ENHANCED OXYGEN NON- STO CHI OVETRY COVPENSATI ON FOR THI N FI LMS FI ELD OF
THE | NVENTI ON 100011 The present invention generally relates to sputter
targets and, nore particularly, relates to the conpensation of oxygen
non-stoi chionetry in oxide-containing thin filmnmagnetic nedi a.
BACKGROUND COF THE | NVENTI ON 100021 The process of DC magnetron sputtering
is wdely used in a variety of fields to provide thin filmmateri al
deposition of a precisely controlled thickness and within narrow atomc
fraction tolerances on a substrate, for exanple to coat sem conductors
and/or to formfilns on surfaces of naonetlc recordlno medi a. In one
comon confi gurati on ERHANGED QXY GENNUN-SIMEHIOMEERY i s applied to
the sputter target by pl agj FRYRGY DPﬁthﬁHﬁ@%%ﬁbﬂ@ surface of the
target. Electrons are trapgg%gnear‘Tﬁ&rzmnﬂTTﬂ—T?ﬂtﬁn, i mprovi ng 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 atons fromthe sputter target surface. The voltage
difference between the cathodic sputter target and an anodi c substrate
that i gl F the emtted atons to formthe desired film
on the surface of the substrate. 10003) In the reactive sputtering
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target. Electrons are trapped near the sputter target, improving argon 1on production and

increasing the sputtering rate. Ions 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 1s to be coated causes the emitted

atoms to form the desired film on the surface of the substrate.

[0803] 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 mixture to form a chemical compound which forms the film.

[0004] During the production of conventional magnetic recording media, layers of thin films are
sequentially sputtered onto a substrate by multiple sputter targets, where each sputter target is
comprised of a different material, resulting in the deposition of a thin film “stack.” Figure |

illustrates a typical thin film stack for conventional magnetic recording media. At the base of the



based all oy, such as CM, or CTi. Interlayer 105, which includes one or
two separate layers, is formed above underlayer 104, where interlayer 1
05 is cobalt-based and lightly magnetic. Magnetic data-storing |ayer

106, which may include two or three separate |layers, is deposited on top
of interlayer 105, and carbon lubricant layer 108 is forned over magnetic
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grain boundary regions. Mcrostructural, magnetic and el ectri cal
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domains with little cross-talk and a high signal-to-noise ratio ("SNR").
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significant inprovenent i n H, and recording performance. 2 10008) If the
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boundary phase, but they also suppress degradation of K,, without interfening with the epitaxial
growth of the media. Oxides having little solid solubility in metals often get precipitated into
grain boundary regions. Microstructural, magnetic and eléctricai separation of grains are key

parameters in realizing discrete magnetic domains with little cross-talk and a high signal-to-noise

ratio (“SNR”™).

10007] Since the presence of an oxygen-rich grain boundary helps separate the magnetic grain
boundaries and assists grain size refinement and segregation, 1t is important to achieve an oxygen
content in the grain boundary region, in the appropnate amount and proportion. If the oxygen
content is ton low, grain segregation is inadequate, resulting in low coercivity (“H.”) and poor
SNR performance. A modest oxygen incorporation in the film promotes Cr-O formation in the

grain boundary, and resulting in significant improvement in H. and recording performance.



Addi tional ly, any oxygen non-stoichionetry for oxides contained in grain
boundary regions also results in electrical conduction between nagnetic
grains, where stoichionmetry is achieved when the ratio of noles of the
oxi de bal ances with the ratio of noles in the netal, according to their
stoichionetric oxide chemcal fornmula. In nore detail, with oxygen
non-stoi chignetry, electron r _hol e conducti on conpensates for .
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SUMVARYeffbrmbhite &INWENELEN s W0l 10 theldpattprpesfontancewEticitagetlgeneral |y rel ates
to sputter targets and, nore particularly, relates to the conpensation

of oxy -stqichiometry in, oxide-containing thin fil mmnmagnetic nedia.
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non-reactively sputtering at least a first data storing thin filmlayer
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SUMMARY OF THE INVENTION

[0010] The present invention generally relates to sputter targets and, more particularly, relates to

the compensation of oxygen non-stoichiometry 1 oxide-contaimng thin film magnetic media.

[6011] According 1o one arrangement, the present invention is a method of manufacturing a
magnetic recording medium, including the step of non-reactively 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), a first metal oxide further comprised of a first metal and oxygen (O),
and a second metal oxide. The first data storing thin film layer 1s comprised of cobalt (Co),
platinum (Pt), and a stoichiometric third metal oxide compnsing the first metal and oxygen (O).
Durning sputtering, any non-stoichiometry of the third metal oxide in the first data stoning thin

film layer 1s compensated for using oxygen (O) from the second metal oxide in the spulter target.
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3 [0012] The nethods of manufacturing netal oxide-containing recording
medi a having stoichionetric anobunts of oxygen are applicable to the
production of a wide variety of oxide containing granular magnetic
medi a, such as perpendi cul ar magnetic recording ("PVMR') nedia and
hori zontal magnetic recording nedia. 100131 The first netal oxide is a
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single or muhi-component metal oxide can be charactenized by either excess or deficiency of

oxygen (Q) with respect to the metal, as indicated by their stoichiometric molecular formula.

[0015] The second metal oxide i1s further comprised of a second metal and oxygen (O). The
 second metal is selected from chromium (Cr), boron (B), cobalt (Ce), and platinum (Pt),
although other metals are also desirable. The second metal oxide is comprised of greater than
and up to 16 mole percent oxygen (O), however more oxygen can be used if desired. The sputter
target is further comprised of chromium (Cr) and/or boron (B), although these metals may also

be omitted.

[0016) According to a second arrangement, the present invention i1s a method of manufacturing a
magnetic recording medium, including the step of non-reactively 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), a first metal oxide further comprised of a plurality of metals and

oxygen (0), and a second metal oxide. The first data storing thin film layer is comprised of



storing thin filmlayer over a substrate froma sputter target. The
sputter target is conprised of cobalt (Co), platinum (Pt), a first netal
oxi de further conprised of a plurality of metals and oxygen (0), and a
second netal oxide. The first data storing thin filmlayer is conprised
of 4 cobalt (Co), platinum (Pt), and a stoichionetric third rretal oxi de
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stoichionetric second netal oxide conprising the first netal, the second
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non-stoichiometry of the second metal oxide in 1he ﬁrst data storing thin film layeris

compensated for using oxygen (O) from the first metal oxide in the sputter target.

[6019] The first metal and/or said second metal are selected from boron (B), silicon (Si),
aluminum (Al), tantalom (Ta), niobium (Nb), hafnivm (Hf), zirconium (Zr), titanium (T1), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium (Ce),
europtum (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium (Pr),
manganese (Mn), indium (Ir), rhenium (Re), nickel (N1), and zinc (Zn). The first metal oxide 15
further comprised of a third metal and oxygen (O), where the third metal is selected from

chromium (Cr), boron (B), cobalt (Co), and platinum (Pt).

