1PCT/ JP20101062590 DESCRI PTI ON | NORGANI C- PARTI CLE- DI SPERSED SPUTTERI NG
TARGET TECHNI CAL FI ELD [ 0001] The present invention relates to an

i norgani c-particl e-di spersed sputteriing target for use PCTIJFRR0U®PEEFIDI ON oOf
a magnetic thin filmof a nmagnetic recording nmedium and particularly of a
granul ar magnetic 10 recording filmof a hard disk adopting the

per pendi cul ar magnetic recordi RESERIEMIOMI to a sputtering target which
generates mninmal arcing when sputtering is performed with a magnetron
sputtering device conprising a DC power source and which yields a | ow

gener ati on NOPRGBANtCePAGIUSRE Iy SRER SHDISRUTIE BACEGROREEART [ 0002] I n
the field of magnetic recordi ng, technol ogy has been devel oped for

i mproving the magnetic property by finely dispersing inorganic 20

mgterials in a magnetic th|n-ﬁgtpwqm§Apm¢ngﬁnple thereof, with a hard disk
recordi ng medi um adopting the perpendi cul ar magnetic recordlng system a
granular film in which the magnetic interaction between magnetic particles

nonmaIRBTT o | not DEnPr Hte PRt PRRRERCIS g SR BRR DArHE 8 thereed

properties sputéermgrerget lfetcasdnngthtedlepmsltlon of@m&aghéycstpaamlmngof @ or
Co- based aIIo§ Ief used a gnetlc rec? Inlg %fd I-Or- -S102 is
known as o828 € Ge ope Wé g N4 Rarticulqidy ¢ o?n@@?%ﬁ‘uﬂ&@gﬂﬁt% and
tii s s produerdi fﬁﬁvtdferal Marandidioraripttndahe pedpehanariaedmapwety i ng
target in which 30SiQ2 particles as the inorganic material are dispersed in
t he Co-Cr- F&ecsmrdtng Bystemared ahapuﬁgrm gt 9V ingng e BATRIEENMININRI03] | t

I's W dely k£'r% @fhtent @pﬁht'ﬁé:“ﬁ' 'Mf@ﬂﬁle& Q\ﬂfﬁ' Oﬁmaggir%t%ﬁeg SRekhg 1 ng

target is pro Wth't owder neta urgyrre ncethelnorg nic
particl es cdevioe lm@rupnfsmgﬂq MGpeoset igourbe andywhice wetldsi al laiv h t he

mel ting metho PCTL JP. 0625 r | e, proposed is a nethod
to obtain aél%rg%ﬁa[tﬁqrﬁg& p@iﬁé%s ?%Pg%géwewgﬁrae(g i ng medi um by subj ecting
tike all oy powder having an all oy phase which is produced by rapid
solidification and the powder configuring a ceramc phase to mechanical

all oying, uniformy dispersi ﬁ&%@%@&%ﬁ At,%ﬁfi guring the ceram c phase in
the all oy powder, and nolding this by way of hot press (Patent Docunent 1).
[ 0004] Moreover, even if alloy powder produced by the rapid solidification

i s nd0002kd, anin the fiehd of paagnetieracepbinge te spueogyi mas @e@edev;%d@p@ei

pr epared by, pr copge ective
conmponent s fggnﬁﬁgfjdr\ﬂﬁa the 't[n%rggle%t?/c %erl% h?ﬁ}gﬁ){lg‘éﬁeeq?aw pozevéer {ﬂgréﬁ@%

i20t ended campdsiialsoim, amagngtivithin viehl - Iﬂ(mwnenexmmqblesmber@m‘ avittablhamdl | ,
and nol di ng d sinterin he m f hot 0006] There
re vari ouieh Jeborsinsh fia UG WevIE 016 herba Arler MoneRsic daaPratng

devi ce conpiyjsitRf] a BFaMOME! fiRRUNEewhsciPrtaadhyagiséic iintéidbforpbdtiveehi gh
productivity for the deposition of the foregoi ng magnetic recording film

Thi s sputtéﬂ?ﬁgeﬁ'@t mRarticdes oipl e @&Qé\ed& reeoidihatiime iel Bla or
opposite t r a p a r

cFeetric 11 uPaREHEl. By MehaariShh AN CIbRImicRaIBREF | 2depieflto

ar get undempnovientive vgao ust prmpEtlies. as a maghatis, récmdingasedsimoni zed

pl asma consi st 0 l ectr o] th i,tive
plast const ot il Bl SHLAMRg 6 BRI RSl B ALIEk il AGI ve
knock out trheeoeansf imgdimat oa0s-0Of-FtheiQ arigeknownd ashenexof uthed opitional
adhere to the o 03| ng %'ubstrate surface to forma film The s utterlng

met hod enpl BFESHA 5 (1AL thee [RFRIDNGNG ARLIT £MeoRRRgtAISnES (NOAUEEGOY o
ggggf: E):g %’bol{/tE@rlﬁgbéhr M gani@ paRhbld-dfpA-EHOEPURR riite targe ™ I\ahidl ocess
30 SiO; particles as the inorganic material are dispersed in the Co-Cr-Pt
alloy base material having Co as its main component.
[0003] It is widely known that this kind of inorganic-particle-dispersed
sputtering target is produced with the powder metallurgy method since
the inorganic particles cannot be uniformly dispersed in the alloy base

35 material with the melting method.



[ 0006] [ Patent Document 11 Japanese Lai d- Open Patent Publication No.

H10- 88333 SUMMVARY OF THE | NVENTI ON PCT/ JP2010/ 062590 DC power source,
inorganic particles with large el ectpic resistivity suchcaspPS0R0érseone
charged by colliding with the ionized inert gas atom c ions. Wen electric
charge is further concentrated on these inorganic particles, breakdown w ||
occur and arci ngowdxampleseproparseeliseat ngthobtido obtajar ©pudterirnd ¢éargeate

di scharged fromthe, target surfac&. ang* sorTE. of. them beffome adhered .tg t he
substrate. of MaIRREGEAPAA MG &eTisE &y sHRIgEHING Bt aTiaPONHeE RAY 8% he
substrat e reagho§quesss wiith 3¢ rbluse§BipRRIa SANFTidatiohlandieiepowddr on in
the production yield during the thin fil'm production process. . I n
light of tHeonfigwiognd peep@ie, PARSED) et Mschanisal nglayingh iWwiiIovi de
an i norgani g- £.cl [ d ] ' ar ii j kNQgani C
pé)rti cles a‘ﬁgB?éés@%cﬁgggégw uri r?%@%ﬂ@?‘ﬂ% g%gérgrlgi ﬁgéggchdpgh:ee?s'|%
frequent |y pinedepeafdmolugng dhis byiway wiftHotapresgnd atemt dpoctmeindd )devi ce

conprising a DC power source. . In arde o] i t f.or egpi

obj ec[to,oof'ﬁe or e MATEOVETenfIRY difscBURY e&%@gﬂ&?ﬁpkgéﬁ iﬁ?en@g sféug@? t hat ,
by adj usti ngplidificatieat is mdtesiset Vah yinotyarispanticledd spapeedf sphteringr gani ¢
particles, it is possible to obtain an inorganic-parti Le-dl sper.sed
sput t eri ng 0498kt CaN t Rel ARCRAESHgPYc KIFPBHE \i\%’éﬂ'ﬁ)’ﬁép 33 Ym%a@g{lﬁt &fWng

