* ENHANCED MULTI - COMPONENT OXI DE- CONTAI Nl NG SPUTTER TARGET ALLOY
COVPOSI TI ONS FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
to sputter targets and, nore particularly, relates to magnetic
data-storing thin filns sputtered fromsputter targets which are
conprised of nulti- conponent oxide-containing alloy conpositions with

i nproved netal lurgi cal characteristics. DESCRI PTI ON OF THE RELATED ART

[ 0002] The process of DC magnetron sputtering is widely used in a variety
of fields to provide thin filmmterial deposition of a precisely
controll ed thickness and wthin narrow atomc fraction tolerances on a
substrate, forEﬁ .v%:' ,
surfaces of naghe B imeimi Otte—C oMo ation, a
racetrack- shaped rsmﬂm’m&i@msmnm e:abmmslenamgter target by

pl aci ng magnets on the backside surface of the target. Electrons are
trapped near the sputtering target, inproving argon ion production and
i ncreasing the sputtering rate. lons within this plasma collide with a
surface of the sputter target causing the sputter target to emt atons
from t REEPDUWEF HE BNYENTROKF ace. The vol tage difference between the
cat hodi c sputter target and an anodi c substrate that is to be coated
causes the emtted atons to formthe desired filmon the surface of the
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species in the gas mxture to forma chenical conpound which fornms the
film [cODPEneEKidsgopinips adei: coraposifionsoviteimprored mgtalHegical chaageastics:
media, layers of thin films are sequentially sputtered onto a substrate
by multiple sputter targets, where each sputter target is conprised of a
di f f er dMESORIFNOA QF r3HURBUAGTED ARE deposition of a thin film"stack."”
Figure 1 illustrates a typical thin filmstack for conventional magnetic
recording nedia. At the base of the stack is non-magnetic substrate 101,

whi ch i §odPikablo¥ed! HTHRUMaBhet® P SSuttering is widely used in a variety of fields to

provide thin film material deposition of a precisely controlled thickness and within narrow

atomic fraction tolerances on a substrate, for example to coat semiconductors and/or to form
films on surfaces of magnetic recording media. In one common configuration, a racetrack-
shaped magnetic field is applied to the sputter target by placing magnets on the backside
surface of the target. Electrons are trapped near the sputtering target, improving argon ion
production and increasing the sputtering rate. lons within this plasma collide with a surface
of the sputter target causing the sputter target to emit atoms from the sputter target surface.
The voltage difference between the cathodic sputter target and an anodic substrate that is to

be coated causes the emitted atoms to form the desired film on the surface of the substrate.

[0003] In the reactive sputtering process, the vacuum chamber partially filled with a
chemically reactive gas atmosphere, and material which is sputtered off of the target
chemically reacts with the reactive species in the gas inixture to form a chemical compound

which forms the film.



"Seed | ayer 102, the first deposited |ayer, forces the shape and
orientation of the grain structure of higher layers, and is commonly
conprised of NNP or NI Al. Next, non-nagnetic underlayer 104, which often
includes one to three discrete layers, is deposited, where the

U”de” yer 41 fﬁgf&élq mg?de%c Qf@de‘éHﬁ&?a?%\%gétco £Q E‘l'g]ﬁn@&aq’avg’s of hlﬁ:rfo‘cr];s

Interl udes one or ara
above mmdmmlqumnevdde@molmsdﬁslna;eeby nilﬂﬁpIIeSSpOtlhaiaﬁ‘ng@%hbramdcﬂ s@tter y
magneti c. Magnetic data-storing |ayer i i ncl ude two or

, whj ch .
t hr ee §@§strlat08mpa ef a dfferengapicad!, 6??“& 1aftL?C H%I&S}wefrf a Ban fiRd'si@gk-Hon
| ubri cq:ﬁ% laqylﬂﬁstgzg& é?ygf ol e mﬁﬁgtaww}%h&d@wm g%lc[rgaﬂéi}%m@dlémm

of data that can be st per unit area on a negnetic recordi'ng nmedi um
i s direbt bysertﬁl tht ethck as tnb&m@natlt wnlptead 1f¢hawlacheﬂ hypidatly sdmdirtuheor glass.

t t I d, di.ngl ;
Pt orSceRIat 1A dPf TSt AERANIAY i rn B Mhec bl ayeatdn of gt waving
To SUStS%E'tuPJ-'J)iShI%Qé}‘tlIc’I QUshdgs Whihdrly @&Bﬁn&fd%fé}@ﬁ’ &6}@@9' Wext ndrEaBRHide
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Oxygen contai ning CoCr or CoPt-based nedia not only provide a better

grai n-to-grain separat | on via an oxygen rich grain boundary phase, but

t hey al ress r on ., of Ku wthout interferi
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Mcrostructural, magnetic and electrical separation of grains are key.

par aretleye and, qa(ytaqsptzlidﬂ\@ly, to the sputter target material from which the data-storing layer is
sputtered. To sustain this continuous growth in data storage capacity, a technique known as
“perpendicular magnetic recording” (“PMR™), as opposed to the conventional, “longitudinal
magnetic recording” (“LMR™), has been the most promising and efficient technology for the
magnetic data storage industry. Using PMR, bits are recorded perpendicular to the plane of
the magnetic recording medium, allowing for a smaller bit size and greater coercivity. In

return, PMR is expected to increase disk coercivity and strengthen disk signal amplitude,

translating into superior archival data retention.

[0006] The key to achieving low media noise performance and high thermal stability is to
provide a well-isolated fine grain structure coupled with large perpendicular magnetic
anisotropy, or K,. Oxygen containing CoCrPt or CoPt-based media not only provide a better
grain-to-grain separation via an oxygen rich grain boundary phase, but they also suppress
degradation of K, without interfering with the epitaxial growth of the media. Oxides having

little solid solubility in metals often get precipitated into grain boundary regions.



di screte magnetic domains wth little cross-talk and a high

signal -to-noise ratio ("SNR'). 100071 The conventional approach to
achieving these desired properties is to use single conponent oxide,
such as Si 02, Y203, A1203, Ti 02, Ta205, Nb205, for nedia applications.
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CoPt Ta20b. These oxi des, however, do not realize the best granular nedia
performance with regard to SNR and thermal stability, within PVR nedia.
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According to one arrangenent, the present invention is a sputter tar get,

where the sputter target is conprised of cobalt (Co), platinum(Pt), and
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10-6 nB/k [00111 The use of a nulti-conponent oxi de-contai ning all oy
conposi My hC@nhfamégmhéon@rrangm allewsgvhich ca be ased Ucspatgl tangeih end sputieded

el ectri c%thl S?trﬁl%l on, through the nodul ati on of oxide properties of the
di ffereht constituti ng oxides in the magnetic nmedia. Specific netal -3
oxi des are used for this purpose which, when used in conjunction with

known oxi des such a
SUMMARY OF THE INVENTION

[0009] The present invention relates to sputter targets and, more particularly, relates to
magnetic data-storing thin films sputtered from sputter targets which are comprised of multi-

component oxide-containing alloy compositions with improved metallurgical characteristics.

[0010] According to one arrangement, the present invention is a sputter target, where the
sputter target is comprised of cobalt (Co), platinum (Pt), and a multi-component oxide. The
multi-component oxide has cations with a reduction potential of less than -0.03 electron
volts, and atomic radit of less than 0.25 nanometers. Additionally, the multi-component

oxide is diamagnetic, paramagnetic, or magnetic with a permeability of less than 10°° m¥/kg.

[0011] The use of a multi-component oxide-containing alloy composition enhances the
grain-to-grain microstructural magnetic and electrical isolation, through the modulation of

oxide properties of the different constituting oxides in the magnetic media. Specific metal



Si Q21 A12C3 and others, forma nulti-conponent insulating oxide matrix
encapsul ating the nagnetic grains. [0012) The nulti-conponent oxi de has
a dielectric constant greater than 5.0. The sputter target is further
conprised of chromum (Cr) and/or boron (B). [0013] In a first aspect,
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magnesium (Mg), manganese (Mn), iridium (Ir), rhenium (Re), and nickel (Ni).

[0014] In a second, alternate aspect, the multi-component oxide is further comprised of X,
Xs, and oxygen (O), where X; and X, are elements selected from the group consisting of
silicon (8i), aluminum {Al), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (T1), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),
magnesium (Mg), manganese (Mn), iridium (Ir), rhenium (Re), and nickel (Ni). The multi-
component oxide is further comprised of X3, where X; is an clement selected from the group
consisting of aluminum (Al), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (T1i), tin
(Sn), lanthanum (La}, tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),

magnesium (Mg), manganese (Mn), iridium (Ir), rhenium (Re}, and nickel (Ni).