[0020] According to a fourth arrangement, the present invention is a method of manufactunng a
magnetic recording medium, incloding the step of reactively sputtering at least a first data storing
thin film layer over a substrate from a sputter target in an oxygen-rich gas atmosphere. The

sputter target 1s compnsed of cobalt (Co), platinum (Pt), and a single component, first metal
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further conprised of a third netal and oxygen (0), where the third netal
is selected from chromum (Cr), boron (B), cobalt (Co), and platinum
(Pt). 100201 According to a fourth arrangenent, the present invention is
a nmethod of manufacturing a magnetic recording nmedium including the
step of reactively sputtering at least a first data storing thin film

| ayer over a substrate froma sputter target in an oxygen-rich gas

at nos pheifle compesispa firs meta padexyesn €GhpFhisiogt dia Yomeg thir Ty layet iacpmonised
(Pt),

met al gﬂ bgltjgeﬁb%&)@mgg |tdr s{tél g%rggﬁcgk?oﬁ %&%PX &%H{plg;’e gk]iﬁ‘%gﬁ%‘?“} sed
of cobahd oX¥geh ,(0))| ]aummgjspu(témljg, amymlomststcbnon‘rurg 1t threi secaeonetd! oredain thadide
conprising the f netal and o 0 tterin

mon st SFERICSEHY TP 16 russeas S B vl tverh (D Ro S o egfiish 38 i ng
thin filpadpyer is conpensated for u5| ng oxygen (0) fromthe oxygen-rich
gas atnosphere. [0021) The oxygen-rich gas at m)sphere is conprised of
greater than O and up to 50 volune percent_ oxygen al t hough nore
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(O) from the oxygen-rich gas atmosphere

[0023] In the following description of the preferred embodiment, reference 1s made to the
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 1s 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

[0024] Referring now to the drawings in which like reference numbers represent corresponding

parts throughout.

{0025] Figure 1 depicts a typical thin film stack for conventional magnetic recording media;



enbodi ments nmay be utilized and changes nmay be nade w t hout departing
fromthe scope of the present invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0024] Referring nowto the drawings in which |ike reference
nunbers represent corresponding parts throughout. [0025) Figure 1
depicts a typical thin filmstack for conventional magnetic recording
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{0028] The present invention provides for increased data storage of a
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a_benefqi,al BeYICth HARRF HERRAAsycONtai ning grain boundary
regi on: by conpensating oxygen non-

stoichionetry, or oxygen deficiencies, in the thin filmnedia by
i ncor p{iHas] hpe prskint inyaaiongygdes for mctdasedofuirt sterage af ywagnaic reaading ve

sputteri the sputter target .i,n oxygen- cont.ai ni ng envi.ronnen r

P s prisAE B b mam Rt ge achite Fin PRRBER GO Peth SPPRI saiFe i o
r ecor diwhgreBélinRtaR6£iQEAirb @ dE @ beIRi 2 ¥RVERh & oftehod ithealide tordthaingresgnt

i nvention. Briefl the nethod includes the step of sputtering at |east

y : .
a firsbowniery Bewn; REPPERPIYEED IsYeisayetchinyed by campeisAie-oREsRPal s put t er
target .k 1]t i : :
| cact SrREh B SRt Bl Rnies P ORFART BRI h R o B -
f r om aispetspeter taggetr réatiep siBREihg thersguttdraangetion es 9xegraiscopstispg ei8A@AMentThe
met hods_of malguf acturing netal oxide-containing recording nmedi a having
st oi chi®OABIPPE &nount s of oxygen are applicable to the production of a
wi de variety of oxide containing granular magnetic media, such as
per penddeas &igurag degicts a metlorddiongraf i) aechigacticanchrimginzwaiin alcomtiagnet i ¢

r rdin i.a. i . ) : .
ecord ong egaen(%iplg'embodlmem of the present invention. Briefly, the method includes the step of

sputtering at least a first data storing thin film layer over a substrate from a sputter target.

[0030] In more detail, the process begins (step S200), and at least a first data storing thin film
layer 1s sputtered over a substrate from a sputter target (step S201), and the process ends (step
S202). The methods of manufacturing metal oxide-containing recording media having
stoichiometric amounts of oxygen are applicable to the production of a wide variety of oxide
containing granular magnetic media, such as perpendicular magnetic recording (“PMR”) media

and horizontal magnetic recording medsa.

[0031] Typically, small oxygen losses may occur during the sputtering process, where sputter
targets which contain a stoichiometric metal oxide deposit non-stoichiometric metal oxide thin
films. As an example, it may be desirable to provide a thin film layer composed of Co-12Cr-
14Pt-8510;, however a sputter target formulated of storchiometric Co-12Cr-14Pt-8S10; may
yield a n0n~stqichi0metric thin film, such as Co-12Cr-14Pt-8510, 3. The present invention
compensates for thin film metal oxide non-stoichiometry, using oxygen (O) provided in a
supplemental metal oxide in the sputter target during non-reactive sputtering, or using oxygen

(O) provided in the oxygen-rich gas atmosphere during reactive sputtering. In the above
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100311 Typically, small oxygen |osses may occur during the sputtering
process, where sputter targets which contain a stoichionetric netal

oxi de deposit non-stoichionmetric nmetal oxide thin filns. As an exanpl e,
it may be desirable to provide a thin filmlayer conposed of Co-12Cr-
14Pt - 8Si 2, however a sputter target fornul ated of stoichionetric
Co-12Cr-14Pt-8Si Q2may _yield a non-stoichiognetric thin fil such as

Co- 12CE¥dmape.- pRppirmghtahgtahpade fbch et ldR: oo isiidde e Cd2¢ni4Pt i | m

metal  Qxjcslew OB Rt RbEHHA MRk bxiddToRPe AN 88 ) st RERYIIRY ubilg Bxygen (0)
suppl enmental netal oxide in the sputter target during non-reac¥|ve

sput t edionythe svpphgendplongjgjeriide( 0) provi ded in the oxygen-rich gas

at nrosphere during reactive sputtering. In the above 7 exanple, a

suppl e %] - Ot uBhe Sk

Co- | ZW X&thg@gggé b\ﬂ)gﬁsé’%%i% SZ@B%&%@“@P gf]g oxi igaet?é)gg egas‘“g]t% Se's]:?ror

non- st ekahplenatseyeral sppgyachey gentirs0)ata ftorng thbefilbujpybeideptel ametaghetamdathe.

[ 0032) The ut i rgcess (ste 201) i erfarned usin variety of
ppr onctiEoe 1Bt SO0t TgRe 37 i ek erSie bz myhetatin BELoRTE? PUE SHARH 1 o | ng
thin fidahiayeh, KdeRt fhedonss MMONRE 16 etshon-récavéngphtyel, wieR thdsfrughr e
3) is non-reactively sputtered. According to one exanple arrangenent,

t he fi ragetdacempisstiochectaHi(Rol. iplanpan(BE). 3 Brshpistal exide ifwdiey cepprisedrad @, firsther e

the sp r. 4t t i f_.eqb j a first
nmet al gﬁ% émgﬁggﬁééo@%wggggégﬁggﬂgc?ﬁ%éﬁmgééta uﬁ%ﬁﬁg¥§g£%$f%%?jgnd a
second dawetpakedodi cdbalt (Tog, flatirsim (B}, and & swichipridinatHird methlayede ¢anprisorpphd sed
of cobalt (Co), .plati Pt), and .a stoichionetric third nmetal oxide
Conpr i digheiakinaRr e Wl Bt sy Berny opr sRTCSpoL PEMPRRel g
non- st ahée N9 amh k¥rigk thih8irh Myesisendbns@dder ising dfiged (O Strord AheBses6aT hogl
thin filmlayer is conpensated for using oxygen (0) fromthe second netal

oxi de | fi¢sa BOWLHETIaResy get . [ 0033) The present invention provides for
t he conpensation of oxygen non-stoichionmetry in oxygen-containing grain

boundar o3 R0 Reseht ihfinfof bidVidmRINaké Eoriahs#ionWst RYg SiHbnt R6ichidm@s Yy $
cont ai ni ng addi ti onal oxygen which conpl enents oxygen non-stoichionetry
in the y@FaconEREegvaan bpurklan. ieaiges plibinstpian magietig medst 8HIEE ARJITEr tagihet i C
Filme Wl ehhif 0 4 Shab SQJeh WATERL dohiplenfehY OB gkl nb {161 Qﬂ}b%?éi‘llfyy HRGhodla can be
producgg%&ﬁgnggéting %ﬁg ?urthefhgﬁilnizatﬁonnd? Sranu a » :
reactive or non-reactive sputtering. Accordingly, magnetic films which contain stoichiometric
oxygen in the boundary region can be produced, benefiting the further optimization of granular

media magnetic performance.