Vrﬁ)th a mgrf%wgerép%;em@g ré8YbEGVEOBIhSOAENES D@oﬁdggfinggun%ﬁ-taagée,d on

the foregoin I'scovery, the present invention provi s An. )
i nor gani c- paeighing- thesgerawdoewderetprige: itgadedt ermeesitien. AUXingr wéih i n

whi ch i nor ganj icl r i spe 1.Na et t erical;

easent i al 1 yEUARElhifBTo R, 3RCk M IR aEL RlotbR%F oY) EihBling the

el ectric resigdd piovydef bt wayl @ hat-pnesss. | ess and the volume ratio of the

i norganic_ parti gJ es in the Iargﬁ} isé}?O% otr l.ess, The pres(ent invegrti on

f ur t h@POBL ovi ded NET9)aT&, VARIGUSA Y RESD QT t SRYEEHNE e ¥iEFSs it 2rTAGNEN et |
the sputteringbangelieltaMioiplifipigganDT Rrsweclssurateisdbspatiyedset an

all oy base materiall wwth a conposition containing 5 at% or nore and 50 at%
or less of Ihtoebits hegh eradnetvitydprdhesenqsdtien ofithe foregghla PGt es
have an el eféc{cjrai q"?iilr?lti vity of 1 x 101 Omor less and the volune ratio of
the inorganic partYcles in the target is 50%or |ess. The present invention
further providehis 3ppAttering gaetlogaid i 1 epldceper stadgepuas eni meaativget |

the sputterin 4PCT/ JP2010/ 062590, t.arget [n.which inorgani icles are
di spersed iﬁle%t'méfq BYPRZLE {?a? esrq%eﬁtr%et > é@ﬂ%@?l ?Iiegﬂl%cogan{’g a'fdng%éteégget % or
ny e and 40gzatdeerrid fekd b dpplamd hiyh veltagsdsstwesmth&substrateiand the

i norganic particles have an electric rBsi stivity of 1 x 101 Drin or |ess

and the vol {@fgef ANdeTAN IMRITiGRT gENCEPP&T®icles in the target is 50% or
less. The pres_erp.re,lenymlétrt% Y& LRGNz OYisena cBhsMling of electrons and
i nor gani c-parti cle-di spersed sputtering target, the sputteri &gﬁ target in
whi ch i nor gpeasitiveaiariscisetorared ditspppsiive ipnginathisyplessee gatliste withathe a

conposition,c [.ni t % 0 9 liess . 0% Or
nore and 3&%{@% gbgpggggo%eﬁ%'?d’daﬁgégﬁgeget?rsaii(ﬁ%ﬁ %gletitﬁ% %@rﬁs%eerngiér?bﬁée)
iqwpr gani ¢ pef the t@gdtauadaimecteruidied atesns bidhiery tofthe appodiong sekstratel t he

volume ratio of the innorgani.c parficles in.the target is ,50% or_|Iess, The
present i nveHETAGR cfPfriT‘oﬁahf']? prﬁ‘\ﬁ o%é“.ﬁe%ﬁ'gﬂg%hgg empldys”a prifciple

I nor gani c- pﬂweiré|tﬁp%%@@fiéﬁ@oﬁﬂgmwd e taigeetis Ay dltew ohothenyubsieatd 1)
to 4) above, wherein the netal base material in which the inorganic

particl es ape alrepet SSdarbatningtheseayead@l mroeees dasaribes 8bve; or nore
and 1 % S r nt s; m Tdati , Zr,
b, ARRp (ateit oo dfignt L[ AI SN IO XaldfinFunlication M T

i $0r gani c- phIrtO-8B838i spersed sputtering target according to any one of 1)
to 5) above, wherein the inorganic particles are a material of one or nore
conponents selected from carbon, oxide, nitride and carbi de.

SUMMARY OF THE INVENTION

[0007] When an inorganic-particle-dispersed sputtering target s
35 sputtered with the foregoing magnetron sputtering device comprising a



The present invention additionally provides: 7) The

i norgani c-particl e-di spersed sputtering target according to any one of 1)
to 6) above, wherein inorganic partigles have a di nensi grangodaopbagse i n
whi ch a val ue obtained by dividing the surface area (unit: pnn2) of
inorganic particles dispersed in the sputtering target by the volume (unit:
pn8) of thelgi(?ﬁpogm:slmmet iim;d()j@?.'ariis parGictes withe Ia(rgaiélecﬂrﬁmr@si(?ﬁhﬁymmfsed nt

i nvention addif.iona rovides: 8) The ina ic-partjcle-disperse
sputter i ng farycl Beedrt RHaresd by balidin H SRRk ik Ga RIGHG gani
particles hp. a @HENsI&riznshargehrPRirtieMbb §GenirBted Shrthels'e imdpgafft on a
cross-section  5PCT/JP2010/ 062590 observation of the sputtering target, a
val ue obt ai petidgsdibipakdgwmavibiregurpapd natcdnd (WHE erisgm) eePnpRaveNHyal

o more (unle P ey sy PRURPRE, SYPLbisdrlet; fHT HRNIBRIE oBRaceRd © © ¢

sputtering samgeof thes bhdrosteddheradviantregeabstratet hat |s whewrsthattére ng i s

performed with net.r gn uttering .deyice co i sing a DC power source,
Uhe i nor gant 650t ITeePaLti gRs et etnelPdBans su b upl qoch Sedsra VEL &1
frequently. trh¢ aiudexghycorsidesalie 88 rigratiosr imehé @rrgamabntweldnrdeﬁegg

i nvention, the occurrence of particles attributable to the arcing reduces,

and a si gni thecHip 18 OcpduetiphR@Fes§ the yield in forming a thin filmis
ofyj ai -8;15'53-'_ %rﬁ% @%%prﬁi%trﬁﬁ%%wgh% ct of_thilsei_ndiention is to

[ 0019] Ast hemai nconponent consti tuti he inorganic-partic di sper sed
sputtering ped\yee an inpeganiespatti¢lavéispessed apudternieg (taygeh imaghichather i al |

2) alloy b rial. wih_a 20 _.cC Lii on tal,ni v e and
50 atoo or 1 EE9Bn e aistheaferasaarnar g sy 5P A PEnd, 38 el o
W th a conposctiisoe s ritexdunemigy Swiaepo pe rfommnén girep wtberan §owithl @smaghe@rorand
the renai nder &ei.ng ﬁ% and rgﬁi% al | o% %{ase material with a conposition

cont ai ni ng BP4t'64'8 YIS MBHISHR 9P BOWESSRYTCEs 4t 95 or nore and 30 at %
of5 | ep0dp  of Fh,ornd id&idiRER: NG fHRIJHIN§Oob Al JRAI Sreiriti Hventarse

di spersed in the base material of these conmponent conpositions to obtain a
sputtering #@cgyered as a el ofrivtenspsitedysthaii by adbistegutheelastric
magneti c regqr:di; i Al j ii O LSt Silalcg Bt oYy L £ ent
30-dependi e PRL B SEb et SRl Eh ool MroBii pattiflosd K ihobeib,

char act eri std axbtas aan einforgbinie paatjclet-o tspegseddispy ttesiquriar@pleovith clam vy,

t hese conponents conprise favorable characteristics as @ rrar%neti (o rtecordi ng
filmuwith a?gt3HulE~ SEFUET utt ,enanraerﬁgfmf% aPHYeLD g, WER oA REINERDE a
hay d di sk dgpuyeepdgpdéviget bempeisiegd DG powwgsetiioe.r ecor di ng system

6PCT/ JP2010/ 062590 [OOZ%V\hfat is.inmportant in the present inventi Qa IS
that, [A%% he in engart IE PO % HErcQue ¥ piite BFEPRNE AVGSLION REPYIRBPgani ¢
particles haye ah shefjdnie-paiicibioispyradd Sputidiingiarget | %S splitteliy
electric resistivity I's higher than 1 x 101 0m depending on the di nension
and shape ofarghé imaovlyjghi dnpeganiel perticles arecdispersedr émtaf MatRhdedsem t he
pl asnma to t i i i i h : i.n i t han
Phe ol ectri HosEPRLARnIRA, oPnSR L froby e H AR TE et
kese mat eri baveleat ebeaciria resisticiby iafot gah0 t Qpran irdbes .amt thoe diohging, rathe
possibility at .the el.ectric charge i.s accu ted, in 10the inorganic
particles aﬂﬁink%ﬂ%%@ad"ﬁrp@a[ﬁ'&%'%%? t?rrﬂﬁte'ég%é% PO In order to cause

the i ergpni ¢ paMd ptesenLilm@ianfekiest previgest stivity of 1 x 101 Oni or

| ess, this can be achi eved by selecting an inorganic material with an

el ectric redl stiAN thorganicxpradicletdippetred epitixying tgsgat. aha e uttaritbwder

of the sput{fhedint 198h ifdrgdiict PhftidetPare dispersed in an alloy base

30 material with a composition containing 5 at% or more and 50 at% or
less of Pt and the remainder being Co, wherein the inorganic particles
have an electric resistivity of 1 x 10" Q=m or less and the volume ratio
of the inorganic particles in the target is 50% or less.

