PCT/ JP2011/ 076147 DESCRI PTI ON Fe- Pt - BASED SPUTTERI NG TARGET

W TH DI SPERSED C GRAI NS 5TECHNI CAL FI ELD [ 0001] The presenPCT/dR2M1/0t147
relates to a sputtering target for use in the deposition of a

granul ar-type nmagnetic thin filmin a nmagnetic recordi ng nedium and
particularly relates to a Fe- Pt&%;ﬁ Ew%ﬁz terlng target in which 10C grains
are di spersed. BACKGROUND ART [ ? Nfield of magneti c recordi ng as
represented with a hard disk drive, a nmaterial based on Co, Fe or NI, which
are ferromagnetic netals, is used as a material of a magnetic thin filmin
the magnet | cFedHoBABED SRYTHERMG TARRETWVIAHDISPERSE CoBRAINS
Co-Cr-Pt-based ferromagnetic alloy having Co as its main conponent is being
used for the magnetic thin filmof a hard di sk which adopts the

| oggi t udi nal magnetic recordi NBEEHNISAL RIBYUD eover, a conpound nateri al
configured froma Co-Cr-Pt-based ferromagnetic alloy having Co as its main
conponent and non-nmagnetic inorganic grains is often used for the magnetic

thin fipdgm) of a irgedp FBs%'ﬁtV\fﬂk/éHtléﬁlor@éteEh&) @rerslp@&éhﬁgl frgeBgoetise reaaedi ng
systemthat was recent y put 1nto practical application. In addition, the

f or egoi ng magpesition B A faranvias-typs mageﬂth)rtbmuakﬂ lﬂyasmgnetlpnrgcgrdlagget
having the f C r

Sput tering dran s BpRid iy Malei SR RRScl eputferils GRS Which

[ Q003] MeanwW@ beains laee esperdedg density of hard disks is rap| dly increasing
year by year, and it is considered that the current surface density of 600
Goit/in2 30 will reach 1 Thit/in2 in the future. Wien the recording
density reaches 1 Thit/in2, tBAGKGRM@INDWRTecording bit will fall bel ow
10 nm In the foregoing case, it is anticipated that the superparanagneti sm
caused by thermal fluctuation will beconme a problem and it is further

anti ciipgbpd thajy H&f.aardﬁﬂhpueﬂé?&dﬁwés fepRERhE it harl BRdkedriwd,; for

i nst ance a nateri al ncreased cr yst al magnetl Cc ani sot ropy obt al ned
bylsaddi ng P mat@nalmnm@plfemuv whicitarg fereemagnetic metals, iedsmdas

| nsuffici ent, gﬁ%ﬁ aaﬁ&.& Qﬁlnnﬁlg??ﬁ Itl‘?e Hétlé l?%ﬁqrﬁ @ghyeal?@r“av%or

ferrorragnetl C SIrzée'i's nm or s nee ssess hi gher

crystal nagrsamplena m-mmase[d)@oa]amertm bdrsed feregroagnetie aloy hasinge®o

phase havi n%salps rlf%l?n %E)Fnup%tnuern is Belng used for the magnetic thin film of a hard disk
which adopts the longitudinal magnetic recording system.

20 Moreover, a compound material configured from a Co-Cr-Pt-based
ferromagnetic alloy having Co as its main component and non-magnetic
inorganic grains is often used for the magnetic thin film of a hard disk which
adopts the perpendicular magnetic recording system that was recently put
into practical application. In addition, the foregoing magnetic thin film is

25 often produced by sputtering a target having the foregoing materials as its
components with a DC magnetron sputtering device from the perspective of

its high productivity.

[0003] Meanwhile, the recording density of hard disks is rapidly increasing year
by year, and it is considered that the current surface density of 600 Gbit/in®
30 will reach 1 Thbit/in? in the future. When the recording density reaches 1

Tbit/in?, the size of the recording bit will fall below 10 nm. In the foregoing
case, it is anticipated that the superparamagnetism caused by thermal
fluctuation will become a problem, and it is further anticipated that the
currently used magnetic recording medium material; for instance, a material
35 with increased crystal magnetic anisotropy obtained by adding Pt to a



5 attracting attention as a material for an ultrahigh-density recording
medium Since the L10 FePt phase has high crystal nagneti PCauP2t/0ogIv7 and
al so yields superior corrosion resistance and oxidation resistance, it is
expected to be a material that is suitable for application as a magnetic
recordi ng medium 10l n additjon, upon using the_FePt phase as a materi al

for use as &P-{rthagadyaliew kil Becasseiasuiiciendi ulisdisnkecruse the magnetic
devel opnent ; IS j 3 r ; i.C kNS in
 stat o aherbot AL BN (RheleRE At I RE R Inp RT2e O oleShe
or i ent at i on nefedt togxassgrsai highéscrystal ehggreti@anisdtrapynmuch as possi bl e.

15[ 00 In |ight, of, the above, for a magpetic,recardi.ng nedium of the

noxt - ATHET ot | onPHare W RerHPlg BHAstns & REPE PLRREI PB4 fnlp Ruticuirs fe

regordi ng sysfr@tlind® aetRAtSA dsSa anareiatforcan hitfalighiaeMsith retatihgmadiuntt ure

in which the FePt magnetic grains havi ng an L10 structure are 1solated by a
r

nonmagnet i ¢ Stae@rthal Lt ErPAPhRsE Bas highr gyatal ThRgNeG AEISQIrany AN dlRewi t h
20 granul ar y?élﬂg%hgtbggp]%%n%s%rf F@éoit @F } &o&@%{ciﬁ@%@k‘t&nc&! gt i?e%;?é‘cged

magneti cal ly 1 nsul from eac roug I'nterverti on

non- magnet i 40 b & anaterial thatais swifable forr applichtian msdaumagnetic mgcardiagnet i c
thin filmw ig}:nanul ar structure and rel ated publications thereof, there
are Patent current 1, Patent Docunent 2, Patent Docunent 3, Patent
Daocurent 4, andinPatiditionDagorensing thé FERtAshaseragnat matétialnfdri ige \sist n

ranul ar stryctur avi.ng the foregoing L10 FePt phase, a magpetic thin
?i | m cont ai H?{F@{"%E-JQS&V%%G : tﬁg@d st @,nd?a 5 Jheusev Em"&e'?)tf °i0. to
50% i s attragdintogy b didptsipRy thieCovdeireéd HehbRe é]gl‘éing% WGk Whepd 1S

"
hi gh magnetic property. It is_known that this ki ndlo magnetic thin film
wi th granul #he fiaRichagaetisrgnging Aselupaanetjcallyniseiaind cand he priendationy of Fe

target, a Pindd gedins Mlleflsly Féiffed € raldbhl BRROMILY sputtering a Fe-P

al l oy target and targ el ess, an expensive simultaneous
spbit t §000Ay deviloe light r efjutheedabfoye, sfarulat anagosticy mgoordiagi mediom 38 dhegoi ng

i 3PCT/ JP2011/ 076147 [00Q7 . Wh i
dovi co. 1 5 ubBKEBSerainc harte stk VR 2Rt MHE ieBiva ARl RBenee
material isreantiigegstem, Proposey is ahreagneétic gandiml with yramelal efructuré it the

i nadvertent desorpti of the _nonmagnetic materjal and abnornmal di scharge
or g1 it § ng WV Ne & SR BEODGHE AU TEVIGea fulor Srvdiyre Bredpaiateddy| 5 oocur

during sput hehignetidtnBEridl SLBR dsCOnEaBrramomar thigl Aa ﬁéﬁ@;}rﬁﬁ fALWith he

substrate) are consequently generated. In order to reso?ve_t e foregoing
pe®bl ens, i granylaecskyelyet hasna eaictue adhersi dhebenageetic hgraiosinmagmet i ¢

el BB rafhdd, W 0L B bl s “hARERRoh 6P S
non-magnetic substance.
As magnetic recording mediums having a magnetic thin film with
granular structure and related publications thereof, there are Patent
25 Document 1, Patent Document 2, Patent Document 3, Patent Document 4,
and Patent Document 5.
[0006] As a magnetic thin film with granular structure having the foregoing L1,
FePt phase, a magnetic thin film containing C, as a non-magnetic substance,
in a volume ratio of 10 to 50% is attracting attention particularly from the
30 perspective of its high magnetic property. It is known that this kind of
magnetic thin film with granular structure can be produced by simultaneously
sputtering a Fe target, a Pt target, and a C target, or simultaneously
sputtering a Fe-Pt alloy target and a C target. Nevertheless, an expensive
simultaneous sputtering device is required for simultaneously sputtering the
35 foregoing sputtering targets.



10 in which a nonmagnetic material is contained in an alloy is produced via
t he powder sintering nethod. However,3when a | arge anount POT/JE2014/07614V uded
in Fe-Pt, it is difficult to obtain a high-density sintered conpact since C
is a sintering-resistant material. [0008] [Patent Docunent 1] Japanese
Lai d- Open Patent Publication No. 2000-306228 15 [Patent Docunent 2]
Japande®7lai d- Q¥isierdgie mthepudBpUleriog dryicedsased tospytiepatantttennguataat 3)

Japanese Lai;d- P i LN -Bar %{g}g 4
Japanese Lai'@y&%aﬁﬁ@ﬂ%gﬁgﬁmﬂ f'gﬂ's@"@@%@-'ﬁ%éﬁéﬁ‘;@fﬁ'f curr’risslt’lta ]5]
Japanese Laiptoltleem irPdhainthePimaldvedenb desbrptiatoadf the2agnmagsetitmrrtetal and

| NVENTI ON [ Techni cal ,.Pr,obl en] .[.0009] An_qobj, ec f thi.s.invention i .

provi de a F& -r'ﬁézéids%g?e ﬁ'&iaaﬁ%@ﬁé?mvdhﬁhhaf%p‘é?%%ﬁ‘eé H{] iﬁ‘%gp\ﬂiﬁebﬁg
engbl es t he targeduili Gecofr @unmgngiutteriny,nahd! partithesy (tbnininahirpaticlest ur e
W t hout using an expensive simnmultaneous sputtering device, as wel

, I
provi df—:- a hidsinesedserte dheit sehstrael aﬁ“’&epogﬁﬁ‘&W@begeﬁ'@dﬁ@%g {rhé’rgﬁgtsfﬁt of
particles g LRG: Wit i I R 0 i d
o aohi eve TREOT or fer FErbBBr P WRERR. it i fiatestary fo ThORES o HpRbaignor cer
present i nvéetweendhecnormagnetiatmateiiiayandeths matdypwlloyramdy highlgedenséft be

produced by i . j rsj fi ajn ki e
macerial, a8 shafElifofaR *tkberlifresiRor dmtBhislofihe SUERHBABRIC
ahgve can camsihien abhynmadnetic inhategiahizr edntaineaf inpam ailoy és producsidheia ther ds,
the present inventqrs discoyered fhat the produgtion ieldg rin

deposi tion nRinterigGMednedhe r EpiVevey, 5@25’1&?@7’%‘3’%? Ql'f]'gﬁlélgﬁdon
the foregoi hy FE-PEAY W HiffieNEtPbBEAATa hijreaéndty Sintredesompadt $ingé e & ad
conpact sputtering target in which a conposition ratio based on atomcity
i s representsétfeppgaesistant matariqlrel oo- x- Pt x) | 0o- A-CA (provided Ais a

nunber, [ kB - X A i t G-
Sxaay [OEL" IParht Bockimeht 1f uapaeSaid. Ofed PR FLONIN RY 3000 S06208 .
dansity i s ¢Patent Docyment 2] Jppanesant aidedpen Pptent Publication Ng. 20045811329 whi ch