[0034] In one example, where the metal oxide 1s chromivm oxide, a metal oxide comprised of
Cr,0s is representative of a storchiometric oxide of Cr, whereas Cr;0; 9 and Cr203  are metal

oxides of Cr which are oxygen deficient and oxygen excess, respectively.

[0035] Controlling the amount of oxygen incorporated in the grain boundary region, via a single
or multi-component oxide or oxides, benefits magnetic properties related to H, and M, and
umproves grain refinement and separation. Specifically, oxygen is incorporated to compensate
for oxygen non-stoichiometry in substantially optimized molar contents within the grain

boundary regions of magnetic thin film media that can contain single or multi-component oxides.



medi a magnetic performance. 100341 In one exanple, where the netal oxide
is chrom um oxide, a netal oxide conprised of C 203 is representative of
a stoichionetric oxide of C, whereas Cr202.9 and Cr203_1 are netal

oxi des of Cr which are oxygen deficient and oxygen excess, respectively.
10035) Controlling the anmobunt of oxygen incorporated in the grain

bounda region, via.,a single mul ti-co nt _oxi.de or  oxi des,
benefiitﬁn SJH%? 1t Mgl GRide %S‘P%’FQP@HO’FB*FW aﬁg I\/E'ﬁ liﬁélmﬂ %ﬁr%&é@é@?n

refi neggph (B? 1Gi178R 2SRt RRinuBNRG), kdr€Ahh Y Ta)0 X8R (190)] REARRO(IHY 86k chPium
conpensat e or oxygen non-stoichionetry in substantially &}I m zed nol ar

cont en{&)xditempm (] Wengﬁ%)nlambméw BE NSV bobrli§ep4 sétrwn ¥ Flupioassi a
t hat he first
ot al - S o, M e b SRPRRA QRN ), BBl ('S
sel ect @chséqsd;mmuthPc)nm(a@ane@i (Mmpimid{ub J1r), leaivinn (Fa)( AkRel (Nandral amm (Zha,) |

i obi Nb),.. haf titani Ti), ti Sri),
o ha s SR ey S EGBRETRAT b1b1o () "o o o ()
cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm,

pr aseoqyeBTy mhe Béc)ondﬁi’%&g@ﬂﬁﬁes fuMhkr cdnfipribed 6T 4 sdchnd meMbhdioXyigen (ONi Thel
(Ni'), and zinc al t hough the use of other netals is also

cont enﬁF%fF‘édnBtT10®§e}§Ct°ﬁ1‘é°'§éE’ES’HH“WéFé)I beren 4B) ice b UG I @y of a

second um
oy g A R e, SRCRRG LA ol SRLRRHER  RBETLPIY

are al smddgsm i &blode peFermt semgndobrémmevwmlae m@gcmcqmrbeswdd cﬁdeglmﬂatﬁxe than O

and up to ercent ox ed if
desi r ed™" Qargg EltﬁF Fr f%?%%%‘ﬁ%?r]‘?rg?%‘f{%?e%ﬂ%@. [ 8 “6‘?3%&5 %Sﬁ?sfe?e)"ﬁand/ or
bor on (Iﬁéyal@dbdnmugh:dt hese netals may also be omtted. [0038)
Stoichionetric proportions of nmetal and oxygen conponents within a netal

oxi de rai n boundary har acteri zed b efined, ch m cal
X opor IR P Bl Alerstor il g ke S p e B A BREL ST |
nmedi a, dodlatihy BratidbdunaryRieeiakRterized By befied chbgicakprdportioX&MgXyeen with

stoichionetries for netal oxides include, Si02, Ti02, Nb2C, W3, CoO

Zr 02, CESHFSt to thomstalliirompopents iy B prfignistative do thsmeleqplarifemplp pf e paide.
oxi des btk soRhidei &GoF B oTBS iA1add Sio,, TiO;, Nb;Os, W03, CoO, ZrOy, Cr;0s,

Y203 and Ta;0s. Stoichiometries for a variety of other oxides useful in the recording media and

methods of the invention are well known to those skilled in the art.

[0039] Altemnatively, according to a second arrangement, the first data stonng thin film layer s
non-reactively sputtered, where the sputter target 1s compnsed of cobalt (Co), platinum (Pt), a
first metal oxide further comprised of a plurality of metals and oxygen (O), and a second metal
oxide. The first data storing thin film layer 1s comprised of cobalt (Co), platinum (Pt), and a
stoichiometnc third metal oxide mcluding at least one of the plurality of metals and oxygen (O).
During sputtering, any non-stoichiometry of the third metal oxide in the first data storing thin

film layer is compensated for using oxygen (O) from the second metal oxide in the sputter target.

[0040] The first metal oxide 1s a multi-component metal oxide. At least one of the plurality of
metals is selected from boron (B), silicon (S1), aluminum (Al), tantalum (Ta), mobium (Nb),
hafnrum (Hf), zirconium (Zr), titanium (T1), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co),

yttrium (Y), chromium (Cr), cerium (Ce), europium (Eu), gadobmium {Gd), vanadium (V),
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met hods of the invention are well known to those skilled in the art.
100391 Alternatively, according to a second arrangenent, the first data
storing thin filmlayer is non-reactively sputtered, where the sputter
target is conprised of cobalt (Co), platinum(Pt), a first nmetal oxide
further conprised of a plurality of nmetals and oxygen (0), and a second
metal oxide. The first data storing thin filmlayer is conprised of

cobalt (Co), ti num (Pt), da stoic 0 tr| ird

i ncl udPHgATHm Rk prisriap 4B avmawsﬂ“@ (iﬂarﬂam&%&i “c%f‘ Sy ng
sput t ebhdginc @), non-stoi chiometry of the third nmetal oxide in the first
data storing thin filmlayer is conpensated for using oxygen (0) from
the second netal oxide in The sputter target. 100401 The first netal

oxi de i1%43} RifiehioBEIF FFRPATIORE FKIPTRRICER DY SFTPESHIPEFTISER TPRSPRIGI HBEEy of

et al sd'uﬁngﬁ:'aa %gnt,mggctwt tlé_ﬁg §hid &QBX)gﬁéh)coy@tmeaqﬂatmde tantal um

(Ta), niob niu zirconiu titantum (Ti), tin
(Sn), Icemphaantiod (hea)agneticngstrding (rrWitum chedingl¢ Gopponentroetalonideryr a mhhem um

(Cr), cerlum ropi ym ad

Sarr i G Mt eEhy it b B RHAL R AT e FRERFRPDS™ oF Rawtiim
(Re), &bﬁE@hen& Mielal oxiaB doxz&maﬁ]g(ﬁ?m;)wmmw ke Sl 6heBRENE oRYE@MOH tiecaRsc1ar e
produced by conpensati ng{) oxygen from sputter targets during reactive or

non- r edtAPIF &IN5 @8 rshiqerg Dydhiitmolendlaniopils. Ashprdinely ey Ret-aloidqrerric
ConMponggfo Hfr rfntﬂﬁ mg;%ﬁtd:%etﬁ%Q{dQ'c&gb rét rizedeyéhﬁt%ﬁce%%})@ae%cm al

oxi de or a nponent netal oxi e stoichionetric netal  oxide
i n eit heygeh@)siitiglespec bioplan@atal, @s n'@hqamdthy-th@ostpmhlentetmnalecuim fdemula.
containing filmwll have the nmetal or netals and oxygen in the exact

atomi ¢ #]qﬁ a%?m!l Ql rgaqtv?grrgyg { he% Eherﬂlstecﬁiya S%I‘HI#SI{?%]% Iagtprcg){]gﬁ IYVGI)‘? ny