[0012] The present invention further provides:

35 3) An inorganic-particle-dispersed sputtering target, the sputtering



15 netal powder w thout changing the properties thereof, and then sintering
the m xed powder. Otherwise, even if the electric resistivity of the raw
powder is 1 x 101 fImor nore, it wi4l suffice when thepelraeboiaos2590
resistivity is 1 x 101 Wnor less in a target after being subject to
reaction sintering. 20Basically, it will suffice so as long as the

i norgani c pardefclieswhiéste ianreherict partickss srievidigpefset xnl18a aHoyrbhess, and
it should be easy to, understand.that there i particular  ljmtation in
the met hod TR f‘.""tf’oéﬁ?mroéé"\'/%’?,qu}jr'af'Hngée%n@ﬁtori Wéﬁt?%ﬂ,J'qnﬁé%cﬂrurre
ratio of thesiIrGpBNE PR tembASdéMbeiyy TV, dpheidindtle hor§ankdpanicleess. As
with the 25 foregoing alloy conposition, .this is a condition that is

required fdrave aauclieslia raREAMITYCOF dchr@ ' nd i Piisss ANd thearriuare sakact ure,
and partic [ IV L il i Qf i I adopting the

pgr pendi curggrath%'é]??é%;?@%r égl(ri’%llifelrs]glws@gtgar%aéfgﬁ_}ggf)ﬁ/bdr}e%\ég'r, in the present

i nveriobo3], t he begirdsasd imaeertioal furtheSoonavidest he i norganic particles are

di sper sed y cQntain, as_ an additive el . % Qr r : at %
or | ess of r%ne 8P Woorrga@l'%'r?@rﬁﬁg%s'gl'seoc%rgﬁ%psgmtﬁ?'n%i %@GQM%HBZ%D%HH&U Mo,
Ta and W target Thegdiét eindrgamid Ddrhigtearsreaddegeaedandad ahogr Heset o

i nprove the c%ar_act eristics as.a magnetic regorcj' nog medi um 35)([)0034]Wth
the inor gar’mét?ﬁ!@ltWé'lheadi’gm%sétdo_gﬁﬁritél”!“ﬁg a"i'gét_rofnqrﬁeand _at/" S8
4BCT/ :]P201%$$?o'5f9@r,p5 AN bri YRR ERN3 00XIA T [eRist 6 PFeSapadhearidthdrderr e
especially effective as an inorganic substance. One or nore types of the

f or egoi ng” ibRINga@Pc whegeimtbednatgame Redieles haye anqleeirieredstiyitygfy as

t he inorganj nthcle Ve e L hal eSSt LLY: 2 : | ess,
and there ﬁsgngapa(?ﬁjpc%rl Ie?rasﬁ ??natfﬂel ghfdorﬁnetr%élng:f‘efg%i|8g)frg%ré?r&eé$?t|(%§oih For
exanpl e, thaeetaaget ox65066 csuebsas Nb205, Sn02, Ti 203, Fe304 and W2,

nitrides such as, TiN,_C (graphj.te) nd carbi des ,such as WC, as the types
of | B gahi o pathecpiesentoaBrkRLandonaT P itRleSt!

ij3or gani c- pRr t i The- fhGRRINSED Sibild--fisperdedy aptuttdriidetapyesenicdrauepttoon, a
val ue obtai ned by di vi mg the surface area of inorganic &?I’,tl cl,eﬁ )Q'y t he
vol une of (3 PAErgfahl t0 farbiaveedvhereisdhedprialRES S MAST (”i!nW"l”.C 1t. M
s 1s beGRdEgank! PARICIBE He hishersEHIdithind O BiCadaRIEABIBAL!0 g es
will flow easi®er to the netal contalning such 'inorganic Eartlcl es as the
speci fic swuatPace rapea avid 1 Aeat¥s orilass gdrine pamoks elemadteaskastedfeom

i norgani c rticles wdl \he ar ring the sputtering. Note that,
since it igétni{’c\éa@" 2([ #Bﬁslﬁpew(ﬁ&é%?%a% area and vol unme of the

i2nor qaoi §] part i Thespigsdrtanypntioer adgitioaadist provides: al so possible to use a
val ue obt ai ned 2_% di, vi di nq t he .Ol]Jt ?{. F;;)eri ter g#mit: qpn’% of in%i.vi dual

i nor gani ¢ ti ¢he ergRTIgRafticlRigls %@er%rﬁﬂu" ripgetarast AT IS 1%l e i s
0.4 or 1more;kRhk ofl{ P 5PBLAVR! agferein #h&tif dEjanie grsiefbPard Bemabsesavat i on
of the polished surface of the sputtering target. The latter i s easier as

t he measur edfeAnentet aare cooopene lfsoselr@edcireg taggbon, oxide, nitride and

i nor gani c-p@%rrbii&ée-di spersed sputtering target of the present invention, as
the netal nmaterial, main powder of one or nore types selected fromCo, Cr
asd RAooos] al | oy Thewderseanft isventioet atiditicngllyeperdédesPr ef erably, the grain

size of these p ers is within the.range of 1 to.2 m. Lf iy Size
of the pomdeg)r |3\P‘% ﬂ%oﬂ?’Hﬁfp%Pielﬂ{FPS%ﬁ‘ﬂi%ﬁ%&eﬁ'ggpgasrgﬁ I%J,:@o:rrqgﬁa B
segregat i ong@f ohlkeoB1 Nte 6@ blovieg &fh&viedn g @igarviegrareiciewhaas dimeasint ed.
30Nevert hel ess, the foregoing range is ms_rrteﬁa/ a pref erreflﬂ ranr%e, and it
shoul d be uAI@r&tBEPa MATWHKD deVrkbis APIAMGH tYe dYFEYDIIRG $UHEES RER not
deny the pr ﬂtpl'nn)/%ﬂtihﬁ?gahWﬁg}ﬁ@égod'i%berélédtihetHePQEGIﬁ@'ri‘hg”Pér%@tady it
is preferable to use I norgani c powder with a grain size wthin
tde range otheoygluroes(ynit: BETHiG the hreraardc particdgadsihg ehengieiwnii ze of
t he inor ganjh@ terial, 8PCT/JP20101062590 nore uniformmxing is

possi ble, a "he exi stence of coarse inorganic particles in the sintered

t ar gefooaan be pMérepteskntl hveneion adeitooealbeprovidgani c particles, electric

Cheverthat SRR B TS agEnSe il el Sbrelid wiMa g B e Rt oL
preferred rangeneddd1) to Shaol evhedan shopshidaiatictesl@uvata amenerr he

f oregoi ng range does not. denf)]/_ t he present invention. )
35 and a shape in which, in a structure based on a cross-section



[ 0028] The foregoing raw powders are wei ghed to achi eve the intended
conposition, and m xed using a well-known nethod such as by using a 10

ball mll. By nolding and sintering $he powder obtai nedPg3/Jéesty/dénsdoabove
usi ng a vacuum hot pressing device and cutting it into an intended shape,
the inorganic-particle-dispersed sputtering target of the present invention
can be prodisstvakibindohgharspsitetiegi taggat,ea naluki obtaéded dhotividirg shag, and

the 15 pla di schar ge ,si terl met,ho t | i met hod
my al'so b engtdinthermb BaTRY AL e G R € L 87E dB¥al

di ffer conguder aph) dependi indrganidi@araonodgst0.en oof nidre $puitt eVung bdar get
this is set to a tenperature in which the sintered conpact is sufficiently
densified vd4&P8€ tenperature range in which the inorganic 20material will
ngt deconpose. [Exanples] [0029] The present invention is now explained in
detail with reference to the Exanpl es and Conparative Exanples. Note that

t hese Exarrp{Eé@(‘ArQihh@rbl\writidn]strati ve, and the present invention shall in

e ¢ ‘h
embodt R s ar o Bevaruietyo RS B8 tred RN TRORRLS TN EE, Aot on
5 1L g bpetmah s veyeiot N g e e,
1 and 2, pr@ @@%r%owepizﬂﬂépov@?w g’garg\f‘\é?%@éed?%r?héirgg%oqm%ab?ﬁngand

$ the inorgadire I@RLefrbglenth)20n yeig 01;9«' oy @@l@Vm@@?)uWe&Iﬁ'g safetadf 2 pm

Sn02 powder with an average grain size owder with an
average grdhe Bresenf imveinomre o Wé?nﬁﬁt%f Qﬁ”éqélsaagr@rué?h'eslt‘ieth@f 0.5
pm W2 ver e

bCr/ 3p2070/ S6T00 4 Fre G S R B icarhe effect, BEinTpAOUTRNG vield 0 s
wi th an aveioagengratmnsiiloe ioobfapgd.WC powder with an average grain size of
3 pm Al 203 powder with an average grain size of 0.5 pm and Si 02 powder
with an average grain size of 1 pm These powders were wei ghed so that

tize vol ume rati gEET GAODE FORr QARRY PG O4J BT HE tIBVENMTHQNsIi ntered woul d
be 3:1. The conbination of Co and inorganic particles is as shown in Table

1. The powders were placed in a 10-liter ball mll pot together with
Z'rco[p'o@ gpal I's ag the gid ndi ngnapdi a, aRinpHReRE! | mdolnsmaahgd f ortne0
10hours to mix the powders. [0031] The m xed powder was fil in a_carbon

mol d, and Heorpasispariicleadispaiant aniiphes dargeepf the ﬁréﬁea\fmlwgentlon

condi ti ons;  nagrel . [ pmecatyrs, o BOAG NohdLfley! IR 1 maigadr Sy

wel di ng pr obtain a’si ere act I's was further
ant with a d&nb@tshteom coohaming & atleget rm:‘reaasdm@@atﬁiﬁtcbr e sdi ahBt @andothel 65. 1

mm and t hi ckness . 35 and.this target vva ed 't

nmagnet r on sﬁﬁﬂ‘?ﬁl’qoﬁ{g ?LEO n(c‘j’) arRY nvé.llﬁb %ﬂpgsﬁ%n
sputtering QONRIinidfg & ést‘%@drr/érreg@ﬁd e SsW @rcvés@o'.ﬁ (E’Iaanélftrﬁa“ reenindei ng 2
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30 depending on the alloy component, any of these are able to maintain
characteristics as an effective magnetic recording medium.
Specifically, these components comprise favorable characteristics as a
magnetic recording film with a granular structure, and particularly as a
recording film of a hard disk drive adopting the perpendicular magnetic

35 recording system.