-4 [0015] In a third, alternate aspect, the nmulti-conponent oxide is
further conprised of X1, X2, and oxygen (0), where X1 and X2 are

el enents selected fromthe group consisting of silicon (Si), tantalum
(Ta), alum num (Al), niobium(Nb), hafnium (H ), zirconium (Zr), titanium
(Ti), tin (Sri), lanthanum (La), tungsten (W, cobalt (Co), yttrium(Y),
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perneability of less than 10-6 n8/kg. [0017] According to a third

arrangerrent the present invention is a nmethod for manufacturing a
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pr esent compaiehi oxide $s diaspgidiiel piramgehsticnbe aghdte wih utl;teemeztlﬂh@eif léss than
conprisedcof, cobalt (Co), platinum(Pt), at |east one oxide, and at |east
one ne %I m(}ﬂgen the sputter target is sputtered, the at |east one oxide
and the at | east one netal render a nulti-conponent oxide, where the
mul ti-conponent oxide has cations with a reduction potential of |ess

t han - 0[@37¢Aectndorg \tol fis thiahdaradngeinent, athd wéscheswmveltam 0s285 method for

manufacturing a magnetic recording medium, including the step of sputtering at least a first
data-storing thin film layer over a substrate from a sputter target. The sputter target is
comprised of cobalt (Co), platinum (Pt), and a multi-component oxide. The multi-
component oxide has cations with a reduction potential of less than -0.03 electron volts, and
atomic radii of less than 0.25 nanometers. Additionally, the multi-component oxide is

diamagnetic, paramagnetic, or magnetic with a permeability of less than 107° m’/kg.

[0018] According to a fourth arrangement, the present invention is a sputter target, where the
sputter target is comprised of cobalt (Co), platinum (Pt), at least one oxide, and at least one
metal. When the sputter target is sputtered, the at least one oxide and the at least one metal
render a multi-component oxide, where the multi-component oxide has cations with a
reduction potential of less than -0.03 electron volts, and atomic radii of less than 0.25
nanometers. The multi-component oxide is diamagnetic, paramagnetic, or magnetic with a
permeability of less than 10 m*/kg, and the multi-component oxide has a dielectric constant

greater than 5.0,



nanoneters. The nmulti-conponent oxide is diamagnetic, paramagnetic, or
magnetic with a perneability of |ess than 10-6 nB8/ kg, and the

mul ti - conmponent oxide has a dielectric constant greater than 5.0. 5
100191 According to a fifth arrangenent, the present invention is a
sputter target, where the sputter target is conprised of cobalt (Co),
plati num (Pt), and at |east first and second oxides. Wen the sputter
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[0021] According to a seventh aspect, the present invention is a method for manufacturing a
magnetic recording medium, including the step of sputtering at least a first data-storing thin
film layer over a substrate from a sputter target. The sputter target s comprised of cobalt
(Co), platinum (Pt), at least one oxide, and at least one metal, where the at least one oxide
and the at least one metal render a multi-component oxide, where the multi-component oxide
has cations with a reduction potential of less than -0.03 electron volts, and atomic radii of
less than 0.25 nanometers, and where the multi-component oxide 1s diamagnetic,

paramagnetic, or magnetic with a permeability of less than 10 m’/kg.

[0022] According to an eighth aspect, the present invention 1s a method for manufacturing a
magnetic recording medium, including the step of sputtering at least a first data-storing thin
film layer over a substrate from a sputter target. The sputter target is comprised of cobalt

(Co), platinum (Pt), and at least a first and a second oxide, where the at least a first and



paramagnetic, or nmagnetic with a perneability of |ess than 10-6 nB/kg.

[ 00221 According to an eighth aspect, the present invention is a nethod
for manufacturing a nagnetic recording nmedium including the step of
sputtering at least a first data-storing thin filmlayer over a

substr
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According to a ninth aspect, the present invention is a nmethod for
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like re ce nu espondi ng par rougho
accompanying drawings that form a part thereof, and in which is shown by way of

illustration a specific embodiment in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and changes may be made without

departing from the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:
[0026] Figure 1 depicts a typical thin film stack for conventional magnetic recording media;
[0027] Figure 2 depicts a thin film stack in which the magnetic data-storing layer has been

sputtered by a sputter target comprised of the enhanced multi-component oxide-containing

sputter target alloy composition according to one embodiment of the present invention; and



'[0026] Figure | depicts a typical thin filmstack for conventiona
magneti c recording nedia; [0027] Figure 2 depicts a thin filmstack in
whi ch the magnetic data-storing |ayer has been sputtered by a sputter
target conprised of the enhanced multi-conponent oxi de-containing
sputtergb 14 Qv aeRgGskt g%gﬁ f

present ?P%n ad 7 [Od%thgggﬁ@gﬁlggépagﬁﬁ% g g%ﬁ?%f%ﬂﬁdﬂg
met hod rhahumamy;bahnguta aspcandragbedinent efCthe grasgnt imeditiom according to a
second enbodi nent of the present invention. DETAILED DESCRI PTI ON OF THE
| NVENTI ON [ 0029] The present invention provides a magnetic recording
medi um PETAIPEDENSSCRIMAION OF MGt WEEMTIDRE Magnetic data-storing | ayer,
whi ch inproves the signal-to-noise ratio and increases potential data
storage capabilities. Furthernore, the present invention provides

mul ti-c nt oxi de: co talnln al | oys ich can be sed | utter .
ar ger OIng) Ch pREPE R B ia AbEnfiGohop iy aredtt usf of Bohse corpin
film stagknird aMihe hqatgheldmaaetdrﬁlgdmar smasn ﬁ}gpﬂo@w &héﬁegnaeerho@p%h%ﬁd
by a sputter target conprised t he enhanced mul ti - conponent

oxi de- cmnteafsqmment@b@btaeﬁomaac g?epalahn@y Eoﬁb@mom,otheancmduwntlon omevides
enbodi nen ent |nven |ef t c.recordin
el um PHECeben LR E P eSS hish s bY ety FRPRT o Eqrh BT Sty
over thgistHpstmd e. The data-storing th|n f|In1Iayer |s conpri sed of
cobalt (Co), platinum(Pt), and a nulti-conponent oxide. The

mul ti-conponent oxide has cations with a reduction potential of |ess

t han - ectr r | e

nanoret BD3OPERGH 2 0eHfl S ey R BTt B ohich ek dabPBomng Jst fes been
par amaggeitefed B a sp@itahiget WbihPrigedPer theaRhhnded rMiItil@$pdnBaodi@e-SomtBink:

[0031] I'n nore detail, magnetic recording nedium 200 i ncludes substrate
201, antPWist arget alesh §OMRPSItion |agFardingr top0ee FrYbeaane caf Embﬁlie?@ﬁ anggption.
Dat a- st g[.l I C t I

0ot <L A0, B DL 0015 SAURE bS5l AR oo LT AT
with a ra@dﬂﬁ)hmemom{tﬁmmlﬁtra&f Theskitd-ftaring ﬂnlﬁ)ﬁlrﬁ|18)€eﬁ'ﬁs)d§bmpfhsteﬂ,0faﬁbblt (Co),

platinum (Pt), and a multi-component oxide. The multi-component oxide has cations with a
reduction potential of less than -0.03 electron volts, and atomic radii of less than 0.25
nanometers. Additionally, the multi-component oxide is diamagnetic, paramagnetic, or

magnetic with a permeability of less than 10 m*/kg.

[0031] In more detail, magnetic recording medium 200 includes substrate 201, and data-
storing thin film layer 206 formed over substrate 201. Data-storing thin film layer 206 1s
comprised of cobalt (Co), platinum (Pt), and a multi-component oxide. The multi-
component oxide has cations with a reduction potential of less than -0.03 electron volts, and
atomic radii of less than 0.25 nanometers. Additionally, the multi-component oxide is

diamagnetic, paramagnetic, or magnetic with a permeability of less than 10¢ m’/kg.

[0032] As indicated above, magnetic recording media 200 can include other thin film layers,

including seed layer 202, non-magnetic underlayer 204, interlayer 205, and carbon lubricant



atomc radii of less than 0.25 nanoneters. Additionally, the
mul ti-conponent oxide is diamagnetic, paramagnetic, or magnetic with a
perneability of less than 10-6 nB/kg. [0032] As indicated above, magnetic

recordi ng nedia 200 can include other thin filmlayers, including seed
layer 2Q¢or RN aRAUMALh GIARR! La¥&Sinelts of Bk §hd R ?d)ﬂ? A
| ubricant -8 fayer 268 thougﬁ ﬁn a t%rn%?ﬁsgx gg%%éﬁ%s 0 Bthgqgﬁg?gnt

i nvent ileyers ereongitted| | of these | ayers are omtted. [0033] The use of a
mul ti - component oxi de-containing alloy conmposition enhances the
grain-to-grain mcrostructural magnetic and el ectrical isolation, through

the nodgoasi PRe e ofXd %Iﬁfc%ﬂ@bhérﬁsoﬂﬁe kbgatidd an tcoﬁ%%iﬂohuwﬁgcémh@es
%

in the magnetic nedia. Specific netal oxides can be used
pur pos egrain- @kgr@rmnbeomgwralrm@mln arreddi dectngal Hsddaioum tbmugbsthe nmiultutm of