non- stc} i‘onmetri e can
char actsemtczredi dmeneih‘e Iaﬁnrtteemmss @Ifnpdﬁf:d Gf ceuba}y (©4), plaviyrge (P1),Q) firad rhhtar es pect

to the net I catedb i chiaonetri Iecular for

16042] EOraprRh ahds BT et oiat, Tt aeh S toprin Pisf Tayet s copap e heRbal
filmlayey, ]ﬂéim'ﬂ ?ﬁﬁ@ﬁéé&@x'c%onﬁﬁtétsfe@drﬂdnetmhﬁcﬁ& dohﬁbri%i@t'gttﬁ@ﬁrst AeQElthd S
conpri sed of coba platinum (Pt), a first netal, a second net al ,

and a fyeFaid rﬁeﬁbanddwa@ (OFh®ufipg sPUTSEPE, 25Y GPPHG THIRERY ¢fihe srpend metal
conpri sggadfs 6 ng@ﬁsgted (f&)smg@x?%énrtgg'fm the fﬁﬂ%@a]%&ﬁqu HRSLALGagec0Nd

nmetal oxide conprising the'f

[0043} The first metal and/or said second metal are selected from boron (B), silicon (S1),
aluminum {Al), tantalum (Ta), niobium (Nb), hafnium (1f), zircomum (Zr), titanium (T3), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr), cerium {Ce),
europrum (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymim (Pr),
manganese (Mn), iridium (Ir), rhenium (Re), nickel (N1), and zinc (Zn). The first metal oxide 1s
further comprised of a third metal and oxygen (Q), where the third metal is selected from

chromium (Cr), boron (B), cobalt (Co), and platinum (Pt).

[0044] In additional arrangements, the first data storing thin film layer is reactively sputtered in
an oxygen-rich gas atmosphere. If, upon sputtering, a sputter target containing the same desired
composition during reactive or non-reactive sputtering yields a thin film comprised of a metal

oxide with a chemical formula of MO,_,, which is indicative of oxygen deficiency in the media,

instead of stoichiometric MO, this oxygen deficiency can be compensated by providing
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second netal and oxygen (0). During sputtering, any non-stoichionmetry of
the second netal oxide is conpensated for using oxygen (0) fromthe
first netal oxide in the sputter target. 100431 The first metal and/or
said second netal are selected fromboron (B), silicon (Si), alumnum
(Al'), tantalum (Ta), niobium (Nb), hafnium (H ), zirconium (Zr), titanium
(Ti), tin (Sn), lanthanum (La), tungsten (W, cobalt (Co), yttrium(Y),
chr oni addifi@ral oxvgeniinthe(1@g}ts dusng il Brygengataining enmie@ient xamwadi um
(V), samar.jum (.Sr praseodym um (Pr), nmanganese (W), iridium(lr),
rheniuﬁ%%&%3¥m&93 3] (Ni), and zinc (Zn). The first nmetal oxide is
further conprised of a third netal and oxygen (0), where the third netal

i s sel getasyl Afccandingah boersuchnap@ngemdnanlonfifsBlata stohag taytiGe keacandy ppdteraiuim
(Pt). [00441 In additional arrangenents, the first data .stori thin film
aybr 128 SRUBETICE ApPDP U SRS PR 1 FURTE0 ChERAL R (o
sput t erpi)%anda shkbid Ehpdn@hd Bfst GREA Bkiak BEmpriEnS ANt fRed] bR oxf%é?ﬂé@?.' ThOfkst
during reactive or_non-reactive sputtering yrelds a thin filmconprised
of a maletd storggithia filint layes icenevrised of enbaltKGo)oplanmen (Pt yvimd@steishipmdingat i ve

of oxy fl G .0 4 j I st of~\StQi_chi I,C this
oxygengggyﬁg?%%éﬁﬂgﬁﬁ Sgﬁgﬁggﬁéa 8@‘@@‘b?%%}@?hgﬂ#ﬁﬁgﬁgﬁﬁﬁkf% a(”5xygen
i n t he si@acigenhstrdof thagecoad atetal exida irothy @ien de@Btadngiting fdmMayo@ngampeaasatebn-
reactive s utterinﬂ? }0045 Accong%ng to one such arrangenent, the first
data stigF Pﬁ@e Pxyper (PiTromm g 98P Tich EFSAMEIPPERF-  an oxygen-rich gas

at nosphere, where the sputter target is conprised of cobalt (Co),

pl at i nuD44) Pthe, 0x3Péh-ActSERGLBoHAGR FN@Mpriskd bSEresef dhn 0%hdop COBPLHIERY a
first metal and oxygen %0 . The first data _storing thin ?_ilmlayer IS
conpr i srEdcest oxgeR (). pitnueh gnote presp cm he ugd dn hedesv R SRIHEOPE Brocé®dbnd
met al oydsgg conprising the first metal and oxygen (0). During sputtering,
any non- stoichionetry of the second netal oxide in the first data
storing thin filmlayer is conpensated for using oxygen (0) fromthe
oxygen- W0¢H lgasothenish pepngene0 4@ gast hSird dpgetrmgdhndds layaresisaenely s

conpr i Sﬁﬁlmgrfed H zﬁ'ﬁégﬁeﬁ-ﬁ@ﬂ BQS ﬁl@lg:(s#flgret %%QPIYtPJr et 1?96rﬁ§ﬁgcd%¥¥&§aﬁ]{ (632 .

al t hough nore oxyg can De used In the teactiVe sputtering process if

desi r edplatinum (Pt), and a multi-component, first metal oxide compnsing at least first and second
metals and oxygen (O). The first data storing thin film layer is comprnised of cobalt (Co),
platinum (Pt), and a stoichiometric second metal oxide comprising at least the first metal and
oxygen (O). During sputtening, any non-stoichiometry of the second metal oxide in the first data

storing thin film layer is compensated for using oxygen (O) from the oxygen-rich gas atmosphere

0048} Figure 3 depicts a thin film stack produced by the Figure 2 manufacturing process.
Briefly, at the base of the stack is non-magnetic substrate 101, and seed layer 102, the first
deposited layer, forces the shape and onentation of the grain structure of higher layers. Non-
magnetic underlayer 104 is provided, where the undertayer is typically a chromium-based alloy,
such as CrMo, or CrTi. Interlayer 105, which includes one or two separate layers, 1s formed
above underlayer 104, where interlayer 105 is cobalt-based and lightly magnetic. At least first
data storing thin film layer 306, is deposited on top of interlayer 105, and carbon lubricant layer

108 1s formed over first data storing thin film layer 306.
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100471 In another such arrangenent, at least a first data storing thin
filmlayer is reactively sputtered in an oxygen-rich gas atnosphere. The
sputter target is conprised of cobalt (Co), platinum(Pt), and a

mul ti-component, first nmetal oxide conprising at |least first and second
nmetal s and oxygen (0) The first data storing thin filmlayer is
conprised of cobalt (Co), platinum (Pt and a stoichionetric second

met al 8¢ Weincoerp deiindptastonesden filmelayer 06 intaraied aner hosupgesie (€), Winig i ng
sputte rst
ot BB AR R 01 50U SRR O L8 CREH RN RIS ARy |

t he oxmgtahexiiﬂe;hﬂ@ﬁrsammak p)héﬁ & m&gledpxﬁp@antenaauema:t"@]eaimthnﬂams lsem(sttchc Kk

d f b f
Phe. st b Hesd G vibindst Totuudy tAlh Rvbh 8 Bisa L) barS il 7o °
deposi biechnhay €2, tftﬂﬁ@xﬁimh@n &3 AenBARNP(LaS ﬁﬁﬁésteﬂr(\hﬁ)f cdHaR (gbﬁlyﬂnﬁrh (vEt ure

of hi gher Iayers Non- magneti c underl ayer 104 is provided, where _t

under | glyremiym (€x)heaam (e, esrapim (hwbzeselinam ), vasadinmdy).crmenum(Sm).Ti .