2CompOst 1 B fett DRRET AR eRhAELAY e’ BRI EUth ! Aboutbrt
Al STies 0Mg T uer ol oo ne At e TLnaly Greparsed 1 n At ALy, and
the rel ati vépﬁ'@?ﬁ%pP?“F'@"QélVdjégaﬂ‘?%le?'?'Open a}/eor? Pp%ﬁcgt&lq #‘%m‘%éﬁ%@t
according to 1) or 2) above, wherein a nean area of the Cgrains is 4 pn2

or less in a polished structure on a cut surface of the
20 SUMMARY OF INVENTION

[Technical Problem]
[0009] An object of this invention is to provide a Fe-Pt-based sputtering target
with dispersed C grains which enables the production of a magnetic thin film
25 with granular structure without using an expensive simultaneous sputtering
device, as well as provide a high-density sputtering target capable of
reducing the amount of particles generated during sputtering.
[Solution to Problem]
[0010] In order to achieve the foregoing object, as a result of intense study, the
30 present inventors discovered that a high-density sputtering target can be
produced by uniformly dispersing fine C grains, which are a nonmagnetic
material, in @ matrix metal. The sputtering target prepared as described
above can considerably reduce the generation of particles. In other words,
the present inventors discovered that the production yield during deposition

35 can be improved thereby.



15sputtering target. 4) The sputtering target according to any one of 1)
to 3) above, wherein Cis graphite. &) The sputtering taPQEUP2I¢/OT&IMNg t O
any one of 1) to 4) above, wherein an oxygen content in the sputtering
target is 600 wtppnn or |less. 206) The sputtering target according to any
one of 1) to 5) above, wherein the sputtering target contains, as an

addi t|[0Qa11borrponBﬁ§ed@rli\ i fgsegrinarriseavarsri@edresent ventier Psavidasng B, |vg
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str uc![ ur eI wh %teg%i e I s-% Qgrg@@g@w&aﬁﬁwﬁg@@é‘?‘@éﬁg@ﬁr?&&-%ﬁv NTI ON

[0012] The FearPa_ tdmus&yl tl)is peplesrenut:g;j byrayérnila mfc(Feﬁ)@r)@Bd()ﬁﬁgF@? n}lertviQQmA
resent invention ena t he netic thin fi t

gr anul ar 38 §t?%6§”§’ ﬁﬁtﬁ ?qétégg&%(ﬁg{% mi%etrélH?JSGssa?Bﬁ%? gpl ng

degi ce, and L£ixe<BERSARérdim\CBFaiAS 7€ dinely BRipeysed m #h #loyunnadithe refdiivet of

being able to provide a high-density sputtering target capable of reducing

t he anount &ermtm Qpe(sogélm% ed during sputtering. 5PCT/JP2011/ 076147

00131 1F19.2)1] AUheréd cBrddi SpuiBHnh TaAR1 1AM OR 3 50rhAsioR radb e

surface of e sput Ing targe r an optical m croscope.
5DESCRI PTI OdnOrateiviey NENTepresentEdTHy Fe- fprmbhaseaf ifﬁatobam-lﬁb( Cavigeta-Giat h

on’ at on ci ¢ {PIYFEq Ihet i BT Ebs) WIEh, filicheS: Z0 RAR020: POy UL

(poovi ded Awmcla satisfies 351$X\$155haadt\( # aamurdbeSihich Safiffiemnd.SEIYss a5hurber

whi ch satisfies 35 X- ai,ns are, fi ne and for d d
a :‘erronalgnélm%e%pr%?'%? IaB??ng datsnsfﬁeéll EII?O @ynel‘a&h?éeg& jei et&ﬁer a
This is the ggagior fguration of the present invention. [0015] In the

present invention, the content of C ar ains is Er ef er abI%/ an atomc 15
9

ratio of 203r Wbespalerivg targeteaccardingre Bei 2:above.i WRgWIn 3oREa8iaTean.
ynen. the conjaad gjérat%é’fsah ? 8 88 ih & BilsHEATRARILIL O ot St thE
00 wh

atomc rati here are cases avora e magnetic property
caanot be olspaiteddg targathe ot her hand, when the content of C grains exceeds

an atomc r qlt)' OTﬁtfe sSp%ttetrlrrlls tgrgqétaécncsbrgﬁ(éqtgear%/gghg %?rﬁttg %)taoooiv%? (Aﬁ%?gintee
is graphite.
5) The sputtering target according to any one of 1) to 4) above, wherein an
oxygen content in the sputtering target is 600 wtppm or less.

20 6) The sputtering target according to any one of 1) to 5) above, wherein the
sputtering target contains, as an additive component, an oxide of one or
more elements selected among B, Mg, Al, Si, Ti, Cr, Zr, Nb, and Ta in an
amount of 20 mol% or less, and has a structure where the oxide is dispersed

in an alloy.
25
EFFECTS OF INVENTION
[0012] The Fe-Pt-based sputtering target with dispersed C grains of the
present invention enables the production of a magnetic thin film with granular
30 structure without using an expensive simultaneous sputtering device, and

the present invention additionally yields a superior effect of being able to
provide a high-density sputtering target capable of reducing the amount of
particles generated during sputtering.

35 BRIEF DESCRIPTION OF DRAWINGS



20generation of particles. [0016] Moreover, in the present invention, the
content of Pt is preferably an atom csratio of 35 or noreP@dPB31/0T61HESS i n
the Fe-Pt alloy conposition. Wien the content of Pt in the Fe-Pt alloy is

| ess than an atomic ratio of 35, there are cases where favorabl e magnetic
property cannot be obtained. On 25the other hand, when the content of Pt
exceeds an atomic ratio of 55, there are also cases where favorable

magnet:4 r r g b e 7 e i i jfng
00% ot Fiebnar & I ot o St faliRtags LBRR duskifingRHrR) BURARN S fpieo R
rel ati ve denisé sputterihgdarget lod fexample handéyahepdioal micrbseopeaused by t he
degassing fromthe sputtering target during the 30 sputtering process and,
since the adhesion between the alloy and the C grains will increase, the

geperation of particl esDESCRIPEIONOF BMBODINENTS8d. Desirably, the
relative density is 95% or higher. [0018]1n the present invention, the term

"relative density" is a val ue obtained by dividing the

measur ensi t f ] t I d g@é? a 5 as
t he t#gg#fejti cal Tr&%ng{eﬁsﬁrﬁ Stdé%{tr%tr alqgIl at\g’_‘c}ﬁdgnsi t?/édli S gﬁgﬂr@ JSf‘QMp
6PCT/ JP2011 pogsant7 inkandiony hasata icorapesitierdralie thaseds summtpavcityhdbat He

constituent r get | it hou tughl I, i r i ng,
and is cal cz?g{eg%ng%%%tyd?nfé’?@gﬂ% %’i (Fgﬂ‘fo' -bh@”o]o_éférﬁj?(g?d\fléé@ A% @ n&@?’%l a:
Cabcul at ed d\&njsln Bgtisﬂfs Qﬁ}ﬁkéﬂmaﬂnﬂ@( ]gha mfmlmmhidhwttsﬁles I XaE SS?tG:o of
constituents Z cul ar i ght of constituents Xx ar ratio o

Coneti t went Srains ark Rl Bnd uindforing aRpgret in i 2o Manehip Matr g 4iByoang .
acqui re the tisgifelaigedlinsgtyak |90eeitHigHENt STHS i$ ite basietonfiflitafdMurenyer,
with the sputtering targef of the present invention, the 10 ferromagnetic

Fe- Pt-Cu al PBSSQUAN¥RNUATRd as the matrix alloy. In other words, the

o &SPt hat ToheprlesBnb iR Hon, HECbhAN BT BeiRe R PIeBRb I Ao "

(pBovi ded t hatio Afi 20 ommdser anhi &h aralessfinethe2@pattegngotarget somposition:

whi ch sat| Sf\/{Iﬁén ’?}?e %(oéé’nt%?% Jraiir?s fh fﬁ%’@%et"@rﬁ&osition is less than an atomic
ratio of 20, there are cases where favorable magnetic property cannot be
obtained. On the other hand, when the content of C grains exceeds an
atomic ratio of 50, the C grains become agglomerated to increase the

20 generation of particles.

[0016] Moreover, in the present invention, the content of Pt is preferably an
atomic ratio of 35 or more and 55 or less in the Fe-Pt alloy composition.
When the content of Pt in the Fe-Pt alloy is less than an atomic ratio of 35,
there are cases where favorable magnetic property cannot be obtained. On

25 the other hand, when the content of Pt exceeds an atomic ratio of 55, there
are also cases where favorable magnetic property cannot be obtained.

[0017] The relative density being 90% or higher is an important factor of the
present invention. When the relative density is high, there will hardly be
any problem caused by the degassing from the sputtering target during the

30 sputtering process and, since the adhesion between the alloy and the C
grains will increase, the generation of particles can be effectively inhibited.
Desirably, the relative density is 95% or higher.

