin film of a magnetic recording medium such as
a hard disk is produced by sputtering a ferromagnetic material sputtering
target consisting primarily of the above-mentioned material because of its
high productivity.

[0004] Meanwhile, a recording density of a magnetic recording medium is

30 rapidly increasing every year, and the current surface density of 100
Gbits/in® may reach 1 Tbits/in? in the future.

If a recording density reaches 1 Tbits/in?, the size of a recording bit is
smaller than 10 nm. In that case, it is expected that superparamagnetism
due to thermal fluctuation will pose a problem. It is also expected that

35 magnetic recording media currently used, for example, a material in which



corrosion resistance and oxidation resistance. [0006] I n order to use an

FePt phase as a material for an ultrahigh-density recordi ng nedi um
a technology is required to be devel oped where ordered FePt nanograins are
dispersed in a sinmlar orientation and in a magneti cal | YCIGP?HEHPHOH¥ nanner

as high densely as possible. Fromthis point of view, a granul ar
magneti ¢ recordi ng nmedi um has been pr oposed Thi s granul ar nedi um which
has a structure where neti.c fine. gr e ) netic
marrx such TRGNHGRYHBTAGISOr Sy (s emaaeedydy SERMREE & Bfich BFR

magnetic gr alaﬂéy,GUr@ a&teﬂﬂgﬁeﬁhlchlrﬁagnetmwcmpﬁdg hetwedh ynagmediagraink ds
intervention of an tic nce. Fqr the qgr r magnetic

recordi ng m&f%ﬁ?ﬁﬁ@bgﬁﬁaﬁ Q:‘ﬁ @te(épayvg(jnqtgbq g‘fﬁggh?mcumnts such as
Pat ent Docunent IThidR! pedauseca gerdln w’zith ?&izmdsf Wanmenkes8 statdy Bhvwimg Docunent
4. [0007] Moreover, the netic.record | gyer s, conpo f netic
25 Bphase sufefrergagpetic, hshayjqryis r&ﬂU"%d @n%&n@fth?rgﬁ'zi@g'g O%FYSEEaI’ml?e t he
magneti c phasmsmﬁya net al oxi de is effective as one of the materials for
t he non- nagnetic

ase. of thes ne r.ecor er, f or med
by the RW¥atteri nd'ﬁ)éf T%ﬁ %Sﬁﬁ%agm% é?ﬁtn%f'qs 'gé\/t}tgq é?}ﬁ = errgmagnetl c
mat eri al Spubhﬂfdrﬁlgntlaiﬁ Osttergiont as m mgateriak far anxuld’ahlgbl-d@SatyS(Bcorﬂiwm ron
sputtering ap ari,se i.n gen t ent
rel ease of tﬁge‘{%m %B?Fgé @mﬁ 'b%?tlér"l rélcgﬂaqé%L %&P‘eﬁ%w‘??‘%ﬁ‘f‘
di sghar ge st guitawig ﬁpl@abw ttb Ianhewrldidg/ metdilmdbecauset itehamrapeexcellent| t i ng
in particle generation.

(ﬂ ﬁ on atgﬁg?strat e). I n
order to sol Y&TPRIP8 T6P'5 rg,;ﬁ]ar{ gx'gﬂ At ERCE ween a netal oxide 35and a
mat ri x [@doepy i s meq:nderetb use lae BelPpbast aaramateraldot aoryltrahightstensity ng
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20 magnetlcally insulated mutually through the intervention of a nonmagnetic
substance. For the granular magnetic recording medium and known
Documents related to it, see Documents such as Patent Document 1, Patent
Document 2, Patent Document 3 and Patent Document 4.

[0007] Moreover, the magnetic recording layer is composed of a magnetic
25 phase such as an Fe-Pt alloy, and a non-magnetic phase to isolate the
magnetic phase, and a metal oxide is effective as one of the materials for
the non-magnetic phase. Many of these magnetic recording layers are
formed by the sputtering deposition method. When trying to sputter a
ferromagnetic material sputtering target containing a metal oxide using a
30 magnetron sputtering apparatus, a problem may arise in general such an
inadvertent release of the metal oxide during sputtering and abnormal
electrical discharge starting at a void inherently included in the target,

resulting in particle generation (dust adhered on a substrate).
In order to solve this problem, the adherence between a metal oxide
35 and a matrix alloy is required to be enhanced, and in addition, a sputtering



15 ferromagnetic material sputtering target wherein an inadvertent rel ease
of the nmetal oxide during sputtering and particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target are suppressed, the adherence Isetween the netal ®ddTdP2emM6T98€ nmat ri x
alloy is enhanced, and its density is increased. 20[ Solution to Problem

[ 0010] After intensive studies to achieve the above object, the present

inventors find that by selecting Fe as_a,main conponent of a matrix all oy
and a netal d&319géinRduHEdd8se 'ﬂgfﬁﬁ?ﬁ'*’f'ﬂ?@, a high-density sputtering target
havi ng [bbk%ée'ﬂa@éiﬁ%caﬁ@ﬁfﬂ ah&aefdCpef FERMIPUBKdAtion Alod 2003062281 X 25

al l oy can be produced. A sputtering.target produced.in thi n

si gni f i cant | PatediRasupgnt ¢ clapageseckaid(pn HW’B?}H‘EE"%P &0 5@%&%@% hat a
target wth Imyem@dcufieft gzeJA?éﬁédélrhi&@beh@MtFuBﬁ@tibM N&S0GB-8978% al  oxi de
havi ng good wettability. ;00 1] Based on t hese leE i ngs °|t12 I %t

i nveénti on pr GatendDocunient 4. Japapeser:aigripen Halent 5 8\"(‘:\' 6%&@54 gput tering
target conprising a netal and a netal oxide, wherein the netal has a
conposition in which Pt is contained in an t of 5 nol%or nore and 60
mol % or |ess and the remai ndeyMMARYE OF 'NVEﬁ%&H 2) the Fe-Pt-based
ferromagnetic material sputtering target according to 1) 35above, wherein a

value of wettability for a nolten netal of the metal oxide is
4PCT/ JP201110659mécd Broblef]l K) or 1ess; 3) the Fe-Pt-based ferromagnetic

mat gy i atbo@aﬁut terigly drié@ebf aRE Oprdisaat itvehtioAr is2lo girovide whfern@intaghetiont ent
ratio of the nmetal oxide is 15 to 7 vol% a(r}d n4%l| 'Ehe ﬁﬁ-Pg-l?ased
f erromagnet i @?ﬁﬁf‘@??%tt%mtﬁ@qtn\dhpgrﬂ&b SttodPaN RMAgnaHS, 'SR IV 1o 3)
above, wher eiganigtRef®ifa m@ﬁhéﬁc PR¥sSuéh 85 anrF e PrallbgtandennOn-nagnetib0 pm i s
di spersed in a matri x of E_Ie nmet a| . , . | oxide is used as
phase to isolate the magnetic phase, and in which a meta
one of the materials for the non-magnetic phase. Provided is a
15 ferromagnetic material sputtering target wherein an inadvertent release of
the metal oxide during sputtering and particle generation due to abnormal
electrical discharge starting at a void inherently included in the target are
suppressed, the adherence between the metal oxide and the matrix alloy is
enhanced, and its density is increased.
20 [Solution to Problem]
[0010] After intensive studies to achieve the above object, the present
inventors find that by selecting Fe as a main component of a matrix alloy
and a metal oxide having good wettability, a high-density sputtering target
having the enhanced adherence between the metal oxide and the matrix
25 alloy can be produced. A sputtering target produced in this way can
significantly reduce particle generation. In other wards, we find that a
target with low particle generation can be obtained by using a metal oxide
having good wettability.
[0011] Based on these findings, the present invention provides:
30 1) an Fe-Pt-based ferromagnetic material sputtering target comprising a
metal and a metal oxide, wherein the metal has a composition in which Pt is
contained in an amount of 5 mol% or more and 60 mol% or less and the
remainder is Fe;
2) the Fe-Pt-based ferromagnetic material sputtering target according to 1)
35 above, wherein a value of wettability for a molten metal of the metal oxide is



[ 0012] The present invention also provides: 5) the Fe-Pt-based
ferromagnetic nmaterial sputtering target according to any one of 1) to 4)
above, wherein the netal oxide refers to one of nore oxides 10sel ected from
Zr, My, Ti, Al, B, Ta, Nb, Zn, Si, C 4 M, and Ga; 6) tROF/FROIPDEM8EEed
ferromagnetic material sputtering target according to any one of 1) to 5)
above, wherein the relative density is 97%or nore; and 7) the Fe-Pt-based
ferromagnetic _materj al uttering target according to any one of 1) to 6)
above, wher ei?R (HBOIKY Oﬁl'}r)% el ements selected fromB, C, Ru, 15Ag, Au, and

Cu are cont ai3nege F-Rbaskd férﬂﬂn%rﬁém%atdﬁlaﬁﬁpm ta@éet’SadmidImglto mpre and
20 moN/ D or |ess. [Advantageous

I t t
i nvent i on rePALE3DPYE, d”h@'@f"b?rﬁ&ﬁ@’\téatﬂﬁaf’ ef?‘]gfagﬂ%ﬁg]r'? gq?gbd’é’?ﬁ’pr i en

enabl es to fqy m@meslee féﬁsﬁfa@hegc hﬁi@r‘”al%ﬁﬁﬁ@ﬁﬁ@t@beﬁaco&dnﬁgwehyc phase
such as an Fe-Pt al oy, and a non- net i

%%B to isolate tthﬂtmagnetl c
phade, and i R&Afdn a%ﬁbaveowheeemé %g@&al ayingh@raiR SIZLi RAIWeP ¢ he
non- nagnet i COPﬁQﬁG{SOTmﬁ |§6%§>@F§ed iV atnoCie mefagcti vel y provide a
ferromagnetic material sputterijng et. wherein an inadvertent rel ease of

tar
the netl@12bxi de dibe; H’f&sgﬁh'f‘t’ﬁ'l“i'%alé QB‘QF??CI e 25 generation due to

abnor mal el e} fHeepé-FisHsRaTERoRTaghbti thadrid sthtdrmg\twgemd:QOrdmgItandayl in the
target are suppressed, the adher enc bet en OXIPe and thg mat ri x
alloy is enhgRe&d Nind) |atb§VﬁeW§?'Ee5}" meda é’d‘é‘iﬁjrefers to ong ofmgre,gxide

advgnt ageouslsmééﬁaﬂfréﬁhrzldwsntAlOB T4, b NBGSit Ce, Mmt and @a;thin filmfor a
GRS S LR AR I I TR T
anount of 5 gRk%fAy tés) Qb@i?éi voRerem ﬂﬁeqreldtmadmdynmewﬁmmnherands Fe; and a
metal oxide. 7-)rmeSFe ?’tabased ferrgznatgrrllgtl ma eerrllgl s'pm/tgrql%g ?arget according to any
one of 1) to 6) above, wherein one or more elements selected from B, C, Ru,
15 Ag, Au, and Cu are contained as an addition element in an amount of 5
mol% or more and 20 mol% or less.
[Advantageous Effects of Invention]
(0013} The present invention relates to a ferromagnetic material sputtering
target, which enables to form a magnetic recording layer composed of a
20 magnetic phase such as an Fe-Pt alloy, and a non-magnetic phase to isolate
the magnetic phase, and in which a metal oxide is used as one of the
materials for the non-magnetic phase. The present invention can
effectively provide a ferromagnetic material sputtering target wherein an
inadvertent release of the metal oxide during sputtering and particle
25 generation due to abnormal electrical discharge starting at a void inherently
included in the target are suppressed, the adherence between the metal
oxide and the matrix alloy is enhanced, and its density is increased.
It can be advantageously used for deposition of a magnetic material
thin film for a magnetic recording medium, in particular, a granular magnetic

30 recording layer.

DESCRIPTION OF EMBODIMENTS

[0014] The Fe-Pt-based ferromagnetic material sputtering target of the
35 present invention comprises: a metal having a composition in which Pt is



[ 0015] As shown in the follow ng Exanples, we find that addition of one or
5 nore oxides selected fromZr, My, Ti, A, B, Ta, Nb, Zn, Si, C, M, and
Ga as a netal oxide can increase the density of the Fe-Pt-based
ferromagnetic material sputtering target, and can si gni fRQT&R201Y/0&AIPPr ess
particle generation. W also find that the addition of these oxides
comonly inproves the wettability for a nolten netal of the netal oxide.

10[ 0016] Wettabi ity of a matrix | o nd a non- net | terial n be

pr edi ct ed an&oﬁ{ﬁé’l‘%jafrbanb‘ifng?%?é%irB%'gl‘?Géir?lﬂ'ec,%\rfcgggafmh%\%nﬁ?%soﬁpgttﬁgl ndex
(hereafter, rehamded sOFas and\d" jnetal oxidel n Tris tiscal baisis aofCile fpogsemt ol t en
nmetal of a netal oxide having a value of 25 (J/nolK) or less (Note that the

unit "K" repﬂ’@’@é‘ﬁ?@-_ Kelvin as used 15 throughout herein) is effective to
produceop@shi gh- desshowh ah rtﬁguamwmh%‘mnwea,l wepfiid ehat ngiditinget o@r ng good

wettability and enhanced adherenc et wee h al,_oxi dt mat ri x
al |l &y. A spufM¥Pi %Sa?ﬂ@?teﬂrf:s%m d gm\q?rﬁglsbnjﬁrq&h éﬁnéb%ﬁe r\'\?é‘pggguppress

particle genggal inefal d@RBLEAd Meredsd Ml ddrisity A 36¢ FocRt-pdsdefeframaymetic
calculated fromthe change .in 20t he free nerg}y and the en hallg) f Fe and
: s RT Baferal

each metal oXiaieriaksputieripgdaiael andyean sigritigANTY suppress PArds 8f dur es

are as followge a@éo findsthattihe abaities oftHdse bxides esvangyniyAldproves dbé cul at ed
for a reaction i i en is ez%hangeg b.%tvveen an arbitrary oxide
t ia p§|1

.Which ox
(solid phase)”eéﬁg"'ﬁé%‘(rlq mtg“ﬁﬂ%ﬁéé?; §dp €. 25 the change in the
entfpal Qyo16A - | M XVefabilityeoBian@natrikOdlloyf ahé & nNich-mageetd matepiahean bé t he

A x| RY waBSsRgaed usbated RiaaiRtnt wshe Colidi diafleiy ot ",
tenperature Cherebfter eefeticanofdsLiGivI"p val ue of _C,W i's gener ally known to
A S T L R e
target of thefpRseaRmbIK)hEEMdIsO(Notkt thas tlmarwiitc'm"agdpyemrﬂed(élwie ashased he
content T hihahe Beraih 1 il 3obartRor . PR R At L1 ¢
a hi gh- densi atensalt dpRitieningAargut deivingagodit wettabilitednd antabted etibhariencel
sputtering t %Egﬁéenct?\% r%];Iael\%g(id\éeér}/d the matrix alloy. A sputtering target produced
in this manner can effectively suppress particle generation.
[0017] The wettability described above can be calculated from the change in
20 the free energy and the enthalpy of Fe and each metal oxide at any
chemical equilibrium.

Calculation procedures are as follows: at first, the change in the free
energy (AGy) is calculated for a reaction in which oxygen is exchanged
between an arbitrary oxide (solid phase) and Fe (liquid phase); secondly,

26 the change in the enthalpy (AHmix) for merging 1 mol of Fe into a metal
component of the arbitrary oxide is calculated; and finally, a value calculated
by (AGo + AHmix)/RT was assigned to CWI, wherein R is the gas constant,
and T is a temperature of the reaction field. A value of CWI is generally
known to correlate with a contact angle between the arbitrary oxide and the

30 metal component.

[0018] For the Fe-Pt-based ferromagnetic material sputtering target of the
present invention, It is particularly effective that the content ratio of the
metal oxide is 15 to 70 vol% and a metal oxide with a grain size of 0.1 to 50
um is dispersed in a matrix of the metal. Thereby, a high-density sputtering
35 target can be produced, and the obtained sputtering target can effectively



6PCT/ JP2011/ 067936 suppress particle generation. 10019] Moreover, the netal
oxi de descri bed above is preferably one or nore oxides selected from Zr,
My, "n, Al, B, Ta, Nb, Zn, Si, C, M, and Ga. They can inprove
wettability, all of themare effective for a high-densi PETEP2MI1/EG7R8Ey 5
target, and the produced sputtering target can effectively suppress
particle generation. In addition, a relative density of 97% or nore can be
achi eved for the Fe- gased ferromagnetic nmaterial sputtering target.