I nterl I

above g%ger %Q]yer mgjhad\%gésgqﬁl ?S&e ;)V%?%?]gla(?g% fék@% éﬁ"%%’a’gfz’gﬁtry
magnet athoufh theaasbf bihesmetatbat alss taomempgfatei n fil m | ayer 306, is deposited
on top of inierlayer 105 and carbon lubricant layer 108 is forned over

St or i nb0ER) 0F AR gl ostge ™ ARG s re e a2 i dbe " o

st or i ngedod Mekdl ﬁi@ele@}éﬁl’ﬁ&ﬂﬁhrﬁﬂfﬁrﬁﬁtﬂlBIﬁer(B?§ccﬂﬁhQCb) éﬁanmanmlrﬁmmum (Pt),
and a stoichionmetric netal oxide. The first nmetal oxide is _a si n&) 0
an

conponélbougbiodier gietalpare g desiradle. e aEcqnd meyl oxideds Cqppiises of Bisalen

sili CO@né{g‘}()}o 1@hBE R H’.‘Eh(&!)%en t@f'hé’\k’% (ke ox?%e‘ﬁbiah“%(lm)rf ahatai vpe (H ),
zirconi um titani um ( in (Sn), anum (La), tungsten (W,
cobal t sp@tﬁ)rtargrttw ftﬂhﬁr(orﬁ)npnsechpfﬂhrwmurrd@) art,c%rrmmn(( ) altheuglofhesarmetaly) |
gadol i nj um adium (V), samarium (Sm, praseodym um (Pr),
manganesé (14{;%9&?1}’@@' um (Ir), rhenium (Re), nickel (N), and zinc (Zn),
al t hough the use of other netals is also contenplated. (0050) The second
met al df9dé¢ Tihe dhwarstdreng thinrﬁimi lgxal infonzgpred oido,rapeatdr thand) ovdagemch@) 24 The

second et .al ect ed hr om.u bo on B and
pl ati ndy I5tp)ercem§$t Igﬁtﬁ er fnafhsasafr()gtg ”()t %]i‘eam%hebs?égggnd

met al  aubdheasiZ9 2e@REp persest B;fan@ gfatee thah 0and s much as 10 mole percent of the metal

oxide.

[0052] Where the metal oxide component of the magnetic recording medium is a single
component metal oxide, the stoichiometry between the metal and the oxygen (O) the thin film
single metal oxide formulations of the invention is in stoichiometric proportions as imndicated by
their chemical formula. The oxide formulation of these metals 1is, for example, B;03, Si0,,
Al,03, Ta;0s, NbOs, HfO;, ZrOg, Ti04, SnO4, Lax03, WOs, CoO, Y;0;, Cr 03, CeO,, EuyOs,
Gd;Os, V205, SmO,, PryOs, MnOs,, IrO,, ReO;,N10, or ZnO, although other single component

metal oxides are contemplated.

{0053} Altematively, the first metal oxide is a multi-component metal oxide, where at least one
of the plurality of metals is selected from boron (B), sthcon (Si1}, aluminum (Al), tantalum (Ta),
niobium (Nb), hafnium (HY), zircontum (Zr), titanium (T1), tin (Sn), lanthanum (La), tungsten

(W), cobalt (Co), yttrium (Y), chromium (Cr}, cerium (Ce), europium (Eu), gadolinium (Gd),
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‘and up to 16 nol e percent oxygen (0), however nore oxygen can be used if
desired. The sputter target is further conprised of chromum (Cr) and/or
boron (B), although these netals may also be omtted. 10051] The
data-storing thin filmlayer is conprised of Co, greater than 0 and as
much as 24 atomc percent C, greater than 0 and as nuch as 20 atomc
percent Pt, greater than 0 and as nmuch as 20 atomic percent B, and
gr eat evanafiam (V)asathaawmiSoh, prescb@ymmine (Rrameamgenasé ving indive (In)okenfem (ROP521
VWhere th t\al i d onponent of the magnetic recording nediumis a
si ngl emcg%g%ghaenrﬁ%nc aS' oxi de, the stoichionetry between the netal and
the oxygen (0) the thin film single netal oxide formulations of the
i nvent [0884) lhiere bt oicth beide tompopmd phtht nogsctasecandiing atedtinbys corpeised of a
chem cal . fornul a. The, oxide f | ati op of these netals is, for exanple,
5003, ko esLOUE. e SR Tpeal 3 sveen e GhoiHiomstte Sguot
Co0, YR reped® oxiRGhemidP fBmulded 368 nuMBE D meiidin F0dRBcoMitiéntldhds is
Re®2, Ni O, or ZnQ althouah ot her si n%l e conponent netal oxides are

R

cont enpl lggséivo.15p8@lany ek wanipeeiny oxdpeintluge T1Qm$ig)2, Teldd 195 Ad203-Si0,,
I ti- t J t it f
gt a: sgﬁgpge 2gf:rta 73%:ﬁp&%@gﬁ%hn%%ﬁu}gﬁoﬁgﬁ&(t%?5%,8 s gl{euc%‘l nﬁjgr)lka?éﬁa)l %lagt al um

(Ta), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti), tin
(Sri), (001 Maeueti{odayf the ungstie@ncontjwhsate tlyak i geh@oh; stoithpmeatry {19 thichilmoof um

Cr), i | : opi um (E dolinium (&), -12 di

Sarr i 08 Py se Bl opter MR shBa AN 195 S RDEHIE o o i urn
(Re), mittalkoeblidNbthe Bindl6ih Bstdnd NFor x@RPRLaBEICudAEn MRIsBlit@KipdRo&aRONENt
of the magnetic recording nmediumis conprised of. a nulti-conponent netal

oxi de, SPhECTERTTESTBHE! aFadefosresprndineygany afae mytalhis e HiQHiosReRFT cCCPRHT oS
of = tNEIJCPEFRSALULIECHS) 1O HBRICTO! AsQelUHHRE aboWREAMER §bn QloidhRIAtS, fof 2

mul ti-conponent oxides Is at |east two. Exenplary multi-conponent” oxides
i ncl udenultigRmBpadt M OBIISII@RUIADAPBE B R entidh YD GNOR, cOTPREBLETOME an

al though. gt AES. dIHLIcrSQTROBENt, 81093 SiSME TPl 88 n OO ThScnen:
met hods of The ShvantT on conpensat’e for oxygen non-stoichionetry tn a
t hi n fithinfod.