[0018] In the present invention, the term "relative density" is a value obtained

by dividing the measured density of the target by the calculated density (also
35 known as the theoretical density). The term "calculated density" is a



15satisfies 0.5S Y6 15), C grains are finely and uniformy dispersed in the
matrix alloy, and the relative densitg is 90% or hi gher. POO2€jolnota187
present invention, the content of Pt is preferably an atomc ratio of 35 or
nmore and 55 or less in the Fe-Pt-Cu alloy conposition. Wien the content of
Pt inthe Fe-Pt-Cu alloy is less than an atomc ratio of 35 or 20exceeds an
atom c rati deasitgthatigeiaimed emihe agpemptioatbatiheccongiiteents qfitbpdatget
cannot be o ' : e L 0, ' r : tomc
atio of 0. SoBxRERithout fYYRRY fiffucihg o tRaCftho.candlt LRIoBIEREE BLIAR 18" D
t he cont ent thé fallowingtfem&ka. Pt - Cu alloy is | ess than an atonic ratio of

0.5, there are cases, wWhere S,the heat treatnent tenperature nnqt be
Surticiently | obarauan o cuaiSd RSl B eh ol BEU R GRERRL B Fnsttieit, £
grgnul ar st mihEraid 6f Eevstitadnts) ? TShidletuiae weightt dfecopiskifie e xdmokdieatié he
content of Cu exceeds an atomc ratio of 15, there are cases where

favorabl e mR§RERSlUSAEREIEalER feNsKE obspRstieeNtso] 0021] Mor eover, with the
! f . ; i : ; !
sputtering tar gl%reﬁ st ﬁ‘l%a%eﬁse'&tcghﬁéefﬁ%' gﬂrgnzé%érrﬂllr@ratll! EHlllﬂFthéé %o%ﬁ%\e/ﬁ to

di sperse C grains having a nean area o s inthe a
t he mean ar ¢éargekceeds 4 pnR, the produced sputtering target is unable to

ff Y i nhy,bi e generation.of. pacticle i tteri e
That 981 an VBleo Ut Bl SRuinBC W8l %f&’”ﬂé;ﬁ%s?ﬁ;@?ﬁbﬂgw S o
the C I Nnferod tic oFfe-tHteCpadlicghedn s fusedl ak t athsCT: Ol l6thet47
m | egcrjgl Qut u?gpfocr:n he s ‘gtt or?yh nfar et .by the rrlTaner Ig(?‘zs ch C.
graine. [ oesSbecRterng farophaf Uk bisintientea et adnpealinyatio
anenti on, Gagédi nnt hadtopiGitydta! & aphigrésanteddesdy abhy wseghilaThios i s
ecause, when the C grains are %r aphi toid, the produced sputtering target
;:ﬁn rmrtet efﬁl&m:-xef@txﬁhwmﬁroa proyeded matéﬂw npmheir;m@h sglbefm %xgr
e sputteri rge f Lot LV R - :
when 'Ito he ox%g%’ go‘%céerﬂr%l%t?ﬁ\rqmi'?E%Sf\&ébpggfojreﬁ%@swno\}r e%%?'é'fﬁeﬁrb gf)wﬁ%o
wippm or | esstisfids 9.5V =& uIQ grainsharer fidelt aod whifaddy odiggersedoirt éme i n

the Fe-Pt npongs ia‘flo?,ré?‘ri\cﬁ]%ei Pelbfife '&%%gﬁ)t/ tEob8 Br ifmf-glhré]r.t hat i's
[0020] In the present invention, the content of Pt is preferably an atomic ratio of
35 or more and 55 or less in the Fe-Pt-Cu alloy composition. When the
content of Pt in the Fe-Pt-Cu alloy is less than an atomic ratio of 35 or

20 exceeds an atomic ratio of 55, there are cases where favorable magnetic
property cannot be obtained.

Moreover, the content of Cu is preferably an atomic ratio of 0.5 or more
and 15 or less in the Fe-Pt-Cu alloy composition. When the content of Cu in
the Fe-Pt-Cu alloy is less than an atomic ratio of 0.5, there are cases where

25 the heat treatment temperature cannot be sufficiently lowered upon causing
the deposited magnetic thin film with granular structure to have an L1,
structure. On the other hand, when the content of Cu exceeds an atomic
ratio of 15, there are cases where favorable magnetic property cannot be
obtained.

30  [0021] Moreover, with the sputtering target of the present invention, it is
particularly effective to disperse C grains having a mean area of 4 pm? or
less in the alloy. When the mean area exceeds 4 um? the produced
sputtering target is unable to effectively inhibit the generation of particles
during sputtering. Note that the mean area is derived as a value obtained

35 by dividing an area of the C grains observed on the polished surface of the



10pr oduced by sputtering the target of the present invention, and the
produced magnetic thin filmcan thereby obtain favorabl e Ragke2G1t/0pG18perty.
[ 0024] Mbreover, the sputtering target of the present invention nmay
contain, as an additive conponent an oxide of one or nore elenents

sel ect ed anongl;I and Ta in an anmount of 20
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preferably set to 1 nmol% This is because_ if the additive anount .is |ess
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f i nel yogbiagper SeMdiéo@aig'tﬁé aauttenhma@ét@y te@ Bredditriaienition iz @raain, sisze is
desirably 10 pmor | ess. I'n_addi tion, asther w materi al
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the alloy po egétgdibﬁ?aiéﬁiihg @%%Eé#]%s 1/0 %szf@ grﬁlilé@%ir)o er?hrg;e/ be
efibective | rmagidetan than ffitre mnduoedcbfy spuftpeingi thettaegetanf thapsesent ipvawtion, Even
in cases of aIIo Y. rain
i'z6 of 0.5 BinobtedpERR B Gl SR o PBESENS o FRulifhg e fachhete

f Olr egoi ngdpQM@@a@ticﬂf of thed mbgdetio g@ailfnlsseuad uherefmteemld@drmmdsmigoetic dmid

pul veri ze

d db bl h h bal | .
[0027] The m?&@oc%ﬁaiée Yatikabie MGG R oP ! METeaer 00T 4PE R3GTRPdHYE
press. In aQﬂ'iﬁ W@%erﬁﬁr@ﬁén *i‘l‘i’(ﬂés%‘ﬂﬁﬂhgaé?pdtfe@id@ deBRabiys tHeogide

sintering neth o isostatic sintering nmethod my al so be used. The

1@0 hol di ng i$ eiqveﬁmlurcbswisedgnghena@evia@ with C. deﬂﬁ@w it of &gy adAttiven of
e oo aiFa BB s MaEee TS LR WBOR a1
pressing is Ipss frmthds lawéhkmit] theee dsl noauhitive effeei. ned from the hot press.

Hot is[(())észts?ti ¢ IorI'ﬁeSI ngttéﬁngeft];?gcétl ) tiigr present invention is produced via the

powder sintering method. For this production, respective raw material

25 powders (Fe powder, Pt powder, Cu powder, C powder, oxide powder) are

prepared. These powders desirably have a grain size of 0.5 pm or more

and 10 pym or less. When the grain size of the raw material powder is too

small, there is a problem in that the raw material powders tend to become

agglomerated and, therefore, the grain size is desirably 0.5 pm or more.

30 Meanwhile, when the grain size of the raw material powder is large, it

becomes difficult to finely disperse the C grains in the alloy and, therefore,

the grain size is desirably 10 um or less.
In addition, as the raw material powder, alloy powders (Fe-Pt powder,
Fe-Cu powder, Pt-Cu powder, Fe-Pt-Cu powder) may also be used. In

35 particular, depending on the composition of the alloy powders containing Pt,



15 inproving the density of the sintered conpact. The hol ding tenperature
during hot isostatic pressing will depend on the conpositP6hJB2011KES147
sintered conpact, but in nany cases the holding tenperature is within the
tenperature range of 1200 to 1400C. Moreover, the pressure is set to 100

Mpa or nore. 20The sintered conpact obtained thereby is _processed into an

i nt ended shaleywrawders mende affectivg in eaucha the BRVCWR @f YORE 1P ARG EWor
the present j i 00 . i 1aihly 4 }

i gh dener ( yRST ) FRe” EURATR ARt usink, AIRVEPORUEHS 1hE g hiiRacrs
whi ch C gr aidesirably have laygrainisize ofuhbflom drynaiesprd d&dmrortlges.al | oy. The

o1 1 eotp 7T as o Bhatiibnn g™ KigebridMERER B AR 5 aLfiREP RE NERRLE | ©
megnet i c_t higonfpdhiuh,! g ailubdzed andotixed bl Fasing e sLbBEly[ K50} Thethpdesent

invention is now expl ai ne ased on Exanpl es and Conparative Exanples. Note
that these BUEHA%3 bAllEerely an exanple, and the present invention is not

|0 anyoysy |1 M Re méd;m{éﬁgma@ﬁed tHeRip)ets WRBIdEd 4RE dinRsedtviamgnt i on

is |i ly by : clarms, and covers various nodifications
ot her than tafesE&xakplagdditionctadiat presshangthedsnsudsias g plagma discharge

9PCT/ JP2011/ s(?r?tgril;ﬁ]ié et ah RSt )? sigt%r'rl‘:r]?g Hﬁggméyh%rd 5 ugeYdeThe Fe

powder havi ng vVerage grain size o aving an average
grigi n si ze dfol@ngntenaperaCineodaiimg Isinterigg awilladepergk ogrthencampesitibn lofghever e

prepared. As the C powder,, cammercially ayailabl. r r

sed. < Trebiiepbenarast s Rongny et bBlfo TREEIRRTS e IRa s
based on thaefrPldratireé $angedf d208ttb0t408°01 ¢ ratio: (Fe50- Pt 50) 63- C40

[ 0032] Subsequentl%,%t he wei %hed powders were placed.in a ball, ml] %ot W th

a 10 [eQa%hcity Subsgavently.shpbgispatationipressingcisnirerfimed £ the §helging
medi um and é@t!dbtﬁﬂed"‘ﬁémrl‘?ﬁeaﬁ@ldpﬁe%é. 4 H YS Ssthe pﬁéé@iﬁgliﬁﬁlﬁfftive for

pul veri zi ng. e m xed powder that was renoved fromthe ba was
filsl ed in a iv@rovingnibleddensithsf theesisteredTeempact. prEie halhno: lemREAEHE as

500 heur T 4OC HARLATBARAGIF o o by BARBLBIEo! 01 Spdgedl
{)Lgszzaeofof hogbncﬁénta, V\%?tt gpp{manlyf caaées hmefi;tlmldin;g{]etemn(;iéﬁg.trer éssi r}vdhﬂfas’tbet 0
cool ed as i deMpesdiuraBage Ogﬁlgg@gﬁe{f’td@,bhgﬁbfe?d’ﬁ’%facmﬁ?ﬁgr iﬁgs%éqloby
performed t Q\Abﬁ%rfiﬁ&té?r ed
20 The sintered compact obtained thereby is processed into an intended
shape with a lathe in order to produce the sputtering target of the present
invention.
[0029] Accordingly, it is possible to produce a high-density Fe-Pt-based
sputtering target with dispersed C grains, in which C grains are finely and
25 uniformly dispersed in the alloy. The sputtering target of the present
invention produced as described above is effective as a sputtering target that
is used for the deposition of a magnetic thin film with granular structure.

[Examples]

30 [0030] The present invention is now explained based on Examples and
Comparative Examples. Note that these Examples are merely an example,
and the present invention is not in any way limited to these Examples. In
other words, the present invention is limited only by the patent claims, and
covers various modifications other than the Examples included in the present

35 invention.