[ 0032] The foregoing results are shown in Table 1. In Exanple 1, used was a
Co- Nb205 target. The electric resistivity of the inorganic
substances contained in the target was 8 x 3510 Dem ouP€TN/Jpe0i0i@d28e0 ar ea
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deviate froe emsnt 0.5 at% or more and 10 at% or less of one or more elements
selected from B, Ti, V, Mn, Zr, Nb, Ru, Mo, Ta and W.

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

35 [0024] With the inorganic-particle-dispersed sputtering target of the



20conditions of the present invention. [0035] [Table 1] Exanple 1 Exanple 2
Type of target Co-Nb205 Electric resistizAty of inorganic substance (C2

m 8 x 10 Quter perinmeter/area on pplished surface (1/pay/Jb2810M6250Q rate
(Count/hour) Nunber of particles on substrate (Particle) 25

present invention, oxides, nitrides and carbides are especially effective

as an inorganic substance. One or more types of the foregoing

inorganic substances may be used. It will suffice so as long as the

inorganic particles have an electric resistivity of 1 x 10" Q=m or less,
5 and there is no particular limitation on the selection thereof.

For example, there are oxides such as Nb;Os, SnOg, TizO3, Fe304
and WO,, nitrides such as TiN, C (graphite), and carbides such as WC,
as the types of inorganic particles.

[0025] Moreover, with the inorganic-particle-dispersed sputtering target

10 of the present invention, a value obtained by dividing the surface area
of inorganic particles by the volume of the inorganic particles is
desirably 0.6 or more (unit: 1/um). This is because, since the electric
current from the inorganic particles will flow easier to the metal
containing such inorganic particles as the specific surface area of the

15 inorganic particles increases, the inorganic particles will be charged
less during the sputtering. Note that, since it is not easy to measure
the surface area and volume of the inorganic particles in the sputtering
target, it is also possible to use a value obtained by dividing the outer
perimeter (unit: ym) of individual inorganic particle by the area (unit:

20 um?) of the inorganic particle is 0.4 or more (unit: 1/um) on average in
a structure based on the observation of the polished surface of the
sputtering target. The latter is easier as the measurement method.

[0026] Upon producing the inorganic-particle-dispersed sputtering target
of the present invention, as the metal material, main powder of one or

25 more types selected from Co, Cr and Pt or alloy powder of such metals
is prepared. Preferably, the grain size of these powders is within the
range of 1 to 20 um. If the grain size of the powder is 1 to 20 ym,
more uniform mixing is possible, and segregation of the sintered target
and grain coarsening can be prevented.

30 Nevertheless, the foregoing range is merely a preferred range,
and it should be understood that the deviation from the foregoing range
does not deny the present invention.

[0027] Moreover, as the inorganic material, it is preferable to use
inorganic powder with a grain size within the range of 0.2 to 5 pm.

35 This is because, by adjusting the grain size of the inorganic material,
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[0029]

[0030]

more uniform mixing is possible, and the existence of coarse inorganic
particles in the sintered target can be prevented. If there are coarse
inorganic particles, electric charge is concentrated, breakdown will
occur and arcing tends to arise.

Nevertheless, similar to the above, the foregoing range is merely
a preferred range, and it should be understood that the deviation from
the foregoing range does not deny the present invention.

The foregoing raw powders are weighed to achieve the intended
composition, and mixed using a well-known method such as by using a
ball mill. By molding and sintering the powder obtained as described
above using a vacuum hot pressing device and cutting it into an
intended shape, the inorganic-particle-dispersed sputtering target of
the present invention can be produced.

Molding and sintering are not limited to hot pressing, and the
plasma discharge sintering method and hot isostatic pressing method
may also be used. Although the holding temperature during sintering
will differ considerably depending on the composition of the sputtering
target, this is set to a temperature in which the sintered compact is
sufficiently densified within a temperature range in which the inorganic
material will not decompose.

[Examples]

The present invention is now explained in detail with reference to
the Examples and Comparative Examples. Note that these Examples
are merely illustrative, and the present invention shall in no way be
limited thereby. In other words, various modifications and other
embodiments are covered by the present invention, and the present
invention is limited only by the scope of its claims.

(Examples 1 to 7, Comparative Examples 1 and 2)

In Examples 1 to 7 and Comparative Examples 1 and 2, prepared
were Co powder with an average grain size of 3 ym, and, as the
inorganic material, Nb,Os powder with an average grain size of 2 um,
SnO, powder with an average grain size of 2 ym, Ti;O3 powder with an
average grain size of 5 ym, FezO4 powder with an average grain size of
0.5 um, WO, powder with an average grain size of 1 ym, TiN powder
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with an average grain size of 8 ym, C (graphite) powder with an
average grain size of 5 ym, WC powder with an average grain size of 3
um, Al,Os powder with an average grain size of 0.5 ym, and SiO;
powder with an average grain size of 1 um.

(=1

These powders were weighed so that the volume ratio of Co and
inorganic particles after being sintered would be 3:1. The
combination of Co and inorganic particles is as shown in Table 1.

The powders were placed in a 10-liter ball mill pot together with
zirconia balls as the grinding media, and the ball mill rotated for 20
10 hours to mix the powders.

[0031] The mixed powder was filled in a carbon mold, and hot pressed in

a vacuum atmosphere under the following conditions; namely,
temperature of 800°C, holding time of 2 hours, and welding pressure of
30 MPa, to obtain a sintered compact. This was further cut with a
15 lathe to obtain a target of a shape with a diameter of 165.1 mm and
thickness of 6.35 mm, and this target was sputtered with a DC
magnetron sputtering device.
The sputtering conditions were sputtering power of 1 kW and Ar
gas pressure of 0.5 Pa. After performing 2 kWhr pre-sputtering,
20 sputtering was performed to achieve the intended film thickness of
1000 nm on the aluminum substrate with a 3.5-inch diameter.
Subsequently, the number of particles that adhered to the substrate
was measured with a particle counter. In addition, the arcing rate
upon continuously sputtering for 12.0 hours with sputtering power of 1
25 kW was defined based on the number of arcing occurrences which was
measured with an arcing counter mounted on the sputtering power
source.
Moreover, the outer perimeter and area of inorganic particles in a
structural image based on the observation of the polished surface of
30 the sintered compact were obtained with image processing software,
and a value was calculated by dividing the outer perimeter by the area.

[0032] The foregoing results are shown in Table 1.

In Example 1, used was a Co-NbOs target. The electric
resistivity of the inorganic substances contained in the target was 8 x
35 10° Q=m, outer perimeter/area of the inorganic particles on the polished
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vas 19, Colfile SlulgR ayettatas 8 QYEBLALIBEIAS WAS, SN amHoRhi S ©
resi stivityaet ninebenafgeaiticlesiust treesbstiataiwasl 18 the target was 8 x
surface of the PTCEEEE & daehaaTs £7T SCtar ol i, B SRRy bf 5o
(Count/ hour }ne R rHaAREE UBEIATRESS DorRaiied e ebsdrgatewaasd12. 107 Q=m,
outer perimeter/area of the inorganic particles on the polished surface
of the sintered target was 0.6 (1/um), arcing rate was 10 (Count/hour),
30 and number of particles on the substrate was 7.
In Example 7, used was a Co-WC target. The electric resistivity
of the inorganic substances contained in the target was 5x 10° Q-m,
outer perimeter/area of the inorganic particles on the polished surface
of the sintered target was 1.1 (1/um), arcing rate was 1 (Count/hour),

35 and number of particles on the substrate was 4.