{0056) In summary, the present invention ensures the compensation of oxygen non-
stoichiometry in oxygen-containing grain boundary regions of thin film magnetic media dunng
sputtering, or by the use of sputter targets. In media contaning single component oxides, the
oxygen required 1o form a data storing thin film layer compriscd of a stoichiometric metal oxide
1s obtained by sputtering CoPt targets containing the metal oxide in conjunction with CrQ; CoQ,
P10, and/or BO, or by reactive sputtering of CoPt-targets contaming oxygen in an ArQ,

environment.

j0057] In media contaimng multi-component oxides for enhanced matrix properties, the oxygen
required to form a data storing thin film layer compnsed of stoichiometnc multi-component
oxides Is obtained by sputtering CoPt targets containing non-stoichiometric multi-component
metal oxides in conjunction with CrO, CoO, PtO and/or BO, or reactive sputtering CoPt multi-
component oxide containing targets which contain non-stoichiometric oxygen, in an ArO;
environment. Other methods which achieve these goals include sputtering CoPt targets

containing individual or combinations of the metals in elemental form, in conjunction with CrO,
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the invention by sputtering using a sputter target containing an oxide
corresponding to a base netal or alloy of the thin filmsystem For
exanpl e, an oxide used in the sputtering procedure can conprise a netal
oxi de corresponding to any of the netals in the alloy conponent, CoPt or
CoCrPt and include CoO, PtO and/or CrO As described above, oxygen
non-stoichionetry for nmnulti-conponent netal oxide fornulations of the

i nvent iCod, 81 and’anBOespuaepenSaPath gasicoglating indityalualbor cdenbireive spdredi Ng t o

one or re of. the nmetal oxides. to include. j h i-C en thin
T EBoEY O el Perbal TR s IGHI b eredried) HHETHEGE G | on
of oXy@eeNeNthosd MbGRIVHIEE 4r¥ nbﬂpr@é‘éﬁgﬁﬂel@rﬁé}ttﬁlfaﬂrﬁkgn@ﬂeatbfgﬁmﬁPéi:@ﬁ\ye regions
of thin fllmma%netlc nmedia during sputtering, or by the use of sputter

t ar get sputiemngLils taggte whish sgnaindhe endisipmaals mpe €S enyimegky gen
required to forma data storing thin filmlayer conprised of a
stoichig‘gggtlr' - I 2] n&%}n i - 10 .
cont ai I’!I ng t%sgngrnﬁg% g%%ﬁi’%n}l%ﬁco ] ?ﬁ%ﬁ?%s?é\r}ma?ﬁﬁ %?gll,d% mgf}%‘)ﬁ‘{”%,é’gg{]’g? %rramBO,
or by rbeacdary egspstwibibe prpcesseddRipinatoyetlszedmgramriamygedx ygeneticrpediormin?
envi ronnent .. .1 1 In nedia containing nulti-conmponent oxides for
enhancé&lqﬁgr@&q\g operties, the oxygen required to forma data storing
thin filmlayer conprised of stoichiornetric nulti-conponent oxides is
obt ai nqdo3y] RreuhteartionyasGelh deanged &ith paktrular NYsHRive Sibdoéiedne it iso be

mul ti-conponent metal oxides in caonjunction with CQ CoO PtO and/ or
BO, or Yesetaoddha sipysnting 1sommbdimkipdd theaSayrofrsrrbed amhodupntaand thel WHPYet s
whi ch %Hﬁ@s%m@%ﬁﬁic@ii&@xﬁfﬁé InGdOBY B85 of JRdifshy Skiddn 1M ﬁrﬁﬂ&(ﬁ%par%é‘er
met hods whi ch achi eve these goals include sputfering CoPt targets

cont ai nfrery thangpinvtiagd atopgrof therbyvendlonons of the netals in elenental form in
conjunction with & Q -13 CoO NO and/or BO, sputtering CoPt targets

cont ai ni ng i ndividual or conbination of the plurality of netals in

el enmental formin conjunction with & O, CoO NO and/or BO and the

oxi des of those netals which are not present in elemental forns in the
target, or reactive sputtering CoPt targets which contain the multiple
nmetals, in an ArQ2 environnent. [00581 Using the present invention,
magnetic filnms containing stoichionetric oxygen in the grain
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boundary regions will be processed, helping to realize the granular nedi a
magneti c performance required for PVR 100591 The invention has been
described with particular illustrative enbodinents. It is to be
understood that the invention is not limted to the above-described
enbodi nents and that various changes and nodifications nay be made by
those of ordinary skill in the art without departing fromthe spirit and
scope of the invention. -14 WHAT IS CLAIMED IS: 1. A method of

manuf adYBATAS CLARIARS:c recording nedi um conprising the step of
non-reactively sputtering at least a first data storing thin filmlayer

over a subsyrat eafhamb@osRbidiRiuridd S8Enet}Mh&IiAg H&@m%plébﬁﬁﬁmhg'ﬂg:estteﬁo?
conprised of cobalt (Co), platinum (Pt a first nmetal oxide urt her

conpr i Seuaktively spustering ableash A dird By geterg)thindiie layes svorrsubsrat fiow awutter
wher ei q ng first data storing thin filmlayer is conprised of cobalt
(Co), ¥ num (Pt), and a stoichionetric third netal oxide conprising
the fi rst nmetal and oxygen (0), and wherein, during sputtering, any
non- st oi chi mﬂetaixytmfspmtm tarpetndeangiresked ok eabelti(Go}, platibimgPt), dfitsamstabpkidg

i e I AEPERRATR PGt o3 o et RO SrORIRUPLETR ng 2 magnet ¢

recordl ng rredl um according to Claim 1, vvherel n the first nmetal oxide is
a sing"-:; ed¥peneRtfireRiaad steritigdBin Am lf?ﬁlffﬁidﬂlﬁkﬁkeﬂfofmuf@@) pEdtRgmaPt),
magneti ¢ recordi ng medi um according to C ai 1, wherein the first netal
i s sel ef@dioemeine HrbBp Lo %Ct“ilﬁﬂj”tgf‘h%ﬁ%ﬁ’e(aé)a"d e¥ygep §)-nd) |

al um num (Al'), tantalum (Ta), niobium (Nb), hafnium (H ), zirconium (Zr),

titani um ( T'v)herélh rHun('é%f)l)ttenhg%Q%Bﬂm&@ﬁamet}y@ﬂﬁé ard(Mtal &Q&@lhtthf( Rl

yttrium(Y), chromium (Cr), fum (Ce), eudropium (Eu), gadolinium (&),
vanadi Ldﬂa( S&Qﬂngsiéwaﬁﬂhulmf‘{r%iommﬁﬂa@éb et rBep, (O) Aanydn second mefal oxidedn um
(rr), ? F%%!}a nickel (Ni), and zinc (Zn). 4. The nethod of

manuf act ur’i ng a Tragnetic recording nediumaccording to daim

2. The method of manufacturing 2 magnetic recording medium according to Claim

1, wherein the first metal oxide is a singic component metal oxide.

3. The method of manufactuning a magnetic recording medium according to Claim
1, wherein the first metal is-selected from the group consisting of boron (B), silicon (S1),
aluminum (A1), tantalum (Ta), niocbium (Nb), hafnium (Hf), zirconium (Zr), titanium (T1), tin
(Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium {(Cr), cerium (Ce),
curopium (Eu), gadolinium (Gd), vanadium (V), samanum (Sm), praseodymium (Pr),

manganese (Mn), iridium (Ir), themum (Re), mickel (N1), and zinc (Zn).

4, The method of manufacturing a magnetic recording medium according to Claim

wherein the second metal oxide is furither comprised of a second metal and oxygen (O),

and

wherein the second metal is selected from the group consisting of chromium (Cr), boron

(B), cobalt (Co), and platinum (Pt).
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‘wherein the second netal oxide is further conprised of a second netal and
oxygen (0), and wherein the second netal is selected fromthe group
consisting of chromum (Cr), boron (B), cobalt (Co), and platinum (Pt).
-15 5. The nethod of manufacturing a magnetic recordi ng nmedi um accor di ng
to Caim 1, wherein said second netal oxide is conprised of greater than
0 and up to 16 nol e percent oxygen (0). 6. The nmethod of manufacturing a
magnet i ¢ reéor di fge nethodmi asoofadiuvngg kond@natierecdrdingeediem atdredigp it Corm
target ,is,further conprised.of. chromumJ{(Cr). .7. The t hod qf

manat adt SPPHE A e ARt L g nERE PR e afan SR BB PndC reetiter e n
the spukigdn (0arget is further conprised of boron (B). 8. A nethod of
manuf acturi ng a magnetic recordi ng nedium conprising the step of
non-reactively sputtering at least. a first data stori thin filml]layer
over a subs®r at o 1PF GRS FRao ac“‘ﬂ“éi‘&g*‘é{’?gl\ﬁﬂ‘éF%P?S“’lgrf@e‘gg‘ﬂta?‘écfrd{”ér‘%93‘ s
conpri geq hefeirt@P hditek faRdot iPhuAhEMOMPrREd of Girbmiigd (dPpt @l oxide further
conprised of a plurality of metal s and oxygen (03, and a second net al