20 conpact that was renoved fromthe hot press nold. The hot isostatic
pressing conditions were as follows; panely, rate of tenpecatee@1ioiergase
of 300C/ hour, holding tenperature of 1350C, and holding tine of 2 hours,
and the Ar gas pressure was gradually increased fromthe start of
tenperature increase, and pressure of 150 MPa was applied during the

hol di g0 ](Ei(@ﬁlplefﬂAfter the end of holding, the product was naturally

| ed
Gescr! bed above geraumPLaI AL HIeY P e e S6 aSAPRI b SRR, T,

density was &‘Ehﬂptadcﬁﬁdeﬂﬂmmgwl avemage%aﬁm%lzé@®3a]rﬁubadqllpowbw hakimgend
part of the obtained sintered coni'p ct was cut out t he CLOSS-.S ﬁ;tlon
surface was Hbl qgiage: 9rahs Sz ¢h é{mu&%ﬁ?epf%@a V\F\'? r\?ﬁ éptpocv,vzgl%

m G 0scope. c%rﬁﬁfelﬂ&.tany%l'vanasﬁeaﬁaavpﬁamacaﬂb%ﬁahaé uskd. si ze of 108 pm x 80 pm
was captured at four lTocations that were arbitrarily sel ect

structure surfaddesepawgersrwere weighegle aghiaye ;@etetajé’i’@ight °feg680 g based

i mage-editin he nunber and area of the portion

(bl acki sh 35‘%?)?’?4 F(%’]I\%&ﬁné t%ﬁc?td;f OLr al observation inmage) corresponding to
the C grains. 2&@i¢ ﬂétkﬁ](Eb@o?Bﬂaa)?so&oa result of calculating the nean area
per one C grain,

h
Phe o1 cont SHESERUERLY A ar BnS BRI e g8, A" SR Bot WRAZLT | "9
}’Vgl?)h??n;’\gpgéas rﬁgﬂ?iﬁ%@hhﬁgw@g‘étmr Mt{hﬁlmc{cm?ggdgmnﬂmognmeg medlwn rara
aving a
nm and ther@&fm& pRbWIRSSP! daOﬁggnﬁﬁﬂsoﬁ’réﬁm@%PWJ"H%@”{:@BI((C:: ?% %")%f >0
sputtering syshgg gﬁi%%?é&hﬁ%awr&ﬁﬂﬁé HAIEMYIRWak JillRel hod Basipori heald rmd

The sputteri ng conditions were I nput power of 1 kWand Ar gas pressure of
1.7 Pa, and, hcztfpresspdrform ng pre- sputterl ng of 2 kWhr, deposition was 10

performed onto gusi | (oo SUBSIAYE aK: BE 1Biduk FimElATBbAGN AinddbrEsgonds.

The nunber of p he substrate was nmeasured with a
parg i cl e coupiterof té'mermuénnaneasem qm"cvmlas ho[dgemperatpe of 180K anpl e

1% 3 pm Pt SEAMEIMANIRG S Bpurgihpssicy o3 o MEY SERIfPt foR e ©

having an aV@t”a?tQﬁtGﬁﬂjé?aﬁJréan@fba%eIQMM@éﬁdrb"fﬂ'mdlﬁd Adter tise @ndcnm\@ddmg.
comerci al |y avail abl'e anor phous carbon was used. These powders were

wei ghed to albei Rredust wesanatuealyneodled Bd8 g aEhaAbeh the fol | owi ng atomic
ratio. 20Atom ¢ g Hdelrehfif>iof!isBsttic Bhessing was performed to the sintered

20 compact that was removed from the hot press mold. The hot isostatic
pressing conditions were as follows; namely, rate of temperature increase of
300°C/hour, holding temperature of 1350°C, and holding time of 2 hours, and
the Ar gas pressure was gradually increased from the start of temperature
increase, and pressure of 150 MPa was applied during the holding at 1350°C.

25 After the end of holding, the product was naturally cooled in the furnace.

The density of the sintered compact prepared as described above was
measured with the Archimedian method, and the relative density was
calculated. The result was 96.6%.

[0033] Subsequently, the end part of the obtained sintered compact was cut out,

30 and the cross-section surface was polished to observe the structure thereof
with an optical microscope. A structural image having a visual field size of
108 um * 80 ym was captured at four locations that were arbitrarily selected
on the structure surface. The captured image was binarized using
image-editing software to obtain the number and area of the portion (blackish

35 portion in the structural observation image) corresponding to the C grains.



[ 0036] Subsequently, the weighed powders were placed in a ball mll pot with
a capacity of 10 liters together w thozirconia balls as tReTgr2O1diongt47

medium and the mll pot was rotated for 4 hours for m xi ng and
pul verizing. The m xed powder that was renoved fromthe ball ml|l was
filled in a carbon nold and 25hot pressed. The_hot press conditions

were as fol l1Ame;regtitef\caladatingnthe meanharea peacsedt araimpdharasdt wasrédse of
300C hour, gdin Ops f i j - and
pressure ofr]'% 'I\/Pglo\t'/'\gs ap%%ilge S%#to%%ﬁggs%@ygﬂ%b&ﬁ]pg?g%ﬂ?ﬁen ﬁqné(;r&gg%gdto
the end of tondpangt.byAisiag millerads] thé résultivag, 5S&Dwhepmr oduct was natural ly
cooled as is in_a, chanbey. .The density of the sinter conpact ,prepar ed
e dedtfbed nnSvESRANSRLL HPetintRTe CEPHE AR JHThe U PIRaA (ShEPe
relative derrmﬁvtwgi wagiapndter ot 1500 The aRe W thivksedBob %0 hif3 ahaubeesaftart |y,
the end part of the obtained sintered conpact was ¢ ut, 35and th

cross- sect i dROYREHa & \ﬁaénﬁgym‘?té%dsﬁlﬂtqm&rdﬂé’iQ%e(csgbﬂj t S éitening system
11PCT/ JPZOléﬁQZ@ﬂa‘& ﬁg%tg, BAnBRIA I a TCHEIGIRE ﬁeﬁﬁguct ural inmage having a
L# pm X gg at

visual field size o : 30 pmwas capt ur our | ocations that
wer e arbi traril Yheepedtesihgosondiitons wece input povmiercad. 1 RiheardAr gasPressiye was

bi nari zed usi.ng-i gage-.edi L e to } %yMer Lare f the
portion (bl aocfkﬁZhH%' %;S@r tqtft?ﬁgﬁ)%ﬁ%rhimét?'Iﬁé?ﬁlm‘?ﬁ@otggrezvgt| oh qe%rl;g"et?;n Was

caor espondi ngrfarnidtofMaga dilitdn febstrateavingt 4iictudiametgr fdre20rsenomd®a per
oxygen cont e MR o ARTGriea oBhadeeren ot e s Rs FalediE M TEAN Sas
620 wt ppm  [Q38EIREREVENtAY redutewal H1eY gattieREpact was cut with a |athe
into a shape 10 havi ng&xa1a di aneter of 180.0 nm and a thickness of 5.0 nm

and t Hee3saf t(Gromparative bx@rapiealnet ron sputtering devi ce (C 3010 sputtering
f : - :
system manuf act Wegpe l?¥wcfﬂgfé}la‘f"b?>b\)6@rs,t Pe PSWo%r\l;\?ﬁ‘gﬁg'}&éﬁ%VQBapgree%ralﬂ_ Bfze of

sputtering conditions were | nput power o Ar gas sure of 1.7
Pas and, af t3pmp&tpowvderrhaving asmuerage ggaiofsize RBrym dapd £ powdenhaving

f d ont iLi : te ,hayi 4. [ ds.
The number o et pee o8t ey da ioh " Pele shisiPeds VAR Tk, E4WBRER o
particle cowvnherdiblly beaildiblevarnofddspearbonivess ug&®39] ( Conparati ve
Exanple 2) As the raw material powd

size of 20 3 phDepe B WRIGi \N@'QH%’%&Q«;%&E&%%P% Wejghtegt @’cﬁiﬁ%%gﬁé' "
(r:)g\rl;ﬂg;(:ihg?/: Hh ﬂféffé‘ﬂé?vﬁfga%lﬁ.d“ra?iio?e gf 1 pm werg pfepar ed. As the C powder,
y aval | abl e anor phous carbon was used.
20 Atomic ratio: (Feso-Ptsg)eo-Cao
[0036] Subsequently, the weighed powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 4 hours for mixing and pulverizing. The mixed
powder that was removed from the ball mill was filled in a carbon mold and
25 hot pressed.

The hot press conditions were as follows; namely, vacuum atmosphere,
rate of temperature increase of 300°C/hour, holding temperature of 1200°C,
and holding time of 2 hours, and pressure of 30 MPa was applied from the
start of temperature increase to the end of holding. After the end of holding,

30 the product was naturally cooled as is in a chamber.

The density of the sintered compact prepared as described above was
measured with the Archimedian method, and the relative density was
calculated. The result was 83.6%.

[0037] Subsequently, the end part of the obtained sintered compact was cut out,

35 and the cross-section surface was polished to observe the structure thereof



These powders were weighed to achieve a total weight of 2050 g based on the
followng atomc ratio. 25Atom c rati1e: (Fe50-Pt50)40- C60PCT/JP2011/076147

[ 0040] Subsequently, the wei ghed powders were placed in a ball mll pot with
a capacity of 10 liters together with zirconia balls as the grinding
medium and the m |l pot was rotated for 4 hours for mxing and

pul veri zi ng Witthanaptisal pyaiescoprat Andlsucturviader bayingea pigual field siggof
filled in a r | o r : > it 1.Q8S
were as fol |'uste 08 i e sAiked A Yo iooationd M WerchabipaigWRicceds .
300C hour, lool dhegstrasheeatsurfacef 17TR6Ccaptutetolirdagg wase bihaZzétbuwsingand
pressure of .30 MPa ,.was applied fromthe start of tenperature.increase to
Phe end of HDPGPHaEing sBfthire o Ahh thoniihisr oet B% R dorisd HERRTSR 1y
cogl ed as i porrtior it ieeeructurb? BBEeARRDhLINE®d A dorrespSdiRg doethel €, gradis.

isostatic pressing was perforned to the sintered conpact that was renpved
fromthe hotASp? &esulkef galcphatingythe meanaaiea B?'é@@?r%gé%lﬁqu sl was %5

foll ows; nanpghy/, i 0, o¥o e I

terper at ur o o 1 0G0V AR aNE A U e ARGy SRR ESBNY I e Ribred
pressure wasogrth byl using onid ehels, theresuiewss £20 wipprenper at ure i ncr ease,
and pr re of j i R 3 ' t he
end ofoRe] ai ng, StReeqiaulInEaeTEY AT 68 WP ThinRE 2 Shbsk
deaﬁi tK of hﬁeirg&atcﬁamtﬁogbaeoamnﬁpaamfiaaﬁnidewsd si @feﬂ.mbw,e%m?hml gedTh
with the Archi i,an_net ho nd the rel ative, densi S cal cul at ed. e
result was Wlé”g@d[964§] mﬂgi?g[%htqw,tteﬂﬁg Qﬁdl%?&-%&r@léﬁ%gnéas Mt ered
conpact was neaHufaefure@d®y CaRos PORIvDA6IIHbrALEH@ESTINGRS Pol i shed to observe
the structure thereof with an optical mcroscope. A structural inmage having

a visual field Engepeitenog conpditions wereiaput apwer 66 1dd/VianghAr gaipresssire hat
were arbitragiqy Sgl 64 dadp fidriting irds tt%rﬁlgf BP‘éekwﬂ??dggBEi%ﬁ%bgﬁge
twar to offtaln the nu

was binarized using Inage-editing so er and area of
t h& porti onpetdfosvedgntpa silicanisubstrate havingua d-inch stiameté ofori20agegonds.

corr esbond! Wi furhB 5T RS s el b b SRSAB YA r BB PEENR 55 P
oxygen cont gattidle cobatesi nifteae@s2Nawaee640 partidesg mi |1 ends, the result was
820 Wt[o%%gf (Comparative Example 2)
As the raw material powders, Fe powder having an average grain size of
20 3 um, Pt powder having an average grain size of 3 um, and C powder having
an average grain size of 1 uym were prepared. As the C powder,
commercially available amorphous carbon was used.
These powders were weighed to achieve a total weight of 2050 g based
on the following atomic ratio.
25 Atomic ratio: (Feso-Ptsg)40-Cso
[0040] Subsequently, the weighed powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 4 hours for mixing and pulverizing. The mixed
powder that was removed from the ball mill was filled in a carbon mold and
30 hot pressed.
The hot press conditions were as follows; namely, vacuum atmosphere,
rate of temperature increase of 300°C/hour, holding temperature of 1200°C,
and holding time of 2 hours, and pressure of 30 MPa was applied from the
start of temperature increase to the end of holding. After the end of holding,
35 the product was naturally cooled as is in a chamber.