[0039] I n Exanple 11, used was a Co-Pt-TiN target. The electric 20
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20 conditions of the present invention.
[0035] [Table 1]

Type of target Electric Outer Arcing rate Number of
resistivity of perimeter/area particles on
inorganic on polished substrate
substance surface
(Q+-m) (1/um) (Count/hour) (Particle)
25 Example 1 Co-Nb,05 8 x 10° 12 1 25
Example 2 Co-Sn0, 4% 102 1.1 6 13
Example 3 Co-Ti,0O4 8 x 1073 0.8 1 11
-3
Example 4 | Co-Feq0-WO, \:;S& 15 - 13_3 1.7 6 8
Example 5 Co-TiN 1% 10°® 0.5 3 18
Example 6 Co-C 4x 102 0.6 10 7
30 Example 7 Co-WC 5x 10° 1.1 1 4
(Omparatiic Co-Al,O4 1% 10" 18 65 81
Example 1
COMpArELis Co-Si0, 1% 1012 16 38 41
Example 2

[0036] (Examples 8 to 13, Comparative Examples 3 and 4)
Bi5 In Examples 8 to 13 and Comparative Examples 3 and 4,
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prepared were, as the metal material, Co powder with an average grain
size of 3 um and Pt powder with an average grain size of 2 ym, and, as
the inorganic material, Nb,Os powder with an average grain size of 2
um, SnO, powder with an average grain size of 2 ym, Ti2O3 powder

o

with an average grain size of 5 um, TiN powder with an average grain

size of 8 ym, C (graphite) powder with an average grain size of 5 ym,

WC powder with an average grain size of 3 um, Al,O3 powder with an

average grain size of 0.5 uym, and SiO, powder with an average grain

size of 1 pym.

10 These powders were weighed so that the volume ratio of the alloy
and inorganic substances after being sintered would be 4:1, and so
that the composition of the alloyed portion would be Co-16 mol% Pt.
The combination of alloy and inorganic substances is as shown in
Table 2. The powders were placed in a 10-liter ball mill pot together

15 with zirconia balls as the grinding media, and the ball mill rotated for 20
hours to mix the powders.

[0037] The mixed powder was filled in a carbon mold, and hot pressed in
a vacuum atmosphere under the following conditions; namely,
temperature of 1100°C, holding time of 2 hours, and welding pressure

20 of 30 MPa, to obtain a sintered compact. This was further cut with a
lathe to obtain a target of a shape with a diameter of 165.1 mm and
thickness of 6.35 mm, and this target was sputtered with a DC
magnetron sputtering device.

The sputtering conditions were sputtering power of 1 kW and Ar

25 gas pressure of 0.5 Pa. After performing 2kWhr pre-sputtering,
sputtering was performed to achieve the intended film thickness of
1000 nm on the aluminum substrate with a 3.5-inch diameter.
Subsequently, the number of particles that adhered to the substrate
was measured with a particle counter. In addition, the arcing rate

30 upon continuously sputtering for 12.0 hours with sputtering power of 1
kW was defined based on the number of arcing occurrences which was
measured with an arcing counter mounted on the sputtering power
source.

Moreover, the outer perimeter and area of inorganic particles in a

35 structural image based on the observation of the polished surface of



Co-Pt-T1203 Co-Pt-Ti N 5 Exanple 12 Co-Pt-C 19 18 Exanple 13
Co-PI-WC 5 x 1 x 1014 1 x 1012 1 12

13 PCT/JP2010/062590

the sintered compact were obtained with image processing software,
and a value was calculated by dividing the outer perimeter by the area.
[0038] The foregoing results are shown in Table 2.
In Example 8, used was a Co-Pt-Nby;Os target. The electric
5 resistivity of the inorganic substances contained in the target was 8 x
10° Q=m, outer perimeter/area of the inorganic particles on the polished
surface of the sintered target was 1.3 (1/um), arcing rate was 17
(Count/hour), and number of particles on the substrate was 7.
In Example 9, used was a Co-Pt-SnO; target. The electric
10 resistivity of the inorganic substances contained in the target was 4 x
102 Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 1.1 (1/um), arcing rate was
13 (Count/hour), and number of particles on the substrate was 14.
In Example 10, used was a Co-Pt-Ti;O; target. The electric
15 resistivity of the inorganic substances contained in the target was 8 x
10 Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 0.7 (1/um), arcing rate was
5 (Count/hour), and number of particles on the substrate was 11.
[0039] In Example 11, used was a Co-Pt-TiN target. The electric
20 resistivity of the inorganic substances contained in the target was 1 x
10® Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 0.5 (1/um), arcing rate was
2 (Count/hour), and number of particles on the substrate was 5.
In Example 12, used was a Co-Pt-C target. The electric
25 resistivity of the inorganic substances contained in the target was 4 x
102 Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 0.7 (1/um), arcing rate was
19 (Count/hour), and number of particles on the substrate was 18.
In Example 13, used was a Co-Pt-WC target. The electric
30 resistivity of the inorganic substances contained in the target was 5 x
10> Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 1.2 (1/um), arcing rate was
6 (Count/hour), and number of particles on the substrate was 13.
[0040] In Comparative Example 3, used was a Co-Pt-Al;O3 target. The
35 electric resistivity of the inorganic substances contained in the target
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Co- Pt -8102 30[ 0042] (Exanples 14 to 17, Conparative Exanples 5 and 6)
In Exanples 14 to 17 and Conparative4Exanples 5 and 6, pcepepeth/v&seo as
the netal material, Co powder with an average grain size of 3 pmand O
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Tabl e 3. Q=m or less"The powders were pl aced ina 10-liter ball mll pot
the b

t oget her W|th12| coni a bal | rindi ng me Il
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follow ng conditi ons,12 nanmely, tenperature of 1Q00C,  holding tinme of 2

hours, and We$dl g 18r eddupeouter perimeter/area of the' inorganic particles on

10 the polished surface of the sintered target was 1.3 (1/um), arcing rate
was 63 (Count/hour), and number of particles on the substrate was 28.
Comparative Example 4 did not satisfy the condition of the present
invention; namely, "electric resistivity of inorganic particies is 1 x10'
Q=m or less".

15 As described above, with Examples 8 to 13, it was confirmed that
both the arcing rate and number of particles had decreased in
comparison to Comparative Examples 3 and 4 which deviate from the
conditions of the present invention.

[0041] [Table 2]
20 Type of target Electric Outer Arcing rate Number of
resistivity of perimeter/area particles on
inorganic on polished substrate
substance surface
(Q-m) (1/um) (Count/hour) (Particle)
Example 8 Co-Pt-Nb,Os 8 x 10° 1.3 17 7
Example 9 Co-Pt-Sn0O, 4 x 102 1.1 13 14
Example 10 Co-Pt-Ti,O4 8 x 10° 0.7 5 11
25 Example 11 Co-Pt-TiN 1x 10 0.5 2 5
Example 12 Co-Pt-C 4 x 1072 0.7 19 18
Example 13 Co-Pt-WC 5x 10 1.2 6 13
Comparative Dt 14
Example 3 Co-Pt-Al,0, 1% 10 1.5 90 58
Comparative | o, by g0, 1x 1012 1.3 63 28
Example 4
30 [0042] (Examples 14 to 17, Comparative Examples 5 and 6)

In Examples 14 to 17 and Comparative Examples & and 6,
prepared were, as the metal material, Co powder with an average grain
size of 3 ym and Cr powder with an average grain size of 5 ym, and, as
the inorganic material, Nb,Os powder with an average grain size of 2

35 um, Ti,O3 powder with an average grain size of 5 ym, TiN powder with
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image processing software, and a value was calculated by dividing the

outer perimeter by the area.
The foregoing results are shown in Table 3.
35 [0044] In Example 14, used was a Co-Cr-Nb,Os target. The electric



Electric resistivity of inorganic substance (Qm Quter perineter/area on
polished surface (1/um Arcing rate Count/hour) Nunber of particles on

substrate (Particle) Exanple 14 Co-@g Nb205t 8 x 10 1. 3PCIRPEx&IRE25905
Co-Cr-T12036 0.9 1 0 Exanple 16 Co-Cr-TINL x 10- 0.7 3

resistivity of the inorganic substances contained in the target was 8 x
10° Q=m, outer perimeter/area of the inorganic particles on the polished
surface of the sintered target was 1.3 (1/um), arcing rate was 9
(Count/hour), and number of particles on the substrate was 12.

(03]

In Example 15, used was a Co-Cr-TiO; target. The electric
resistivity of the inorganic substances contained in the target was 8 x
10 Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 0.9 (1/um), arcing rate was
1 (Count/hour), and number of particles on the substrate was 0.