Si 2/ Al 2 and he forn1a mul ti-.co ent i nsul atj.ng oxi.de matr
oncapsurdhs REReA® S el B A e w3 STRERR hasrels iR Pes PG aiels. »
di el ect giiGesCOMSEAMed FoL @S hutfdsd whidh caBe §RUE fnefonjrtigRtwitts khéwh RRIdes,
conprised of chromum (C) and/or boron (B)__ The addition of elenents

such asSlb‘br ah Sn@ﬁAlh&hg asbatharsedp tfome ndranedtitdesnpgnentn insslaging; pxide paptaki on
in LMR Lernate aspect, the dielectric constant is greater
t han or qcagsul%tﬁlgr%h%m@gn ©F>chromi um and/or boron are onitted. [ 00351
Dat a-storing thin f|In1Iayer 206 is particularly well suited for PMR
applications. The choice of elenents used in the netal oxide is based
upon self934] The m\étrhcampmrt @xid¢ehagse digflectay torsta terepterdden gi-8.h The sputter

conpensatin relnforc opert r Lzes es ran

roa o part et B Rafihel P B Ge (CER ah Rl PR by R T B Rments
per pendiwhl Bboradne oy bdmdjsad to[ SB3fde the gfaaﬁ@o-@ﬁﬁ@séparaﬁbnqrx daviRfragdiMR t 0
achi eve high recording density, the data-storing thin filmlayer nust be

conpr i sa®alemate pgpest e digleaihrestan ay srntes dhas or less than 3G WnasHichromigms o

perforngggg%mg%ﬁgkkﬁ5ng§gnet|c medi a cont ai ni ng CoCrPt or CoPt-based
al | oys,

{0035] Data-storing thin film layer 206 is particularly well suited for PMR applications. The
choice of elements used in the metal oxide 1s based upon several criteria, where the use of
different oxides with compensating and reinforcing properties re alizes the best granular
media performance with regard to SNR and thermal stability in the perpendicular magnetic

media.

[0036] In more detail, in order for PMR to achieve high recording density, the data-storing
thin film layer must be comprised of a material with high thermal stability and low media
noise performance. Granular magnetic media containing CoCrPt or CoPt-based alloys, with
magnetic domains encapsulated in an insulating matrix, are not only highly resistive to
thermal agitation due to their large magnetocrystalline anisotropy, but they also provide an
enhanced performance regarding SNR, due to the gain size reduction. As grain refinement in
the granular magnetic media approaches the limits of magnetic dipole stability, however, it
becomes increasingly important to develop materials with sufficient grain-to-grain separation

such that each grain is not magnetically influenced by its contiguous neighbors in the bulk.



magneti ¢ dormai ns encapsul ated in an insulating matrix, are not only
highly resistive to thermal agitation due to their |arge

magnet ocrystal | i ne ani sotropy, but they also provide an enhanced
performance regarding SNR, due to the gain size reduction. As grain
refinement in the granular magnetic nmedi a approaches the limts of
magnetic dipole stability, however, it becones increasingly inportant to
devel od003it]drar MR wivhdre shif feiquirementg fai grainaefjnanmt ee@ aecaraton ars uaich niat

each grai.n i s nhot netically influenced its contiguous negighbars in
Che. bulinesat (1595 EEof SyReeN e enifo crey RPN S PORGF AP S5 fran
and sepdsatb®f AhBelbiéRr MpBeti® pfopBAREI mhiAR thdVRcoRRrAMATN 08 dhfbubd
grai n boundary in granular nedia has been observed to render better

magnet i igagve pwputitieeg anddor ragnglé exiidec yughrSithodldds, dbayGenot MtaQghcontasiogi ve

sputter,in nd/ or. si.pgl e oxi . de uc i 02, , A120 Ta2Q5, or . .
ooy - bmaear e T B8 dRuiR Tnhetpanii g e SROB i ryepuricharein
enhance&mlmﬁt}e%a@ﬁi hﬁm@%néﬁ&%ﬁ@&aﬁh‘bﬂgﬂ it e GIOIPREtSY dardRILOMSiniHy MBEHRLI C
medi a through the use of sputter targets containing nultiple- conponent
oxi des. comfometbpradesi v dhissolaettivevis achisved ghrougle thootodalation offdiffefent paide

oxi de roperti | at.ed. t o oxi dation opensi | ass, format | .
CendencoPait irdrbf SoGiace e el BRERH tiondh R bR ST ssrie
mat ri X pehaeioROrah &fultifednhioneRg BRide cnAEili Acorpsiagl irS e hREndtdy BRER, using
contai ning nulti-conponent oxides selected on the basis of specific

cri t er i $ufteoBEcts@entiayngmwti-compensat yides seledded en thslhgsis of spdcilic ¢eritean s
have the inherent tendency to precipitate in the grain boundary regions
in CoCrPt or CoPt-based granular nedia and thereby enhance

m cr ost [pM88MORIdeS aGichOAtd P forh atsbRd RB@EH MathomnaialkShavE MBS thheidnd emdesc ynot
interfere with the epitaxial growh of the oxygen contajning CoCrPt or

CoPt - baREEIPitAF ninf thengraine dpundand regiereib@(rBhar teolitthased gpmelasi wadiarand
degr 6‘0'<’?1{h'felflm]"ﬂs%I dhkhee m[cQgs"l%@xl:g%ﬁg&g%g;a{g{)ﬁ a¢ ll‘l?ee%a&ﬁétﬂ:ugﬁ%x{s.ea?lnc%?\éeoﬁ%g;&()eﬁbtng

in thin magneti c nedi oxygen-cont Int

boundar inessferandthube epitaxsdl ngbetiond the 9xy gencamjamal iGCrt bhCePEhd3td tandilfdoPt
del i ver better magnetic. behavior in P n’\gﬂia, d to the

above- i BEAR;INL derelprederd to e sppRecss CBBREUT - medi a.

Oxygen- cont ai ni ng granul ar magnetic nedi a manuf act ured

[0039] Oxygen introduced through reactive sputtering in thin film magnetic media to enrich
oxygen content in the grain boundaries, and use of single oxides in conjunction with CoCrPt
and CoPt deliver better magnetic behavior in PMR media, due to the above-identified effects
of the oxygen containing media. Oxygen-containing granular magnetic media manufactured
using oxide-containing targets, however, have demonstrated superior magnetic performance

than media containing oxygen incorporated through reactive sputtering.

[0040] Metal oxides are selected for use in sputter targets for granular magnetic media on the
basis of the propensity towards oxidation and diffusive nature of the metal cations, and the
oxide glass formation tendency and their magnetic, dielectric properties. In particular, the
oxides have cations with oxidation potentials higher than that of cobalt (Co), which is the
main magnetic component of the alloy, and thus the reduction potential should be less than -

0.03 V. As such, the cations of the oxides have higher propensities towards oxidation than
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usi ng oxi de-containing targets, however, have denonstrated superior
magneti c performance than nedia contai ning oxygen incorporated through
reactive sputtering. [0040] Metal oxides are selected for use in sputter
targets for granular nagnetic nedia on the basis of the propensity

t ovar dg, e HahilR N oaidndiis il She auERT UfraSleOf BediGw BN &@%@.ﬁb’imnameﬁtﬁ? of
oxi de glass formati on tendency and their rragnetl c, dielectric properties.
| n par tdiferentrsevethbcatiors.des have cations w th oxi dat i on potential s hi gher
than that of cobalt (Co), which is the main magnetic conponent of the
all oy, and thus the reduction potential should be less than - 0.03 eV. As
such, the cations of th@i®xi des have hi gher propensities towards
oxidation than -10 other netallic conmponents in the allgy. Table 1,

bel ow, shows the r¢dMettliatmn ppitentic al ofMetalidfidar datomsiever all cations. Tabl e
1. Metal atomAtom q Metal at fadffuoram) apli us (nm rigdi Si.l4r.21

Al 16if. 21 M. 17r. 1@ a . 71. 10 -Z. 22 4. 0.23

n. 15Sn0. 17 10041] ditiopal kv, the oxides have jft h atom c radii
of sufficient size |ab all ow [f.&€il e di jHfusion t boundaries in
t he magnetic al |l oy, }-ehe—are—fess—thar—Pr—2o—hih

Mg '|0°.1“7’ T
Na |0.22 FCO IO.IG
|0.27 Ni |0.16

Nb Io.z Y |0.22
Ta |o.2 Mn |0.18
Ti |0.2 fca |0.23
7n |0.1 5 Sn |0.17

[0041] Additionally, the oxides have cations with atomic radi of sufficient size to allow
facile diffusion to the grain boundaries in the magnetic alloy, and are less than 0.25 nm.