[ 0042] Subsequently, the sintered conpact was cut with a lathe into a shape
having a di aneter of 180.0 mm and a tihi ckness of 5.0 nm RoOUJPIN/OZEHMEr
nount ed on a nagnetron sputtering device (C 3010 sputtering system
manuf act ured by Canon Anelva) to performsputtering. 25The sputtering
conditions were input power of 1 kWand Ar gas pressure of 1.7 Pa, ana,

to a

after perf orni n§upseqeently,ehohdsastatic Kwessingepasi Pesiermed prrther siptETs
silicon substrate having a 4-inc ' r r d n icOf
particles tRAMBRRfHe @ﬁstﬁ?@%@%ﬂoﬁ&&aggﬁ&g% :'ﬁs\@\{'lt ?%J@tt i|éc enc
ggu”ther- Th%ré§§ihbltcdﬁﬂf¢ﬁm%é’r€§)%||;@@stf;tl)\gbws;h namesly, ¢ate30] ROAB}ratubeanplease)of ,

the raw naterial powders, Fe powder an, avera r e
om Pt pondei00iE/hag BRIci0a teReRatiIe oL 138055, A b cens patar2 RabF 5™,
average grai,n_.si f I [ fdmaver stagt of wnperiatweof 1
pm%wer e pr eptg(ree%'.zsig ptrég&e’?epgl\%ge§? Bg‘gﬂn&?@?‘g}sﬁg fava_i | abl e anor %}E o
35car bon wasnosede, and RCESSWR0A1YH B aywas apnhegé%md@ﬁéﬁﬁg'%s 1:%%810
achi eve a total i gh f ' ' 3 0.
A om o rati SRR sEhelfiag.Be fR8HgEhsh LUty Rche M o8 furhate.
powders were pl gaeddémsity bbtHe sintéredotompabt prepmred @scilescrited aboye ¥as
together with zirconia balls ,as, the .qgrindi iU a . 1 disP was
rotated for MeAsured (Wth ?ﬁhﬁi r’]oﬁ‘:law&eﬁgpvmtg?%’g%%h i I%cei%ﬁ\;;;bgv\%ger{ré'ty hg%asvvas
reltrg)ved fror@%g@a@d_l ﬁhé're%?m{a}s'fmd%.n aI carbon nold and hot pressed. The
hot” press conditions were as follows;, na ,__vacuum at nospher ate
of tenjpesdt ure Subseaurnths thwend paut of ths@*%@@&%@(%&&%‘%ﬁ%&&éﬁd
hol ding time ] R PR vBsemepthieestrictare tHezest ar t
of tenperat u?rgé Fﬁ%?gdéésszs?@%gﬁgﬁéélg%sﬁ%?%ng. After the engl (r)f{q|h0l di S]g

the product wil amaopiicallmicrostane.asAistructural inag® &aving,BasnalHiald si3g,

i sostatic pr in erfar i Jagerels i fed
renoved fronféié’"ﬁé}tlﬁgpﬁbya cfr%gu'gﬁgjeé'ﬂ@tﬁilés%ag{og%tg%g\rl‘leégsi ngﬁrggfm%?%gns wer e
?slg ol | ?ws; @,?rr%%b%mtg&@;s?md_ r?_tthee ?apziu?]l&xtelmﬂgawt!}h inarized| ¢isHy
enperature o C, and hol ding ti 0 our s, : ure
was gradual |wagﬁ:reéawosqfwﬂﬁqWﬁ@@%%%@“%%@i@ﬂ%gf wcgaregérstg% k%k%%
pressure of 5o WRs sGaelurarloBséivation taye) Gongespontip © 206G erainhe end
of hol di ng, e product was naturall

_ y cooled in thg fur.na,R(F;le. It T%e
density of tAe asfesul eticaloHisdiog theaparBPraad RIS bedralolle (B34 W %8124
with the Archi pedi il by cmdestahabeaimdredrhe
result was 98M8% W%&%g%ga%sae%%m P@?{eﬁ?ghgéghggjryybop theeobt ai ned sintered
cogpact was goinpast by udgndll ehdscthesressova®B28 WiPREE was pol i shed to

observe the structure theregf with a L.cal. 1q Sape.
“mage. M67ng & SutRRAUETENG Tay PG GBRHACE v SUPSAEPS lafiis s hane
| ocations thaLyine § A&mictérsf HBoTehratad arthidkaessrafcd.Orransuanddhereafier

nunber - and_ amssnied 6o pomAGHeaR serenng devies TC-30RY Soutefbsstoht

manufactured by Canon Anelva) to perform sputtering.

25 The sputtering conditions were input power of 1 kW and Ar gas pressure
of 1.7 Pa, and, after performing pre-sputtering of 2 kWhr, deposition was
performed onto a silicon substrate having a 4-inch diameter for 20 seconds.
The number of particles that adhered on the substrate was measured with a
particle counter. The result was 20000 particles or more.

30 [0043] (Example 2)

As the raw material powders, Fe powder having an average grain size of
3 um, Pt powder having an average grain size of 3 ym, Cu powder having an
average grain size of 3 ym, and C powder having an average grain size of 1
um were prepared. As the C powder, commercially available amorphous

35 carbon was used.



30 portion in the structural observation inmage) corresponding to the C
grains. As a result of calculating the nean area per one €ECEKBR]1/07G7
result was 2.7 pn2. Mreover, as a result of measuring the oxygen content
igozg]esshnt ered conpact by using mll ends, the result was 540 wt ppm
ubsequently, the sintered conpact was cut with a |athe intg a shape
35havi ng a di andhepeFowdRrsovens Wawhed: tei aghieve adptal weight °fa%%8(?ﬁ telro

14PCT/JPZOl]&r‘P%%TIoW@ta?&n%;rq‘gi nmagnetron sputtering device (C 3010
ctured by

sputtering systemmanufs Canon Anelva) to perform sputtering.
The sputtering édonid ratics (RejePlafinispevls of 1 kWand Ar gas pressure of

1.7 P d, af f o i e ' . it ]
per f or Bdilont o SCbSPRLBRIE RS FEBRSR RAMAPrS Wete Hnce Ina B Pt VIR R s
ggg—zt ?grgegoﬁ%@ity?ﬁg@g%@}o@&heg ggthoiirddﬂﬁal bahsfagetgs griraling asediach, @irdh  a

: u was arficles. ive.
B as the T dnermaileppanepdiaied Tord NOWECT REHTic S8R BV gr PR SPEE of
10 3 pm Pt Wd@efhatﬂ@yéé‘%rﬁ&é&% §h&'balINmAl %8s Tfiled iR ckbdtPWiad dhavi ng

;
an average drain size o pm and C powder having an average grain size of
1 pm were priegdgredsedss the C powder, commercially avail abl e anor phous

carbon was used e T : } I

total weight of T??élptgmgggecc?nfgboﬁ"st\Rgﬁfggﬁ%\@m&&% %@@%@@?ghlﬁrﬁ_éﬁ om Ig%r(’:t ?o:

i( nﬁ@gob Plt I45- _G:dliébﬁ&ﬁptékdtﬂﬂélﬂi@a?se@m]?mrglhdmehmkiir@h&fnpenajeres ofd2@01 T aced
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m xi ng and pihMesfit@inperailiie inbrsase 20 BeERd of haldings Adeptesiehd afhbldingal |

mll was filled in a carbon nold and hot pressed. The hot press
condi ti ons viBeraducbwasaturaiyegapled as s in étm@r e, rate of Iot enper at ur e

i f 300 ha# | - ' ]
| ncrease o %’JB%%gPeggy,g/pge |§8§E§g%ﬁ5ﬁé§r§§*r@c wWeld Yerforribd @b diheg sinteedof 2

hours, and pressure was romthe 25start of tenperature
i @ ease to ¢dmpacidthedt walsdrergoved tfeomt the oot presaom@ichg, Thaeh gl 5@staticnas
naturally Cor())rle%gin%scclmsdi{i(r)]nél wcer}gna%efoﬂows; namely, rate of temperature increase of
300°C/hour, holding temperature of 1350°C, and holding time of 2 hours, and
the Ar gas pressure was gradually increased from the start of temperature
increase, and pressure of 150 MPa was applied during the holding at 1350°C.
20 After the end of holding, the product was naturally cooled in the furnace.
The density of the sintered compact prepared as described above was
measured with the Archimedian method, and the relative density was
calculated. The result was 95.8%.
[0045] Subsequently, the end part of the obtained sintered compact was cut out,
25 and the cross-section surface was polished to observe the structure thereof
with an optical microscope. A structural image having a visual field size of
108 um x 80 um was captured at four locations that were arbitrarily selected
on the structure surface. The captured image was binarized using
image-editing software to obtain the number and area of the portion (blackish
30 portion in the structural observation image) corresponding to the C grains.
As a result of calculating the mean area per one C grain, the result was 2.7
um2.  Moreover, as a result of measuring the oxygen content in the sintered
compact by using mill ends, the result was 540 wtppm.
[0046] Subsequently, the sintered compact was cut with a lathe into a shape
35 having a diameter of 180.0 mm and a thickness of 5.0 mm, and thereafter



The density of the sintered conpact prepared as descri bed above was
nmeasured with the Archinmedi an net hod,14and the rel ati ve deRSTU§20/¥976147

cal cul ated. The result was 85.7% 30 [0049] Subsequently, the end part of

t he obtai ned sintered conpact was cut out, and the cross-section surface
was polished to observe the structure thereof with an optical mcroscope. A
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[0048] Subsequently, the weighed powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 4 hours for mixing and pulverizing. The mixed

20 powder that was removed from the ball mill was filled in a carbon mold and
hot pressed.

The hot press conditions were as follows; namely, vacuum atmosphere,
rate of temperature increase of 300°C/hour, holding temperature of 1200°C,
and holding time of 2 hours, and pressure of 30 MPa was applied from the

25 start of temperature increase to the end of holding. After the end of holding,
the product was naturally cooled as is in a chamber.

The density of the sintered compact prepared as described above was
measured with the Archimedian method, and the relative density was
calculated. The result was 85.7%.