[ 0020] The FeSPPP%§§é@”¥ ¢ O6REENE ¢ naterial sputtering target of the

pr esentjpgfayent i oMarapver, $ife efthicoxid® desoibetabowd Bnpreferablyl et edmbrem B, 10

Cor o ani 20 a8 apaes S roRdl S i S 21 3, MM, 9l o8, S1R

per pendi cul agag QRpFIvVESwéRALS fyoéu af thehadegrasotive dorus high- dmrw@puuenmret ic
mat eri al sputterln target o

esent vent can decre se an
ordéring tenfegh the predpee fB[’g@fﬂq %"'9% bﬁrgtg\reily i:\4 %"P§§|Pa§lb%?ter| ng
ta{ﬁeg ofF thg eﬁg@fh@ﬁt lrmueambana?aat.bﬁdangwcm%wrtm@remamm ueaa?elazed urgypt)
nmet ho or productign er of eac nment ers of Fe an
and powder ofordhed&att Pege%fmm@%%@@%mﬁw @‘5% Ru, Ag, Au, Cu),
:j f deSIb dlsm are Fl'fhélpéFeth bésémmmm@rnfetro miaterialf splhtearmgoda[gert sofi $he|
esirably 20 pmor  |es of usin [ e el enent ,
an atomi zed RI9S§M ﬁB(ﬁTz'P"dT‘aY ﬁg'aé’e piq e Pﬁ%ﬁﬁ%gntsaﬁﬁ%ﬁ?‘ﬁ%@oaﬁer
congyr i si ng achaae AR, fmmderasaaadditiad didmaet imedrabmelstreind.Stroolie oadded as
appropriate ma aI d n this ase raing, h rain size
of 10 pmto dgrzg i? %rb’efsus@‘g ﬁ)gﬁeﬂe\ g%aﬂmggfe%sgrdg
wei ghed to aﬁbr;ﬁrﬂuﬁjlﬂeabémc{recm@softa dilm wpmeususrhgnhmfeedmgaegcp ound
usi ng a known tec ni as, a. ha ' a o] de
powder, it nEAREA ﬁlﬁﬂﬁefm E’rgetrrgfg'f BBW&I 'ﬂYe'ﬁﬁm dag‘td g"’"‘? el ese ks
t he ot her haggierimgtehideratimeerf FefPtD. 5 pmor |arger is nore 30 preferred
because a proble uch as pronot ed, oxi dat i er is
too“’sn‘é‘quP ;a),eér%gn$rgrmgteﬁlg[§qut |n§ea %@%é %Fe\r\gﬂ %\Hﬁ%rgewrmxr mum
gr a:jn si 5\3 Obe:{pr@mjé&d b?ﬂfﬁe pswees imetdllurgy sethodn Edmrepmtibemoma:m\rdea ofret al
oxi de powder o r ferre ily
S5agql bner at EACHASIALHEMSARIeS 256 St 2 Owdf i dhaddilemERT
element (powders of B, C, Ru, Ag, Au, Cu), if desired, are prepared. A
maximum grain size of these powders is desirably 20 um or less.
20 Instead of using powder of each metal element, an atomized alloy
powder of these metals, for example, an alloy powder comprising a base
metal powder and an additive metal element to be added as appropriate
may also be used. In this case, grains having a mean grain size of 10 um
to 200 pm are desirably used.
25  [0022] Then the powders are weighed to achieve a desired composition,
which is then mixed and ground using a known technigue such as a ball mill.
When adding a metal oxide powder, it may be mixed with a metal powder at

this stage.
On the other hand, a metal powder of 0.5 pm or larger is more
30 preferred because a problem such as promoted oxidation may arise when

the powder is too small.

Moreover, for a metal oxide powder, powder having a maximum grain
size of 5 um or less is desirably used. On the other hand, a metal oxide
powder of 0.1 um or larger is more preferred because it is easily

35 agglomerated when the powder is too small.



7PCT/ JP2011/ 067936 [0023] The powder m xture obtained in this way is nol ded
and sintered by hot press. In addition to hot press, the plasma discharge
sintering nethod and the hot isostatic sintering nethod may be used. For a
hol di ng tenperature during sintering, 7the | owest tenper &CINE201H0GY936
tenperature range where a Starget is well conpacted is preferably used. The
tenperature range i s often 800 to 1300C, depending on a conposition of the

target. [0024] Ne th| filled i nol d h
pressed? (%Zﬁ vacuu ﬁg’g’\r{\dPﬂ‘él'rig\‘ﬁleﬁe’%gwﬁef ‘fﬁ' g?’Mrhg? o
gllgggr eg h%@g@ tllﬂtmdaftma tboiﬂtﬁr?wm@pnsmgmargewtmag methadbaad n a

ac s.1s fur ces d
with a di ameth® Hgtf'sﬁ ﬁﬁf'ﬂﬁﬂn%\mﬁ\[‘] eof’g%éjmr[?(ffya EOII% g u?élgﬁt
[Sggjzg]cfb\cfzgr ZFEhhgrslﬁlﬁrmJEﬁga ‘Id\ﬁe;d"!tté‘ﬁﬁferélhr@&ﬁ ta tﬁmﬁemmremngemmere a

ensi t dh

bet Ween t he Fﬁé’gﬁr '%M‘%ilega'ﬁ‘&af’m i%apquﬁrag& Wefjsa(iﬂﬁatﬁmr@tgﬁe B'tan%r' gﬁugggnce
1; S\e/ten(:;1 1;1 ggﬂﬁglsrr?ta atbattaggtgf déﬂi&dmg dﬁaéomp?ﬁlﬁﬁﬁeﬂthdﬂaegatenm ty of the

i i ne 0 n arti
sput t ed?434! can bé“%c‘h@a@é’@‘P%‘?’%%v@rﬁ a§R ﬁ?&gte%@ \R/@ u“fqg@/ of the
matrix all oyvaa@hmMmghaﬁguﬁaeptﬂmbenmbnsm betempetatmemf 11903 eali ct ed

b | at whi ch
oxi g havi ng PRIIBENME P ZnoaProrRyS rerute e iiE, RUEbeH 8 SRR °"

]E glrl?o\r/rglgﬁgt | Ebmpbgtr |t §'|r hi & ﬁjﬁmewtd@sséd :to’ ade?ChShgm faegdttwitas @ihmeter
o thi s way Db 0GR 2t @ arlprea. Bt b DL IRy MBTRaLbERES orial

thin filmf osp@ttém@etmerfmmw ofgsirtices isicpantedcul ar, a granul ar

magnet |[é:02r5]ecor di cor ngly, yf:ixgef'nngensdy Fe-Pt-oxide target in which the adherence

between the metal oxide and the matrix alloy is enhanced can be produced.

15 Even if a volume ratio of the oxide is increased, the density of the target can

be maintained to be high, and particle generation during sputtering can be

decreased. Moreover, as necessary, the wettability of the matrix alloy and

the non-magnetic material can be preliminarily predicted by simulations,

which then can be confirmed by experiments to show that an oxide having a

20 CWI of 25 (J/molK) or less is effective. The smaller is this value, the better

is the wettability.

The Fe-Pt-based ferromagnetic material sputtering target of the

present invention produced in this way is useful as a target used for

depositing a magnetic material thin film for a magnetic recording medium, in

25 particular, a granular magnetic recording layer.
[Examples]
[0028] The present invention will be described by Examples and Comparative
Examples below. Note that the Examples are merely illustrative and the
30 present invention shall in no way be limited thereby. That is, the present

invention is limited only by the claims, and shall encompass various
modifications other than those included in the Examples of the present
invention.
[0027] (Example 1)
35 A ferromagnetic material sputtering target of the present invention was



[ 0026] The present invention will be described by Exanpl es and Conparative
Exanpl es bel ow. Note that the Exanples are nerely illustrative and the 30
present invention shall in no way be limted thereby. That is, the present
invention is limted only by the claigs, and shall encomgasB201&0870865

nodi fications other than those included in the Exanples of the present

i nvention. [0027] (Exanple 1) 35A ferromagnetic material sputtering target
of the present invention was PCT/JP2011/067 6 pr du ed béﬂ f} po[x_z\der

net al | ur gy npfofgedrby thee powsiern cmetaliurge M8 gt

prepar ed. Fopolies Snd PAGRWder RNV Preparednd Far tﬁfé@efww&éré' poWdélewmglO pm
was used for each. Mreover, for a netal oxide owdel(/lorm I’C_(?{F]?Iélém g{%d

(Zr02) havi ng BaXEMMGRAIGrsiEe oL 10 dimyvas ysadsfipr saglegMoreover
powder, the BlideP¥ider, ﬁ%brﬁ@ﬁ @&é@(ﬂ@éﬂﬁév%@@m\éﬂlrﬂhﬁ%rbm fz$0f kgm 2. 40

kg, and 0.60 kg, respectlve y, and m xed and ground using the ball mll
met Bod, ThusWashiseflet al oxi de powder to be added was simultaneously nixed

wi th the metal PeWdar She 1 [RARRINGR Pt Powddi, Xl RRNGED, 66w déd oo i n 2

carbon nold, and hot' pressed in vacuum at nosphere under thg itions of:

a tenper at ur weighedatn >9 6@ kg t240 ko rAnch 8-8% e regRfcHVeNngad eﬁ" 00 and

1300C, a hol gifind | ugﬁ OtfheZbQP‘r'ﬁlﬁ mél'h@da %ﬁ§sﬂfeenf§tal3QX|B@8poderQBtmn a
si ntered conpact. ?era I and %]pq%% ered conpact having a

rel ative denafggd WS1ssmuban@.°)a%m%chw'tBBh%m€é ¥Swas further processed
to 3 digmsphaped Nexk Afls Middd ﬁo\ﬂuéfrmemuea ﬂ&Q:aammmbl@ éﬁu hanmssexl 5 mm
byalathe [ 0029] ‘Then sputtering was orrre um%ﬂ gi}zrlng
target, and ih&apuiDePrBespiare; ¢ndel MSCEB@'HPEﬁ ofiris t prgraturgf YRRl at ed
particles dUEéI@@te’ﬂOHbﬁﬁfHé“Eénhﬁer%hﬁéﬂathW@eﬂ BONOén?d 1Beo° Gh@htoldm@r of
particles 20 was eval uated after mcgegg t he at sol ut C{T'D t
particles bytimecepladiongs.and pRERFEIEN @E’g%r boueP Qﬁbaﬁ' ?'@R@? (to a

t hi ckness of giORKIY WatrgoddiCaritPa Steidd §dfrﬁ§§<$t Hmﬂmglaeretdmewe‘nb&y efce in
the nunber of particles was not cl_ﬁ%%w rh a thick 1esS N0t &g used
forlbapr oduc®? (426 198U R QP13INache a5 ﬁﬁ eéﬁgpc??eg o lﬁ'sﬁﬁ‘f’ap
Hereafter, }a?rbgl Wwith 'aYdlhﬁ\%?éﬂiﬁnismm eﬁdfaqmmdess of5mﬂtﬁtﬁym1mhen Tabl e 1,
the number o particles was 12. hi s case, unme rati o_of éﬁge oxi de

(Zr 02) 19688) 22. 5%TheR %wt?f'@as‘@ast oFIEANRRY t?'ésﬁﬂ”?’?”ﬂﬂrté’gc%t ANhdE “even

i f the vol umgy el GOpaltiifesoyidde codhied) waﬁelnnmmsafdgape.tamea%rmlee
density of the target was nalntalnedto ehltghgdthebnu err@(téls
particl es geHefiag é@UHGF'PQ(js Shomneln; P ot thab e nmbey 9 €t han

t heggr esults wasa%wa@@wrmervw&éa@mbemé f“éb’!bldlel awmbelr 008QJarfiries hky ot her
prel i i nary. BEeATaG R B dnitnass bissbort 2 Rhtmes GSRE ARt Aab S RReSlr o of
wettability Qo Wad tBan thd Abmadithickbes BSsImRethe differehee instheeunies obet t er
is the wettability (the same hereinaft gkness msrally used fora producila
particles was not clearly seen at a t y p
thickness of the recording layer is 5 to 10 nm). Hereafter, a similarly
25 treatment was performed.

As shown in Table 1, the number of particles was 12. In this case, the
volume ratio of the oxide (ZrO;) was 22.5%. In this case, the following
results were obtained: even if the volume ratio of the oxide (ZrO2) was
increased up to 70%, the density of the target was maintained to be high,

30 and the number of particles generated during sputtering was 20 or less,
which is less than the results in any Comparative Examples shown below.

[0030] On the other hand, the wettability of the matrix alloy and the
non-magnetic material was preliminary predicted by simulations. The
result showed that a measure of wettability CWI was 23.7 (J/molK). The

35 smaller is the value, the better is the wettability (the same hereinafter).



9PCT/ JP2011/ 067936 This wettability appears to inprove the adherence
between the netal oxide and the matrix alloy, and in addition, have a
significant inpact on the increased density of the sputtering target.
Moreover, this wettability appears togsuppress an i nadvecrTgneoin/ed7esse of a
metal oxide during sputtering, and in addition to this, suppress particle
generation due to abnormal electrical discharge starting at a void

i nherently included in the target. The abov% results are Fs}ho Iitn.(;'abl e 1.
[0031] The FdisPreliarity IRNGABFAY BPIVEHAE AdNSENSHRTIWRPA N AR e t he

| nvention prafHC iiuthixiflloyaaRdOmm b8diishl WavasSa asigmfiesit Wasdttia the
depositing a 10 nmagnetic material thin filmfor a magnetic recording

nmedi um in piareasgddensityefaha sputtaERmEaret.r ecording ayer. In particul ar,
nutual sel ecti on MdredvERithisXvéttd Rty ppedrs R} ishrads ahhpadvertemesiehss are
inmportant. This can effectively suppress particl eetgetg,er ation which easily

occdrs upon Pf prinetd Rxidediinng sputtering: aadiin@ddiiog 5 SYPRTESY PR DS de.
15[ 0032] [ TaBkRerdtion dubliSClAd#Mbl R diehdrde $thitmgPatea doid inherefitly

ferromagneti C material sputtering target of the resegiaelqni;enti on was
n,

produced by infdudashdhe faigst uT'@?aHﬁY%&EU“P(ﬂ"etsﬁgwﬁr'B Fe powder and
Pt powgggaier e prigRardpt-besed NRFONRMYNEE S mabsdlespinestinid tafyed oftherum
grain size of 10 pmwas used for each. Mreover, for a netal oxide powder,
magnesi um oxinYenti®g OyotHaRIg thisfashien s ypeiunas aarast uﬁ?agff‘?frﬁ?/%f"tﬁ@e .

Thep, the Feppydet matefaFhiPANMIedra madnkhe rédiriingwrediung e paricgledato 0. 60

kg, 2.40 kg, and 0.30 kg, respectively, and m xed and 0 _ground using the
bal | m |l neffSWiarrmagnetiseresofdind J2yeke SB\AB%'F'CP@EbE’%?]JeEg'&)& on of a

si mul t aneous natAk Ay Vakd dihexidet ahd RAVE eirepeltiRe3ddeNmiportdriti s Thisxean powder
was filled in_a carbon nold, and hot r%rgﬁSEd [ n. vacuum at nospher e Hﬁlder t he

condi tions Opﬂeglmgﬁ% pﬂﬁ?@lng? on wlnch easily occurs 'upon - fi
formation with a sputtering target containing an oxide.

15 [0032] [Table 1]



selected fromthe tenperature range between 800 and 1300C, a holding 15
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered conpact.
Sinterability was good, and a sintered conpact having a relative density of
97.6% coul d be obtained. This was furtger processed to @adieeeishende’l t ar get
with a dianeter of 180 mmand a thickness of 5 nmby a |athe. [0035] Then
sputtering was perforned using this sputtering target, and the 20 nunber
of parti cles—wasrcount cdi Fhe—nunber—o gepnet ategpartictes dm‘i:gg_
(’ e

()

SpUt t eri ng I S ShO\Nﬂ n T fpll tj I;JL’ b AS ShO I nFe-Iv;QtR PrtL\llel hti h O)ngueight element
particles |was 8. | owde |asatijen ¢ B S" € Yebiiy h@ideyiol B 1 at.ay Of e 0Xude (MO
was 30.4%| | n thj € EHEEE™ [t e [faodet| oW hg| FES|dutrsromeren 0ot @itmeds | ekew i|f t he
vol une ratlio of the |25 ¢xide (MJO was increased up to 70% {(H& Y&hsity of
t he target| waseinpiznt pi ned ¢0 (be hi ghy, |a;ak [ hessnumbereof| patdt i ¢l es gener at ed

during spyttering was 20 ior less,—which is l#%—t-héﬁk—t—hae ﬁg‘gsu' t-s—i-A-{ any
Conpar at i e ‘EXanpl €s| shown bel ow. [1(50363]0'Tn it e, WAy as .4 M Exanpije 1,

t he wett abi lehfié he Tokd X al 1[OYsan|h7.2%3[0 b onzRagnebie maieri al was
prelimnar by!si mjl atilons. [The resutt s stsweld #Bat la nmeasure of
1 1 9 9 1 H 9. 1 4 gP-%E N 1L v
wettabilit 18. 0| (°37 qoPK)[. Fhi s’ %%—H%ppeum%; b—i-Aprove the

adher ence
have a sig
target. Mreoner| dh| s wettabi I7i tly @pp

B.b; e %l,_s l)\!wdt aﬂd L4isl_56 Map fid X[ aLLRY, [ apg, T additi on,
i pact on|the i ncreased 0ersi {y s0d (|hesspultering
f%s t esssuppriaes andinadvertent

rel ease 1 2011 1067936--of—d—ret * Hhg—and i n
s Example.7 Nb,O: 98.2 8. ; . ke .3kg R .
addi tion tjo This|, suppress partigle gener : 56, nMoeFdral etrectri cal
di schar ge [Sta#icBi [NGoal a yosd i aher ent Iy21ancl uded|i nakhel t axge [ 0037] The