Table 2 provides the atomic radii of several different metals:
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" Table 2 provides the atomc radii of several different netals: - I
Tabl e 2. Standard Standard El enent seducti on El enent seduction potenti al
(eV)otential (eV) Si0.86r.74 g2.37r.41 11.66e.44 a0.8le-.04 b0.63d. 40
f1.7000.2 n0.76i0.25 r1.53Sn0. 14 a2.86a2. 37 Cu3.39W. 03 il.63a2.714
b0. 13- +12. 925 100421 Mpfigoyer, the oxides have nminimal magnetic
interference with the rraqnetl c donnins in the naghetic nedia, and are

t hus di anmagnet i C W|I1§1Ianﬁgga S Medper NneablEldrhd s, sf.a@gnetifc, or very
weekly magnetic w gh slighthleyuyiasi tivey per meabi lfidgyegof Ijess than 10-b
(r)nj{ ggs! n_ 12a§|_;[)?aé ga.bl e %ﬁ&éﬁ?ﬂaﬁ E@J)matnet i c befayipfiaghvy{ fferent netal

Si+4 -0.86 [Crt4 -.74

Mg+2  }2.37 fcre3 -41

Al+3 -1.66 [Fe+2 .44

Tats -0.81 [Fe+3 -.04

b+5 H0.63 fcd+2 .40

Hi+4 [1.70 [Co+2 0.2

/n+2 -0.76 INi+2 -0.25

/1+4 -1.53 Sn+4 -0.14

[Cat2 -2.86 fLat3 -2.37

Cutl 3.39 W+6 -0.03

[T1+4 -1.63 Na+t1 -2.714

Pb+2 -0.13 K+1 -2.925

[0042] Moreover, the oxides have minimal magnetic interference with the magnetic domains
in the magnetic media, and are thus diamagnetic with negative permeabilities, paramagnetic,
or very weekly magnetic with slightly positive permeabilities of less than 10° m3/Kg in

nature. Table 3 shows the magnetic behavior of different metal oxides:
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Dielectric Magnetic Dielectric Magnetic susceptibility

Oxi deconst ant suscepti bility Oxi deconstant (10-8 nB/kg) (10-8 nB/kQ)

Si O23. 90. 450208. 5934. 3 g(C3. 20. 2520314. 5 120310. 50. 36r 2339. 25. 5
a206180. 07Co012. 94. 5 205500. 10f O213. 88. 5 f O250. 110e304018.5 .

nO18. 00. 36e2€3A8310. 5 r 0220. 112i O11. 954 aC30. 27u0. 773. 8
u208, 58-0. 2 0 Ti0

260-0,06u20310. 230_Sn0224-0. 26d20811, 4140

a2030. 8- 0. 42 ABMgdellc 065Sr 2¢3 0 APecti@sucepabilif X 15
hi ghl'y insul eliceRitaGEyT i ca st DEtMeEMIKY nagneti g
grains. Eleckrical |eakaggipaths/ighroud n-li nsul atifng or weakly
reract: on L0 wpp B ragaes e NP P oSS, o STl
adversel y af 1 mank®22 per f or mafénf lhe medif@das  wel | as
sputter perfpiymn{i®.Of theo.Bargets. Thisr,Ohe [pgl ativpermttivities of
the oxides afig o, |is [0.07 lcco 29 74.5

INb,Os {50 -0.10 MnO, 113.8 §j08.5

HEO, |25 -0.110 [Fe;0: 20 18.5

ZnO  [18.0 £0.36 Fe,05 |18 10.5

/0, 2 -0.112 INiO 11.9 54

[Ca0 P 0.27 w0 [9.77 3.8

ICu,0 18.58 L0.213 e0, 1.2 30

Ti0, 60 -0.06 Eu,0; [10.2 30

on0, (24 -0.26 1Gd,0; (11,4 140

[.a,0; 0.8 -0.4 V205 13.84 7.5

W0O; P02 -0.065 Smy0; 21.5 5.8

[0043] The oxide matrix is highly insulating to prevent electrical conduction between the
magnetic grains. Electrical leakage paths through non-insulating or weakly insulating grain
boundaries lead to electrical conduction which, upon interaction with the applied magnetic
field during magnetron sputtering, adversely affect the magnetic performance of the media as
well as sputter performance of the targets. Thus the relative permittivities of the oxides are
sufficiently high to make the encapsulating oxide matrix adequately insulating. Table 3,

above, provides the dielectric behavior of different metal oxides.

[0044] In order to have dielectric permittivity of the multi-component oxide matrx
sufficiently higher than that of single component oxides, the oxides are used in certain

proportions to obtain the highest overall permittivity.

[0045) The oxide matrix is amorphous, such that inter-diffusion of the different elemental
species between the magnetic grains is not facilitated through energetically-favored grain
boundary diffusion in an otherwise crystalline matrix. This charactenistic leads to better

grain-to-grain microstructural and chemical encapsulation, by preventing intermediaie
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sufficiently high to nake the encapsul ati ng oxi de matri x adequately

i nsul ati ng. Table 3, above, provides the dielectric behavior of
different netal oxides. (0044] In order to have dielectric permttivity
of the multi-conponent oxide matrix sufficiently higher than that of

single g &I%QL” ﬁhg&fﬁhg%gﬁu% 9%k qﬁt%nﬁétﬁllédsg)gﬂ.g? ncr%"sté" rdALOPF fhed Riited. O

obtalnt t over permttivit he oxi ematr|X|s
anor phod;ﬁ&xsmucﬂmdtxh&trfanml ecactibhd. udblass fifrmirke oglide$ emhtaseﬂ:‘u@mﬁieﬂz, Pgpeaires
bet ween .t he ma netlc grai,ns is not. facjlitated.throu

ener get EAPT §¥0gy orily Eﬁeéhlﬁ copiipigny Vi HESRBI P Ob fowsiibiebis formers
cryst al iR, Xz RN ara0k & §k 1 fed, 688 doforhRbkChulBEdhfircr ALk

m crostructural” and chiem cal éncapsul ation, by preventing i|nternmediate -
13 r eaghdasenwib rlnp;gimdsialﬂaamm leompegatuirei M origle arldoobi matioataf emides vebich are

byproduct of th d| ffusion and jnterfacial reactions. d ass

f or mi ng™8% %"s“ag]sed F ags fagmagion agegsciu g%&’,‘gwagg?tfﬁ &% oxi des, while used
in conbination with internediates or conditional glass forners, such as
Al203, Zr2, 11f02, Ta205 or the like, form anorphous nulti-conponent

oxi de [ﬂ@ééblsISWf mufiti-gbmpoyet @kidezmgemmiegamﬁmézemomﬂms of different

conbi natj. |ch nabl e t | ass..formati qn.are
e udetiiffe ssstgnBe Pebis Be s brongad s GER 1o e e teI5R iR s] Rl
tar get sogiaed Al thé '&Qﬂﬁk%inﬁbﬁé?ﬁ oRTRPAAMXO NEheAenefifs| FNRIMNe mEKLARSHoREhESLGL ON
the basis of the proposed criteria realizes the respective nerits of

di f f er enie regliratlesn ianvariny mfl applivetipon éntluding denhaneamont ofhdiclsehisf corsstat,

using mul t| onent oxi rereallzedlna rle of a | i cations,
Pl va M- b SaeRiesoF PR £f RS ot e iiBe idber 5B fbritaSRE g

st abi | i #ffeadnt me@hmo%n§yy§%%ﬂa &expﬂeg&esscmaxﬂglgt MRltPEorARSRNt Q}hﬁ@ﬁfoent
oxi des. Accordin , use sputter targets contajning nulti-conponent

oxi des #eposdeihsi tlmt Hiagngtiq mw@m\n@esmcﬁlg\mﬁﬁwl weryorenagny neff theamagnetic

i npr ovegg%l#foflihmﬁrg&ggrelﬁp% eh@%@e%‘le PﬁU[Rt he granul ar magnetic media for

PVR. 10 nent OXI is further conprised of X1, X2, and

oxygen (0), where X1 and X2 are el errent s selected fromthe group

consi st il(?ﬂ%’/‘?fThg gdlt?-%gmgagrlxgnt ogiﬁslgtlsa lful%trﬂeg ;:rc?%prlsed of X, X3, and oxygen (O), where X,
and X; are elements selected from the group consisting of silicon (Si), tantalum (Ta),
aluminum (Al), niobium (Nb), hafnium (Hf), zircontum (Zr), titanium (Ti), tin (Sa),
lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), prascodymium (Pr),
magnesium (Mg), manganese (Mn), iridium (Ir), rthenium (Re), and nickel (Ni). The multi-
component oxide is further comprised of X3, where X3 is an element selected from the group
consisting of silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
(Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium
(Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn), iridium (Ir), rhenium (Re),

and nickel (Ni). In other aspects, element X3 is omitted.