oxi de, wherein the first data storing thin film]|ayer is conprised of
cobalt (Co),’ pl atlitgemathqs of manyfpgtuingragnagrespetcerding mediammseiingtp fém
conpri sj 3 f. I | s and oxygen (0), and
wher ei f]l Sr%?nn%]gs l}%e?gb?%%és Fugtﬁflpér?gg-gk%l}ggﬁlrgﬁg%?y of the third netal
oxide in the first data storing thin filmlayer is conpensated for using
oxygen (0) f&om thmetwdmitaneiaaiuriog i dergnatic teherdmgunedeymt compaising9he Fereof

met hod of manufacturin tic. recordpin ium according to Claim
8, wherBPHeTREcPispueb LR at dout oM e BUR RN Fattalrete e Sier
The netiagdt,of manufacturing a magnetic recordi ng medi um according to
Caim 8, wherein at least one of the plurality of netals is selected
fromthe gr Ow ergig tsel éspEJIttQ apgfet g%{)r?lgﬁsed of cobalt (Co), platinum (Pt), a first metal oxide

further comprised of a plurality of metals and oxygen (O), and a second metal oxide,

wherein the first data storing thin film layer is comprised of cobalt (Co), platinum (Pt),
and a stoichiometsic third metal oxide compnising at least one of the plurahity of metals and

oxygen (O}, and

wherein, during sputtering, any non-stoichiometry of the third metal oxide in the first
data storing thin film layer is compensated for using oxygen (Q) from the second metal oxide in

the sputter target.

9. The method of manufacturing a magnetic recording medium according to Claim

8, wherein the first metal oxide is a multi-component metal oxide.

10.  The method of manufactunng a magnetic recording medium according to Claim
8, wherein at least one of the plurality of metals 1s selected from the group consisting of boron
(B), silicon (S1), aluminum (A1), tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium (Zr),
titanium (T1), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr),
cenum {Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymium

(Pr), manganese (Mn), irnidium (Ir), rthenium (Re), nickel {(Ni), and zinc (Zn).
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(B), silicon (Si), alumnum (Al), tantalum (Ta), niobium (Nb), hafnium
(Hf), zirconium (Zr), titanium(Ti), tin (Sri), |anthanum (La), tungsten
(W, cobalt (Co), yttrium(Y), chromum (Cr), cerium (Ce), europium
(Eu), gadolinium (Gd), vanadium (V), samarium (Sm, praseodymum (Pr),
manganese (M), iridium(lr), rhenium (Re), nickel (N), and zinc (Zn).
-16 11. The nethod of manufacturing a magnetic recordi ng nmedi um accordi ng
to Claim wherein the second netal oxide is further conprised ofa second
netal and oklgen?popetbod ahmapnErerting haegrdErerwePamadyns pqcarkintitortlam t he
group gonsisting of chromum (Cr), boron (B), cobalt (Co), and platinum
(Pt). 12. The nmethod of manufacturing a magnetic recordi ng medi um
according to Claim 8, wherein said second netal oxide is conprised of
great er t hawherearidie sgpond 6 apide ipwrberompoxgdeis coynd metal Jdaxiyetrnéd, of
manuf agtorri ng a magnetic recordi ng nmedium according to Claim 8, wherein
t he spu’t] er target is further conprised of chromum (Cr). 14. The net hod
of manufacturing a magnetic recordi ng nedium according to Caim 8,

wher ei n t hewdpteirt tae st@ndetetal 3s felactdddrom thergosipsasstingal aronfiBin (Cth born

met hod  Of nuf.act ur,i a netic recording nmedium conprising the step
of noﬁg}’é&%ﬁ ‘&Z’ﬁ»f@ﬁﬁ’?‘f‘&?ﬂﬁa at least a first data storing thin film

| ayer over a substrate froma sputter target, wherein the sputter target
i's conprised2of gabalethod @@ manpiaaturing AuraBhetic @cdriingtmeoiin kecoading RCORHN
metal, and a first netal oxide, wherein the first data storing thin film
| ayer idsVBeHKPYy aukbwcend Bepbe Iy esymppreof gtaer Biap, 0 anditp 1q 18 male st ri ¢
second % |(C§Xi de conprising the first nmetal, the second netal and
oxygen BI? é)‘;]1 nd wherein, during sputtering, any non-stoichionetry of the
second netal oxide in the first data storing thin filmlayer is ]
conpensat ed 1Bor U&k mgthedyd arpngficturing mmagsetid feserdmgtragdivn iaecording tchelaim

8, wherein the sputter target is further comprised of chromum (Cr).

14. The method of manufacturing a magnetic recording medium according to Claim

8, wherein the sputter target is furthei comprised of boron (B).

15. A method of manufacturing a magnetic recording medium, compnsing the step of
non-reactively 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), 2 first metal, a

second metal, and a first metal oxide,

wherein the first data storing thin film Jayer is compnsed of cobalt (Co), platinum (Pt),
and a stoichiometric second metal oxide compnsing the first metal, the second metal and oxygen
(0), and

wherein, during sputtering, any non-stoichiometry of the second metal oxide in the first
data storing thin film layer 15 compensated for using oxygen (O) from the first metal oxide in the

sputter target.
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Sputter target. -17 16. The nethod of manufacturing a magnetic recording
medi um according to daim 15, wherein the first netal and/or said second
netal are selected fromthe group consisting of boron (B), silicon (Si),
al um num (Al'), tantalum (Ta), niobium (Nb), hafnium (H), zirconium

(Zr), titanium (Ti), tin (Sn), lanthanum (La), tungsten (W, cobalt (Co),
yttrium(Y), chromum (C), cerium(Ce), europium (Eu), gadolinium (Gd),
vanadi um (\/)6 saﬁhﬁ’m@ﬂwé sﬁwampfﬁ@tg@@mma@mt(cpﬁqordiﬁﬁwg@mecqomyg tq ¢lagit um

(Ir), ?%eﬁ‘lfm] (}ﬁeﬁr’st rﬂétgf(aqlldfo(rlyﬁlg’se%q étﬁ%ré @cteél]gom-ﬁtke%ggﬁ p&%gg %\,ﬂer ein

manuf act’uring a magnetic recording rre i um accor
the fi bs:tonr(rﬁj allicon (Sm alwsnihumt(Ae), tameaipm i(FBdnobivan (tl\l’u)rhhfmatm(ﬂ{t}mdcmmgen

0 wh net al | . t
o o BT Em G i Tt Bt Spdi Ot Qo div Epto: Gom o
net hod (©f), Jéﬁﬂﬂmf(@"é) tetlfdﬂygnﬁ(mgg&m;ﬁmhe@ndmgmwr@aa%qmcsag to daim

15, wheréin the sgutter targ i s further conprised of chromum (Cr). 19.
The nePrserdymivald b aeengenesg (Mn}a@ﬁm drk eepiugt K reekiel d.cwdrzicignt o
Claim 15, whereln the sputter target is further conprised of boron (B).