Fe- Pt - based ferrjomagheti ¢ nmatleri gl sputt eri_ng-i’t_av adt%ofl t B& | hventi-on
. - 5 ~ . . QY 0.3k .
produced i|n™tti’s fshi on|i’s® Uséfyl ds [@*Taregsts u:‘erja"gﬁef—dgg%s*i—l—ng—a
magneti ¢ rELELLAL o i iggy oG, & TEONEELC T 8401 U1 NG MEdi bR | N part i cul ar,
a granul ar_nmagnetic recotding layer. In partieul ar smwutluabsssel ection of a
matri x al ||dymand ¥1 pxi de *@dnd €hei répr dp%‘rt_i_%%i_a! e :4% Fhi-s—¢an
ef fecti velpy—spppressrparticle—genergtiomwhitgl, east, CHs vpom fill m
10formatign wth a sputtering tanget clont giniamg an 0% de. «§x0088] (Exanpl e
3) A [tereonagaefl | C ratern | el [sp tjepisng ter get 2k theoiw esent invention
was produdeimisy It he powder—met-al-Hurgy—fretRod X Fo—¢£HE& protifietton—Fe powder
ratfy 40 9%1.9 53 7 24.1% 0.6k 2.4kg 0.3%g iyl )
and Pt pouwd&tWer 8 pr epar 64| For |t hese ‘povder,s,—powggr(mavigt5 ] maxi mum
grain sizeohfedd i Was used [T or [eaeh.| Mar|eoved , | T crea |Mebadd  Ox1 de powder,
titani um qxderkes (ITi 02) havingla maxi mum grai m2% ze ¢f%3 |pnitdas! used-
Comparative | 1005 99.8 - 2.3 18.1% 0.6kg 2.4kg 0.3kg
Example 4 44.5% 51.0% 4.5%
Comparative | GeO, 99.9 = 2.9 20.4% 0.6kg 2.4kg 0.3kg
Example 5 41.5% 47.5% 11.1%
Example 13 SI0, 98.4 19 7.3 62.8% 0.6kg 2.4kg 0.7kg
31.0% 35.5% 33.6%
Example 14 SiO; 99,2 6 7.3 22.5% 0.6kg 2.4keg 0.12kg
42.9% 49.1% 8.0%
Example 15 T0; 98.2 16 16,5 55.5% 0.6kg 2.4kg 1keg
30.2% 34.6% 35.2%
Example 16 Cr;05 98.9 8 6.2 50.5% 0.6kg 2.4kg 1kg
36.3% 41.5% 22.2%
Example 17 Si0; Au 97.8 7 7.3 49.7% 0.6kg 2.4kg 0.5kg 0.4kg
30.3% 34.7% 23.5% 11.5%
Example 18 Si0; Ag 97.1 10 7.3 54.5% 0.6kg 2.4kg 0.5kg 0.01kg
34.0% 39.0% 26.4% 0.6%
Example 19 510, Cu 98.3 7 7.3 51.9% 0.6kg 2.4kg 0.5kg 0.1kg
31.1% 35.6% 24.1% 9.1%
Example 20 Si0; Cu 98.8 6 7.3 38.4% 0.6kg 2,1kg 0.3kg 0.2kg
32.8% 32.8% 15.2% 19.2%
Example 21 Si0; Ru 97.9 6 7.3 52.6% 0.6kg 2.4kg 0.5kg 0.1kg
32.2% 36.9% 25.0% 5.9%
Example 22 Si0, C 97.0 18 7.3 45.5% 0.6kg 2.1kg 0.3kg 0.01kg
38.1% 38.2% 17.7% 5.9%
Example 23 SIO; B 97.9 11 7.3 42.7% 0.6kg 2.1kg 0.3kg 0.01kg
37.9% 38.0% 17.6% 6.5%
Bample 24 TiO, 99.1 6 16.5 37.3% 1.2kg 0.3kg 0.1kg
88.5% 6.3% 5.2%
Example 25 TiO:2 98.9 7 16.5 42.7% 0.35kg 2.38ke 0.15kg
30.8% 60.0% 9.2%




Then, the Fe powder, the Pt powder, and the Ti Q2 powder were wei ghed to
0.60 kg, 2.40 kg, and 0.30 kg, respectively, and m xed and 20 ground using
the ball mll method. Thus, the netal oxide powder to be added was

simul taneously mxed with the netal powders. [0039] Next ,pCTRP2011W067886 powder
was filled in a carbon nold, and hot pressed in vacuum at nosphere under the
conditions of: a tenperature suitably selected fromthe tenperature range
bet ween 800 and 1300C, a holding 25 tinme of 2 hours, and a pressure of 30
MPa, t dO@mt ailExamBlend)er ed conpact. Sinterability was good, and a sintered

conpact having a A Rlrdnhat éii%rlﬁét‘e)’lapéptﬂﬁarm%)taﬁyft@fﬂﬁa pleisahniadentidn wasvas
a

further processed to a disc-shaped target wt Lameter of 180 and a
t hi ckness of PEPdHAedy by the mewdesometativesy JPeto8r i g'l'-gorﬁ@e JUPHUg f?@dnﬁgsi ng

this sputteriagdbrRAGPL pIWhdrRerdbrepardder Fok tRd poke@srsypowdoundwag The
nunber of generated partjcles during sputterjn I n Table

IS shown . As
shown in TabPemaximusa ghipgdee 6f 184 W@Séés%fé’r%?cﬁn p“ﬂr‘%o‘f:eé'sfé’,r at'ﬂgfla\llol une
ratio of theoQ?&ieCt?ovGJérP?rDagW%ilu%?ozﬁfe (MyO)Hdvinga enaiient gtdiveizegfeesul t s

were obtained: even I1f the volune ratio of the oxide (Ti02) was increased
up to 70% tHEYWAAdSEY- of the target 35was maintained to be high, and the

number of partichegndanerpé gsbwler fige F3PSWAdR24hdl 106 NGO ppwdércnweng was 20
or less, which is |less than the result |:§)%ny Cor%ralté(i ve Exa Igs shown
bel ow. [ 0041Weighade ta @0 gy 240ikg. 130 K97 rERPeREvElhand; I AL matri x
al lgy and thg g NBMBCiHeC bAM SN MbthoAS Mhab] Meaietalposide chadddryto be

sinmul ations. "The 5 results showed that nmeasure of wettability CW was
16. 5 (J/ nol Kpdde® was,smulgnepysly HB}S%FEW&“?BG i"?r%?g’?/%wq?fé' adher ence bet ween

the mst[@dufxi de aukttines Atdd BowbbOwas aNgd iim aasktbbh emold hawa: hat piegaed i cant
i npact on the increased densit

wettabi Tty EppeaHem graapphesesuiier M vBRtuRns 1 chderBrrali s reti de
during sputt gejeRed fBfh tHe idageliaturerrahge thetweens B0 a5t 1380tC caehofingr at i on
due to abnornal el ectrical discharge s ti t voi d.inhe Qrth Xct!.nd uded
i n BBhe tar getime b4 d)opie gad Iﬂtpﬁﬁgff ?é% (Mggn@’t ?@affh?e‘?'?tgfeigut k)erl ng
target of theinterability was good, and a sintered compact having a relative density of
97.6% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.
[0035] Then sputtering was performed using this sputtering target, and the
20 number of particles was counted. The number of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the number of
particles was 8.
In this case, the volume ratio of the oxide (MgO) was 30.4%. In this
case, the following results were obtained: even if the volume ratio of the
25 oxide (MgO) was increased up to 70%, the density of the target was
maintained to be high, and the number of particles generated during
sputtering was 20 or less, which is less than the results in any Comparative
Examples shown below.
[0036] In the same way as in Example 1, the wettability of the matrix alloy and
30 the non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 18.0 (J/molK). This
wettability appears to improve the adherence between the metal oxide and
the matrix alloy, and in addition, have a significant impact on the increased
density of the sputtering target.
35 Moreover, this wettability appears to suppress an inadvertent release



i nvention produced in this fashion is useful as a target used for
depositing a magnetic material thin filmfor a magnetic recordi ng nmedi um
in particular, a 15 granular magnetic recording layer. In particular,

nmut ual selection of a matrix alloy antt an oxi de and t heiPCTEPZEDG7O8E ar e
inportant. This can effectively suppress particle generation which easily
occurs upon filmformation with a sputtering target containing an oxide.

[ 0043] (Exanple 4) 20A ferromagnetic nateri al uttering target of the
present inveft ?dﬂ%ﬁégx'ﬁﬁ'd&u HiHtering. ﬁBad%radH’zg’QltPﬁﬁﬁy HB‘?rﬁgﬁ.paﬁlﬁJet he
production, fendRMEAdRS dEndiiatielectiiat dRichRRyeestartingrattnesid ipsveatiy,
powder having a paxi num gral n size of 10 pmwas used for each. Moreover,

for a metal BwlufiedipiAetaragt-uni num oxi de (Al 203) having a nmaxi mum grain

si ze ofiooh7PM 25WahelFROPt-based FBABmMAgREtiECmpeIRT splitheing tdetesf thed t he
Al 203 powder were wei ectively,

hed to 0.60 kg, .2.40 , and 0. 30 res
and 9 xed and‘VQﬂBQVhtﬂ’rg@i“?ﬂf‘é’ 'PHB'SHQF'P'gFH'? Psﬁ@rgﬁéiafﬂ‘?gé‘,sef’ E’g" qfé%osza'"@ﬁ de
powder to benppgeatc WstefhMpir ARERM hagh¥Be reddrlingheediiblin pamidalss, a

30[ 0044] Next, this m xed powder was filled in ,a carbon I and hot
pressed in vaENWRTaASSHE, ECOFHBY '?M%r-cdeP?rit'BHE"'om”t‘éaW?%%ﬁ‘éﬁ’%ﬂ Lﬂ? s

sui tably sel aHugd dilognaddient 8rBer ahdirtReif repeticsv@eningdsitand TAROEan a
hol ding time of 2 hours,

y and a pressure gf 30 _I\/E‘a, t'?y obtain a Sif‘llt ered
conpact . Si nedeetively t%PR%%sﬁgd’@ﬂ{'CI%n@e’ée@f'ﬂ? eVBIEN c BABYC O°RUF HECR PP ati ve
dengi ty of SefmdYonaulivapuabiing tadet dbltainvapad uxideer processed to a
di sc-sh&ged 14PCVP2011/ 067936 target with a dianmeter of 180 nm and a

t hi cknd¥88hf (E¥aMPIBy3)a | athe. [0045] Then sputtering was performed using
this sputtering M@%&na(gwctnhaeﬂumteoﬁngparge&orm pvasestinnértibn Wae nunber

of generated particles during sputtering is shqwn in Tabl i shown in
Table 1, thepﬁii{ﬂ’ﬁég EY t ﬁ&g‘ldﬁgl@gw .m?ﬁoﬁhi Yl p[?ﬂéu?}@?'mrggr atio
of the oxi depbiidPand MapodedWerkpréparedcaser thdse fawderaj powdershaing wer e
obt ai ned: even if the vol une rfaé\'go of the o:fj de é@l 2&35 %ié?%ﬁ%@t%‘?d up to
70% the den@"PXIBWM GEAIP HiZfepT WA Umhwas Useddar £8he MOERPVELNS AHESRlinber of
particl es gepgHatmsivdbi titthigRWXids (TIQ aaving ®maxeam ataircisizesofl 2¢sn t han
the results in any Conparative toExanpl es shown bel ow. [0046]In the sane

way as in ExWRPIUS®Y: the wettability of the matrix alloy and
Then, the Fe powder, the Pt powder, and the TiO, powder were

weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and
20 ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.

[0039] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding

25 time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of
98.4% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0040] Then sputtering was performed using this sputtering target, and the

30 number of particles was counted. The number of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the number of
particles was 7. In this case, the volume ratio of the oxide (TiOz) was
27.2%. In this case, the following results were obtained: even if the volume
ratio of the oxide (TiO2) was increased up to 70%, the density of the target

35 was maintained to be high, and the number of particles generated during



the non-nmagnetic material was prelimnary predicted by sinmulations. The
results showed that a neasure of wettability CW was 15.2 (J/nol K). This
wettability appears to i nprove the adherence between the netal oxide and
15 the matrix alloy, and in addition, {fiave a signi fi cantpgTipact/0e793é he

i ncreased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a netal oxide during
sputtering, and in addition to this suppressdﬁartr cl e generation due to

abnor mal el eépritedng M@c?ﬂapb@sﬂ\é{h g legs Hapdhe r?ﬂﬂ@r'@rﬁﬂyﬁ‘?'ﬁl??@%% in the

target. 20[ 0@&ahid1es ERowh tesgd ferromagnetic material sputtering tar get of
the invention produced In this fashion is useful as a target used f

deposi tiP®gl a magrathe sameeraiaps thExamplen. tae wettaaiiheet the eatgx @lpy a d| um
in particul 2the %oﬂrrﬁgb'ﬁﬁic H%@&gér'\&aé EFé?.hﬂhag b@d&{ted b shdlldtioukar Thaut ual
sel ection of matrix a and an oxi t heir erties are

i npdrt ant . Th@@'@aﬁfhm f"@itﬁ W'@P?Ufﬁr?fp\f’@fé%b'btﬂr@\i’\/éI"‘@sg@:ér(d/tmqm) whis easily

occurs upon h L HBRbers MY Aethindkidd apyi de.
[ Ooits] (Exaw%tmbh?y%bbgﬁ welﬁbor%%ﬁﬁrhg ér}rrtraé}tggrra s?outterrn tér gt of the

pr esent mverﬂ‘ﬂﬁ! aretiisallpy, nstwgadsitiom haysvri &lgnificast IMpagt aetngdacreRsed he

production, fgnsiy oM spaiterify targléier MSreBveY, SRR WéttaBﬂilty tdppearpavder s,
powder having a nmaximum grain size of 10 pm was, used for each. Moreover,

for a netal GMPREESSRMEAAVBEEDHeiea%Ro{ Bzogt)a' RAIdE I NG SR RNy PRAN si ze of

3 pfp Was usedgddition to thrs suRpress Jémare Bﬁerﬁﬁoﬁodﬁiﬁlto doneriial R@Etetal and
the 6203 powder wer e ed to 2. 40 k&eéand 0. 30 kg,

respect i vel y disgharas %“é‘ﬂt'%ﬁt aYQIﬂC!"FPQTﬂZ’(yﬂ']'@Bq%H‘ arftusi ng the ball mill

net hod. odBys, therjEetrl-pRphssd p@%ﬂragr@tueenmi@lﬁ@l \gpﬁttémrrgﬂthﬁgwousltuem xed
with the netal powd Is m Iedrnacarbon

nol d, and hoﬂ“"rﬁ"é%é’do‘#%c%@dﬂlﬁf&FH@é‘r!ﬁé'ﬁ@%(@ﬁa@rtafgﬁi L@Gacﬁ)'ﬁ ARSIt

tenperature %ugt@bibynwlaptmnfrﬁ%ﬁé hfhgfn%ﬂﬁ%@drtifn@ m@amen brerpmmmre&p@ "and
1300C, a holding time of hours, and a pr essure obtain a

si nier ed conﬁéﬁﬂ“'afsmﬁ@eél‘ir reqord'rras'ag%d “aﬁﬁ”&”@rnmtléﬁ' ES‘ﬁﬁg\%‘? Hading a

rel ative dengidpix 05"0973@3/"&9%&@@%@%@"ﬁﬁ@peﬂﬂyssahﬁaﬁngcln‘téﬂiter Thisoeassed to
a disc-shaped target 'wth a dianeter of 180 rr'Hr i ckness of rrmby a

| at he. ?Ff@ﬁt"é%htstl&’rﬂrﬁﬁs Ragtigler 96??@&0031"’ &ﬂt I"?ia§"3é RECHE | Yegn: & and

the nunber ofoRfitionChi@s aVsputtefHg tedet Ebtatningdan oxidegener ated parti cl eS
during sputtering is showm in Table 1. As shown in Table 1, the nunber of

parti clle3haéExamplet hi s case, the volume ratio of the oxide (B203) was
46.44% A ferromagnetic material sputtering target of the present invention was

produced by the powder metallurgy method. For the production, Fe
powder and Pt powder were prepared. For these powders, powder having
a maximum grain size of 10 ym was used for each. Moreover, for a metal
oxide powder, aluminum oxide (AlO3) having a maximum grain size of 1 pm

25 was used.

Then, the Fe powder, the Pt powder, and the Al;O3 powder were
weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.

30  {0044] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of

35 97.9% could be obtained. This was further processed to a disc-shaped



Note that, since the oxide (13203) in this case has a nelting point of
about 500C, 6203 may nelt out when the m xed powder containing 6203 is
subj ect to hot pressing, and this nay nake density growth difficult.