[0048} Figure 3 is a flow chart depicting a method for manufacturing a magnetic recording

medium, according to a second embodiment of the present invention. The process begins
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al um num (Al'), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti),
tin (Sri), lanthanum (La), tungsten (W, cobalt (Co), yttrium(Y),
chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadi um
(V), samarium (Snm), praseodym um (Pr), magnesi um(l\/g) rranganese(l\/h)

L step"onl P B 5 cae RO S by B St quf BRPRERS fint 8

group cpugeshiged S&fp $301),608 théSprocesdledad pum )., tantal um (Ta), niobium
(Nb), hafnium H& zi rconi ue?tb(Zr) tl?anl um)(Tl ), tin (Sn), |anthanum

(La), tungsten (V\) cobalt (Co), yttrium (Y), chromum(Cr), cerium

(Ce), l i.um
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Figure 3 is a flow chart depicti n%ga met hod for, manufacturing a rragnetl C
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dat a- storing iTmlayer 1s sputtered over a su stra

sputt erAtca:rrcjpeg tq atlepd, SBGﬁh)ate apect] the sputee esrgetdn dsmpsisednpS30al) (CAHOpraAtum
Accordl to,a f| rst_aspect, the sputter target is conprised of cobalt
(Co), PAGAL lepba) firstang aasq?ﬁrl PEEEnBrTE AR %jreéaﬁ/&eéarﬂarm tog¥ide repdeing,
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oxi de. r di n t hi r er nat e ect, the sputt rget
conpri sl Bleehpor a(@@)sewpﬂ d’f‘?‘ﬁ i erfpta}c? e 8y and Becpngmestls dingen he
second %rtgegmtgmheotlgg at least a first and second oxide render the
mul ti-conmponent oxide. According to a fourth, alternate aspect, the
data-storing thin film Iayer is reactlvely sputtered and the sputter

o 0ot siE TRE it GhneP B e caBof® WMHTR elitdion Syl of B8t Ligr
the ~mubiebnGPRBRACHId Qhele-raddQF0kss! BRnHbS ImGORRRAEN ARRESRIFATE AilRNS

with a reduction potential of |ess than -0.03
component oxide is diamagnetic, paramagnetic, or magnetic with a permeability of less than

10° m/kg.

[0051] The present invention can be used to process magnetic films using sputter targets
containing multi-component oxides, particularly in PMR applications, where the
requirements grain structure refinement and isolation are more stringent in order to minimize
degradatior; in SNR and realize a larger K,. Commercial horizontal recording media can also
benefit from the essential attributes of a multi-component oxide matrix for grain refinement

and isolation to enhance the magnetic performance.

10052] According to a third arrangement, the present invention is a sputter target, where the
sputter target is comprised of cobalt (Co), platinum (Pt), and a multi-component oxide. The
multi-component oxide has cations with a reduction potential of less than -0.03 electron
volts, and atomic radii of less than (.25 nanometers. Additionally, the multi-component

oxide is diamagnetic, paramagnetic, or magnetic with a permeability of less than 10 m*/ke.
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el ectron volts, and atomc radii of |ess than 0.25 nanoneters.
Additionally, the multi- conponent oxide is dianagnetic, paramagnetic, or
magnetic with a perneability of less than 10 6 nB/kg. j0051] The present
i nvention can be used to process magnetic filns using sputter targets
contai ning nulti-conmponent oxides, particularly in PMR applications,
where the requirenents grain structure refinenent and isolation are nore
stri nge[|m}5$]nTlmer dmﬁn-tanpi)mﬁrmoz&:le ltsgr didddctrincoddtabNRreand thaedl5iz e Tae |spiitger
K,,. Conmerci hori zont recordi ng nedia can also benefit fromthe
essentltéTgeé{StfﬁFB gfceapgise OWFPW‘%&%G%%TB%OMB%MH x for grain
refinenent and isolation to enhance the magnetic performance. 100521
According to a third arrangenent, the present invention is a sputter
target, [08hé) in aMHest sypett ahe tnaurlgetonpenedngids éd finthee abaltris¢Ca)f, Xpl 261, iandm

(Pt), and a ti-conponent, oxide. The nultj-conmponent oxjde has tions
W Oh' o PoCREDbr G ab P Kod Seimeriiasicr gt s WL SHoR copatstSe ORHICINBIT ¢
radi i O(fTab egamifAn (8)23i JHanR T BafnfdA (1) 023 dnYum (29, Mitddidii

c(gnm%ecs&l
oxide i s di amagnetic,” paramagnetic, or maghetic w th ‘& perneabi
| ess t hianthiguig (ri&/)kgmgs'@nl()MBSclob‘ﬁhe((m)L tyitrimomg B hecttroomird e( Pravs cerium (Cc)

di el tric . nt 1 5.0. Th {te furth
Conpr 1 BB E G HFPLoMD Ao P TSR (8 Spenum (SHiaprsfabiugeln
the mul fp 1%?,{{919('1?1@2( R¥AgABedeSMMY, IfBHmA@PiksRth Qfe)Xdnd RidkelaNd). PXY BRRi-

(0), wheré X, and X2 are el ements selected fromthe group consisting of
t ant al upemgparant oxdtle s faotey Adnyprised o Kunwheds)X s ihar nlemm( Hflyctedz fromothi group

(Goy, yRPRUpEy A bpishlsh A pibbipm B0 BRI i B e ERH i um
(&), vesrgdiaHiRatyh, (LaRBAd R \@br'?cob@l'i @@gﬂ%ﬁhmm%hmm;m 31 defutnMDe),

manganese (M), iridium( eni um (Re and nickel (N The nmul ti-
conponemroawnuéﬁub gqﬁwlnwd&% ivgelign &é),, samariemxESm. araseodyiminm (Pr),

?\g:‘ ﬁfh;&€§#§m AN n| u a?%% i]tr{gﬁfrﬁ% ?.‘.ﬁ’e)m éf\l?'idn?lgkﬁ nt 'aﬁl:}"rjn) (La),

tungsten (W, cobalt (Co), yttr| um (Y), chrom um (Cr), cerium(Ce),
[0055] In a second, alternate aspect, the multi-component oxide is further comprsed of X,
X7, and oxygen (O), where X; and X, are elements selected from the group consisting of
silicon (Si), aluminum {Al}, niobium (Nb), hafhium (Hf), zirconium (Zr), titanium (Ti), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm). praseodymium (Pr),
magnesium {Mg), manganese {Mn), iridium (Ir), thenium (Re), and nickel (Ni). The multi-
component'oxide is further comprised of X;, where X3 is an element selected from the group
consisting of aluminum (Al), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (T3), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europium (Eu), gadolimum (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),

magnesium (Mg), manganese (Mn), iridium (Ir), thenium (Re), and nickel (Ni).
[0056] In a third, alternate aspect, the multi-component oxide is further comprised of X, Xz,

and oxygen (O), where X, and X; are elements selected from the group consisting of silicon

(Si), tantalum (Ta), aluminum (Al), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium
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europi um (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodym um
(Pr), magnesium (My), manganese (M), iridium (lr), rhenium (Re), and
nickel (Ni). [0055] In a second, alternate aspect, the nulti-conmponent
oxide is further conprised of X1, X2, and oxygen (0), where X1 and X2

| ' ; L , .
21t ot ARt (R8s, ERRS il CF) shiERich, cerian, )
tin (S0, damibanin.(gelineungsde saium (Shakimaise) (S, irasadim (),
chrom um ), rium , o LUr.Qpi u ,..gadol i ni um .. vanadi um
(V" i &), b aEbn R Bt 0O e ES e BT anese (V).
iridium(lr), rhenium (Re), and nickel (N). The nulti- conponent oxide

is further conprised of X3, where X3 is an elenent selected fromthe
group clds7kdceydiog takdowrtumringeineniiteprasant Noentitraisr spult¢Hayget, avhrecothicum

Zr), tit i Ti ti S t ] { t . | t
(Go) ! TR ot of o (R RRRTD b a SRR bidechpd SORRMI %61 um
(&), vaead wied We sphafPfatsdinid Sikterdd! 820R3YAR WA 6K¥d: and TRORERAH Bnk Mibkal
manganese (Mnh), iridium(lr), rhenium (Re), and nickel (N ). [0056] In a

t hird, @whder pameltagperanent legideuwhere chgp omdhtcooyiodenti gxiflerhasegatioosrpriths ad

of X1, X .and oxyge 0) ,,..wh X nd X2 are.el enents,..select fr

Che. gr otiauetsfi PuBig 0 138 jpa0 .63 Snoc¥Op i e CHER ot Bt gy 028
ni obi unh{d¥eneterhafic whnltiFompoabhitCORdd M didihhgnetict patabiAbnetle, o magnétidwltdn) |
| ant hanum (La), tungsten \K] ,;.cobalt (Co), yttrium(Y), chromum (Cr),
cer i um Per@epbilisyellsssiag &) m'degd ond theumlticgpmponsniaeriserhis\g diclegirgraopsant
(Sm, ﬁ‘% %HIS (Pr), nmagnesium (My), manganese (M), iridium(lr),
rheniu %Eg) and 'nickel (Ni). [00571 According to a fourth arrangenent,
the present invention is a sputter target, where the sputter target is
conprised of cobalt (Co%‘ plati num (Pt), at |east one oxide, and at | east
one melUh58] Ykesrdingcoshfifth @rrapgarppt. the Pegsant isvention ifa sputterlaeaet oMaere ficde
and the : I - i

i 1 - o Jami ERBU O TRBlof DRICRC ik (B RRNE Lt ing (UEH s

t han - OMd&nethecpuitar taxget &, spauttelred! dre Grst amtl secohd loasdes trivader . @Blti-component

nanoneters,. The | ti-conponent oxide is.dia netj c,. paranmagneti c,. or

magnet i ex%et Wﬂge rHile multl-c%ponem oxide has cations thtga reciuchox? potenti oeftless than -
0.03 electron volts, and atomic radii of less than 0.25 nanometers. Additionally, the multi-
component oxide is diamagnetic, paramagnetic, or magnetic with a permeability of less than

j0® m3fkg, and the multi-component oxide has a dielectric constant greater than 5.0.