30 [0049] Subsequently, the end part of the obtained sintered compact was cut out,
and the cross-section surface was polished to observe the structure thereof
with an optical microscope. A structural image having a visual field size of
108 um x 80 uym was captured at four locations that were arbitrarily selected
on the structure surface. The captured image was binarized using

35 image-editing software to obtain the number and area of the portion (blackish



the mll pot was rotated for 16 hours for m xing and pul veri zing. The m xed
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and hot pressed. The hot press conditions were as follows; nanely,
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corr espondi pgrtiale hentergr dihesresult was 11210 particles.

[0051] (Example 3)

15 As the raw material powders, Fe powder having an average grain size of
3 um, Pt powder having an average grain size of 3 pm, and C powder having
an average grain size of 1 uym were prepared. As the C powder,
commercially available amorphous carbon was used.

These powders were weighed to achieve a total weight of 2600 g based

20 on the following atomic ratio.

Atomic ratio: (Feso-Pts0)s0-Cao

[0052] Subsequently, the weighed powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 16 hours for mixing and pulverizing. The mixed

25 powder that was removed from the ball mill was filled in a carbon mold and
hot pressed.

The hot press conditions were as follows; namely, vacuum atmosphere,
rate of temperature increase of 300°C/hour, holding temperature of 1200°C,
and holding time of 2 hours, and pressure of 30 MPa was applied from the

30 start of temperature increase to the end of holding. After the end of holding,
the product was naturally cooled as is in a chamber.

Subsequently, hot isostatic pressing was performed to the sintered
compact that was removed from the hot press mold. The hot isostatic
pressing conditions were as follows; namely, rate of temperature increase of

35 300°C/hour, holding temperature of 1350°C, and holding time of 2 hours, and



As a result of calculating the nean area per one C grain, the result was
1.0 15pn2. Moreover, as a result of measuring the oxygen eomurzdi1ionsidhne
sintered conpact by using mll ends, the result was 870 wtppm [0054]Fig. 1
shows a m croscopic photo of the cross section surface. As shown in Fig. 1,
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the all oy (VhetAr gas tireajure2opoBapsally inereaseq framdhei stagrefotempgratirenas

cut with a I, Ln i j : . bekness
of 50 . dnereens: Bl PoPeRBE AP ORFR a8 REpREd rhEnP BRSSP S010
spuneri ng s%ﬁmo{ahermw&hbord_ingj tltae pTadoct \;&aelnr?vrallg cgetéd)'rrmrmp‘urmme'.gg. TPe
sputtering conditiops re jnput power o and, Ar gas pressure 0
17 Py and. _af TBP GRS 5o (g StETeR arapdle P ated ah e selieg, SH e Has
peiformed onheagured WAl thEDAFEmhRdI@Y | M@tifod!- bRENtKE a@RitRie fdansA) @aeonds,
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(Fe50- Pt 50) 60- C40 [ 0057] Subse uentl;i_ t he wei ghed powders were placed in a
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filled in apeaioonin tbe steruradiobseseatian image) corresponding to the C grains.
As a result of calculating the mean area per one C grain, the result was 1.0

15 um2.  Moreover, as a result of measuring the oxygen content in the sintered
compact by using mill ends, the result was 870 wtppm.

[0054] Fig. 1 shows a microscopic photo of the cross section surface. As
shown in Fig. 1, it can be seen that the C grains (black portion) are uniformly
dispersed in the alloy (white portion).

20 [0055] Subsequently, the sintered compact was cut with a lathe into a shape
having a diameter of 180.0 mm and a thickness of 5.0 mm, and thereafter
mounted on a magnetron sputtering device (C-3010 sputtering system
manufactured by Canon Anelva) to perform sputtering.

The sputtering conditions were input power of 1 kW and Ar gas pressure

25 of 1.7 Pa, and, after performing pre-sputtering of 2 kWhr, deposition was
performed onto a silicon substrate having a 4-inch diameter for 20 seconds.
The number of particles that adhered on the substrate was measured with a
particle counter. The result was 230 particles.

[0056] (Example 4)

30 As the raw material powders, Fe powder having an average grain size of
3 um, Pt powder having an average grain size of 3 um, and C powder having
an average grain size of 5 um were prepared. As the C powder, graphite
powder having a true specific gravity of 2.25 g/cc was used.

These powders were weighed to achieve a total weight of 2600 g based

35 on the following atomic ratio.



The hot press conditions were as follows; namely, vacuum atnosphere, rate
of tenperature increase of 300C hour,q7hol di ng tenperat ur ePOf/JEZﬁWéHﬂd
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[0058] Subsequently, the end part of the obtained sintered compact was cut out,
and the cross-section surface was polished to observe the structure thereof
with an optical microscope. A structural image having a visual field size of

25 108 pym % 80 um was captured at four locations that were arbitrarily selected
on the structure surface. The captured image was binarized using
image-editing software to obtain the number and area of the portion (blackish
portion in the structural observation image) corresponding to the C grains.
As a result of calculating the mean area per one C grain, the result was 3.2

30 pm?.  Moreover, as a result of measuring the oxygen content in the sintered
compact by using mill ends, the result was 600 wippm.
[0059] Subsequently, the sintered compact was cut with a lathe into a shape

having a diameter of 180.0 mm and a thickness of 5.0 mm, and thereafter
mounted on a magnetron sputtering device (C-3010 sputtering system

35 manufactured by Canon Anelva) to perform sputtering.
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Subsequently, hot isostatic pressing was performed to the sintered
25 compact that was removed from the hot press mold. The hot isostatic
pressing conditions were as follows; namely, rate of temperature increase of
300°C/hour, holding temperature of 1350°C, and holding time of 2 hours, and
the Ar gas pressure was gradually increased from the start of temperature
increase, and pressure of 150 MPa was applied during the holding at 1350°C.

30 After the end of holding, the product was naturally cooled in the furnace.
The density of the sintered compact prepared as described above was
measured with the Archimedian method, and the relative density was

calculated. The result was 97.1%.

[0062] Subsequently, the end part of the obtained sintered compact was cut out,
35 and the cross-section surface was polished to observe the structure thereof



10064] (Exanple 6) As the raw material powders, Fe powder having an average
grain size of 20 3 pm Pt powder havieng an average grai nPST/4e20di/0&1pm C
powder having an average grain size of 1 pm and Si 02 powder having an
average grain size of 1 pmwere prepared. As the C powder, graphite powder
having a true specific gravity of 2.25 g/cc was used. ) i )
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The density of [hesputeERgEonditipnstweieipputRower @6d dVid Abade pigssure
of 1.7 Pa, and, after performing pre-sputtering of 2 kWhr, deposition was

15 performed onto a silicon substrate having a 4-inch diameter for 20 seconds.
The number of particles that adhered on the substrate was measured with a
particle counter. The result was 360 particles.

[0064] (Example 6)

As the raw material powders, Fe powder having an average grain size of

20 3 pm, Pt powder having an average grain size of 3 ym, C powder having an
average grain size of 1 um, and SiO; powder having an average grain size of
1 um were prepared. As the C powder, graphite powder having a true
specific gravity of 2.25 g/cc was used.

These powders were weighed to achieve a total weight of 2600 g based

25 on the following atomic ratio.

Atomic ratio: (Feso-Ptsg)sg-C10-Siz-O14

[0065] Subsequently, the weighed powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 4 hours for mixing and pulverizing. The mixed

30 powder that was removed from the ball mill was filled in a carbon mold and
hot pressed.

The hot press conditions were as follows; namely, vacuum atmosphere,
rate of temperature increase of 300°C/hour, holding temperature of 1200°C,
and holding time of 2 hours, and pressure of 30 MPa was applied from the

35 start of temperature increase to the end of holding. After the end of holding,



10neasured with the Archinmedi an nmethod, and the relative density was

cal cul ated. The result was 98.6% [00§6] Subsequently, thepewdrmatp7aas7t he
obt ai ned sintered conmpact was cut out, and the cross-section surface was
polished to observe the structure thereof with an el ectron-beam

m croanal yzer. An elenment distribution of the 15 polished surface having a
vi sual fi el dheipredust was paturallp conlaghas isaipt aicbamiers our | ocations that were

bi t I I h
ot l buti on” T naRSgaoRniehat IHtANE AHESCAG" wall BeffBinkE °fb The Bhtared
obtai n the ronmpectathatawvas reindvezl frant ithe hot Ipeewrldblldg tThe Hn@thgsta'tlos As
a result of calculati t he nean er on r the result wa
oreT0067] Sieesig Goniions ot As b S aReh: fald & IBmR e RULS B RaSE R o
shgpe havi ngog°didtat Rbidig ftp Qram?@aﬂ@oo U} CdﬁbEﬁéldmg fim@ df" héeé, and

thereafter nounted on a magnetron sputtering devi ce 3010 sputtering
syst em manuftBe tArr @@s lpyew@m/megredylalhblqs?éeawdnf@mtth@rsta@ of ggmperature

sputt ering. Ga0bLLongy BEEEIrBRYY SPAWRS Wis TnHAAREifG 188 hopiRg 208 C L 7

Pa, and, after perf e-sputtering eposi
per f or med okaterahelelndcmfrh@ldbrg rtlae @rwmtn@aanaturattyu cdomdemdheffumam: seconds.

e oS of R e, Wit Spth BT PR 1" °
Etanpl e 4) rr;eas%ﬁedhwmha\t\h\AgHAﬂthlm'edeﬁéﬂwod:eaﬁe\Aﬂ@ rbmtiv@g]g@gsnyawgge
grain size o owder. having an average grain size o pm

powder havi ﬁ@l%‘rllgtﬁgerpé'é% 'Efrsélltri"’%??@gﬁyz 20 pm and Si 02 powder having an
aver a@(ﬁ)e@{ ai N YiAReQuehtiP eI R Béﬁ%?'ﬂ?é’obféﬁné@@n%%pa@tr Wwas cleopowder
having a true 35specific gravit g/ cc was used

21PCT/ Jpzolandﬁb@ﬂoss -seThepes wgs\mhehaéutgmeﬂe Hheptruetuse ttheegof

wei ght of 2 f om r Al i

( Fe50- Pt 50) qﬂp?g%gﬁ %‘%@%gﬁ@%@?&%ﬁ(&% d y,’gn girel"?e”t r"?ﬂ'ﬁm sgfm/etP%
pllaced in apbasthedrsurfapemamn@aana;aldeﬁhsuzbwfcﬁo p:fh kl&Oemm Wageap’e.rred/iath
zirconia balls indi n iu and t ot . was rqtated for 4
rours for miadeatins dhobWete ArB il et Sotihe PRtot iR sIBhER caT S orm
the ball m blaptmedfeléﬂr@@ht Id'stﬁbgambcmagel@r @rwla&atna@rz@asl@singTﬂﬁngOédmﬁgss
conditi ons were as nanel , vacuum at nosp ere rate of

t enper at ur eSPﬁW?é%i%oma'BGb@PHmher ansl GVQ?QOE@WFHPOFQFWPQQQG@ todhg C
of temper at Sra et oo Lo AP BARBEHTR Bl o A e o AR P
t B@ product wass2.fdtof.al |y cooled as is in a chanber.