Ther ef ore, when addi ng B203, a vol uneig ati o of about 40%cTeppriebenesed. |In
this way, the following results were obtained: the density of the target
was mai ntai ned to be high, and the nunber of particles generated during

sputtering was 20 or less, which is |less than the results i any
Conpar ati ve BIaapwia %ﬁémtﬁ&fowo mm angd g thigkngshal WmmAy 2 Rt&anpl e 1, the

wet t abijhd sy of th%e'ﬁ&}. dtterf xs%?éi’fotrmdr@éin@maeémﬁtemg%rg’at RS the

prellmnar predi ct ed by SI | ations. The results showe

asure of
wettability Ownhﬁasf)flsaUICdQﬁ’ wAsKrounteds viia &'quec’ydaﬁﬁﬂﬁ'iaée‘% @qr{ﬁ?%ve t he
adherence beyyg sbnﬁeﬁﬁé H sRowdl6h §asletNe ARERbWn M h’QNIe ﬁﬂﬁe innfsddiof i on,

have a si gni |ca on the increased density of @@S ?FS rin

t ar get . pwﬁrcéeﬁ/mas 9.hi b tds casel the valypearatia 8 §Lﬁ)r9|x n48%ert ent

rel ease of a25% °' RN 'tﬁ@fo‘nrauﬁﬁ Fdsitts Wi obfhirellidviepnt the vollinse
suppr ess partl eneration due to abnormal electrical dis thtg g ttartl ng
of gdage

at a voi d i nrficeat the oxide (Ale@s) was creasesewp 19 6843 thedepsipp
ferronmagnet i Wa@%?fdt ihedRBLBShidH drf 8R! n@hbEr8f partlcles generatédlﬂutmg)n
as

produced in this lon i's usetful as a target used fqr dep 05|t|nﬂ
35magneti c mapekerng wap R on lmsqsowhlghn%&?étthenrﬂé%?w tsdn ARy GRmPargtive

paryi cul ar, @xag@?ggrgﬂg\g%gm@m% gr anul ar magnetl c recording layer. In

partlcular nmut u selection of a_ matrix alloy a t hejr

proper t96] ar e i hpdia sane way as idrxaspplech 1%1"’9“@8%%&5@‘3 Héﬁ%f'f‘@ W §8%er at i on
whi ch easi | ytr@ﬁeﬁﬁnm.cf mbfarfacrwaast pINrhary @reaw%d Byighgulatioge! That ai ni ng

an oxide. (Exanple 6) ferroma netlc mat t et of
the present T?ﬁ%éﬁtﬁr&w%@aﬁﬁdﬂﬁéwe W&SM ﬁljér(g/)?“ﬂg} hgfcrﬂ For the
production, GRiREWHEEpEEsrsHb iRPIERS tweea@hmaa@mwve&othém qddeland,
powder having a maxinum grain size of 10 EE)WV\% ed f ch, I\/brg ver,

f orlsa met al matiboatiey, andaintadditiomnaye %F?ﬁ?ﬁ? ai n

size of 0.7 pEhYRP dﬂFSﬁﬁ@ sputtenﬂ_ggqasgettheI\/Fcﬁe@@éfvd&hts tAlfeetaBﬂlt)p(amears aond the
Ta205 powder were weig

d, 0, 30 ly,
and ni xed anéuepmﬁ@mmﬁgeﬂﬂ@t E%?ﬁ‘serrf’z? 'ﬂ%tfaﬁ%'ggﬂ‘rﬁ@g T’Ff’rgt resgeg)&#ﬂ \ég y

powder to beaagﬂﬂ%ﬂ waml @Ubé@@@%ﬁhwlef’fyéﬁ@l‘aﬁbh hdueh¢o ratin@rmpbetbetrical
Next, this m xed powder was fi

] e a\ 8 noj d, [ﬂeg hot pressed in
vacuum at nosgissharagefartingat %Mﬁlﬂ’l 'f‘h%'i?é‘ bﬂf'"d'é ¢ Hptede suitably sel ected
from thepbpnper atiyee FeRPggadied V@%nﬁ@eﬁﬂdnﬂa’f&m spu’dl‘@mb rgrgeit nef dhe 2

hour's, and a pressure of 30 MrPa tain sinter
Si nt er abi | i t j"vRAYoReERduGaskindhis faghioads Hé%‘zéﬁ arialg é‘sggggq é‘?‘?r\’fét'%?m ty of

98. 5% coul d %9@4&?@'nﬁ'@t@nairmlﬁflm%rfélmdyﬁ'étlﬁrr@é‘cﬁaﬁ@dnéalum ,dih partduépeal t ar get
with a dianete ! 180 mm and a t hi ckness of Then

sputtering WaERMEAR Maaneticsrererdingslaysit ¢ '8 PA 'cmgr’gﬁ“%uﬁlnae@ﬁgo'ﬁﬁ%%r of

particles Wa%é%ﬁk”ﬁll%? adGreRRR" afd tﬁ@ﬁeﬂir% @dlel@aéte orhpsrtaitr | Mhisspant eri ng
is shown in Table 1. "As shown in Table

n er. of artlcles I n
t hiZ case, tﬁEGQWQEWeSW¢%S drartile Sﬁ'i‘%lréi'(’ﬁa‘é’b??' \ﬁé§"y15° A95S | Eﬁcase

the fol | owi ng,hpfidht §itVa'pulBlial tedet B¥RAIrihg hhexidd. ure ratio of the oxide
(Ta205) was increased up to 70% the density of the target was

nai nt ailP4g] t ExaMBlegH, and the nunber of particles generated during 30
sputtering was 29\fé?rdn%etiﬁ’%ﬁlbn’aﬁs;hﬁﬁéﬁﬁghargdtMtﬁepwsbat inveatin was

Che wet t abi | PIGASE: R T MOMGRT| BIFVEREOY HBeHBHE meEplotie MGFUric hhe
%ﬁogg} l“?{y bﬁﬂb?bﬁ?f&?cﬁme&'\fél‘e%éﬁa@me IFos Whése pdsmdad pbwtenhadagur e of
y a ma)\?llamsum grain éjlzglc)>f P‘l% um was used for each. Moreover, for a metal
oxide powder, boron oxide (B2O3) having a maximum grain size of 3 pm was
used.
Then, the Fe powder, the Pt powder, and the BO; powder were

35 weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and



wettability appears to i nprove the adherence between the netal oxide and
17PCT/ JP2011/ 067936 the matrix alloy, and in addition, have a significant
i npact on the increased density of the sputtering target. Mor eover ,
this wettability appears to suppress gn i nadvertent rel eIepredi1/067ses al
oxi de during sputtering, and in addition to this, suppress particle
generation due to abnormal electrical discharge starting at a void
inherently included in the target. 005 The Fe- Pt - base ferr$naﬁpgt|c
AVIE.

material spugresnchgsing te ball nifeme &wspma&éa pxide
useful as a fa%g@etvvébsﬁmnfl@hegﬁawmke@gnm tRBGAAL] powdéer ial thin filmfor a
magneti ¢ recordin

lum 1 n particul ar 8r anul ar Ig&gnetl C rgcor di ng
| ayer. [Pe9parti cuV¥eut, thisimixed §@W€€E WaR fUﬂPdd" I?BQQ* QN g19lgyanth JOLRrESREGe and

their proper g} %cahﬁl 'aﬁHS&ﬁﬁé}b uE@éuStr?@f&oﬁBfti%ﬁ&wfela' téMBBfaiﬁﬁe Baitablg! e
gener ation whi ch easi | y OcCcurs pOI’l Imfornation with ?@Ut teri ng t ar get
i

contdai ni ng aﬁe@d@bfropompmm@wperaﬂpem&weenr%@fﬁ%ﬂﬁ@o grholgin
sputtering t%ﬁﬁegf of 6d}§ Qﬁ@%eBFesb[]P@BF BQWP@&@&B@WQ%@M&&@OW‘&&H

met al | urgy mnet production, Fe powder and ? wer e
pr epar ed. Foﬁlmﬂ&é@élltmwﬁﬁeﬂéw i arsintgerech gompPaskhA(RY @rrﬁ ‘ﬁ"’?l s# °fo pm

was used for goag. cd\Pd GV 8btaindd.  aTHIBLAs %Hié? m\ddgéed o abHistshapde
(Nb205) havi ng a maximumgrain size of 0. Then, the Fe

powder, the RFarggbwitbra diametenel (g 66%’1"%’6@?%5 ﬂggé'ﬂ'@ob)‘[%laﬁh%o kg, 2.40
Oggqo%?ﬁg K9, THPEShtterf wa§-rt§brf8rﬁ\%‘a a1Ag AhRUgPLittesingtatdut, badlthei | |

, the netal oxide powder to he added was, si nul t aneou ¥ mxed
with the met aunherdel partioie e ReKited: nj Ehey %o%@P"ﬁé?ée‘Fﬂ?‘?’ﬁ‘& Pn

carbon ol d, 5aRfg @?JhttBFlﬁéfF@th\Dn‘(@%b‘l@ At RS BAEWA mlﬂ'dbre‘thae(rmmbetrlotbns of

a tenperature swta l'y selected fromthe te eratur ra e 00 and
1300C, a hol dPrifles masol0-2 Wotlis cagpgthe YJ‘P'EE@U%'%? Ri%ﬁ ?a%b‘(va n a
sintered conpgacfy, Sinterability was good, and a sinter ed conpact having a
relative density of 30 98.2%could be ed. This was flﬁrther processed

to ¥ dil8eshaped Netpdbat, vﬁlmcne H‘%Pé‘ﬁ’ét@’lg }?"Il m%%ﬁesaam g &out

by a | athe. ab@@f?%ofﬁ %%élf‘@ut"@ﬁerﬂﬂfé‘mﬁmcbdv&dérg:driﬂalﬂm@rﬂﬂoaem ng
target, and the nunb icles was counted. The nmber fg%fe%ue at ed

particles durSPhlfcspth F‘@FlW@SP@gshﬁﬂﬂ"n this Ty dnake xdensify,grovinT , the
nunber of 35aRkhdiele SvEtadding B0}l & vohite rétlbi‘oi\/éﬂdurﬂof’/ats gretdrrdche loxi de

B205) was
( ) this way, the following results were obtained: the density of the target was
20 maintained to be high, and the number of particles generated during
sputtering was 20 or less, which is less than the results in any Comparative

Examples shown below.

[0052] In the same way as in Example 1, the wettability of the matrix alloy and
the non-magnetic material was preliminary predicted by simulations. The
25 results showed that a measure of wettability CWI was 15.0 (J/molK). This

wettability appears to improve the adherence between the metal oxide and
the matrix alloy, and in addition, have a significant impact on the increased

density of the sputtering target.
Moreover, this wettability appears to suppress an inadvertent release
30 of a metal oxide during sputtering, and in addition to this, suppress particle
generation due to abnormal electrical discharge starting at a void inherently

included in the target.

[0053] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a
35 magnetic material thin film for a magnetic recording medium, in particular, a



18PCT/J P2011/067936 26.3% In this case, the following results were

obt ai ned: even if the volune ratio of the oxide (Nb205) was increased up to
70% the density of the target was maintained to be high, and the nunber of
particles generated during sputteringtigas 20 or | ess, WROTNIPR®1067%386 t han
the results in any Conparative Exanples shown below. [0062]In the sanme way
as in Exanple 1, the wettability of the matrix alloy and the non-nmagnetic

material was prelimnary predicted by sinmulations. The resue tfs shqwed t hat
a neasure of 9feRylabimagnetowearsdingllager. 3/ Mppriticuiss; sutak selechiey pBears to

i nprove the gehakedrfy Qﬁ&V@r?%xidé?a%tﬁbiroﬂoﬁértﬁﬁdaﬂ@ﬁrﬁ%ﬂ@ﬁﬂi Thad kay, and

in addition, have a significant inpact on the increased density of the
sputtering t &ffgetively suppyeseRasticle; BRRERAEED aWNIGN: PagPhH LGS ¢'FOTp §IRss an

i nadvertent kghearf With @ SMRitRYinGthdRt Euhtalting BHIdXId.Ng, and in addition to
this, suppress particle generation due to abnormal electrical discharge

stard i o 4Eyamale herently 15included in the target. [00631The
Fe- Pt-based ferr Wﬂﬁﬁégj‘n&?&trﬁéie@i}al SPutidriig taﬂ%étfvfﬂ% pfsehhipve RNGNRON
e

produced in this tashion is useful as a targ used for dRerposmlng a
magneti c rat &Feducechiby the rmoveieramebajiusgy cmeksr di Rer 1R RIRAUEYPhaF€i cul ar,

a granul ar nagaRkr anHIRPH I WerkSirephrddalHor Ghésy powtiérdapowabenraving of a
20 matrix alloy and an oxide and their p;ﬁ{oifertle afe inporfant. This can

ef fectivel y SUPBXiEYHM SiEpin Y7 ohdRetmMasnHsad 1OF 8248 | YoseR(es! fometl | m

forgation wi hide SeWhderamaidnolRle CROOPY Ravig AmRXikem §rafbdike (dBGTDI e 8)

A ferromagnetic material sputtering target of the present invention was
Hm was used.

Then, the Fe powder, the Pt powder, and the Ta;Os powder were
weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be

15 added was simultaneously mixed with the metal powders.

[0055] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.

20 Sinterability was good, and a sintered compact having a relative density of
98.5% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0056] Then sputtering was performed using this sputtering target, and the
number of particles was counted. The number of generated particles

25 during sputtering is shown in Table 1. As shown in Table 1, the number of
particles was 7. In this case, the volume ratio of the oxide (Ta;Os) was
15.4%. In this case, the following results were obtained: even if the volume
ratio of the oxide (Ta;0s) was increased up to 70%, the density of the target
was maintained to be high, and the number of particles generated during

30 sputtering was 20 or less, which is less than the results in any Comparative
Examples shown below.

[0057] In the same way as in Example 1, the wettability of the matrix alloy and
the non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 14.3 (J/molK). This

35 wettability appears to improve the adherence between the metal oxide and



25 produced by the powder netallurgy nethod. For the production, Fe powder
and Pt powder were prepared. For these powders, powder having a nmaxi num
grain size of 10 pmwas used for each. Mreover, for a nmetal oxi de powder,
zinc oxide (ZnO having a maxi mum graim size of 3 pm wagcusezh11/88¥9sen, the
Fe powder, the Pt powder, and the ZnO powder were wei ghed to 0.60 kg, 2.40
kg, and 0.30 kg, respectively, and m xed and ground using the ball mll

nmet hod. Thus, the netal oxide powder to be added was si nult}‘aneousl m xed

with the net #he piiealoy, [angeis] agdiion,thave apigpHicaphtianachos P|'P%f&aﬁ

carbon nol d, déHS‘itWQﬁth@rsepiﬁ@@'méEl%[P eracuum at nosphere under the condl t| ons
of : a tenperature suitab /[ JP2011/ 067936 sel ected fromt

tenperature r angé/'QJ'éPWé"eﬁhléwtéﬁhilltimearsaf%wﬂﬂrﬁﬁs anipagyerent pgse and a
pressure of 30;¥Rgtal bsad%b&&hg; @puﬁté?fn@r aPIdCiﬁ)réHaﬁfon tSItntsers pﬂevsgspawaﬁe good,

and a sintered conpact havin rel ative density of o coul d
obt & ned. Thggnemlomﬂuelq@ramﬁf@é slegtrical aIS&hgtg%#an @taa}’%'gt'“'@\?r?ﬂﬂ)é

di aneter of 184, Jggmqﬂega ckness of 5 Mmby a lathe. [0066] Then
us

sputtering was perforne this sputtering target, and th rrber of
parti cllethas coJrh\ﬁedFe thamd?ﬂéfromagg\@ﬁer ByatefialaSRYsTing daraet g° ;Su?terl ng

I's shown in mhﬁ?ﬂ r&?uc%boiwrthlsrfagﬁlahes i]sseﬁuhgs rauatw uebdper aepﬁsﬁmg\fﬁs 8. In

this case, e volune ratio of the oxid 2% .Jn this case,

the fol | owi n@‘ﬂ%@ﬂptf%atﬁéﬁbtmbf'ﬁn IR "Wéﬁ ie fe%%mednﬁ%m M PAGHIAR oxi de

(Zng) was i nﬁfﬁﬂﬁédmabﬁe@id%ralhg @oasi tiy partichRir! afgesl salechian nifaa ned to
be high, and™t he nunber of particles

ener at%g durin g) was 20 or
| ess, whi ch matieslloynand t%oP‘E@uF'E‘% ﬁ"a?f?p (e5 a4t Frv% "l'liﬁ(g B% £91bwn
bel ow. 15[ O0@#béfvely & uppiBss'\Parfde! Qe@‘f@ﬂﬁh ewﬂucht baswetdo%brd Idp)onofllnt he

matrix alloy and the non-magnetic naterial prelimnary predicted by
si mul at i ons. formaticawith 3 spyERERY t3rget 50%5@& @"6’?" ttability CW was 9.6
(J/ mol KyoselhiSxampbleadi | ity appears to inprove the adherence bet Ween t he

metal o de and t%e mat r allo nd in additio have
i mpdct )c()ln the i néyf §H§@%P§Zét§'§ﬁ§?¥’ ag?pqti‘?é'"gﬁﬂ’lfgceépfnﬁ ‘Pre\érsﬁg v ‘f%/g%]eover

this wettabi bidd(icRBPBR! thel PowdRP! RRsalRirgy nﬂdm@aterﬂorr meeqmdocstm nreea|
oxi de during Spu“e“%?t and in addltlo % Qée ress ‘Bg % &
generation deewder apd rPé’le@ré’\ﬁ‘irF*lﬂfﬁPar sch&f FFS§ R ?‘f@ BEWESLFdI
inherently i gGhygdaflink @rélh%liébg% u? dl80fd Tiae ebeh Pt Nbaé@xbrffelrlaaﬂaglhetl c
material sputtering target of the invention produced in this fasq?l o%
98 i 0I for a

useful as a PXIH§ROWER “th‘”’Be%@‘Ft(NH B D2AXERET i HP B
ayer in' partCaar mitual sel'ect on.of " Tat 1 2l {0y and_an gt de. and
thgl ropr opgrtl es 1hed. ithedra Rewdernihe EB er*e?'?%)ét' \M‘?Z\?f’sﬁﬁ‘ﬁa rs¥\)é[5§rti cle
gener ati on WyietdheRe & /6@ AGUIS40RQ)) drid M 3D kgRréspectively, andpmiieer and t ar get
cont ai ni ng an oOxi de.
ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.
25  [0060] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of. a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of
30 98.2% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.
(0061] Then sputtering was performed using this sputtering target, and the
number of particles was counted. The number of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the number of