[0059] According to a sixth arrangement, the present invention is a sputter target, where the
sputter target is comprised of cobalt (Co), platinum (Pt), and at least first and second metals.
When the sputter target is reactively sputtered, the first and second metals render a multi-
component oxide, where the multi-component oxide has cations with a reduction potential of
less than -0.03 electron volts, and atomic radii of less than 0.25 nanometers. Additionally,
the multi-component oxide is diamagnetic, paramagnetic, or magnetic with a permeability of
less than 10 in*/kg, and the multi-component oxide has a dielectric constant greater than

5.0.
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perneability of less than 10-6 nB8/kg, and the multi-conponent oxide has a
dielectric constant greater than 5.0. [00581 According to a fifth
arrangenent, the present invention is a sputter target, where the

sputter target is conprised of cobalt (Co), platinum (Pt), and at |east
first a@@6§ 19@91\791)&16?1%5 el QQSCHBQd AR r#a?t'icutlaﬁ'rlﬂ@tra'tl%e %H%ﬁ)aﬁ{&g& 1t R&ofter St
and second oxi des render a 't -conponent oxid where t

mul ti - camdeonent thak thtemhalstlcoatﬂ m’tshwuttCh tm&%Mfdﬁmrmwdemnb(aﬂlmoﬁts lapgd shathan

- 0.03 electr n e omc radii ess than 0.25.na

Add ¢ 1 ORI chinges i o ishibBhbty Wi e bR pbebert SR MeghEfaut o
magnet i @ep\éhir@ @orﬂ@iﬂd”'%’?ﬂ dridtbofd of @8 fnvehiaidn. 10-6 nB/ kg, and the

mul ti - component oxide has a dielectric constant greater than 5.0. [00591

According to a sixth arrangenent, the present invention is a sputter
target, where the sputter target is conprised of cobalt (Co), platinum
(Pt), and at least first and second netals. Wen the sputter target is
reactively sputtered, the first and second netals render a nulti-
conponent oxi de, where the nulti-conponent oxide has cations with a
reduction potential of Iless than -0.03 electron volts, and atom c radi
of less than 0.25 nanoneters. Additionally, the nulti-conponent oxide is
di amagneti c, paramagnetic, or magnetic with a perneability of less than
10-6 nB/ kg, and the multi-conponent oxide has a dielectric constant
greater than 5.0. -17 [00601 The invention has been described with
particular illustrative enbodinents. It is to be wunderstood that the
invention is not limted to the above-descri bed enbodi nents and t hat

vari ous changes and nodifications may be nmade by those of ordinary skil
in the art wwthout departing fromthe spirit and scope of the invention.
WHAT IS CLAIMED IS: 1. A sputter target, wherein said sputter target is
conprised of cobalt (Co), platinum(Pt), and a nulti-conponent oxide,
wherein the nulti-conmponent oxide has cations with a reduction potenti al
of less than
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-0.03 electron volts, and atomc radii of less than 0.25 nanoneters, and
wherein the nulti-conponent oxide is diamagnetic, paranagnetic, or
magnetic with a perneability of |ess than 10-6 nB/kg. 2. The sputter
target according to Claim1l, where the nulti-conponent oxide has a
dielectric constant greater than 5.0. 3. The sputter target according to
Claiml, wherein said sputter target is further conprised of chrom um
(Cr). AVHARISOUATRIED 88:get according to Claim1l, wherein said sputter
target is further conprised of boron (B). 5. The sputter target
according to C ai m 1, wherein said nulti-conponent oxide is further
conprised ofy X1, Y \féﬂﬁ{ ment
selected f rom t he ‘#@éﬁgm%‘hg?‘g‘{ef‘%a‘% e?ﬁ}tug & ?t%m ]%g%dlq}g?rjloﬁil% (Al )%CO)

ni obi urpldtidoim (Rt};fandtanm(ltﬂfc))mponemtcmcmda;m (Zr), t| tanium (Ti), tin (Sn),

I ant hanum (L (Co), yttrium, (Y), chrom (Cr),
cerium (Ce), aﬁw heR tsaéma%momte Ui cetiyrs \wgh%lmduﬁﬁlque%tm%ﬁhaﬂ
(Sm, %@%ee@&mhwmté Flnlra( TR Hmegmzm 0BNGANGSRr M, i ridium (Ir),
rhenium (Re), and nickel (Ni). 6. The sputter target according to Claim
|, wherein sehetcimthe muitlrrtrpmpemnt@mdtes dissndgnetid) @rraoorgpetic ed mefgnetic, wiR a
and oxyx%:!3 %qo vﬂ gf_l mlﬁ X2 are elenents selected fromthe group
consi stRRGEHPI; 91 s &mi num (Al), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sri), lanthanum (La), tungsten (W,
cobalt (Co), yttrium19 (Y), chromum (Cr), cerium (Ce), europium (Eu),
gadol i ni um (Zd), Vhnsitieniafatt aceadugitamlaifSh) whese deavulyinéamponPnt)gxide has

rragne5| um ese iridium(lr), rhenium (Re), and nickel
(Ni). d‘#‘?%ﬁ?f‘?é&?ﬁ?t {ha%)éé)or ding to Caimb5, wherein said
mul ti-conmponent oxide is further conprised of X3, wherein X3 is an

el enent selected fromthe group consisting of
The sputter target according to Claim 1, wherein said sputter target is further

comprised of chromium (Cr).

4. The sputter target according to Claim I, wherein said sputter target is further

comprised of boron (B).

5. The sputter target according to Claim 1, wherein said multi-component oxide
is further comprised of X,, X,, and oxygen (0O), wherein X; and X; are elements selected
from the group consisting of tantalum (Ta), aluminum (Al), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
(Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium {(Gd), vanadium (V), samarium
(Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn), iridium (Ir), thenium (Re),
and nickel (N1).

6. The sputter target according to Claim 1, wherein said multi-component oxide
is further comprised of X;, X, and oxygen (O), wherein X, and X, are elements selected
from the group consisting of silicon (Si), aluminum (Al), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
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al um num (Al'), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti),
tin (Sn), |anthanum (La), tungsten (W, cobalt (Co), yttrium(Y),
chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadi um
(V), samarium (Sn), praseodym um (Pr), nagnesium (M), manganese (M),

iridiu I ! nd. ni.cke Ni ),...8. The.sputt.er et .
hccor g Srbore e RoHT G (¢ A" QuPibire Meliptivar (5 iR U] B
conpr i g8h)opra¥hdywiemnaiPn), Xdagdnesiam @UgNBMngardseqvad, friditint (16), ghamiin (Re),
consisting.of  alum num (Al), niobium (Nb), hafnium (H), zirconium (Zr),
titani gREOsEl ND:n (sri), 1anthanum (La), tungsten (W, cobalt (Co),
yttrium(Y), chromum (Cr), cerium(Ce), europium (Eu), gadolinium (&),
vanadi um (V), samarium (Sm), praseodym um (Pr), magnesium (M),
manganese (Nh), iThedspmntef targest acbadingno (Re)n 5awtemincdetd m{uMi-comPonchvexide
sputter. target according to Caim1l, wherein said nulti-conponent oxide

i E fur tlﬁé“&mlg% rFBfl}Pélé?fP 8t %xawhs@w Aad Bk ylsarnt slectsth dpm Fhwggmowst@fgé)f

el enent t TR r : St i Sj#.hC cSE) it @

(Tay " STREEE NG, A0 TR Rt R, PSS U) 7 Bubioh, g} b A,
titani demth@iym Eian (WSgten | @M}, harbalh (Qag) ytttiumg §1 & nclrhiuroofial) .t cerfu@o)(Ce),
yttrium ., C mum (Cr), ium (,Ce), .europi um ( adol j ni,um ,
Vanadi GHOY Eﬁ@mﬁ‘aﬁ?w@n@ﬁna@@é%ﬁ}& @ﬁ%ﬁ?umgﬁ‘ééi gy miom 5.
MBNGaNGSGorMiln (VIE), Hieb@huldst vin) i8R RRhiun? (b nikkGbkdNi), 10, A

magneti c Tecordi ng nmedirum conprising: 'a substrate; and a data-storing
thin filmlayer formed over said substrate, wherein said data-storing

thin filmlayer is conprised of cabalt (Co), atinum (Pt)., and a

Ul Ui - componint oXhUeHeb STRHARETTITEHE A - BURSUhERY Palssemiaced atidins

With a kedHRdd QmPRREEREDE! WhbrdieSS it RRRlemdt de8Le HlonP eV Sl coRNStin &M C

radii of less than 0.25 nanoneters, and wherein the nulti-conponent oxide

i s di andgménine, (Adar aivhgmet(ND), defmwgnéii)c zweehiu (Zr), titanium (T1), tin (Sn),
fanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europtum (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),

magnesium (Mg), manganese (Mn), iridium (Ir), rhenium (Re), and nickel (Ni).