10 In Example 16, used was a Co-Cr-TiN target. The electric
resistivity of the inorganic substances contained in the target was 1 x
10® Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 0.7 (1/um), arcing rate was
3 (Count/hour), and number of particles on the substrate was 8.

15 In Example 17, used was a Co-Cr-WC target. The electric
resistivity of the inorganic substances contained in the target was 5 X
10° Q-m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 1.2 (1/um), arcing rate was
2 (Count/hour), and number of particles on the substrate was 3.

20 [0045] In Comparative Example 5, used was a Co-Cr-Al,O; target. The
electric resistivity of the inorganic substances contained in the target
was 1 x 10" Qs=m, outer perimeter/area of the inorganic particles on
the polished surface of the sintered target was 1.2 (1/um), arcing rate
was 39 (Count/hour), and number of particles on the substrate was 27.

25 Comparative Example 5 did not satisfy the condition of the present
invention; namely, "electric resistivity of inorganic particles is 1 x10'
Q=m or less".

In Comparative Example 6, used was a Co-Cr-SiO, target. The
electric resistivity of the inorganic substances contained in the target

30 was 1 x 102 Q=m, outer perimeter/area of the inorganic particles on
the polished surface of the sintered target was 1.3 (1/um), arcing rate
was 30 (Count/hour), and number of particles on the substrate was 18.
Comparative Example 6 did not satisfy the condition of the present
invention; namely, "electric resistivity of inorganic particles is 1 x10'

35 Q=m or less".



8 Exanple 17 Co-Cr-WC5 x 1.2 2 3 Conparative Co-Cr-Al 2031 x 1014 1,2 39 27
Exanple 5 Conparathe Co-Cr-SO2 1 x 10121, 330 18 Exanple 6 15[ 0047]
(Exanmples 18 to 21, 23 and 24, Conp3arative Exanpl es 7, BCane2d@)y062590 In
Exanples 18 to 21, 23 and 24 and Conparative Exanples 7, 8 and 10, prepared
were, as the nmetal material, Co powder with an average grain size of 3 pm

Cr powder with AB @u¥&£ABEd Kb Ve siwith Exdnplesarid Bt Powdewaei confarmeader age
grain size of 2 p an i

m d, as the 20  inorganic terial b . W
an aver age thPhikPt8i Hee éTrCWQ)rﬁa?eri%@% 'b‘b%g&r o) fq%rﬁélle%vg?ggéggéé)%g@iﬁgg E)P 5
pm TIN po"&ﬁ'ﬁg&ﬁ%ana% B\ BERtOFRIEX T BRs0b FhP® Wk IP@eléatentriom dler age
grain size of pm Nb205 powder with an average grain size of 4 pm C02

powder wit lrcanditiossaafethgr preseitziaventi®npm Al 203 powder with an average

gr.ai i ze of Si 02 powder with an average grain size of 1 and
Nﬁzogoﬁé@déﬁa&hﬁ an average grain size of 8 pmg P

Type of target Electric Outer Arcing rate Number of
resistivity of perimeter/area particles on
inorganic on polished substrate
substance surface
(Q-m) (1/um) {Count/hour) (Particle)
Example 14 Co-Cr-Nb,O5 8 x 10° 1.3 9 12
10 Example 15 Co-Cr-Tiy04 8 x 1073 0.9 1 0
Example 16 Co-Cr-TiN 1x 10°® 0.7 3 8
Example 17 Co-Cr-WC 5x 10° 1.2 2 3
Comparative P 14
Example 5 Co-Cr-Al,04 1% 10 1.2 39 27
Comparative Py 12
Example 6 Co-Cr-SiO, 1% 10 1.3 30 18

15 [0047] (Examples 18 to 21, 23 and 24, Comparative Examples 7, 8 and 10)

In Examples 18 to 21, 23 and 24 and Comparative Examples 7, 8
and 10, prepared were, as the metal material, Co powder with an
average grain size of 3 ym, Cr powder with an average grain size of 5
um and Pt powder with an average grain size of 2 ym, and, as the

20 inorganic material, Nb2Os powder with an average grain size of 2 um,
Ti,O3 powder with an average grain size of 5 ym, TiN powder with an
average grain size of 8 um, WC powder with average grain size of 3 ym,
Nb,Os powder with an average grain size of 4 ym, CrO, powder with an
average grain size of 2 um, Al,03 powder with an average grain size of

25 1 um, SiO, powder with an average grain size of 1 ym, and Nb,Os
powder with an average grain size of 8 ym.

These powders were weighed so that the volume ratio of the alloy
and inorganic substances after being sintered would be 7:3, and so
that the composition of the alloyed portion would be Co-16 mol% Cr-16

30 mol% Pt. The combination of alloy and inorganic substances is as

shown in Table 4.

The powders were placed in a 10-liter ball mill pot together with

zirconia balls as the grinding media, and the ball mill rotated for 20

hours to mix the powders.

35 [0048] The mixed powder was filled in a carbon mold, and hot pressed in
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resistivity of the inorganic substances contained in the target was 8 x
10° Q=m, outer perimeter/area of the inorganic particles on the polished
25 surface of the sintered target was 1.3 (1/pm), arcing rate was 11
(Count/hour), and number of particles on the substrate was 27.
In Example 19, used was a Co-Cr-Pt-Ti,O3 target. The electric
resistivity of the inorganic substances contained in the target was 8 x
10°° Qsm, outer perimeter/area of the inorganic particles on the
30 polished surface of the sintered target was 0.6 (1/um), arcing rate was
7 (Count/hour), and number of particles on the substrate was 15.
In Example 20, used was a Co-Cr-Pt-TiN target. The electric
resistivity of the inorganic substances contained in the target was 1 x
10® Q=m, outer perimeter/area of the inorganic particles on the
35 polished surface of the sintered target was 0.6 (1/um), arcing rate was
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obt ai ned byraie\}WdSr’ﬁ@ f(ﬁ@UBUh@NfbeaﬂdréU@?b?ru‘hf partm{fs(gnt SyPatrate Wit gani c

particle bygyhe abamduiive, BIFhoM 1haid OBAPANd dondibgh, Sromerre

(unit: 11p verage ribed a ove W t anples 18 to 21, 23
and 24, it e1r&maentuomnmamem "bmdmcrfesmtmlhgof H’[CHQ@MC ﬁ@rﬁb@'resd§1

parti cI es hai dﬁﬁreas d_i.n conparison to Conparative Exanples 7, 8 and 10
whi ch devi at'e0 rWtcH €88ndi ti ons of the present invention. [0053][Table 15

45 Type of targghi EbaspaidtiveEsdmply ®f usedr gars @ TibCafteSiQu ¢arget.
pert met er/a_rl_ﬁg g|ec|[%(r?|lcI ?gsgtlwty of the inorganic substances contained in the
target was 1 x 10'2 Q=m, outer perimeter/area of the inorganic particles
on the polished surface of the sintered target was 1.0 (1/um), arcing
rate was 31 (Count/hour), and number of particles on the substrate was
30 29. Comparative Example 8 did not satisfy the condition of the
present invention; namely, "electric resistivity of inorganic particles is 1

x10" Q=m or less".
[0052] In Comparative Example 10, used was a Co-Cr-Pt-Nb2Os target.
The electric resistivity of the inorganic substances contained in the

35 target was 8 x 10° Q=m, outer perimeter/area of the inorganic particles



surface Arcing rate particles on substrate Nunmber of (S2 rn) (1/um
(Count/hour) (Particle) i.xanP.18 8 Co-Cr-Pt-Nb205 8K 10 1,3 111 27
Co-Cr-Pt: 14203 8 x 10-3 7 Exanpl eogp9 06 PCT/JP2010/062590

(]

10

15

20

25

30

35

[0053]

[0054]

on the polished surface of the sintered target was 0.2 (1/um), arcing
rate was 45 (Count/hour), and number of particles on the substrate was
75.

Comparative Example 10 did not satisfy the condition of the
present invention; namely, "to have a dimension and a shape in which a
value obtained by dividing the outer perimeter (unit: um) of individual
inorganic particle by the area (unit: um?) of the inorganic particle is 0.4
or more (unit: 1/um) on average".

As described above, with Examples 18 to 21, 23 and 24, it was
confirmed that both the arcing rate and number of particles had
decreased in comparison to Comparative Examples 7, 8 and 10 which

deviate from the conditions of the present invention.