35 particles was 8. In this case, the volume ratio of the oxide (B20s) was



(0069] (Exanple 9) A ferromagnetic material sputtering target
of the present invention was produced by the powder netallurgy nethod. For
t he production. Fe 35powder and Pt powder were prepared. For these powders,
powder having 20PCPJ P2011/ 067936 a fgxi mum grai n si ze rgfTiuboiposrsses used
for each. Mreover, for a netal oxide powder, silicon oxide (Si02) having a
maxi mum grai n size of 2 pmwas used. Then, the Fe powder, the Pt powder,

and the 8102 powder were 5 wei gmhed to 0.60 kg, 2.40 kg, and O. Sﬂugéq
respect i vel y 26a¥4. minéds anae,gheinlpwing Fﬁj'—ﬂtﬁéﬂ’%ﬁlqbtaww a¥enrbie the

metal oxi de g%fthfeoo e aggz &‘O@a% .ﬁbr@ébéam@%sﬁm Whé%n@lt%ﬁfﬂw%a

powders. [00 Xe wder was in a carbon nol and hot
pressed in vagsumaitainegier ke lﬁ‘ﬂﬂihraft%ﬁ’ebb%@?’?f oh Pagticles gepaiFact dyrag

suitably 10 sgﬁitgﬁ %%Um# l'é%st\ﬁm&ﬁr@‘iéérsethéﬁ%@ r§UIaR AN BorAparalivd0C, a

hol ding tine , and a pressureo MPa, to obtain a sintered
conpact . Si nExpales §|90\Wa§e§ly{)d and a sint er ed conpact having a relative

densit ﬁo@é‘zh% 8% Qe 9%19% \@9 &4 ﬂ\e@xarﬁbfes‘l ‘Gﬁéwfeﬂbbmﬁfoﬂlh@mﬁﬁéllbpaﬁd

di sc-shaped target wt met er of 180 nm and_a thi ckness, of 5m‘nbya

| at he. 15 10@mnomﬂeagrzqim materia) W@epfﬁélm'aarmeagqt% by imuatigneer TAY
target . and rEGRUIRATePhdtd ineastie seMIMyVI TR wat(@fmcﬂk) gers at ed

particles during sputtering Is shown in Tab ovvnl le 1, the
nunber of paMetiebdity agpears torimpipye %édh‘?’ﬁéwé’ledﬁ%e'? e H‘e(t)"? q 851 de
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20 matrix alloy and an oxide and their properties are important. This can

effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.
[0064] (Example 8)
A ferromagnetic material sputtering target of the present invention was

25 produced by the powder metallurgy method. For the production, Fe
powder and Pt powder were prepared. For these powders, powder having
a maximum grain size of 10 ym was used for each. Moreover, for a metal
oxide powder, zinc oxide (ZnO) having a maximum grain size of 3 ym was
used.

30 Then, the Fe powder, the Pt powder, and the ZnO powder were
weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.

[0065] Next, this mixed powder was filled in a carbon mold, and hot pressed

35 in vacuum atmosphere under the conditions of: a temperature suitably



35i nvention produced in this fashion is useful as a target used for
depositing a 21PCT/JP2011/067936 magnetic material thin filmfor a
magneti c recording medium in particular, a granular nagnetic recording
| ayer. In particular, nmutual selectiofmof a matrix all oycand2enogresde and
their properties are inportant. This can effectively suppress particle
generation which easily occurs upon filmb5formation with a sputtering
target containing an oxide, [0074] 10 A fomagnet.i ¢
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wettability appears to improve the adherence between the metal oxide and

the matrix alloy, and in addition, have a significant impact on the increased

Q

Q

20 density of the sputtering target.

Moreover, this wettability appears to suppress an inadvertent release
of a metal oxide during sputtering, and in addition to this, suppress particle
generation due to abnormal electrical discharge starting at a void inherently
included in the target.

25  [0068] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
matrix alloy and an oxide and their properties are important. This can

30 effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.

[0069] (Example 9)

A ferromagnetic material sputtering target of the present invention was

produced by the powder metallurgy method. For the production, Fe
35 powder and Pt powder were prepared. For these powders, powder having



the non-magnetic material was prelimnary predicted by sinmulations. The
results showed that a neasure of wettability CW was 6.2 (J/nolK). This
22PCT/ JP2011/ 067936 wettability appears to inprove the adherence between
the metal oxide and the matrix alloy,2@and in addition, HFI&P2013/1064986 i cant

i npact on the increased density of the sputtering target. Mreover, this
wettability appears to suppress an inadvertent release 5 of a netal oxide

during sputtering, and in additign to this, suppress particl ener ation
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for depositi®§ed- 10 magnetic material thin filmfor a magnetic recording
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15[ 0079] (Exanple 11) ° A ferroma nethlﬁ mat e[| al s|putten ng target of
the present idfBAtyassimuitappewely ey Whdhpdiele PRESISt ur gy net hod. For the
productihemy Fe pPQyslar tigithikdd pewder wasfiledrifRAEABon Mold] ed Gopprrised,
powder having a maxi rum grain size of 1008531 was ufs_ed for ea*ch. l\/t%r over,
for a netal RasKHEE aﬁBRﬂB‘??’enﬁﬂg%\’né@ee #iong )2 HeUPREFHESER AR grai n
si zg of 3 pmgwRstet Bdm the tenhpeiatudeN@inbe tstwaen,sdthandt1 30000 ea, haddidgt he MO
powder were wei ghed to
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15 [0071] Then sputtering was performed using this sputtering target, and the
number of particles was counted. The number of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the number of
particles was 7. In this case, the volume ratio of the oxide (SiO,) was
42.0%. In this case, the following results were obtained: even if the volume

20 ratio of the oxide (SiO,) was increased up to 70%, the density of the target
was maintained to be high, and the number of particles generated during
sputtering was 20 or less, which is less than the results in any Comparative
Examples shown below.

[0072] In the same way as in Example 1, the wettability of the matrix alloy and

25 the non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 7.3 (J/molK). This
wettability appears to improve the adherence between the metal oxide and
the matrix alloy, and in addition, has a significant impact on the increased
density of the sputtering target.

30 Moreover, this wettability appears to suppress an inadvertent release
of a metal oxide during sputtering, and in addition to this, suppresses
particle generation due to abnormal electrical discharge starting at a void
inherently included in the target.

[0073] The Fe-Pt-based ferromagnetic material sputtering target of the

35 invention produced in this fashion is useful as a target used for depositing a



time of 2 hours, and a pressure of 30 MPa, to obtain a sintered conpact.

30 Sinterability was good, and a sintered conpact having a relative density
of 99, 2% coul d be obtained. This was further processed to a di sc-shaped
target with a dianeter of 180 mm and a1thickness of 5 nrrdiypPaoii@aetees [ 0081]
Then sputtering was perforned using this sputtering target, and the nunber
of particles was counted. The nunber of generated particles 35during
sputtering is shown in Table 1. hown in Table 1, the nu
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sputtering target. Mreover, this vvett lldzt%ﬁﬂg ears to su
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| ar,, | i
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added was simultaneously mixed wuth the metal powders.

[0075] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding

20 time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of
99.3% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0076] Then sputtering was performed using this sputtering target, and the

25 number of particles was counted. The number of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the number of
particles was 6. In this case, the volume ratio of the oxide (Cr20s) was
23.4%. In this case, the following results were obtained: even if the volume
ratio of the oxide (Cr203) was increased up to 70%, the density of the target

30 was maintained to be high, and the number of particles generated during
sputtering was 20 or less, which is less than the results in any Comparative
Examples shown below.

[0077] In the same way as in Example 1, the wettability of the matrix alloy and
the non-magnetic material was preliminary predicted by simulations. The

35 results showed that a measure of wettability CWI was 6.2 (J/molK). This



A ferromagnetic material sputtering target of the present invention was 25
produced by the powder netallurgy nethod. For the production, Fe powder and
Pt powder were prepared. For these powders, powder having a maxi num grain
size of 10 pmwas used for each. Moregyer, for a nmetal edrdeqoosioss

gal l'i um oxi de (Ga203) having a maxi numgrain size of 0.9 pmwas used.
30Then, the Fe powder, the Pt powder, and the Ga203 powder were weighed to

0.60 kg, 2.40 % and 0.30 kg, respectively, and m xe and rou(Pd ugl ng the
bal | nill metai@biltyappeaisctonmipipve heiadhessise betvern

si mul t aneous hye fHath¥ aYM)} rhntchi‘fﬁ ARJifidn, HuAdes Si §3nifﬂ:@ﬁ5]rﬁ{§aﬁt orf t*h'eSnﬁﬂeéeéd powder

was filled in a carbon I'd, and hot pressed 35in vacuum at nosphere under
t he conditi of§Nsity Ofatheeﬁﬁ%ﬁeémrtér%m tably 24PCT/JP20111067936 sel ected
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hours, and a pressure of 3 to obtain a sintered
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S5target with a dianeter of 0 mm and a thickness of 5 mmby a | athe.

[0086] Then WQ%*indQe\KB'@%erfor med using this sputtering target, and the

nurber (gdzgparti chgg WP?BH&E@C#erFB%QHéW@eh&éné]eEﬁutvérﬁfb [tafget Cbthelur i ng
sputterlngls shown in Table 1, As shown in Table er . of
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the wett abi | ieff9°f6fe|¥ HYIRPEESS XP3ali¢lgy 9gpgraf! e &87 CH’éﬁ fPoeg

prelimni nary PcSrﬁﬂalti%hﬁwhtrbﬁ s}iﬂu&éh%&@‘%&t cdmairimpah oxidghoved that a neasure of
wettabilit his wettability appears to inprove the

adHér ed@;@gﬁeﬁmplﬁh@- Jmetal oxide and the matrix alloy, and in addition,
have a significanpfer nedia rhé‘l@nbﬂ%tﬁﬁﬁﬁf@ tafgiaemme/p@‘sehhmvemmtwas ng

t arget. Mor eover, i s wettabi appe ress in ertent
rel ease of ame&edoJ?Vd@ede@ sﬁ'ﬁww dﬁ @Wﬁ ﬁF |‘Hﬁd9((r)l' a'gg
suppress par pb@der 4RAFtHIvder dstet frepérear MiFor eheet pwwdérsd'pewdaxr gmllsg arting
at a void inherently included *R the target,. 25 H])'OS The Fef Pt - bgfc?d
ferromagnet i @ MAXENMIIrAHFERP ‘ggﬂd for&a oS 43889 n this
fashi on is usefdel paieder, haer@%tneuéﬁldea(mdepmvmr@ neaximgneyiain sideeofi &l thin
filmfor a magnetl c recor di ng medium in particular, a granular magnetic

recording | ayBtWagNsgdrticul ar, nutual selection of a matrix alloy and an
oxi de and their phHaperthéePe %cﬁvddﬂ)‘ﬂﬁé @t powblies @ the MnO powder were

weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be
25 added was simultaneously mixed with the metal powders.

[0080] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.

30 Sinterability was good, and a sintered compact having a relative density of
99.2% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0081] Then sputtering was performed using this sputtering target, and the
number of particles was counted. The number of generated particles

35 during sputtering is shown in Table 1. As shown in Table 1, the number of



30 effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide. [0089] (Conparative
Exanpl e 1) A target was produced under the sanme conditions as
in Exanple 2 except that CaO was addezs as the oxide. | nPCHiJB200#837936€Ca0 used
was 35prelimnarily predicted for the wettability of the matrix alloy and
the 25PCT/JP2011/067938 non-nagnetic material by sinulations. This

predi cted neasure of vvettabl lity CW was CaO has
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Table 1. As shown_in Table e nu svvas his case,
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addition to this, suppress particle generation due to abnormal electrical

15 discharge starting at a void inherently included in the target.

[0083] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a

20 matrix alloy and an oxide and their properties are important. This can
effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.

[0084] (Example 12)

A ferromagnetic material sputtering target of the present invention was

25 produced by the powder metallurgy method. For the production, Fe
powder and Pt powder were prepared. For these powders, powder having
a maximum grain size of 10 ym was used for each. Moreover, for a metal
oxide powder, gallium oxide (Ga;03) having a maximum grain size of 0.9 ym
was used.

30 Then, the Fe powder, the Pt powder, and the Ga,Os; powder were
weighed to 0.60 kg, 2.40 kg, and 0.30 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.

[0085] Next, this mixed powder was filled in a carbon mold, and hot pressed

35 in vacuum atmosphere under the conditions of: a temperature suitably



[ 0092] (Conparative Exanple 2) A target was produced under the sane
conditions as in Exanple 2 except that Y203 was added as the oxide. In this
case, Y203 used was prelimnarily predicted for the wettability of the
matri x alloy and the non-magnetic matgyial by sinul ati oreT/Pko1s0gn08ali ct ed
measure of wettability CW was 27.6 (J/nol.K), show ng Y203 has poor
wettability. The relative density of the sintered target was 96.9% It
was a | owdensity Fe-Pt-oxide (Y203) target havin oor rence, bet ween
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wetibabilPiery Cw Wadne same ey indxample 1, wpRweHRGHIY Y T8 TR 40eY i
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of the oxide (Co0) was 19.8% . N . .
the matrix alloy, and in addition, have a significant impact on the increased
20 density of the sputtering target.
Moreover, this wettability appears to suppress an inadvertent release
of a metal oxide during sputtering, and in addition to this, suppress particle
generation due to abnormal electrical discharge starting at a void inherently
included in the target.
25  [0088] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
matrix alloy and an oxide and their properties are important. This can
30 effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.
[0089] (Comparative Example 1)
A target was produced under the same conditions as in Example 2
except that CaO was added as the oxide. In this case, CaO used was

35 preliminarily predicted for the wettability of the matrix alloy and the



(Conparative Exanple 4) Atarget was tried to be produced under the sane
conditions as in 25 Exanple 1 except that 1n203 was added as the oxide. In
this case, 1n203 used was prelimnarily predicted for the wettability of

the matrix alloy and the non-magneti cegrateri al by si nul &#OTARS011/087i936

predi cted nmeasure of wettability CW was -2.3 (J/nol.K). The relative
density of the sintered target was 99.8% However, 30 1n203 was pyrolyzed
at high tenperature and could not exist in the_si nt er ed cogﬁact in the form
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carbon nol d, jApdctheh thé |etPshsed density of the sputtering target. Moreover, this
wettability appears to increase an inadvertent release of a metal oxide
during sputtering, and in addition to this, increase particle generation due to
abnormal electrical discharge starting at a void inherently included in the

20 target. Therefore, the Fe-Pt-oxide (CaO) target doped with an oxide

showing poor wettability (CaO) was found to be unfavorable.

[0092] (Comparative Example 2)

A target was produced under the same conditions as in Example 2
except that Y,O; was added as the oxide. In this case, Y203 used was
25 preliminarily predicted for the wettability of the matrix alloy and the
non-magnetic material by simulations.  This predicted measure of
wettability CWI was 27.6 (J/mol-K), showing Y203 has poor wettability.
The relative density of the sintered target was 96.9%. It was a
low-density Fe-Pt-oxide (Y203) target having poor adherence between the
30 metal oxide and the matrix alloy.