9. The sputter target according to Claim 1, wherein said multi-component oxide
is further comprised of X;, X,, and oxygen (O), wherein X, and X, are elements selected
from the group consisting of silicon (Si), tantalum (Ta), aluminum (Al), niobium (Nb),
hafnium (Hf), zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt
(Co), yttrium (Y), chromium (Cr), cerium (Ce), europivm (Eu), gadolinium (Gd), vanadium
(V), samarium (Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn), iridium (Ir),

rhenium (Re), and nickel (Ni).

10. A magnetic recording medium comprising:

a substrate; and

a data-storing thin film layer formed over said substrate,

wherein said data-storing thin film layer is comprised of cobalt (Co), platinum (Pt),

and a multti-component oxide,
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perneability of less than 10-6 nB8/kg. 11. The magnetic recordi ng nmedi um
according to Claim 10, wherein said data- storing thin filmlayer is
further conprised of chromum (Cr). 12. The magnetic recordi ng nedi um
according to C1aim10 wherein said data- storing thin filmlayer is

further Coer\gl al M %B‘Bﬂ\l\gglpéggént %%ﬁle-ﬁgf fmg %l[hca f %ﬁgtlcgri Q%er{ﬁia‘ﬂoﬁ Es te}},an

accor di ng to In sal npone (0) 4

conpr i sed3afleckbn v¥&s, anddtuiggadii (Olkss Meoetsma?{dmamh X2dare elenents
sel ected fromthe group consi sting of silicon (Si), alumnum (Al
t ant al um ( Tayherei; By muki-cRBpPones exXidsrs dameenstic, Parmagnets. Pr magpetis With o

(Ti), 'E}sﬁﬁ?‘l‘(&%ﬁ‘tydﬁ%w&ﬂ% tungsten (W, cobalt (Co), yttrium(Y),

chrom cerium pi um (Eu), gadolinium (&), vanadium
(V), samarium (Sm), pr aseodym um (Pr), magnesi um (My), nmanganese (Vh),
iridium(Ilr), rhenjum (Re), and nickel (N ). 14. The manetlc recordlng
medi um accor b ng Bagnehc) recoTding ajediuga pacarting; to cipd %’ Ahegsin gaid; data-

furt her g GO §n ?gye?(,% fux"tﬁ'&rc%h{br%@d bBcl2bm! (nzltr?ﬂt sel ected fromthe

group conS|st|ng 0 l'icon (SI), alumnum tantal um (Ta), niobium
(Nb), hafnium (Hf), Z|rcon|um(Zr) tltanlum(Tl) tin (Sn), |anthanum

(La), tungst ( cobal t Co . trium chr 1 u (Cr cerju

(o). eur opi b ( Enbe FERa6HS Hreadiedae iastnrting ) Cloutish (eif Spyt ot
pr aseOdeIHénh(lIPﬁ)m la%_%gﬁ%ftléépcfomtseﬁ@ﬁgﬁﬂﬁ§ﬁ y.(M), iridium (lr), rhenium
(Re), and nickel (N) A nethod for nanufacturing a nmagnetic

recordi ng nmedium conprising the step of sputtering at least a first

data-storing,thin iImIa er over a ubstrat fro a spytter .target, .
wherei n the but t P fAEpEtc f%@%ﬁ%ﬂ%@&l BFeORTBRIte (lem) T0phBeei e -
and a Mdhponeh© BRARSH furdher d@mppRES eF Xt b@ EE\H bky%‘eamn%ter&%meaﬂaaxz are

cations with a reduction potential -21 | ess” than -0. el ectron
vol ts, ¢aaentsorlestedddim the grawscansishing OQSIIwandﬁﬁt aluminemd Alhdetilam (T,

g‘élr %abl ﬁ”BQHneQ}Yb)Oﬁafg%m ?HH' %%aogl?uentl I(fl‘) tﬁgrrn%na@{rffttmc(Snfrlan% {La) V\duﬂgsten
(W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd),
vanadium (V), samarium (Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn),

iridium (Ir), rhenium (Re), and nickel (Ni).

14.  The magnetic recording medium according to Claim 13, wherein said multi-
component oxide is further comprised of X3, wherein X3 is an element selected from the
group consisting of silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconjum (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
(Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium
(Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn), iridium (Ir), rthenium (Re),

and nickel (Ni).

15. A method for manufacturing a magnetic recording medium, comprising the
step of sputtering at least a first data-storing thin film layer over a substrate from a sputter
target, wherein the sputter target is comprised of cobalt (Co), platinum (Pt), and a multi-

component oxide, wherein the multi-component oxide has cations with a reduction potential



| ess than 10-6 nB8/kg 16. A sputter target, wherein said sputter target is
conprised of cobalt (Co), platinum(Pt), at |east one oxide, and at

| east one netal, wherein, when the sputter target is sputtered, said at

| east one oxide and said at |east one netal render a multi-conponent

oxtde. HIBESHfy 0¥, (LA SOIPSRE R ) R SR 0S bl 7k

potential 0 n - atomc r

t han 0.tB& multaaompbesns pxibes diathapheidyphianragasig ve Magaxtiideiths @drasagmegtdrc,
paramagnetjc, of pgagnetic wth a pernmeability of |ess than 10-6 n8/kg,
and whefsithat H&' ki - conponent oxide has a dielectric constant greater
than 5.0. 17. The sputter target according to Caim 16, wherein said
sputter target is further conprised of chromium (Cr). 18. The sputter
target accorti.ng Acp@kaitaned6 whetedi edid spated tmpettit esmpasegeif cobalf ur t héCo),
conprised.of boron (B). 19, The sputter target according to C aim 16,
wher ei rﬁgtgmn ttg’laégélﬁt Broxgle Ard pideast gpg H@Faqcorrpri sed of Xi and oxygen

(0), wherei nyleinS wiBn %eﬁﬁ?ﬁ%r a?%egﬁ% g@n{efmsih%t géagy@nebc;ﬂaigﬁa kDG a hﬁt

silicon (Si), alumnum ( , tan (Ta), niobium (N nium
zi r coni onw 1©2a) rendiet amiuwliacOifippnerttioxideSnihereih it mattirovifibanent buidlg dtas maMys,

e B er i T B
magnesi siRofd¥ibts, WIRRGANRS Sdlbmpbhédi Jiiae ﬂsrdiamﬁé}%gb,uﬂdrﬁﬁgénetic?Bldm@%,ﬁéﬁ%l

(Ni). 20. The sputter target accﬁordi ng to G aim 16, wherein said at | east
one et withjaspameakiligneitess élapctEtnf fgnabd svhgreiu theconidti-soinpepent osideitwomn

Si), um Al), tantal Ta), i obi Nb), hafni 1-1f),
b1 cont SHEE R oAU Em F 0 ¢ (1), 1 ant hanum (L) tungsten (W,
cobalt (Co), yttrium(Y), chromum (Cr), cerium (Ce), europium(Eu),

gadol i nium (&), -22 vanadium (V), samarium éSn‘?\ praseodym um (Pr&l,
magnesi um ( MyJ., nihgsmiise targat)according to Claim 16, wherein said sputter target is further

comprised of chromium (Cr).

18.  The sputter target according to Claim 10, wherein said sputter target is further

comprised of boron (B).

19.  The sputter target according to Claim 16, wherein said at least one oxide is
further comprised of X; and oxygen (O), wherein X; is an element selected from the group
consisting of silicon (Si), aluminum (Al), tantalum (Ta), mobium (Nb), hatnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
(Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium
(Sm), prascodymium (Pr), magnesium (Mg), manganese (Mn), iridium (ir), rhenium (Re),

and nicke! (Ni).