20. A th th
met hog g‘p@me%%tmguﬁcm Qlhdinb f&&st b B T c k& 'Ed éjf e

step of react|v y sputtering at ast ta storing t m
| ayer dver a substrate froma sputter target in an oxygen-ri ch gas
at nosphere, wherein the sputter target is conpri sed of cobalt (Oo)

pI ati num (Ptv)lfer ﬂlee}]ra' n¢831 'J‘Pl?r[h%”%omfﬁs%ﬁtof a a S?ai Qn%o S}ﬁ C?)I g @

first netal irst oring
| ayer is comﬂfetéﬁehxd)fhlmahahlt]s 6€ledted frbmtthdgriaup Pbsisting R cleromiivih (xm),afmm c
second pnet al oxi(Se conpri si rll)g the first netal and oxygen (0), and

N

wher ei (B $8PhE-Qprddt e (Phy non- st oi chi ometry of the second netal
oxide in the first data storing thin filmlayer is conpensated for using

oxygen (0) fugom tihe mpay@edTnhidracgaig aahiBSPORIErding medium according to Claim

15, wherein the sputter target is further compnised of chromium (Cr).

19. The method of manufactuning a magnetic recording medium according to Claim

15, wherein the sputter target is further compnsed of boron (B).

20. A method of manufacturing a magnetic recording medium, compnsing the step of
reactively sputtering at least a first data storing thin film layer over a substrate from a sputter

target in an oxygen-rich gas atmosphere,

wherein the sputter target is compnsed of cobalt (Co), platinum (Pt), and a single

component, first metal oxide comprising a first metal and oxygen (O),

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

and a stoichiometric second metal oxide comprnsing the first metal and oxygen (0), and

wheren, during sputtering, any non-stoichiometry of the second metal oxide in the first
data storing thin film layer 1s compensated for using oxygen (O) from the oxygen-rich gas

atmosphere.
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-18 21 The nethod of manufacturing a magnetic recordi ng medi um accor di ng
to daim 20, wherein the oxygen-rich gas atnosphere is conprised of
greater than 0 and up to 50 volune percent oxygen (O . 22. The method of
manuf acturi ng a magneti c recordi ng nedium according to Claim 20, wherein
the first netal is selected fromthe group consisting of boron (B),
silicon (Si), alumnum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf),
zirconium (Zr), titanium ng) tin (Sn), l|anthanum (La), tungsten (W,
cobalt (Co) 21ytt?ﬂmme(hv)1 eﬁn@fmmg e:rraagn@@rrrewdlpw)edwr@ammlumq@la)m

gadol i r , P
Tanganage by i SORBEHLN oy hmo BRI iRkt or BIARE AT 4 TE S0 velupey
23. Theeremthaggof (Oanuf act uri ng a magnetic recordi ng medi um according to
Claim 20, wherein the second netal oxide is further conprised of a

From the o 6dp caReMeEAg Slner R RRreers e BeRERE e Bk b ana

pl ati num, (vkérkin tRAﬁrsIhﬁtamtsbﬁdze@ffmﬁﬂmfgaﬁj Wohdiging JTRGAML(BY, HIRGAI(EIHINY
medi um accor di r}%%@to Claim_ 20, wherein the sputter tar et is further

conpr | B Al ntap €F3), mokunrib). hafriva (B, masnaiue (40 tgnvm (et i c
recor di "ﬁma t i
furt her(gg)o%ﬁagg%qlﬁg)ogﬁt? § %QAI{QCA)% %{?t od(ﬂ‘ a]nrgﬁ)ﬁl%rgg? tr%ﬁuw(%zgnetl c
r ecor di augopimed i By ga:l@hpmrrsﬁGt@ \tah@dzsme(b()oshmariemdﬂm),airgses{bymnm (fny at | east
a first data storin r str froma sputter

tar get rpﬂlggaﬁ:s&@aéﬁgﬁluglﬁ?r&a{bergngg B’rcge] Qbﬁ)eﬁ“é Hng %’S'sputter target is
conprised of cobalt (Co), platinum (Pt), and a nulti- conponent, first
met al oxi de xonpPrikeinghdt of reamfacturingta e seoadhipahediomaincoroxy e Tl48) ,
wherein the first data storing thin filmlayer is conprised of cobalt

(Co), p?(hti num (Pt), and a stoichionetric second netal oxide conprising
at least the first netal and oxygen (0), and

wherein the second metal oxide is further comprised of a second metal and oxygen (O),

and

wherein the second metal 1s selected from the group consisting of chromium (Cr), boron

(B), cobalt (Co), and platinum (Pt).

24.  The method of manufacturing 2 magnetic recording medium according to Claim

20, wherein the sputter target is further comprised of chromium (Cr).

25.  The method of manufacturing a magnetic recording medium according to Claim

20, wherein the sputter target 1s further comprised of boron (B).

26. A method of manufactuning a magnetic recording medium, compnsing the step of
reactively sputtering at least a first data storing thin film layer over a substrate from a sputter

target in an oxygen-rich gas atmosphere,

wherein the sputter target is comprised of cobalt (Co), platinum (Pt), and a mulu-

component, first metal oxide comprising at least first and second metals and oxygen (Q),

wherein the first data storning thin film Jayer is comprised of cobalt (Co), platinum (Pt),

and a stoichiometric second metal oxide compnsing at least the first metal and oxygen (O), and
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--19 wherein, during sputtering, any non-stoichionmetry of the second netal
oxide in the first data storing thin filmlayer is conpensated for using
oxygen (0) fromthe oxygen-rich gas atnosphere. 27. The met hod of

manuf acturi ng a magneti c recordi ng nedium according to Claim 26, wherein
t he oxygen-rich gas atnosphere is conprised of greater than O and up to
50 volune percent oxygen (0). 28. The nethod of manufacturing a magnetic
recor di ng nmedictem, slogog shutgriag aGy apmstod@iomiier ef the s4cped metal akidanmltberlirsthe

SeF NS Rty hR S, ARG B 080 FRORL ST R PRE BRI e

zi r coniatpodpRee, titanium (Ti), tin (Sn), lanthanum (La), tungsten (W,
cobalt (Co), yttrium(Y), chromum (Cr), cerium(Ce), europium(Eu),

adol i ni um , -yanadi um samarium (S raseodym um_ (.Pr), :
Panganese (R iTHR dreRd iy B RO rocBRERE DR Shertieie Py
29. Theawhbesh @é of'%éﬁfrf%ﬁtgﬂi htiHbsBhdiR BN pfisEREOL A BAM IR0 LW R ES S0 ¢hikge t O
Claim 26, wherein the second netal oxide is further conprised of a third

met al aisEFeBkgy@ (@), and wherein the third netal is selected fromthe
group consisting of chromum (Cr), boron (B), cobalt (Co), and platinum

(Pt). 30_ Thg m?ﬂ%&ﬁowmﬂ%ﬂ{]ﬁd@% a a@?ééopdiﬁﬁﬁ]@&igmc%ﬂiwcmm

according to Caim 26, erein the“sputter target Is further conprised
of chr o2fi, wimexe@r first Betal drhidorriiet seodndmetshagfsaletted ifrog he gagpebnsstmepdhdiong

medi um agcordi ng..tq d ai erein the s ter . tar i.s furt

conpri s&d %lﬁcaggggnaﬁrlg)nprqneﬁf ?a’ntmm (El“a)r] moq)mm E’Hf)), gafnlum 8?1“), ZIrcomum %i
titanium (T1), tin (Sn), lanthanum (La), tungsten (W), cobalt (Co), yttrium (Y), chromium (Cr),
cerium (Ce), europium (Eu), gadolinium (Gd), vanadium (V), samarium (Sm), praseodymiuvm

(Pr), manganese (Mn), iridium (Ir), thenmum (Re), nickel (N1), and zinc (Zn).

29. The method of manufacturing a magnetic recording medium according to Claim

26
wherein the second metal oxide s further compnised of a third metal and oxygen (O), and

wherein the third metal is selected from the group consisting of chromium (Cr), boron

(B), cobalt (Co), and platinum (P1).

30.  The method of manufacturing a magnetic recording medium according to Claim

26, wherein the sputter target is further compnsed of chromium (Cr).

31.  The method of manufacturing a magnetic recording medium according to Claim

26, wherein the sputter target 1s further comprnsed of boron (B).
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