[0093] Then sputtering was performed using this sputtering target, and the
number of particles was counted. The number of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the number of
particles was 53. In this case, the volume ratio of the oxide (Y203) was

35 24.1%. In this case, the following results were obtained: even if the volume



i n vacuum at nosphere under the conditions of: a tenperature suitably
selected fromthe tenperature range between 800 and 1300C, a holding tine
of 2 hours, and a pressure of 30 MPa, to obtain a sintered conpact. 25
Sinterability was good, and a sinteregh conpact havi ng a pogliatoivesmdsnsi ty of
98. 4% coul d be obtained. This was further processed to a disc-shaped target
with a dianmeter of 180 mmand a thickness of 5 mmby a |lathe. Then

sputtering was perforned using this sputtering_tar and t urrb r of
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their proper wWestabilite GWwas ad0. (Jmelslcan 20 effectively suppress particle
generation which 131%% %tlos é’rtylb‘?@ﬁb Ein'téPeBQéw wag 99.9%. a HuwevieerCo@ t ar get

contai ni ng an oxi
was pyrolyzed at h|gh temperature and could not exist in the sintered
20 compact in the form of an oxide. Therefore a sintered target having an
intended composition of the present invention could not be obtained. Note
that in this case, the volume ratio of the oxide (CoO) was 19.8%.
[0096] (Comparative Example 4)
A target was tried to be produced under the same conditions as in
25 Example 1 except that In,O3; was added as the oxide. In this case, In203
used was preliminarily predicted for the wettability of the matrix alloy and the
non-magnetic material by simulations.  This predicted measure of
wettability CWI was -2.3 (J/mol-K).
The relative density of the sintered target was 99.8%. However,
30 In,O5 was pyrolyzed at high temperature and could not exist in the sintered
compact in the form of an oxide. Therefore a sintered target having an
intended composition of the present invention could not be obtained. Note
that in this case, the volume ratio of the oxide (In.Oz) was 18.1%.
[0097] (Comparative Example 5)
35 A target was tried to be produced under the same conditions as in



A ferromagnetic material sputtering target of the present invention was
produced by the powder netallurgy nethod. For the production, Fe 25 powder
and Pt powder were prepared. For these powders, powder having a maxi mum
grain size of 10 pmwas used for each27 Moreover, for a rreTaP2@xbéeie3powder ,
silicon oxide (5i02) having a maxi numgrain size of 2 pmwas used. Then,
the Fe powder, the Pt powder and the Si 02 powder were 30 weighed to 0.60

kg, 2.40 kg, and 0.12 , respectlvely, and m xed g%&und um@g t he ball
m il nethod. Emngoleﬂr@m@@éao@e@eW%SH@% Ed '$CARTt IFQaus| y

mxed with t @%eﬂWa%'prBﬁ?ﬁﬂ?ér@r ptltéd Wepthe v&élta%nlﬁ}' sethenpudRrallogaintiithéed in a

carbon nol d, and hot presse vacuum at npspher e under .t he

condi tions oMoNANAgRRLi aW@F@'%upValé‘!’?u'QBQ%? ect taist megdicied (BRAEL Hfe range

bet ween 800 mai)ﬁ@@@vvﬁ”g@ingr(g/m@R?CNPZOMI 067936 tinme of 2 hours, and a
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sputtering is shown in sho er of
particles wadhd.inthistcass, @"&s‘@'umﬁéaﬂ% g?zéﬁp@)s ‘t%bal ned: even if
t heovol g r aEkdmple 13)e oxide (Si02) 10 was incr eased up to 22. 5% the
denS|ty of the target was maintained to b %R E e s
particl es gener ats@r@magnstisguatesa| wtm@gztgr qf pre\mp RVEL '?'}3‘52 t han

the results 'PocﬁJBédC‘B?'Pﬁf@tdoWeEXﬁi@éMﬁgy [Ra8RHON Fére tioé heodbetiuh, Eée
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prelininary pPwdeteed 35;5(%’?414}? rﬁgg@w%qgo%@W%P%@gaﬁ?gkgﬁd?ﬁﬁ%'ag neasur e
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| piove ¢ he SaiderRaRLETEE G A ERd oD devis At ety 2EPTEYES and i n
addi tion, hayged significant inpact on the increased density of the
Padver tent 1 el edEnoring. FetRAWEG GBS Aok PRyter. anE 1hesid; BURBEFSerd"
weighed to 0.60 kg, 2.40 kg, and 0.70 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be

20 added was simultaneously mixed with the metal powders.

[0099] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.

25 Sinterability was good, and a sintered compact having a relative density of
98.4% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe. Then
sputtering was performed using this sputtering target, and the number of
particles was counted.

30  [0100] In this way, a high-density Fe-Pt-oxide (SiO.) target having good
adherence between the metal oxide and the matrix alloy was able to be
produced. The number of generated particles during sputtering is shown in
Table 1.

As shown in Table 1, the number of particles was 19. In this case, the

35 following results were obtained: even if the volume ratio of the oxide (SiOy)



sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1. [0107] The Fe-Pt-based
ferromagnetic material sputtering target of the 25 i nvegtriypzo1posrdseced in
this fashion is useful as a target used for depositing a magnetic materi al
thin filmfor a magnetic recordi ng nmedium in particular, a granular
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wettability ofatixelioy:ank ag pgggdeaﬁad itheir properties are important.
20 effectively suppress particle generation which easily occurs upon film

formation with a sputtering target containing an oxide.
[0103] (Example 14)
A ferromagnetic material sputtering target of the present invention was
produced by the powder metallurgy method. For the production, Fe
25 powder and Pt powder were prepared. For these powders, powder having
a maximum grain size of 10 ym was used for each. Moreover, for a metal
oxide powder, silicon oxide (SiO,) having a maximum grain size of 2 ym was
used.
Then, the Fe powder, the Pt powder, and the SiO; powder were
30 weighed to 0.60 kg, 2.40 kg, and 0.12 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.
[0104] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
35 selected from the temperature range between 800 and 1300°C, a holding



non- magnetic material was prelimnary predicted by sinulations. The results
showed that a neasure of wettability CW was 16.5 (J/nolK). The 25 smaller
is the value, the better is the wettability (the sane hereinafter). This
wettability appears to i nprove the adfgerence between thecTepzd11/06708k and
the matrix alloy, and in addition, have a significant inpact on the
increased density of the sputtering target. Mreover, this wettability
appears to suppress an inadvertent rel eas oxi de

f t al
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35magnet| ¢ matéeri al hi n Imfor a magnetl C recor
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particul ar, Rukikr o??bﬁfiﬂié@ﬂa@fco@n@t rix alloy and an oxide and their
properties are |Hp ant. This can effectlvelé Bﬁress a}{tlcl ag)neratlon
98

whi ch easily occUle misaber of grnesategtRastclgs dyri £Eng WHE "5t ai ni ng
an oxide. 5[ Q113 dHev™ $adiB)1, the nuﬁltfeerdfcvmeé Wash@t el this 6aud, ttiee | ng

target of the present invention was produc net al y
met hod. For AW aeRttsoNcrerebtatiRde PVeM tg? Vﬁé'm%r’a@ﬁemgﬁ]@r de é%'lgz
thege powder gashpy@aselal 022 5W@><thawan§nwon tisd ZRgef wad npamisirseditochk f or
each. Moreover, for a netal

maxi mum gr ai Ay 28d e supth e\ﬁlaggé'gg@\% Qe”erat?ﬁéﬂﬂr%ﬁgmﬁgﬁbg%g&?ﬁ% gtaw 9
powder, and WpcHs30ss AR rasiiles Idrgheempa réhv@CE)l@n I’és40 kg, and 1.00 kg,
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compact. This wettability appears to improve the adherence between the metal oxide
and the matrix alloy, and in addition, have a significant impact on the
increased density of the sputtering target. Moreover, this wettability
20 appears to suppress an inadvertent release of a metal oxide during
sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1.
[0107] The Fe-Pt-based ferromagnetic material sputtering target of the
25 invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
matrix alloy and an oxide and their properties are important. This can
effectively suppress particle generation which easily occurs upon film
30 formation with a sputtering target containing an oxide.
[0108] (Example 15)
A ferromagnetic material sputtering target of the present invention was
produced by the powder metallurgy method. For the production, Fe
powder and Pt powder were prepared. For these powders, powder having
35 a maximum grain size of 10 um was used for each. Moreover, for a metal



20 Sinterability was good, and a sintered conpact having a rel ative
density of 98.9% could be obtained. This was further processed to a

di sc-shaped target with a dianmeter of 180 mm and a thickness of 5 mmby a

| at he. [0115) Then sputtering was perfs nmed using this sportJerd1ngs93a get ,
and the nunber of particles was counted. 25The nunber of generated
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mat ri x 8199y, andlext hiramixeshpowdetwas diflgdiin Acarbon + A "PHRESRRY eased
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target used bHer2odejnsd thengbined. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.
[0110] Then sputtering was performed using this sputtering target, and the
15 number of particles was counted.
The number of generated particles during sputtering is shown in Table
1. As shown in Table 1, the number of particles was 16. In this case, the
following results were obtained: even if the volume ratio of the oxide (TiO2)
was increased up to 55.5%, the density of the target was maintained to be
20 high, and the number of particles generated during sputtering was 20 or less,
which is less than the results in any Comparative Examples.

[0111] On the other hand, the wettability of the matrix ailoy and the
non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 16.5 (J/molK). The

25 smaller is the value, the better is the wettability (the same hereinafter).
This wettability appears to improve the adherence between the metal oxide
and the matrix alloy, and in addition, have a significant impact on the
increased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a metal oxide during

30 sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1.

[0112] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a

35 magnetic material thin film for a magnetic recording medium, in particular, a



magnetic material thin filmfor a magnetic recording nedium in particular,
a 10 granular magnetic recording layer. In particular, nutual selection of
a matrix alloy and an oxide and their properties are inportant. This can
ef fectively suppress particle generatgon which easily oecurs204p0s7986 | m
formation with a sputtering target containing an oxide. [0118] (Exanple 17)
15A ferronmagnetic nateri al sputteri ng target of the present invention was
produced by the powder netallurgy nethod. For the production, ovvder Pt
powder and Agrqu)ﬁl’ermaﬂ!’teélcpfﬁbﬂ%gléﬁ laper tIReRartisylate MutualoSeieft '%\H?
maxi num gr ai u Arr erhrgeb@h OXI de
powder, sili @'loaﬁhé%@& %@? m\g\%lﬁiﬁ §ﬁ@n@§{rnﬁﬁqﬁaglé¥g??gﬁggﬂof 2 pmwas used.
Then, the Feeffeciidaly suppress mam%e gewaBPOZWb@ﬂdéﬁs'%rR?Ct-‘We ”RG"p er were
wei ghed to Og 4 espectively, and m xed
and ground us(?rﬁ]g%%he‘g%gg é&tﬁeﬂ ﬁaﬂﬁ%&c&%h@nd"?p}?&#g al oxide powder to be
added Vied3ki ﬁﬁ*amn@o@l y mixed with the netal powders. 25 [0119] Next,
this m xed pOWde oA ndcﬁqu dwé'teﬁ]gPé’;FLHf?é?m ﬂ%et%'f'ﬂ'lé@rfeséhﬁﬁﬁéﬂldrfwaﬁcuum

e comndi

at nosphere under tions o erature sui tablq\%eael ected from
t he tenper at pr@uoadgbybﬁta/mw@mon@ﬁajlumomem hol 9T dNe i RFadggtion. ho‘ilrs and
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sputtering was p using this sputtering target, and the nunber of

particl es wawasoifaede The nunber of generated particles
during Spu”e“ ”@rHe% Sth@"rfb'ﬂbw%%bl the3 Pl poederhand ihe Tajdepdwdeheveneinber of
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/JP2011/ 067936 fol.l | t
wer e obt ai newelgalwht@ 10.6Qekay o -Afreka: 22Nh 110 (e TESHERLVEY; @%f’ R r&gﬁegzgsez

up to 49.7% Hlﬁ'lod%gﬁ t $reOball hﬁlltrﬂéﬂﬁd WIHuBRHY aetadokidebsowdegrhto bed t he
nunber of palgt I cles ner ated duri.ng sputterl ngbwas 20 or less, which is

| esk t han th@ddeémat%swfwltamo'@iiw;ﬂam@ the AMRIALROWES§101] On the ot her

hand Fﬁ nrve“afNé)d tmué)Fmiélfpawaéi wadlfliey naradcatrben mdnam]abt presaeer i al
was pré nary pre |cte si nul ati ons.

L onal O#J Yo WEfdrt Sah &y measure
of wettabili iy vepuuRag WOQP'QQ!PNBM’GT then & §H’éPP§r A HOPFHYE SRR het t er
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prove the %meeg)lggcl'?oubrgt \gﬁgg ;[)rrtleess[}?é gf 30)i\/|8a to obtain a sintered compact.

20 Sinterability was good, and a sintered compact having a relative density of
98.9% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0115) Then sputtering was performed using this sputtering target, and the
number of particles was counted.

25 The number of generated particles during sputtering is shown in Table
1. As shown in Table 1, the number of particles was 8. In this case, the
following results were obtained: even if the volume ratio of the oxide (Cr203)
was increased up to 50.5%, the density of the target was maintained to be
high, and the number of particles generated during sputtering was 20 or less,

30 which is less than the results in any Comparative Examples.

[0116] On the other hand, the wettability of the matrix alloy and the
non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 6.2 (J/molK). The
smaller is the value, the better is the wettability (the same hereinafter).

35 This wettability appears to improve the adherence between the metal oxide



10and the matrix alloy, and in addition, have a significant inpact on the

i ncreased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a netal oxide during
sputtering, and in addition to this, guppress particle gemgpzii/osroshie to
abnormal electrical discharge starting at a void inherently isincluded in
the target. The above results are shown in Table 1. [0122] The Fe-Pt-based
ferromagnetic material sputtering target of the inventiaon q(g‘l;ceg inthis
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using the bal} t tRl paticdRrpendesl tselebﬁoradﬂeal was
Si rrlu%lgt aneouslg arﬂ]lérj gﬁ’ﬁ\yr{é‘?@ he-@&'r'émg |I59e|mser sp 8125 Next , ;mxed powder

powd
was filled i mairl&eﬁ|bdnafh%lai‘ oxide Rod tb?@s@@ﬂeﬁﬁsna Hl]ﬁ?ﬁt e PR under

the conditio t |8 UgER&YaYion SWREEH 282 Jdcﬁﬁ@a.@)os\elﬁbnt ed
fromthe terr%g?g{wuerlg %ng??%@e%gv\rg%n 00 anon1300C g%j]%l ding time of 2

hours, and afgmationrwitiha QP@'“&P&Q t@r@ebg?latﬁlmlrgg anXded conpact .
Sl nt ergm ?f tge%}ﬁ?al ne’ and a sintered conpact havi ng a relative density of

. 1% d. This was, further proc JSC a g? t ar get
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powder, Pt powder and Au powder were prepared. For these powders,

powder having a maximum grain size of 10 ym was used for each.

Moreover, for a metal oxide powder, silicon oxide (SiOz) having a maximum

20 grain size of 2 pm was used.

Then, the Fe powder, the Pt powder, the SiO, powder, and the Au
powder were weighed to 0.60 kg, 2.40 kg, 0.50 kg, and 0.40 kg, respectively,
and mixed and ground using the ball mill method. Thus, the metal oxide
powder to be added was simultaneously mixed with the metal powders.

25 [0119] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of

30 97.8% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0120] Then sputtering was performed using this sputtering target, and the
number of particles was counted.

The number of generated particles during sputtering is shown in Table

35 1. As shown in Table 1, the number of particles was 7. In this case, the



The nunber of generated particles during sputtering is showmn in Table 1. As
shown in Table 1, the nunber of particles was 10. In this case, the 10
following results were obtained: even if the volune ratio of the oxide
(Si02) was increased up to 54.5% thesxdensity of the tamrgstpPEsosTadamt ai ned
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or less, which is less than the results in any Conparative Exanples.
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| at he. [0123] Tﬁéﬂmﬁifuﬂ@)erl ng was performed using this sputtering target, and
the nunmber of parAféﬂ(ﬁﬁag‘ﬁé?tlccrﬂﬂfér%@sputtennngmegé’tLUTblee ptése@enweatlemw[aartl cles
during sputtering I's shown in Table As sh vvn in Ta\t}bs %I, hgﬁomug@er of
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matrix alloy and the
grain size of 2 ym was used.

30 Then, the Fe powder, the Pt powder, the SiO: powder, and the Ag
powder were weighed to 0.60 kg, 2.40 kg, 0.50 kg, and 0.01 kg, respectively,
and mixed and ground using the ball mill method. Thus, the metal oxide
powder to be added was simultaneously mixed with the metal powders.

[0124] Next, this mixed powder was filled in a carbon mold, and hot pressed

35 in vacuum atmosphere under the conditions of: a temperature suitably



non- magnetic material was prelimnary predicted by sinulations. The 25
results showed that a neasure of wettability CW was 7.3 (J/nol K). The
smaller is the value, the better is the wettability (the sanme hereinafter).
This wettability appears to i nprove tfe adherence bet weeoThE01ved7ass oxi de
and the matrix alloy, and in addition, have a significant inpact on the

i ncreased density of the sputtering target. Moreover, this wettability

60appears to suppress an inadvertent release of a netal oxjde durin
sputtering, aelgcted fam theoteroperatire, raggphetwaen S00; 3 1889 -a?'ql?w 'E&e to

abnormal ele h hahe b Sivteyed B6M éad in the
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i mport Thi s can ctl ress particle generation which easily
occurs upon fumber of patticies Wﬁﬁﬁodnggutterl ng target containing an oxide.