[0067] Subsequently, the sintered compact was cut with a lathe into a shape
having a diameter of 180.0 mm and a thickness of 5.0 mm, and thereafter
mounted on a magnetron sputtering device (C-3010 sputtering system
manufactured by Canon Anelva) to perform sputtering.

25 The sputtering conditions were input power of 1 kW and Ar gas pressure
of 1.7 Pa, and, after performing pre-sputtering of 2 kWhr, deposition was
performed onto a silicon substrate having a 4-inch diameter for 20 seconds.
The number of particles that adhered on the substrate was measured with a
particle counter. The result was 120 particles.

30 [0068] (Comparative Example 4)

As the raw material powders, Fe powder having an average grain size of
3 um, Pt powder having an average grain size of 3 ym, C powder having an
average grain size of 20 uym, and SiO, powder having an average grain size
of 1 ym were prepared. As the C powder, graphite powder having a true

35 specific gravity of 2.25 g/cc was used.



Subsequently, hot isostatic pressing was perforned to the sintered 15
conpact that was renoved fromthe hotyqpress nold. The hot pCsOB2ENOTE147
pressing conditions were as follows; nanely, rate of tenperature increase
of 300C/ hour, holding tenperature of 1200C, and holding tinme of 2 hours,
and the Ar gas pressure was gradually increased fromthe start of

L elrrger at ure i nciThase poarderpvesreuweighed 16Gdtieyena dotap weight ofi260hg based

ol ding at 120 QAfter,.the end of holding, the product was naturall
cooled in tHY &mfﬁ)ﬁ%ﬂng ator{CraOnsity of the sint gr ed conpact prepar eé as

glescrlt bed abovFA\[iﬁﬁm?Q@rEpdw\t\msF)sg 105 ,8i£pedi an nmethod, and the relative
ensi was cal cul ate e result was 98. 1% 70 b d
part dgoetgihe obt #UhsadYeRt . tBa "Yﬁiﬁbﬁ@@%rﬁl‘ﬁer qacgﬁ‘gﬁ" %%g’ @l B/Ot W'ﬂ‘e o
Cr@ss-secti Sk %‘?qoml?téré%&de‘{ﬁ@fi\nﬁtﬁ ﬁﬁé%ﬁié’BaHé‘Qs%héolg;iMﬁg hgiesf andt h an

el ectron- beam m croanal yzer enent distribution t he pol i shed
surface havithg millpatuaas frotated Sor é lmurscfobmlxw@oa@%m\éergam ur Ebe dnixedur

| ocati ons t%ﬁ&ﬂg?%t eﬁ’ébvé(d ?l%ln??’ gaﬂr}nﬁlk\ﬁaétfﬂlﬁadHraecéf'ﬂdcr?ﬁ\‘aoid 5he

captured el n inage narize I mage-editing
30 softwar ehdt(prebg@dn t he nunber and area of the portion correspondl ng to

the C grains. sult of | culatin nmean area er Qn , the
result was 11. 'SA'?‘B [%G?ﬁf@ﬂagpﬁﬁe‘ﬁ?reygs &‘ﬂg’%ﬁ H}aé?ﬁléf %ng"fgb% Wi th
ajpathe intQqafe éf‘&ﬁﬁperature increase BRBD0OYC Moilir ARSIHETY fé‘mé&&t@remﬁ azmbm

t hi ckness of 5.0 nm and thereafter 35nmounted on_a nmgnetron gatﬁter

devi ce (C 3@ra bplgding timg, of gsheurs, apd@resswie) ol A8 ALz was apel
canon Anel vakak 3 RINbBIANAP ci8add't the end BEhBRIHG 7 AfEr fRIEhd bPHéld\mge

i nput power r gas pressure o Pa; and, after performng
pre-sputt erithg mbdactlomas natignadly icoioted amds peafc@anﬁzeronto a silicon substrate

havi ng a 4-inch arret er,.fo

adhered on the E?gﬂ?%ﬂ%aé @g@%ﬁ@%d@eﬁgmge%@ét Cl é)?@oegagé tﬁlge%m‘(é}éh
\/\1613/OI 510hpar tddaﬁpéct {2 "Whs (eraowdd fﬁom the Ast trhess anoltht €Fhelhgioisdetadic Fe
powder havi ng an avera ain size h

grain size cﬁgegsma]cqaﬁtw%eweﬁ%@ﬁﬁa"aws rigmg\,)@,rg tr%rg”?'&\éhﬁrg 'ﬁ?re%\égrﬁafge
powder havi ipERE/RYE. ﬁsﬁjnﬁg P MpeiAareobf 12@mcaéwu N&@.r@ﬂﬁh@romhons and
average grain size of mwere prepared. As the C powder, graphite, powder

having a tr dbes‘b'egasupcfegwﬁ wasgragually inereaged f[@@dhe start of temperature
Thest PP une icHBEE, U BBl QoTUPYR RS a8 hohe RAAng Al pes-goen
20 After the end of holding, the product was naturally cooled in the furnace.
The density of the sintered compact prepared as described above was
measured with the Archimedian method, and the relative density was
calculated. The result was 98.1%.
[0070] Subsequently, the end part of the obtained sintered compact was cut out,
25 and the cross-section surface was polished to observe the structure thereof
with an electron-beam microanalyzer. An element distribution of the
polished surface having a visual field size of 80 pm x 80 ym was captured at
four locations that were arbitrarily selected on the structure surface. The
captured element distribution image of C was binarized using image-editing
30 software to obtain the number and area of the portion corresponding to the C
grains. As a result of calculating the mean area per one C grain, the result
was 11.5 um?.
[0071] Subsequently, the sintered compact was cut with a lathe into a shape
having a diameter of 180.0 mm and a thickness of 5.0 mm, and thereafter

35 mounted on a magnetron sputtering device (C-3010 sputtering system



[00731Subsequently, the weighed powders were placed in a ball mll pot with
a capacity of 10 liters together wtlp2zirconia balls as thReTgrP201diongi47

medium and the mll pot was rotated for 4 hours for miXxing and
pul verizing. The m xed 20powder that was removed fromthe ball mll was
filled in a carbon nold and hot pressed. The hot press conditions were

as foll ows; manefagiureddnufeaondvgivalkto perfermysputiafisgat ure i ncrease of

300C/ hour, hol di r gt - : ' j and
pressure of 30 Eﬂg #&@2‘8&%@'@%@2@@@ gp@ rﬁfq%%%ﬁdagﬁgés%gé%ége to
theI egd of ufl Hli7nBa, Ahﬁeraﬂén%@fm#m mifgghpxledi;m@tterir’rga obprd &Uhr, weposiian wlaky
cooled as is ip a chanper. . Sybsequent |y, hot isostatic essi ng was
performed t cPec"ng"Lngf’ggbﬁ sd %‘lb#\:ﬁi? ng ér’r“b‘@ ?"Pmﬁtﬁh£°fh’g‘§ SEFRALS ol d.
Thg hot i sostid hGribe? TF gatiS1IeE dhai 8iiSereRl 6n &% 50bsiede was Réasurediwitloh
tenperature increase of © 30 300C hour, holding tenperature of 1250C, and
hol di ng ti mepasticle epaunter. ae reruliawagd Opardis was gradual 'y increased
fromt&ﬁ% tﬂg}(aﬁ{r{)lé erature increase, and pressure of 150 MPa was applied

duri nd g at 1250C. After the end of holding, the product was
nat ural | y cool edsithetraw rhaterid powtiesrs dea powdeshaving an average gaipaize of

prepared as . descrdbed above was 35neasured.w t j i , d
the rel ati ve3d HahﬁttRP‘%i%’ h@‘é‘ﬁ@:ﬁn\lﬁ!@fﬂﬁﬁ@ﬂ?'%a‘#%l@ﬁ'ggh %&p‘eﬁﬁlg%san
9§02% [ 007 &\ehge Grsintdive of Beumne pewtiephating abteermye grain sizedofcbppact
was cut out, and the cross-section surface was polished to observg tg‘%

structure t HEENOQWPEWAER having ABRVKEESS GrainGsiAa o) ZehM WA PERATE

di stributi onpafc hBRde?, GabhRBYbWE ARG A \tH s Fedtfis dshvify 61 ZI2Sigrec atas80 pm
x 80 pm was capt Br eg at Eur I%g)cati ons td?:at wer%ear blgtraryily seIcht ed on
the structurusesurface. The captured el enent distribution i mage of C was

bor 1 oncor s eos HEEADFIAR MRl LN SRR B bl sy 200 graesl (e
arga per onerChy fllowindgatoraiutationas 2. 6 pne.

Atomic ratio: (Fess-Ptss-Cu10)s4-C18-Mge-Og

[0073] Subsequently, the weighed powders were placed in a ball mill pot with a
capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 4 hours for mixing and pulverizing. The mixed

20 powder that was removed from the ball mill was filled in a carbon mold and
hot pressed.

The hot press conditions were as follows; namely, vacuum atmosphere,
rate of temperature increase of 300°C/hour, holding temperature of 1250°C,
and holding time of 2 hours, and pressure of 30 MPa was applied from the

25 start of temperature increase to the end of holding.  After the end of holding,
the product was naturally cooled as is in a chamber.

[0074] Subsequently, hot isostatic pressing was performed to the sintered
compact that was removed from the hot press mold. The hot isostatic
pressing conditions were as follows; namely, rate of temperature increase of

30 300°C/hour, holding temperature of 1250°C, and holding time of 2 hours, and
the Ar gas pressure was gradually increased from the start of temperature
increase, and pressure of 150 MPa was applied during the holding at 1250°C.
After the end of holding, the product was naturally cooled in the furnace.

The density of the sintered compact prepared as described above was

35 measured with the Archimedian method, and the relative density was



[ 0076] Subsequently, the sintered conpact was cut with a lathe into a shape
havi ng a di aneter of 180.0 nmm and a t23i ckness of 5.0 mm acu/JPiemea8M4er
nount ed on a nagnetron sputtering device (C 3010 sputtering system

manuf act ured by Canon Anelva) to performsputtering. 15The sputtering
conditions were input power of 1 kWand Ar gas pressure of 1.7 Pa, and,

af ter per f orqaleigatede- S'B'lﬂ resulhwas@822%wWir, deposition was perforned onto a

L bst : . : ' :
ar ¢ QPR har Sl e Baft AR Bt ShiaRsd BOmatl B B Bl °
count er. Theaandethd trosassedidnpsurface eas Eilished b disaawplthe &fructureAberdaf r aw

terial powders, Fe powder havi in_size.of. 3. wd
vt ngan’ adBithgin oS IeRHOBDRADr MICRIANaD A ndeh A G it of 4B s: ve
of 51 pm angdhikREd RPRRRrha\ANG BOvishalefiedd 3%k 6f 80 lint X280 Ain WwaBrBap@ired at

prepared. As the C powder, graphite powder having a true 25specific gravity
of 2.25 g/ cdounipaations that weresarhiGarlyr seleeted aBithRctrYGuER SLUERECa THEal

(Feo. pr 40) EFPLAERESEENGR dSGILA0D WS 86 6 LRt fred Lemgfintde-Baiting
powder s wer esofiweredoiobtainthelinumbeér and anta bf the porticapzresparidingta thee€s
otated for Gafsur &4 BroSplRtSR BRI Ui tiRnERAR MES B e BRae
r ggoved frorwéshg_eophiz, mll was filled in a carbon nold and hot pressed.