20. The sputter target according to Claim 16, wherein said at least one metal is an
element selected from the group consisting of silicon (Si), aluminum (Al), tantalum (Ta),
niobium (Nb), hafntum (Hf), zirconium (Zr), titanium (T1), tin (Sn), lanthanum (La), tungsten

(W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd),

-2 -



iridium(Ilr), rhenium (Re), and nickel (N). 21. The sputter target
according to Claim1l6, wherein said at |east one oxide is further
conprised of X1 and oxygen (0), wherein X1 is an el ement selected from
the group consisting of silicon (Si), alumnum (A), tantalum (Ta)

b t
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cer i umifi@eim (Ire treppinu iR §)Eend nighel@Nini um (Gd), vanadi um (V), sarrarl um

(Sm, praseodym um (Pr), magnesium (M), nmanganese (Wn), Iridium(lr),
Rheni um (Re), and nickel (Ni); and wherein said at |east one netal is an

el enent sel egt ed fho 0
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according to Claim 16, wherein said at |east one oxi ge is further
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7 ) A0 GARSNIRLE] PP o hSEE R TR o BB RN AT
ni obi un(E{nl)lb])a.nthhﬂlfnﬁl(ﬂﬁ) (thfﬁ@stenZGW};CH@bhllm(CZf Ivittriutel (\ﬁ)ﬂicl:lmn(lﬂfm) (Crd,| deriQir (OG)
| ant hanum (La), tungsten (W, cobalt (Co), yttrium ( chromum (Qr)
ceri um PEEpuTE (FBbi gfofipiym Gibro Vrmadivm (), samasam G vprassehEinmm({Rm) |
E’E{Z‘fe"dmﬁb’%ﬁ? EMFh%ﬁé%WWdlm@ﬂ??ﬁéﬁmﬁM@) ahd hlkpNGy.r) . rhenium
22.  The sputter target according to Claim 16, wherein said at least one oxide is
further comprised of X, and oxygen (O),
wherein X; is an element selected from the group consisting of aluminum (Al),
tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti), tin (Sn),
lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),
magnesium (Mg), manganese (Mn), Iridium (Ir), Rhenium (Re), or nickel (Ni); and
wherein said at least one metal is an element selected from the group consisting of
silicon (8i), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium (Zr),
titanium (T1), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium
(Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samanum (Sm),

praseodymium (Pr), magnesium (Mg), manganese (Mn), indium (Ir), rhenium (Re), or nickel

(Ni).



- 23 23. A sputter target, wherein said sputter target is conprised of
cobalt (Co), platinum(Pt), and at least first and second oxi des,
wherein, when the sputter target is sputtered, said first and second

oxi des render a multi-conponent oxide, wherein the nulti-conponent oxide

has cations W th reduction otentiial of less than.-Q.Q3 gelectro
P te g i R SR ) w BT B Bhur e tamised gtdp Bt o co,
mul ti - GaaRake (T, oxt deleh & fHEEMRGBEIIdCoxiRal amagnetic, or magnetic with a

pernmeability of |ess than 10 6 n8/kg, and wherein the nulti-conponent
oxi de has a Whpiaethice the sputteariarsgr satnuttcrcHarmid fost @l serhed opisdes sendearget
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target according to Claim23, wherein said first oxide is further
conpr i swhergi she ghdti-sepgerent oyxidgns rdpmagetics parmagagiht Ok agaeied Wibm
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| ant haneoms(ahBegdreateuihgstseén (W, cobalt (Co), yttrium (Y), chromum (Cr),
cerium (Ce), europium (Eu), gadolinium (&), vanadium (V), sanmarium

(Sm, praseodym um (Pr), nmagnesium (My), manganese (M), iridium(lr),
rheni um (Re) an ' i) : | Lng: & i m
23, wherein 2séfaii d g}é‘%%@g%fr% acg(?r? hnﬁﬁﬁg:rl%ﬂg%%pq??égggg"g@ %%ﬁg{\%} gilsg%n Ig),
wher ei ncofprised afi cloatimnt(Csel ected fromthe group consisting of silicon
(Si), alum num (Al'), tantalum (Ta), niobium (Nb), hafnium (H),

zirconium (Zr), titanium (Ti), tin (Sn), |anthanum (La), tungsten (W,

cobalt (Co),pyttr il'Hérbpl_fttQ' targglra‘a@@)ﬂdmg(tg@lain? 8% I Wharkitehid ﬁ}é’it@ﬂaé@)t {Etbkther

gadol i nium (&), vanadi um ( samarium (Sm, praseodym um (
magnesi compdgil of brarwgaBése (M), iridium (Ir), rhenium (Re),

26.  The sputter target according to Claim 23, wherein said first oxide s further
comprised of X; and oxygen (O), wherein X, is an element selected from the group
consisting of silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
(Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium
(Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn), irtdium (Ir), rhenium (Re),

and nickel (Ni).

27.  The sputter target according to Claim 23, wherein said second oxide is further
comprised of X; and oxygen (O), wherein X; is an element selected from the group
consisting of silicon (Si), aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium
(Y), chromium (Cr), cerium (Ce), europium {Eu), gadolinium (Gd), vanadium (V), samarium
(Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn), indium (Ir), rhenium (Re),

and nickel (N1).
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and nickel (Ni). -24 28. A sputter target, wherein said sputter target is
conprised of cobalt (Co), platinum (Pt), and at least first and second
netal s, wherein, when the sputter target is reactively sputtered, said
first and second netals render a nulti-conponent oxide, wherein the
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further conprised of chromum (Cr). 30. The sputter target according to
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titanium (Ti), tin (Sri), lanthanum (La), tungsten (W, cobalt (Co),

yt tri urdighegtric cppgmtgasatathan &8y i um (Ce), europi um (Eu), gadol i nium (Gd),
vanadi um (V), samarium (Sm, praseodym um (Pr), magnesium (Mjy), nanganese
(M), iridium(Tr), rhenium (Re), and nickel (Ni). 32. The sputter
target accorzp.ng The Sfhdbefad@t avhirdi o SHith 3&catdeiiBLRl spuBera@rgee|sefiBRér
selected fromthe group consisting of silicon (Si), alum num (Al),

t ant al WAEEPrEpEd of ghuepitym(CRb) ,  haf ni um (HF), zirconium (Zr), titanium
(Ti), tin (Sn), lanthanum (La), tungsten (W, cobalt (Co), yttrium(Y),
chromium (Cr), cerium (Ce), europium (Eu), gadolinium (&), vanadium

(V), sanari uds.( Sn¥he ghase odystiaveording)o Omgnes,iwimpréiphid spanganasgseis bther
iridium(lr), rheniun1SRe), and nickel (N).
comprised of boron (B).

31.  The sputter target according to Claim 28, wherein said first metal is an
element selected from the group consisting of silicon (Si), aluminum (Al), tantalum (Ta),
niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (T1), tin (Sn), lanthanum (La), tungsten
(W), cobait (Co), yttrium (Y), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd),
vanadium (V), samarium (Sm), prascodymium (Pr), magnesium (Mg), manganese (Mn),

irtddium (Ir), rthenium (Re), and nickel (Ni).

32. " The sputter target according to Claim 28, wherein said second metal is an
element selected from the group consisting of silicon (Si), aluminum (Al), tantalum (Ta),
niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (T1), tin (Sn), lanthanum (La), tungsten
(W), cobalt (Co), yttrium (YY), chromium (Cr), cerium (Ce), europium (Eu), gadolinium (Gd),
vanadium (V), samarium (Sm), praseodymium (Pr), magnesium (Mg), manganese (Mn),

iriddium (Ir), rhenium (Re), and nickel (Ni1).

33. A method for manufacturing a magnetic recording medium, comprising the

step of sputtering at least a first data-storing thin film layer over a substrate from a sputter
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33. A nethod for manufacturing a nmagnetic recording nmedium conprising
the step of sputtering at least a first data-storing thin filmlayer
over a substrate froma sputter -25 target, wherein the sputter target is
conprised of cobalt (Co), platinum (Pt), at |east one oxide, and at

| east QRGefMBiRreinWHE _rsﬁi-lt'ikrstﬁliéit {4 cbﬁ%ﬁ?ecﬁﬂg Ig(gt?ﬂrl]ld ﬁ]@f‘ %L&F?l:uglc giir%l H3Lst YA

net al rt_ander a nul ti-conponent oxi onent oxi de
has catdxades awiltah least preloetalowhprie ntidadt lofst loas xidramd 6rid At dbast bnometal

volts, an atom’lc radii ?f l.ess than Q.25 nanomste{s da% whef\rei n .ihe
mul ti - CSNEre AU S PREoRen d%%??ﬁag%%rﬁla gﬁawa%w%{l Sridehasneatiops Witth 3
per meabielitdidnOfotb@i® Jfaes #Hanb-01 kikc3dn WIBEAPL R MBIUSRRLYTRNRY03S

magnetic recording medium conprising the step of sputtering at |east a
first omnamstesyisny tvhiereis i then inglie¢oropenent oxidss iy aiamdgngtiv.a palamagestic, or

target, wherein,the sput.t.er target isscapprised of cobalt (Co), platinum
(Pt), a%%gngflclwéglsa[pezime%l_i"ilg’iogﬁscfg[ ar&L@oﬁﬂﬁ%xi de, wherein said at |east a

first and second oxide render a nulti- conponent oxide, wherein the
mul ti-conponent oxide has cations with a reduction potential of |ess
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35. A method for manufacturing a magnetic recording medium, comprising the

step of reactively sputtering at least a first data-storing thin film layer over a substrate from a

sputter target in the presence of oxygen (O), wherein the sputter target is comprised of cobalt

(Co), platinum (Pt), and at least a first and a second metal, wherein said at least a first and

second metals render a multi-component oxide, wherein the multi-component oxide has

cations with a reduction potential of less than -0.03 electron volts, and atomic radii of less

than 0.25 nanometers, and wherein the multi-component oxide is diamagnetic, paramagnetic,

or magnetic with a permeability of less than 10 m’/kg.
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