[Table 4]
Type of target Electric Outer Arcing rate Number of
resistivity of perimeter/area particles on
inorganic on polished substrate
substance surface
(Q-m) (1/um) (Count/hour) (Particle)
Example 18 Co-Cr-Pt-Nb,O5 8 x 10° 1.3 11 27
Example 19 Co-Cr-Pt-Ti,O, 8 x 103 0.6 7 15
Example 20 Co-Cr-Pt-TiN 1 x 10 0.6 8 11
Example 21 Co-Cr-Pt-WC 5x 10 1.3 4 9
Example 23 | Co-Cr-Pt-Nb,O; 8 x 10° 0.5 16 29
Example 24 Co-Cr-Pt-CrO, 5x 10° 0.9 7 26
Comparative | o, o ptALL0, 1% 10" 12 58 67
Example 7
Comparative | o, o pt_si0, 1% 102 1.0 31 29
Example 8
Comparative 0
_Cr-Pt- ; 4

Example 10 Co-Cr-Pt-Nb,05 8 x 10 0.2 5 75

(Example 22, Comparative Example 9)

In Example 22 and Comparative Example 9, prepared were, as
the metal material, Co powder with an average grain size of 3 um, Cr
powder with an average grain size of 5 um, Pt powder with an average
grain size of 2 ym, and B powder with an average grain size of & ym,
and, as the inorganic material, Ti,O3s powder with an average grain size
of 5 um and SiO, powder with an average grain size of 1 um.

These powders were weighed so that the volume ratio of the alloy
and inorganic substances after being sintered would be 3:1, and so
that the composition of the alloyed portion would be Co-16 mol% Cr-16
mol% Pt-5 mol% B. The combination of alloy and inorganic
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substances is as shown in Table 5.

The powders were placed in a 10-liter ball mill pot together with
zirconia balls as the grinding media, and the ball mill rotated for 20
hours to mix the powders.

The mixed powder was filled in a carbon mold, and hot pressed in
a vacuum atmosphere under the following conditions; namely,
temperature of 1100°C, holding time of 2 hours, and welding pressure
of 30 MPa, to obtain a sintered compact. This was further cut with a
lathe to obtain a target of a shape with a diameter of 165.1 mm and
thickness of 6.35 mm, and this target was sputtered with a DC
magnetron sputtering device.

The sputtering conditions were sputtering power of 1 kW and Ar
gas pressure of 0.5 Pa. After performing 2 kWhr pre-sputtering,
sputtering was performed to achieve the intended film thickness of
1000 nm on the aluminum substrate with a 3.5-inch diameter.
Subsequently, the number of particles that adhered to the substrate
was measured with a particle counter. In addition, the arcing rate
upon continuously sputtering for 12.0 hours with sputtering power of 1
kW was defined based on the number of arcing occurrences which was
measured with an arcing counter mounted on the sputtering power
source.

Moreover, the outer perimeter and area of inorganic particles in a
structural image based on the observation of the polished surface of
the sintered compact were obtained with image processing software,
and a value was calculated by dividing the outer perimeter by the area.

The foregoing results are shown in Table 5.

In Example 22, used was a Co-Cr-Pt-B-Ti,O; target. The electric
resistivity of the inorganic substances contained in the target was 8 x
10 Q=m, outer perimeter/area of the inorganic particles on the
polished surface of the sintered target was 0.9 (1/um), arcing rate was
7 (Count/hour), and number of particles on the substrate was 13.

In Comparative Example 9, used was a Co-Cr-Pt-B-Ti,O3 target.
The electric resistivity of the inorganic substances contained in the
target was 1 x 10°'2 Q=m, outer perimeter/area of the inorganic
particles on the polished surface of the sintered target was 1.3 (1/pm),
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arcing rate was 45 (Count/hour), and number of particles on the
substrate was 46. Comparative Example 9 did not satisfy the
condition of the present invention, namely, "electric resistivity of
inorganic particles is 1 x10" Q=m or less".

As described above, with Example 22, it was confirmed that both
the arcing rate and number of particles had decreased in comparison to
Comparative Example 9 which deviates from the conditions of the
present invention.

[Table 5]
Type of target Electric Outer Arcing rate Number of
resistivity of | perimeter/area particles on
inorganic on polished substrate
substance surface
(Q+-m) (1/pm) (Count/hour) (Particle)
Example 22 | Co-Cr-Pt-B-Ti,03 8 x 10 0.8 7 13
Comparative | o, o bt g.gi0, 1x 10" 13 45 46
Example 9

INDUSTRIAL APPLICABILITY

The present invention provides an inorganic-particle-dispersed
sputtering target, in which the inorganic particles are less charged and
arcing occurs less frequently when performing sputtering with a
magnetron sputtering device comprising a DC power source, by
adjusting the electric resistivity, dimension and shape of the inorganic
particles. Accordingly, by using the sputtering target of the present
invention, the occurrence of particles attributable to the arcing reduces,
and a significant effect of improving the yield in forming a thin film is
obtained.

The present invention is useful as an inorganic-particle-dispersed
sputtering target for use in the deposition of a magnetic thin film of a
magnetic recording medium, and particularly of a granular magnetic
recording film of a hard disk adopting the perpendicular magnetic
recording system.

Conparafite u



Exanpl e 10 25 [0054] (Exanple 22, Conparative Exanple 9) In
Exanpl e 22 and Conparative Exanple 9, prepared were, as the netal material,
Co powder with an average grain sizezof 3 pm C powderp@rtib2e/@ees@ge
grain size of 5 pm Pt powder with an average grain size of 2 pm and B
powder with an average grain size of 5 pm $0and, as the inorganic
material, Ti203 powder with an avekLAddSyrain size of 5 pmand Si 02 powder
with an average grain size of 1 pm These powders were wei ghed so
that the volunme ratio of the alloy and inorganic substances after being

sintere C\lc\éoﬁ%el]be 3: L ArNnth 7@ ahfiedpdrtielecd sedorsmittéfirgalthoyetd poeti on
would b -16"mol % Cr-16 $5nmol % Pt-5 nol /0 B. The conbi natjon of alloy and
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powders were placed in a 10-1jte | ; t Rere A E ba
balls as the gri r%l‘?%rtﬁ%%‘? a{?ag%@élt %ggggﬂ‘fahkiw?%ﬁg?eg?f%@f %‘eﬁgﬂfgﬁ?o m x
the powders. 5[ 008&igHficaeidipondat sazléciricdesistiaityanfobre MO @=rawd hot
pressed in a vacuum at nosphere under the follow n congi i ons;, nanely,
tenperature of llescangoths Mglumeeradio of HyRiROTIHHC RAT Pi?gs H}E@%E‘?r@%f 30
MPa, to obtain a.gi%toproq,dm%grrpact. This was further cut with a lathe to
obtain a target of “a Shape With a dianeter of 165.1 nmand 1 Othi ckness of

6. 35 mn[(ﬁanlnt%]i s target Wwesrgeputimarticlevdispersed neputeriog sieugebr ithg

devi ce. he sputtering conditjons were. sputterin [ and

AP gas pressure @P%t@'%."a%ﬁtéf‘ ‘%éﬁb‘rnﬁ’irﬂan? EWI‘&EP«?QSB@%SF%%% aN

sputtertng was pejif gy gade!Rafdith BN RIdgohieNdled ddntaingckaesisopdrs 1000
S

nm on the al um numsubstrate with a 3.5-1nch dianeter. Subsequentl Ke t he
nunber of particlax tilant%doeiess of Rhandubst remainger held &l Where s

particle counter. In additijon tb%e recing r : ' slypsputt eri ng
for 12.0 hours withg '9RIEPRIS Rg't ﬁé?‘aovfe %nlﬁ\é%?%@ﬁggygﬁgﬁd %On ?ﬁtg
nunber of arcing OCyd YHEP Ihuhy sluresa2idmeasheethovigamiarparticies ivotivet er
mount ed on the sputtering power source. Mor eover, the outer perineter

amd area of inordanget pabOi/ciosdeBn. a structural image based on the

wth | melsaeBRotkssi no Abf dar Brle o P R S R R g the

outer perimeter byyftheringaargdhmm ol egdiovganés partckeseashdiaparaedanlan 5.

[ 0056] I n Exanpl e 2p2 used was a Co-Cr-Pt-B-1i 203 target. The.e j

resistivity of thelenbeganmnateliBswiicd SABRPSIECPRIG'ANY r%tégf %m@b@* X

10-3 Drn, outer pgringf ehé@brdels Jh€r iy BfrEnRAREEIRINGICH hevherein

20 the inorganic particles have an electric resistivity of 1 x 10" Q=m
or less and the volume ratio of the inorganic particles in the
target is 50% or less.