[0133] (Exanple 2Q) numbel'ot)if d{é?ﬁmrk?érhéle%hﬁhg%bu&éﬂﬁg & sHgvrt By Tellle of  t he
present invention was produc

owder netal |l ur &Eﬁod Fq t he
production, He ﬁ@vﬁi@wn Ptﬁhi%deﬁh%lﬁklm@@r pbRagiclagevas || epg{3 CEYr 6 flese

powder s, 10 FARIHE isrwer% Bﬁéméd%géﬁ"mhélmmé rd6b BRthEGXide ¢8iTpr each.
Moreover, for a ne oxi d

g silicon, oxi de Si 02) hay &?d Xi mum
grain si ze ofwas Ipﬁﬁaﬁégdl}%'@ 4. 5%, HFﬁé’r?"sttYlé’ e fﬁf kyas trﬂ%’"ﬁ'n%jo , the
Si 02 powder, R pURTcR e d durthgtsh utiering wids X@or Rs80 kg,
and 0.20 Kg. hfdggaggﬁpgglu% 15and mxéé%é roundueing the bail mi|

nmet hod. Thus Wf‘ﬂmlsdﬁﬁﬁlhaﬁkihﬁéeﬁﬁ\m@ra@b ﬁul t aneousl y ni xed

wi th the aptal pQ.‘g]\ﬂiet'h% othét1BAhd Naé wtehasmm mdtneowﬂaﬁxwaﬂowdddedhen a
car bon nD , ot

ressed in vacuum at nos der . thle condi Lans of :
a tlénper at ur @Oﬁdnﬁﬁ'hﬁtiﬁ seateripb vas d’rﬁ?'ﬂrﬂ@a%rFE‘ég'ﬁf}#& Yr §ifya B%'ﬁ/veetr‘; %00 and
1300G, a hol didifi2bhovidd atla Mdtis of Weshabilly CWHesr. 330/MEHK). t Bhebt ain a
sintered conpact. Sinterability was ered co act ving a
rel ative densmallepfis 9898%|%um§ Béttﬁ'bfsa%fed"e“ﬂ%f@yaﬁ? Fﬁ'f"fah (ﬂ% ssed to
a disc- Shape@fh‘i@w&éb%l£pp’*eé15qa%gfovéfthé%h@r@mbavﬁebnaheesstabbxnaerrm by a
athe and the matrix alloy, and in addition, have a significant impact on the
20 increased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a metal oxide during
sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1.
25  [0127] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
matrix alloy and an oxide and their properties are important. This can
30 effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.
[0128] (Example 19)
A ferromagnetic material sputtering target of the present invention was
produced by the powder metallurgy method. For the production, Fe
35 powder, Pt powder and Cu powder were prepared. For these powders,



[ 0135] Then sputtering was performed using this sputtering target, and the
25nunber of particles was counted. The nunber of generated particles
during sputtering is shown in Table 1. As shown in Table 1, the nunber of
particles was 6. In this case, the fokd ow ng results werreTRPR@N0OEW36 even i f
the volune ratio of the oxide (Si02) was increased up to 38.4% the density
of the target was maintained to be 30 high, and the nunber of particles
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Moreover, fon gd&%iat! aﬂmgéawggv&ghte@l | i con oxide (Sl 02) havi ng a maxi num

rain size o{‘ m was used, en, the Fe po t he Pt t he
%I 02 powder, andgﬁhﬁenmbﬁbﬁﬁ%"%@ Bﬁ'ﬁﬁédj“t”é‘g% eaag '%SQ@”'P(S‘ x‘%ﬁéo kg,

and 0.10 kg, { esReghdwgliyy TaBRM Minsatlirabet érr;samdeusmarw?t hin trad kase,|thenet hod.
Thus, the netal oxide 25powder to be added was si wﬂéar&?%sléd é%’ Wi th
Q PSP

the netal poeliavdng reswty wergebtaingg: evan e alae r ar bon
ol 4, and hotwal%riﬁ%%éieuw?&swgwtmsaw@ dfNBe targee wasraintained of bea

L5000 %5 Bty e ss bt i a TR hecop BB 85 Be R, 0’
sintered coMp@Rtnh is less than the results in any Comparative Examples.
[0131] On the other hand, the wettability of the matrix alloy and the
non-magnetic material was preliminary predicted by simulations. The
25 results showed that a measure of wettability CWI was 7.3 (J/molK). The
smaller is the value, the better is the wettability (the same hereinafter).
This wettability appears to improve the adherence between the metal oxide
and the matrix alloy, and in addition, have a significant impact on the
increased density of the sputtering target. Moreover, this wettability
30 appears to suppress an inadvertent release of a metal oxide during
sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1.
[0132] The Fe-Pt-based ferromagnetic material sputtering target of the
35 invention produced in this fashion is useful as a target used for depositing a



30 Sinterability was good, and a sintered conpact having a rel ative
density of 97.9% coul d be obtained. This was further processed to a

di sc-shaped target with a dianmeter of 180 mm and a thickness of 5 mmby a
| at he. [0140] Then sputtering was pesg ormed using thi s PEpUPLT/087934 ar get ,
and the nunber of particles was counted. 35The nunber of generated
particles during sputtering is shown in Table 38PCT/J P2011/067936 1. As
shown in Table 1, the nunber of particles was 6. In this case,

fol | owi ng resiAanetigenatespt Himan Tehamagnetin eecRsdinganediiM, "bPa'EtWHE‘&x? de

(51 02) was i ‘ﬁﬂ'ﬁe t engi pyrtiell trhmdtaélgeél mrmumt ai ned
to be high, QF;{ %%eglre 0%1‘%0% |B?2§ gengr at ec? durin 0 &E’B': ng was 20

or |ess, whiomtrix glieysamnthan PPﬂQer é@@llthg"lﬁmﬁﬁv‘eéoﬁ‘i%m’?
[0141] On the o Ewelgfﬁ%gré@ d&?ﬁélébgéhér&u@ﬁ \tvh%hrrebsn;x Rlcligy upod_filne

non- magneti c materl rel |mnar¥ pr edi ct ed simul ati ons. The results
showied t hat #rmsdionrwithha S\Dé'ttﬁabg targpt exptaiping qn@x ¥ mol K)y. The snaller is
t he val[iﬂe‘3 g@x é 0y S the wettability (the same hereinafter). 10 This
wet t abi tl/ ears t i nprove the adherence between the netal, oxide and

the matrix all oyAfsnr@magrmﬂ'@nma@ﬁa' spifterinadatgeat of thenpresgpLioventipn Was

i ncreased de Fdotdéegf by Nfhes rl Hﬁtélﬁlrr@etmethod Nbsre @vee rprotiBétioryeé abi | ity
appears to s ppress ah I na vertent rel ease of a netal _oxide duri

sputtering, 2AWdeh BUEPWISH ad EHi ROWARIDWPER STERAEAC| 50&6@%%%‘#3%?? due to

abngy mal el egb%@ﬁ'mﬂh har 8 xiffudh t §ragh asﬁze'i gfoid jimhevaenubydifoelembd in the
target. The above resultls are shown in Tab tﬁé){ The Fe-Pt- ngtsed
A

f erromagnet i Mafaeen far %MQ'&&'%PPWP@@SE}'&P"&W% ‘H"%Fofaaé'gli‘ in this

fashion is nggngIs,ﬁo@ LA a8k ugggd for dep03| ting a magnetl c material thin
filmfor a

d ul
nmagneti c reco?gfﬁ'bgﬂraségr':ql ggwgngf’:@ﬁl%ﬁ' po‘ﬁa :etﬁ s%pécquf) og aqﬁﬁa(?'fx al | oy

and an oxi de pgpdet HRYé WRIGHSS fo @so&gezmrmcymm kg, TTids0 @arkge téspectivelyy
suppress par PI cl e generation which ea

ccurs up filmfor with a
spultt eri ng t angenixedrand Efcﬂﬁ‘daHS'BQJBESba["dﬂﬁlgﬁne rfgﬂ; sp e Q};A”Ia&ngg
ferromagneti 6ofRELtd BE adlBBlivRd Sithultdhe6lsipmikee mmhahemhetahpmderen was

[0134] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding

20 time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of
98.8% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0135] Then sputtering was performed using this sputtering target, and the

25 number of particles was counted.
The number of generated particles during sputtering is shown in Table
1. As shown in Table 1, the number of particles was 6. In this case, the
following results were obtained: even if the volume ratio of the oxide (SiO2)
was increased up to 38.4%, the density of the target was maintained to be
30 high, and the number of particles generated during sputtering was 20 or less,
which is less than the results in any Comparative Examples.

[0136] On the other hand, the wettability of the matrix alloy and the
non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 7.3 (J/molK). The

35 smaller is the value, the better is the wettability (the same hereinafter).



produced by the powder netallurgy nethod. For the production, Fe powder, Pt
powder and C powder were prepared. For these powders, powder having a
maxi mum grai n size of 10 pm was used for each. Mreover, for a netal oxide
powder, silicon oxide (Si Q2) having aggrmaxi num 30gr ai n sipze/Jpio1Rogresenas

used. Then, the Fe powder, the Pt powder, the Si 02 powder, and the C
powder were wei ghed to 0.60 kg, 2.10 kg, 0.30 kg, and 0.01 kg,
respectively, and mxed and ground using the ball m |l nethod. Thu , the
metal oxi de abmwettabjllweamtmpmvﬁﬁge adbeance hatweanthe Mataln

powders. 35[Q @g“tégeﬁ%rﬁ%%yma’r‘l@dmpglﬂ@iﬁbnw?ﬂ%vé'é|§$§h|ﬂ@arﬂ derblmﬂh& and

hot pressed i n vacuum at nosphere under  t he COI]dI tions
of : a tenper icieasesuidensity ebitbet sritiarivng ﬁﬁéeienﬁ@rﬁf’!ﬁre thisnyeetiddilfeen 800
and 1300C, 2aBALasNe LS dhidcs - QaH‘QHé&rert%?ﬁ' RIBIRSHT & MlotA0ohld, dungbt ain a
sintered conp Sinter and a sintered conpact having a
rel &ive densputjeryig, SQFYdO%@@ﬁU @I .asmessrmagﬂvlasgwmrﬁh ®ssed to
a di sc-shape t Qthee anAnérenby Gkeagsd i e MM by a
| at he. [0145 8{;&!@ ﬂ%{eﬂr&?ﬁd‘%ﬁ é r%legpgrsr\?gnl this s%utterl ng target,

and the nunbtarget ﬁpdtqam\@raﬁugwwﬁh@wn "‘I’W@b'ﬁu1nber of generated particles
during spufteri ”9‘{\55 F%hlef"’ﬁaééh Péprb?na Ja@ué n‘é?er?d?o%htté‘nn-ﬁabb@ei- oft fge nunber
of partl cles was

I's case, owngresuté were obtai ned:
even i f the nventien pseduseskintthis féih'aﬁ ig Bﬁ@fﬂ agadargat usgd dor dRPASHNGR 5o 1 he

dengi ty of t R dnafigfh t&’ﬁél 1A ﬂﬁﬁf&eéjnk@nbﬁc Flécgﬁdlngﬂﬁe&lhﬁ\ Wﬁbﬂrcumfr a

particles gene at ed urlng sputtering S less than

the resul ts DM Twghetist I’W"@R&rﬂﬁb’@s 'TSP@I‘&BP&”I%@ oﬁqg?t'q{hﬁ’ @t he

wettability ﬁi’at@b%u@gt%ﬁ& = bQMeaQﬁ’d tth@ur 516p gﬂﬁaeéﬂecmpér@antal TWescan
prelimnary predicte si mul ati ons. resulbs wed that a nﬁ sure of
b

wettability effectivedy FUIPP(§$W3IK1)‘C|3T9\%"9§HHP'I‘ ewhic Fﬁ%‘ W ACGHTS Upan

the vettabil f&rﬁ‘n |5H%lﬁﬂ§%phﬁéﬁh§'?érbéféentgmlﬁg #elokrfel | ity appears to l rrpr OVG
t he adherence between the netal oxide 20and the matrix alloy, and in

addibt | ¢0f38halexamBleghi)fi cant i npact on the increased density of the

sputtering targefs Pﬂapﬁéaféﬁlc rhaYefal§utRPinbith e@bpﬂﬁiﬁrekéntsmmmﬂmam
i nadvertent rel easg met al oxi D(Ij? duri E %::jeatterl:c:)gng,Eq and t| on to
I

this, suppreBedugedi by ethge pomgier ometalirglo r‘?regﬁ‘&tﬂ s chfar ge
starting at B?_WGFP' pNPSWABE land RG! puieder Wetd @refidrad geFor fieseapowdersesul ts

are shown in
powder havmg a maximum grain size of 10 pym was used for each.

20 Moreover, for a metal oxide powder, silicon oxide (SiOz) having a maximum

grain size of 2 ym was used.

Then, the Fe powder, the Pt powder, the SiO, powder, and the Ru
powder were weighed to 0.60 kg, 2.40 kg, 0.50 kg, and 0.10 kg, respectively,
and mixed and ground using the ball mill method. Thus, the metal oxide

25 powder to be added was simultaneously mixed with the metal powders.
[0139] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
30 Sinterability was good, and a sintered compact having a relative density of
97.9% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.
[0140] Then sputtering was performed using this sputtering target, and the
number of particles was counted.
35 The number of generated particles during sputtering is shown in Table



[0147] The Fe-Pt-based ferromagnetic material sputtering target of the

i nvention produced in this fashion is useful as a target used for
depositing a magnetic material thin filmfor a nagnetic recording medi um
in particular, a granular magnetic regording |ayer. |n partrzoii/as7ossrut ual
selection of a 30 matrix alloy and an oxide and their properties are
inportant. This can effectively suppress particle generation which easily
occurs upon filmformation with a sputtering target cont ai ntng an xi de.

[0148] (Exanpl e Az3ghown in Aabler t.chaghether eferasticias vasuet el €of the
present i nvelrgcgnoq%%@{sqgg %@yégh%\/eﬁ\tﬁ% VORlrAb Irsi@ vf R bﬂde smz t he

producti on 6 wder powder and B Mg}{) wer e
prepared. Fowashipseeasedddr to 53 6% che fiansiy Oat%iﬁrﬁﬁh‘("éﬁ Aynigi 40 pm

was used for HeratedfurRRVsiRitterinl 020 exieds, (5i 02)
havi ng a matxh m%grg(ﬁ%%‘&?ﬁﬂferoﬁ‘ﬁénﬁlé% eursed g‘ﬁ?'%en thegFe powder, the Pt

powder, the @ihdch jsdegethamihe lteﬁéltSB'fb@M@Pm}})@F%t"(ﬁeE@mBeﬁo 0.60 kg, 2.10 kg,

0.30 k d 0.0 r c | fhe@ AnthedrRatdsd HBoy daridhahsal |
mll rrg%ﬂg Thusj,OI1|< he %%tﬂt—f‘r th('aﬁlﬁ yth|eoowgtetrab?qg’ﬁbe added was sR?ruI tanﬁousl y
I

m xed with tnenﬂ‘eaametpbmeteﬂal was preliminafyryediclady ByosteyIatis1 i M'@d in a
carbon nol d, é’rﬁ)cfv{?éﬁﬁ&da ikl UMASLERIRP V&1 Wader . 3t (3emem)di Thens of :
a

a tenperat ure sul't K sel ected fromthe tenperatur a Retwe 800 and
1300C, a hol émadet iisrghefvaugoties betipr isa the vt t%bé'%f(fef@o W%& tf(?"t?g{]é
si nfered congaed weffhgﬁiﬁf éﬁbédr&)fo% préiROofle a%ﬁér@ufd Iﬂétefeed thérmaat oXide | ng a

rel atlve density o

oul d be obt aj ned. pr 0(;t 3sed to
a di sc- shapeandathgematfix ralloydiageted Sft'OPSG"% anﬂga' 'Pﬂrl'][cwﬂgicé g mm by a

| at he. SIH bR e ggf-,ﬁ eu3| ng this sputtering tar get, and
t he nunber 01 partlcP '\ﬁg pﬂ 6

count ed nunber of genl_? % rticles
during sputteri ndﬂﬁ@oyﬁb%hlslﬂem\'t& appegEs %6\7\?\""?*?&6[‘@ ¥e et'ﬁ agger of

particles wagsLlmeldd g %Médﬁwsp&m.ﬁ |dn@vh REIdiItRIU thisysue pessaiatide even
if the volune ratio o i ncreased up to. 42

t he oxid S 7 he
denity of t lgeneatigardugto ARNMA ﬁ&ftt'%? @%‘3{;@? SGriTa b Biiandgntb
particles gensiigi&dinfive 8 e‘iPUtl'hérdeQe\f@@I%OarQFSHo&&Sm Tabieh. i s | ess than
the results in any Conparative Exa

On th th h bi lit
of the B2 x al | d?ﬁjptﬁése%f%wﬁéﬂt?ﬁ'&tmaﬁﬁ?'gﬁPﬁ teﬂkgi]d%F@ ] n‘éés iy

predicted by @éﬁtbﬁtﬂreaﬁcedﬂ?ﬁtht@@@hm is hewrd a%fﬁﬂtar@etWLfbede;bosnmg ability
CW was 7.3 smal |l er is the val ue, tter. i s

wettability (rmagm@rmat%saétmwltrerf?f atfrrﬁ%'ettetf?%?fﬂm& Veab%apfa{tbcrq?%pr ove the

adhgy ence belygeiaf hfagfdtRl réedrdpganier. helrﬁ@bﬁldﬂlaﬁl Inowtuabselectiondafi i on,
have a signi cant i npact on the 30 jncreased ensHépof ttne(ﬁ'@s? Ctaﬁrl ng
a

target. Mor e(m%tflx @'lﬂYs apdtamsxide ﬁ'"ﬁptﬂ)‘@é[r Rropgrigs, gre JorgHap tént

rel ease of a g Eﬁ\llelgxéﬂf‘pr@%'ﬁ@'tlél%ubbﬁéfaﬂ@n WMLH easilyli déouns tupdrhifism
suppress particle neration due to abnormal electrical discharge starting

at a void i nri@maﬂqrletha sRtering target COPEMAING PREXIbve results are shown in
Tabl e lo443 (Example 22)
25 A ferromagnetic material sputtering target of the present invention was

produced by the powder metallurgy method. For the production, Fe

powder, Pt powder and C powder were prepared. For these powders,

powder having a maximum grain size of 10 uym was used for each.

Moreover, for a metal oxide powder, silicon oxide (SiO2) having a maximum
30 grain size of 2 pm was used.