The hot press conditions were as follows; nanely, vacuum at npsphere, 35rate
of terP¥bhture gHgF’@‘ag%nW' t 90@?%811,0%9%‘?%\@56% Srb ! G‘r'@?hﬁ |rlt§5@é?1ape

24PCT/ JPZOl%iaQ?rfglé?di@%t?P'o@im.@in% 8hd 4 EKkifess2BE 50 ARAUBAdGheAéhidra was
applied fromthe start of tenperature increase to the end of holding. After

the end of Hapdnied, onh@ pragneiromespuitarindaldeyicerdCed0d@ srultering cHyaiayer .

[ 0079] Subse t tA i ornmed to the sintered 5
conpact thawgn&éﬁa¥guﬁ§§eby ??@%ﬁﬂ&@lﬁ@?@é{?éﬁ%ﬁﬁﬁn‘gpgﬁé% " hot isostatic
priéssi ng condi t Thespuwteengscdnalitiaveswenaimgluf pomer of df k\iVearpk Angas @ressirease

of 300C/ hour | di ng tenperature of 1150C nd hol dj ti of ..2 hours,
and the Ar &éshzrgésgf‘é’%%efd?mgww ‘?rﬁ(':?%‘ggeéﬁ'q Pk)% Rﬁ\éh’st%%PPSBP“ %s
tenperature JoMforeREConi@Nag sillconsslilsstdfte Hhinda Jarchediphetdr (b 2Mgetdieds.
hol ding at 1150C. 10After the end of hol di nﬂ]’@the tge;OdUCt was nat ur,

|1
cool ed in tHde ymbes of partiolgs thatadhsregron fe sybsteatedvas mersurgd @)d/ as

descri bed abpy Ig%lmg@,s_ur%yg it Whe 320U edisan net hod, and the relative
density vvastg%aﬁccul ated. The result was 96. 7% [0080] Subsequently, the end

pabt @P0Ahe (bBamphed)si nt ered conpact was cut out,
As the raw material powders, Fe powder having an average grain size of
3 um, Pt powder having an average grain size of 3 pm, C powder having an
average grain size of 1 um, and Cr,O3; powder having an average grain size
of 3 ym were prepared. As the C powder, graphite powder having a true
25 specific gravity of 2.25 g/cc was used.
These powders were weighed to achieve a total weight of 2600 g based
on the following atomic ratio.
Atomic ratio: (Feeo-Pt0)s2.5-C16.67-Crs.33-O12.50
[0078] Subsequently, the weighed powders were placed in a ball mill pot with a
30 capacity of 10 liters together with zirconia balls as the grinding medium, and
the mill pot was rotated for 4 hours for mixing and pulverizing. The mixed
powder that was removed from the ball mill was filled in a carbon mold and
hot pressed.
The hot press conditions were as follows; namely, vacuum atmosphere,
35 rate of temperature increase of 300°C/hour, holding temperature of 1150°C,



15 and the cross-section surface was polished to observe the structure
thereof with an el ectron-beam m croarml yzer. An el ement dPSTAPRAMIODEN4BT t he
pol i shed surface having a visual field size of 80 pmx 80 pmwas captured
at four locations that were arbitrarily selected on the structure surface.
The captured el enment distribution image of C was binarized using

i mage- edi ti rand holding tiwee of 2ohowsaiand: pressure ef 3nMPa wasaaprlied fsemt then

correspondi i ul aki

one. C or ai n e iR Morgdle b HEEHM oBhRMGL AP thg SRR RIS Per
corrpagt \A/??l_thgtprmduhtfw?a'tdt@raillytcgod?eGhamein a chanfizeri ng a di aneter of 180.0
nm and_a i ckness o ) and thereafter 25nmounted on net

sput t dPP7% devi Sé‘%{segggﬁgy'nglm t'%??tﬁgc SRIESEING YA z?&'fﬂr @(?db%) gtﬁ%oﬁmi\%fjva)
togperform symhpSéti fht was rEifovdditii@hi the POR(PresONAOET EThaMUt goveaticof 1
kWand Ar gas pressure of 1.7 Pa, and, after performn re-sputtering of 2

kWir, deposiRrEssingeeorshitions wede astfollawsi naeely, satsset i éwrﬁgnafezﬁﬁen%h
di ameter f Orsc?@o?ﬁS&P%idiﬁﬁTgﬁuggﬁ@g% oP1186¢, SERoldiY iRt 2AgOR, hd

subs_trate was measur éd w € counter. t was 260
particles. [th68R] Jae pressge wasrgradualy anereasatdromethie; stattaof temperasuréhown

in Table 1, . || ,EX I i

vention minReAsReAnd RiPaRenie|ad M BHs DR BA s Minlbie B FEREE.
nuber of paaftérctheserae BEhaIdGY, Ahdysrodgct Wweas swbhrtadlyicopledin BOfuraace.cl es or
| ess, and was constantléofgafxrl]eqr 25PCT/ JP2011/ 07614

Compar a1 vé. Bxal IS hoBE| g YialpIEaSomBaBCRIEPBIed ASCHRSErPAd SHRYE Was
concentrati qRehbifef with PRE! iAgtKédidh method, and the relative density was

calculated. The result was 96.7%.
[0080] Subsequently, the end part of the obtained sintered compact was cut out,
15 and the cross-section surface was polished to observe the structure thereof
with an electron-beam microanalyzer. An element distribution of the
polished surface having a visual field size of 80 um x 80 um was captured at
four locations that were arbitrarily selected on the structure surface. The
captured element distribution image of C was binarized using image-editing
20 software to obtain the number and area of the portion corresponding to the C
grains. As a result of calculating the mean area per one C grain, the result
was 1.8 pm?.
[0081] Subsequently, the sintered compact was cut with a lathe into a shape
having a diameter of 180.0 mm and a thickness of 5.0 mm, and thereafter
25 mounted on a magnetron sputtering device (C-3010 sputtering system
manufactured by Canon Anelva) to perform sputtering.
The sputtering conditions were input power of 1 kW and Ar gas pressure
of 1.7 Pa, and, after performing pre-sputtering of 2 kWhr, deposition was
performed onto a silicon substrate having a 4-inch diameter for 20 seconds.

30 The number of particles that adhered on the substrate was measured with a
particle counter. The result was 260 particles.
[0082] The foregoing results are summarized in Table 1. As shown in Table 1,

all Examples of the sputtering target of the present invention maintained a
high density of the sputtering target, and the number of particles generated
35 during the sputtering was 500 particles or less, and was constantly fewer
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| at . 099 No. Taraet conposition fa&tnm n ratin) Rel ati PeTAR2GEMOY61E7

grains Exanple 1 J (Feso-Pt50)60-Cm 96. 6 r 2,9pn2 Anor phous carbon _

Exanpl e 2 (Fe40-Pt45-Cul5)5rC45 1 95.8 2 7pn2 Anor phous carbon uoopeo

snoycbowzw ] 0. L6.96 (170-9(1d-clsaA)l E al dwexal
than the Comparative Examples.

[0083] [Table 1]
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| NDUSTRI AL APPLI CABI LI TY [ 0084] The present invention yields a superior
effect of enabling the production of 2a magnetic thin fil npertbeogt/ersibar
structure wi thout using an expensive 5 sinultaneous sputtering device, as
wel | as providing a high-density Fe-Pt-based sputtering target, in which C
grains are dispersed, capable of reducing the anount of particles generated
during sputtering. Accor dllh@L}STRMLﬁ«P&gﬁﬁBlhlﬂéYltl on is effective as a
sputtering target for depositing a magnetic thin filmw th granul ar
structure. 10 28PCTLI P2011/076147 CLAIMS [C aim 1] A sintered conpact

sput t ¢oGsAp t ar gEhe ipmeththenldl@irpWS b@quealb'r effeatseﬁemblartg)ﬂiecprtoﬁuicaon
represented y a for of . (Fel @E) 0o- A- CA provided Ais a
nunber whi cRT Samagele G fisk. witBcorsmay s @Ucture ploulISIRG S eipr aave

356X. 6_55) , sighsdois géﬁut'@rlr?%edéh%' Yasli A" ] prdviiing! hodhigRudénshtg .
rel ative densi t is 90% or daim r&A si ntered conpact sputterl ng
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in an alloy,_ and.,t a e densit 90% or higher. [Caim3]The
sputtering Fb%%ibec“cqﬁ%ﬂﬁ? graa qrngtiurgpr%' aim2, wherein a 15nean area of
the C grains is 4 pn2 or Iess in a polished structure on a cut surface of
the sputtering target. [Caim4] The sputtering target according to any one
of clains 1 to 3, wherein Cis graphite. [Caim5]The sputtering target
according to any one of clainms 1 to 4, 20wherein an oxygen content in the
sputtering target is 600 wtppm or



less. [Caim6] The sputtering target according to any one of clains 1 to 5,
wherein the sputtering target contai s, as an additive coRPOUR2]/O0E140xXi de
of one or nore elenents selected anong B, My, A, Si, Ti, C, Zr, 25Nb, and
Ta in an anount of 20 nol % or |ess, and has a structure where the oxide is
di spersed in an all oy.

CLAIMS

[Claim 1] A sintered compact sputtering target in which a composition ratio

based on atomicity is represented by a formula of (Fe1go-x-Ptx)100-a-Ca

5 (provided A is a number which satisfies 20=A=50 and X is a number
which satisfies 356 =X=55), wherein C grains are finely dispersed in an
alloy, and the relative density is 90% or higher.

[Claim 2] A sintered compact sputtering target in which a composition ratio
based on atomicity is represented by a formula of

10 (Fe100-x-y-Ptx-Cuy)100.a-Ca (provided that A is a number which satisfies
20<A<50, X is a number which satisfies 35=X=55, and Y is a
number which satisfies 0.5=<Y =< 15), wherein C grains are finely
dispersed in an alloy, and the relative density is 90% or higher.

[Claim 3] The sputtering target according to claim 1 or claim 2, wherein a

15 mean area of the C grains is 4 ym? or less in a polished structure on a
cut surface of the sputtering target.

[Claim 4] The sputtering target according to any one of claims 1 to 3,
wherein C is graphite.

[Claim 5] The sputtering target according to any one of claims 1 to 4,

20 wherein an oxygen content in the sputtering target is 600 wtppm or
less.

[Claim 6] The sputtering target according to any one of claims 1 to 5,
wherein the sputtering target contains, as an additive component, an
oxide of one or more elements selected among B, Mg, Al, Si, Ti, Cr, Zr,

25 Nb, and Ta in an amount of 20 mol% or less, and has a structure where

the oxide is dispersed in an alloy.