[Claim 4] An inorganic-particle-dispersed sputtering target, the

sputtering target in which inorganic particles are dispersed in an

25 alloy base material with a composition containing 5 at% or more
and 40 at% or less of Cr, 5 at% or more and 30 at% or less of Pt,
and the remainder being Co, wherein the inorganic particles
have an electric resistivity of 1 x 10" Q=m or less and the
volume ratio of the inorganic particles in the target is 50% or

30 less.

[Claim 5] The inorganic-particle-dispersed  sputtering target

according to any one of claims 1 to 4, wherein the metal base
material in which the inorganic particles are dispersed contains,

as an additive element, 0.5 at% or more and 10 at% or less of



30 polished surface of the sintered target was 0.9 (1/ , arcing r

7 (Count/hour), and nunber of particles gn t he substﬁatgn)was 13. ° at:anwas
Conparative Exanple 9, used was a CgyCr-Pt-B-Ti 203 tar getT/)Pbe102062600 i C
resistivity of the inorganic substances contained in the target was 1 X
10-12 Drn, outer perinmeter/area of the inorganic particles on the polished
surface of the siomeeoerhdrargements del@ctad prgm B, 'EPM/MPZZMNDBB&Q@"B,

arcing rate was ¢ t/ hour), and nunber of particles on the substrate
was 46, Conpar at ﬁS@eS&mpl e 9 did not satisfy the condition of the present

i nventigpj nargly, "ehgd ri ¢noRmbipartiti@disp@rseani ¢ spatterriiges itsrgetx101
fimor Ictess'rffflrm As escri be abov%, W t hlEggrrpl e 22,p it Wag: confgi%r nmed
that both the arcioegrdatg tananyumrrofoglapast il ciaed, Haemrir i dgorfganic

Re’ [0057] [ Tabl SeBHELLHErS) Achapal 25 Chhrdl Hiee cRHRorE G SFIC e o,

Type of target Cardm-EArbBnllddde, Rttt badrerbsdwi ty of inorganic substance

(g m Arcing rate (Count/hour) _7 45 N_ur_rber of partic{ es on substrate

(Particl[@aim3]46 he inorganic-particle-dispersed = sputtering arget
according to any one of claims 1 to 6, wherein inorganic
particles have a dimension and a shape in which a value

10 obtained by dividing the surface area (unit: um?) of inorganic
particles dispersed in the sputtering target by the volume (unit:
um?®) of the inorganic particles is 0.6 or more (unit: 1/um).

[Claim 8] The inorganic-particle-dispersed  sputtering  target

according to any one of claims 1 to 6, wherein inorganic

15 particles have a dimension and a shape in which, in a structure
based on a cross-section observation of the sputtering target, a
value obtained by dividing the outer perimeter (unit: pm) of
individual inorganic particle by the area (unit: um?) of the
inorganic particle is 0.4 or more (unit: 1/pm) on average.

20
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CLAIMS

[Claim 1] (Amended) An inorganic-particle-dispersed sputtering target
for use in a magnetron sputtering device comprising a DC
5 power source, the sputtering target in which inorganic particles
are dispersed in a metal base material essentially consisting of
Co, wherein the inorganic particles have an electric resistivity of
1 x 10" Q=m or less, the volume ratio of the inorganic particles
in the target is 50% or less, and inorganic particles have a
10 dimension and a shape in which a value obtained by dividing
the surface area (unit: um?) of inorganic particles dispersed in
the sputtering target by the volume (unit: um?) of the inorganic
particles is 0.6 or more (unit: 1/um).

[Claim 2] (Amended) An inorganic-particle-dispersed sputtering target
15 for use in a magnetron sputtering device comprising a DC
power source, the sputtering target in which inorganic particles
are dispersed in an alloy base material with a composition
containing 5 at% or more and 50 at% or less of Pt and the
remainder being Co, wherein the inorganic particles have an
20 electric resistivity of 1 x 10" Q=m or less, the volume ratio of the
inorganic particles in the target is 50% or less, and inorganic
particles have a dimension and a shape in which a value
obtained by dividing the surface area (unit: pum?) of inorganic
particles dispersed in the sputtering target by the volume (unit:

25 um?) of the inorganic particles is 0.6 or more (unit: 1/um).
[Claim 3] (Amended) An inorganic-particle-dispersed sputtering target
for use in a magnetron sputtering device comprising a DC
power source, the sputtering target in which inorganic particles
are dispersed in an alloy base material with a composition
30 containing 5 at% or more and 40 at% or less of Cr and the
remainder being Co, wherein the inorganic particles have an
electric resistivity of 1 x 10" Q=m or less, the volume ratio of the
inorganic particles in the target is 50% or less, and inorganic

particles have a dimension and a shape in which a value

Amendment under Article 34
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a magnetlcdaimidl fi 1(Aneendedd %gﬁ%igﬁ'gé&fﬂgﬁ &g IFRBTSFH SRNGISSHNY TR r 1y of
a.granul ar magneti.,¢c regordi i g S I ;
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1] An i nor gani c- pardwel sodrspettsedpsptering target an gehicht inorgpoia paitigjesar get
i n which inorganic p%é;t‘i cles, are di Sﬂers ase ma.%.eri al

dina,l:5 mﬁwal b
essential |y consi®€i RESRETSES 10hBPePHOYhBAPRoPEERTIE! pA & EOTHRRASRA
el ectric resistividntafing ¥ 404 dd nfBr@r ah@S50 a8 tdre|ad WIEC T, a6 i g9 fort he

inorganic particles 1n the target is 50%o0r less. [Claim2]An
i nor gani c- parti clreote spret s adfutor eleissgof ditgeand the remgpindesr bANG &Qet in

Wieols . o it 1 | _ el g ok
dhmosi 11 on cont A i nanar hosPeART REGH LB s HSb MR (TBRRLIR P E" ®
remai nder bei ng Cmy' Wha! @rnielske thaoy@amé radibt bEkies inavgamic phettdlescin

resistivity of 1 x 101 Omor |ess and the volune ratio of the inorganic
particles in the ther datgets isod0Y eedess[ argd ningragnic particles have a

uni ch- 1 nor gani ¢ partiEe 4P Gl 8 JAIERR ok BRYAE B9, 4R, 2

conposi tion cont ahei igrfacat 4 (umite yarry &Oiratrifmoic lpasticlefs Grspmrdethia
remai nder being Co, wherein 20 the inorganic partjcleg have an electric
Mésistivity of 1 theippudenngriarass bynthe NelWBPUHER T & o) 6‘? tﬁﬁe'nioﬁ%‘?@'&ni c
particles in the S PR % | ol LN 41An
i norgani c-parti cIFge%?ﬁs%sérlsségdgs&prﬁh)é?is(ﬁaltf gjr/ge , the sputtering target in
whi ch i N@lganig] par(Ameaded) 8 b spegaadcipartiole28ispdriseyd d@stktermpdarget with
a conposition containing 5 at% or nore and 40 at% or |less of. Cr %5 @h% or
i e

more and 30 at%cfPrI 488 ot @tma&'{'&tf% $R gHRgr IBYIGFy @NPHREIE
I norganic parti Cl;g?wtgﬁ\éﬁu%'e & RSrliry f@ﬁhztdd/é bY cMimls X t8%, WhBY&ih thess and

the volune ratio e inorganic particles in the target is 50% or
‘20! ess. metal base material in which the inorganic particles are
dispersed contains, as an additive element, 0.5 at% or more
and 10 at% or less of one or more elements selected from B, Ti,
V, Mn, Zr, Nb, Ru, Mo, Ta and W, and inorganic particles have a
dimension and a shape in which a value obtained by dividing
25 the surface area (unit: um?) of inorganic particles dispersed in
the sputtering target by the volume (unit: um?) of the inorganic
particles is 0.6 or more (unit: 1/um).
[Claim 6] (Amended) The inorganic-particle-dispersed sputtering target
for use in a magnetron sputtering device comprising a DC
30 power source according to any one of claims 1 to 5, wherein the
inorganic particles are a material of one or more components

selected from carbon, oxide, nitride and carbide, and have a

Amendment under Article 34
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for use in a magnetron sputtering device conprising a DC power source
according to any one of claims 7 to 11, wherein the inopggbsoRadddsghes are
a material of one or nore corrponent234/§el ected from carbon, oxiydg, Rifride
and carbi de, and have a dinension and a shape in which, in a structure

based on a cross-section observation of the sputtering target, a value
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the inorganic particles are a material of one or more
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components selected from carbon, oxide, nitride and carbide,
and have a dimension and a shape in which, in a structure
based on a cross-section observation of the sputtering target, a
value obtained by dividing the outer perimeter (unit: ym) of
individual inorganic particle by the area (unit: um?) of the

10 inorganic particle is 0.4 or more (unit: 1/ym) on average.
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