Then, the Fe powder, the Pt powder, the SiO, powder, and the C
powder were weighed to 0.60 kg, 2.10 kg, 0.30 kg, and 0.01 kg, respectively,
and mixed and ground using the ball mill method. Thus, the metal oxide
powder to be added was simultaneously mixed with the metal powders.

35 [0144] Next, this mixed powder was filled in a carbon mold, and hot pressed



35[ 0152] The Fe-Pt-based ferromagnetic material sputtering target of the
41PCT/ JP2011/ 067936 i nvention produced in this fashion is useful as a
target used for depositing a magnetic material thin filmfor a nagnetic
recording nmedium in particular, a grgqular magnetic reqedippei1boenes. | n
particular, nmutual selection of a matrix alloy and an oxide and their
properties are inportant. This can 5effectively suppress particle
generation which easily occurs upon filmformtion with a sputtering target
cont ai ni ng am osscdem [ANBSPherEx uRpere tzerconditiona, ¢ferg damgaREAtHEE SHitaR! 9a
SPULLeri NG { SeARlod ol Py tEREBlarR ! higb WeiRBnRIRANAE d 301G 8 HRATHG!
nmet al | ur gy de or the duction owder an er were
prepar ed. Fotimehef@ haudeand mpmﬂrmaﬂﬁﬂd\ﬂaan&pmm Qr%\"ﬁ?@?ﬁ@m@ﬁcﬁo pm
was used for f i igle
(Ti02) havin gﬁvffrgtgpn%bll\&uv%’él 550% é’rﬁdz g éTlFt%?d 95!\‘@‘30@5’3@% a fel4tRRI dERsRY i
Thers, the Fe 9Fd¥decquld He BbtqnmdjerThlar\MaQ ferthgraprogeswast toudy élscﬂ)‘aﬁﬁ’i’ghed to
1.20 kg, 0.3 nd using the
bal | il | Q#égt ﬁda 8 i%tglgof{ OXI %h&‘ﬁoﬁﬁ ek‘rﬂﬁtg% GLS‘?ﬁ'madera %gb‘
si mul t daeshis| y miTeeh s\pmttenrmewaetwﬂrfqimmeusng this spdteringt tfargetnard dhowder
was filled i P'U?n ésdwag%un pressed in vacuum at nosphere under the
conditions o n%era ure suitably selected fromthe tenperature range
bet ween 800 and Il:hmm,lmhehoi genryatedpargeles dysingSPUlREng i Tale 30 Wra,
to gptain a §intgy é}fovg.?mo'?%;&ne 1S'tﬁ1é ﬁPﬁ’ﬁ)‘e'r'oi‘ba%%Q\QQQJSan% #i§ s & Ithe

Ive

conpact havi ng arela ensi't

1% coul d be obt ai ned. Tgé
further pr océ@lwﬂngoe%wtﬁ weﬁesﬁﬁfpwdt avgatf thetyelumairatie ok the,pxidg and a
thi ckness of \p, gduﬂa Reas 5%, th@%sﬁwﬁtﬁé 'té‘r@et’\@%snﬁéﬁ\fﬁ'rﬁ@ﬂtwbeng this
sputtering targe e nunber’ particles was coun The nunber

of gener at ed higir, tandltbg n@mb&i@fﬁﬁdﬂ@r g%era@dscﬁwm $thPz§'BgéNﬂs 20007 88w i n

Table 1, the r 1t¥RSaly CoddrhtveCBramplede fol lowing results
wer e obt ai ned: ev%nlelg% tﬁ{em\%ﬂeﬁﬁe raal?{) of F{ahhe OXi de 1102&°¥1 %jHJ r}ﬁr eased
i

up o JTIBY the Qrnkiet wthgr haadt dhgeweltabilibaialt iendbaly 8 fid the
number of par, toh%ﬁﬁn&%%étteﬁgl Hd QﬂeﬁﬁlﬂffaEyfrﬂrealcY&ﬁ b@osﬁﬁulbﬁéﬁs \M’Ifhéh is

| ess than the resufts 1 n any nparative

hand,
the wett abi | iresultsf showsedrthati & né@aswe éﬁd«f@ﬁ?@"ﬁbrﬁ%&?&t 4 é%émeﬁﬁ tA'lﬁﬁs o

prelimnary t; % T e sheweH ﬁéwaftea measur e
of wettabilit %H%f |§qhQ vaﬁg@“}@ b@ﬂér Is‘l’% vﬁ%}ﬁdcb??gézoﬂ/ 0 79%6 ma,l )I er is

t he val ue, tH@nﬂowettabllltssapmarwéoﬂraarqwetty\e(qdr'r@r%%ﬁ?eb%e&" PR °’T'F1?s
wetdabi ity apReffes nidrik "R &nfd fh 2HaROANARVRERVEGRIfithRt ﬁmb@ét onitile

increased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a metal oxide during
sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
25 target. The above results are shown in Table 1.
[0147] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
30 matrix alloy and an oxide and their properties are important. This can
effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.
[0148] (Example 23)
A ferromagnetic material sputtering target of the present invention was
35 produced by the powder metallurgy method. For the production, Fe



and the matrix alloy, and in addition, have a significant inpact on the

i ncreased density of the sputtering target. Moreover, this wettability
Sappears to suppress an inadvertent rel ease of a netal oxide during
sputtering, and in addition to this, gyppress particle gerRpadhosrodsie to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1. [0157] The Fe-Pt-based
ferromagnetic material sputtering target of the 10 invention produced in
this fashi on powdesePtiposdes ang ghtpowsied weie aegrased nbon thesghepweedat er i al

thin filmfob R BONEhhG & SRakihan BRE Wie |t RBT L WAl usBq dfoRreda

magneti c recoP I'ng laye I'npartic tual selection of a matrix all oy
and an oxi de Mordovéreifor pmelalaXids pawder,rapjmonamde $iOs) baying fof waximM y

suppress part.i epe X h easily occurs upon film 15f ormatl on with
a sputteri nggtrir ge’% con?@ %ﬁ\é&ag oxi de. [0158] ( Exanpl

f er ronagnet i ¢ nmatkvenalthe pite tpavidey, the @étpwdqrhéh@rsé@erﬁowqwzaﬁf‘ﬁ dhevx%s
produced by tp%ﬁ/d%?\%% ﬁiﬁéd ﬁ@%oﬁ BOog kd:‘U3(\§,\5§rﬂd3§lﬁqtho'ﬂesd&tlpﬂwer and

Pt powder were prepare ese powders awsm% a maxi mum
grain size ofandOmixedvard gsaund osingdon. ba%mdbmhod‘ or Thuspghemedal eddeonder |

Litanium oxi %%m@g ?@L? B?g”é’s s SRTUMEHELBLIR x84 5 mhqhemm YeRdesed.

Then, the Fe wder were wei ghed to
0.35 kgp14l 38 kg, Neaﬂdtmr, mﬁxe@powdgpwesufméﬂyn mbwmdaﬁeﬂ bohP®itSad usi ng

thepall milL, 'U*:atcnﬂgr aﬁlﬂé?hérgeu Ia o%ltB%d@F 4 Qeﬁ%e?é?ldﬁad sUASbly

si mul t aneousl’y ‘mXxe he neta ers d powder
was filled isekected iom the tempertiyet rq@ges@,@wepn QPQ]CE HbépﬁMUﬂder t he

conditi ons ool STRSIS! e o pidsalle opbaAPEdtd oA aes.h@meamaet range

bet ween 800 an t1me of ours g}ga nCEP surog of 30
MPa, to obt a|81ntarahlme~@ejg@@¢kpa@d a sintereg QQmPF‘Pty ¥RI Gosiptive Y%t er ed

conpact havi pg 8 f‘& og@ﬁéd y ﬂls Wad ta et srobessey @ Redisc Bhapedas

further processe sc sha d target with a dianeter o; %80 mm and a
t hikness of targetrwith 8adllam€ﬁef of QSO]"Tﬁéﬁ asthinkness /EOVRR Be? 18P%ed usi ng

this spyidspri N9 YHBCLputfdtthd Was performed using this sputtering target, and the
number of particles was counted.
The number of generated particles during sputtering is shown in Table
1. As shown in Table 1, the number of particles was 11. In this case, the
20 following results were obtained: even if the volume ratio of the oxide (SiO2)
was increased up to 42.7%, the density of the target was maintained to be
high, and the number of particles generated during sputtering was 20 or less,
which is less than the results in any Comparative Examples.
[0151] On the other hand, the wettability of the matrix alloy and the
25 non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 7.3 (J/molK). The
smaller is the value, the better is the wettability (the same hereinafter).
This wettability appears to improve the adherence between the metal oxide
and the matrix alloy, and in addition, have a significant impact on the
30 increased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a metal oxide during
sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1.
35 [0152] The Fe-Pt-based ferromagnetic material sputtering target of the



35nunber of particles was counted. 43PCT/JP2011/ 067936 The nunber of
generated particles during sputtering is shown in Table 1. As shown in
Tabl e 1, the nunber of particles was 7. In this case, the following results
were obtained: even if the volune ratj of the oxide (TpEglpaAaFd7035 eased
up to 42.7% the density of the target was maintained to be 5high, and the
nunber of particles generated during sputtering was 20 or less, which is

| ess than the results in any Conparative Exanples. [0161] On the_other hand,
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to this, suppress particl ene ue to abnormal electrical discharge
startinfgisar eExampleidMerently included in the target. The above results are

shoun 1n Tabl e La efibfitdohefic ntaiklia rinG 1A RRRENHE SreSBARRS RS er i ng
target of the inven |ongpr08uce In‘this fashion Is useful as a target used
for depositi ppdaiced byreieepowdest etalurghimethedm ffar Hheardrypdegtiony chﬁ)r di ng
medum L0 PBOLLEHAAY ProWdRR Wetb bi C FopRfisdi plivdéd¥ Spowdiél tiind cul ar ,
mut'ual selectron of a matrix alloy and an oxide and their pro ertleg are
i nport ant . Thinsaxjawne braio tsizepf, 1€ wpresisedrfor ergh.geMerervesfohAi BRtasi | y
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provide a femadmsgdetic material sputtering target, which enables to forma
magnetic recordi RYcha¥RE Fe powder, the Pt powder, and the TiO, powder were
15 weighed to 1.20 kg, 0.30 kg, and 0.10 kg, respectively, and mixed and
ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.
[0154] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
20 selected from the temperature range between 800 and 1300°C, a holding
time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of
99.1% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.
25 [0155] Then sputtering was performed using this sputtering target, and the
number of particles was counted.
The number of generated particles during sputtering is shown in Table
1. As shown in Table 1, the number of particles was 6. In this case, the
following results were obtained: even if the volume ratio of the oxide (TiO2)
30 was increased up to 37.3%, the density of the target was maintained to be
high, and the number of particles generated during sputtering was 20 or less,
which is less than the results in any Comparative Examples.
[0156] On the other hand, the wettability of the matrix alloy and the
non-magnetic material was preliminary predicted by simulations. The
35 results showed that a measure of wettability CWI was 16.5 (J/molK). The



30 conposed of a magnetic phase such as an Fe-Pt alloy, and a non-magnetic
phase to isolate the magnetic phase, and in which a netal oxide is used as
one of the materials for the non-magnetic phase. The ferromagnetic materi al
sputtering target of the present invegiion: can effecti veTursappe®sE an

i nadvertent release of the metal oxide during sputtering and particle 3
5generation due to abnormal el ectrical discharge starti ng at a void
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Sputtering targe npris ta oxid V\/nerelnthe nmet al
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wherei n-a valigeer o %2@@“?@?{83’“&%“?22@% 8195t The metal oxide is 25
(J/ ol KP1&3t | ess.The dieaPibase ferromagnetic material sputtering target of( H
10 invention produced in this fashion is useful as a target used for depositing a
magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
matrix alloy and an oxide and their properties are important. This can
effectively suppress particle generation which easily occurs upon film
15 formation with a sputtering target containing an oxide.

[0158] (Example 25)

A ferromagnetic material sputtering target of the present invention was
produced by the powder metallurgy method. For the production, Fe
powder and Pt powder were prepared. For these powders, powder having

20 a maximum grain size of 10 pm was used for each. Moreover, for a metal
oxide powder, titanium oxide (TiO2) having a maximum grain size of 3 ym
was used.

Then, the Fe powder, the Pt powder, and the TiO; powder were
weighed to 0.35 kg, 2.38 kg, and 0.15 kg, respectively, and mixed and

25 ground using the ball mill method. Thus, the metal oxide powder to be
added was simultaneously mixed with the metal powders.

[0159] Next, this mixed powder was filled in a carbon mold, and hot pressed
in vacuum atmosphere under the conditions of: a temperature suitably
selected from the temperature range between 800 and 1300°C, a holding

30 time of 2 hours, and a pressure of 30 MPa, to obtain a sintered compact.
Sinterability was good, and a sintered compact having a relative density of
98.9% could be obtained. This was further processed to a disc-shaped
target with a diameter of 180 mm and a thickness of 5 mm by a lathe.

[0160] Then sputtering was performed using this sputtering target, and the

35 number of particles was counted.



TheFe- Pt - basedf erronmagneticnateri al sputteringtarget according to claim1 or
2, wherein a content ratio of the netal oxide is 15 to 70 vol% 15 [Caim
g% Tlhe_Fe- Ptl- t)asgdf\%r omagne':]i cmat erial sputteringtarget according to any one
cl ai nms o 3, erein the netal ox4de having a grai i

and 50 pmis dispersed in a matrix ofﬁf he net alg [%I ai [ﬁcﬁr}u@@m@@é?@e@n o
TheFe- Pt - basedf erronmagneticmaterial sputteringtarget 20 according to any
one of clains 1 to 4, wherein the netal oxide refers to one or nore oxides
sel ected from Zr  THegnumber of gerratesl pawticlegurigg, spottering is shewein Taley ai m 6]

TheFe- Pt - basedf gff MRONGT HSBRE £7ihd! S dCSe fHiBe8Shas 7. In this case, the
following results were obtained: even if the volume ratio of the oxide (TiO2)
was increased up to 42.7%, the density of the target was maintained to be

5 high, and the number of particles generated during sputtering was 20 or less,
which is less than the results in any Comparative Examples.

[0161] On the other hand, the wettability of the matrix alloy and the
non-magnetic material was preliminary predicted by simulations. The
results showed that a measure of wettability CWI was 16.5 (J/molK). The

10 smaller is the value, the better is the wettability (the same hereinafter).
This wettability appears to improve the adherence between the metal oxide
and the matrix alloy, and in addition, have a significant impact on the
increased density of the sputtering target. Moreover, this wettability
appears to suppress an inadvertent release of a metal oxide during

15 sputtering, and in addition to this, suppress particle generation due to
abnormal electrical discharge starting at a void inherently included in the
target. The above results are shown in Table 1.

[0162] The Fe-Pt-based ferromagnetic material sputtering target of the
invention produced in this fashion is useful as a target used for depositing a

20 magnetic material thin film for a magnetic recording medium, in particular, a
granular magnetic recording layer. In particular, mutual selection of a
matrix alloy and an oxide and their properties are important. This can
effectively suppress particle generation which easily occurs upon film
formation with a sputtering target containing an oxide.

25
INDUSTRIAL APPLICABILITY
[0163] An object of the present invention is to provide a ferromagnetic
material sputtering target, which enables to form a magnetic recording layer
30 composed of a magnetic phase such as an Fe-Pt alloy, and a non-magnetic

phase to isolate the magnetic phase, and in which a metal oxide is used as
one of the materials for the non-magnetic phase. The ferromagnetic
material sputtering target of the present invention: can effectively suppress
an inadvertent release of the metal oxide during sputtering and particle
35 generation due to abnormal electrical discharge starting at a void inherently



according to any one of clains 1 to 5, wherein the relative density is 25
97% or nore.

44 PCT/JP2011/067936

included in the target; can enhance the adherence between the metal oxide

and the matrix alloy; and can increase its density. Therefore, it is useful as

a ferromagnetic material sputtering target used for depositing a magnetic

material thin film for a magnetic recording medium, in particular, a granular
5 magnetic recording layer.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]
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45

CLAIMS

An Fe-Pt-based ferromagnetic material sputtering
target comprising a metal and a metal oxide, wherein the metal has a
composition in which Pt is contained in an amount of 5 mol% or more
and 60 mol% or less, one or more elements selected from B, C, Ru,
Ag, Au, and Cu are contained as an additive element in an amount of
0.5 mol% or more and 20 mol% or less, and the remainder is Fe.

The Fe-Pt-based ferromagnetic material sputtering target
according to claim 1, wherein a value of wettability for a molten metal
of the metal oxide is 25 (J/molK) or less.

The Fe-Pt-based ferromagnetic material sputtering target
according to claim 1 or 2, wherein a content ratio of the metal oxide is
15 to 70 vol%.

The Fe-Pt-based ferromagnetic material sputtering target
according to any one of claims 1 to 3, wherein the metal oxide having
a grain size between 0.1 and 50 pym is dispersed in a matrix of the
metal.

The Fe-Pt-based ferromagnetic material sputtering target
according to any one of claims 1 to 4, wherein the metal oxide refers
to one or more oxides selected from Zr, Mg, Ti, Al, B, Ta, Nb, Zn, Si,
Cr, Mn, and Ga.

The Fe-Pt-based ferromagnetic material sputtering target
according to any one of claims 1 to 5, wherein the relative density is

97% or more.



