050346- 0172 ENHANCED OXI DE- CONTAI NIl NG SPUTTER TARGET ALLOY COVPCSI TI ONS
FI ELD OF THE | NVENTI ON 100011 The present invention relates to sputter
targets and, nore particularly, relates to magnetic data-storing thin
films sputtered fromsputter targets which are conprised of alloy
conpositions with inproved netallurgical characteristics. DESCRI PTI ON OF
THE RELA §T 0002] The process of direct current ("DC') magnetron
sputteri M ely used in a variety of fields to provide thin film

mat eri al deposition of a precisely controlled thickness and w thin narrow
atomc fraction tol erances on a substrate, for exanple to coal

sem conduct or ENBRANCED OXIDE - CONTRENING S PLUATESR df ARG Ild O¥cor di ng
media. In one comon configuration, a racetrack-shaped magnetic field is
applied to the sputter target bE@MROSHIONSets on the backside surface
of the target. Electrons are trapped near the sputtering target,

i nproving argon ion production and increasing the sputtering rate. lons
within this plasnma collide with a surface of the sputter target causing
the sputter target to emt atons fromthe sputter target surface. The

vol t age HEL&@E%}EW\EMJQMe cathodi ¢ sputter target and an anodic
substrate that is to be coated causes the emtted atons to formthe
desired film on the surface of the substrate. 100031 In the reactive

sput t er i [000 1 PemRsent e cHASH FuReh & dPRIted@Fdetdridy nfdré paticwatly, laiesem cal |y
reactive gas atnosphere, and material which is sputtered off of the target
cheni calmygnesigeiat-sipring thirefilrensnutigeedsipers ispatigrianghis vwrsh aioqomsised of oian a
chem cal co ﬁgnd vxﬁli.ch fordms ltne f'iaigﬂ rélL(QOOSA[}CSDuri ng the production of
convent | ST HEGR ST PERGF dMRG W% " ay &Y™ St thin filns are
sequentially sputtered onto a substrate by nultiple sputter targets, where

each sputter target is conprised of a different material, resulting in
t he depoRESCBAPBION QT HERELATEDART:

[0002} The process of direct current (“DC”) magnetron sputtering 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 sputtenng rate. lons within this
plasma cotllide with a surface of the spulter 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 mixture to form a chcmical compound

which forms the film.



Figure 1 illustrates a typical thin filmstack for conventional magnetic
recording nedia. At the base of the stack is non-magnetic substrate 101,
which is typically alum numor glass. Seed |layer 102, the first
deposited | ayer, forces the shape and orientation of the grain structure
of higher layers, and is commonly conprised of NP or N Al. Next,

non- mag | Laver 104 | -0f t i NG . hree 4ischete
ayer o 104G S B Ehohdr pr USRS FhanfL HESRIREREbR, WIERG I RTIAES,
al l oy, stcdeqasntfalMspuére@ohto a $ubls@hicadyanultPh sputidt Ghodts) etHegesachnpu@ér t wWo
separate layers, i1s forned above underlayer 104, where interlayer 105 is
cobal t - bagelds aperprserhef a/dittesané maten Nagrdting intheaicpeovomef 2 dyefilmostackhi ch
may i ngl.ude,t. or _three ar-ate. |l ayers, is.deposited on top of ..
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a magnetic recording nedium 1s directly related to the netallurgica

char act éreedldyes 18hdhe hiest dopgroisd 1dyen, fofces Hee hapaand emdntgion alytbe granal,
correspaondi ngl to The sputter target materi.al..ffo0 i ch the .
dat a ot GPEHEY donibRerdalest B of o ol BT P BN RH BB e mmagnpte
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recordi ng” ("PMR'), as opposed to conventional "longitudinal mgnetic

r ecor di ngidexldyeliR fypidally alsbeomivire bagedtallpy osrichian § tided or€t Ticilaterlayeciiidol ogy

for the neti ¢ data storage i ndust d fo it i gh jte.
ef 11 o1 ertotSiehles Berp BHG FAUTAF 8T BB e ectiRaAtT 4w hirh interlayer
conbi natig8ns Whidk-Base@hahd lﬁgﬂg¥ h?:%gétic. Usria Pkt RMRta- Rbtisig fver 160@GMHide chay

per pendi cular to the plan ~magnetic recording rmedium allow ng for
a snal lieeluBté twe br thremstpgratatagerscsaleposriedyon tbp of derfayeul @3, aRVRarbon

expecte 0 increa di sk oercivity and engt hen di sk si gnal
anpbr ¢ adeble BRI PRG Prmet Sarianla T 10 "ot o retentton 100061 In
order to achieve a high recording density in PVMR nedia, thernmal stability

should be high, and nedia noise performance should be | ow. One approach
to real i [P08Y Theameueimifidala thatranrhgl stered it wniyargp@n agudgnchorererding medium

requir eng Er%ctilym rel?all\{eRd ?@fi'aie%ééu&r‘éic‘%f %/Jréjc?er? btie5 &N {h%rcofnzposition of the data-storing
layer and, correspondingly, to the sputter target material from which the data-storing layer is
sputtered. To sustain this continnous growth in data storage capacity, a technique known as
“perpendicular magnetic recording” {'PMR™), as opposed to conventional “longitudinal
magnetic recording” (“LMR”), has been the most promising and efficient technology for the
magnetic data storage industry, due to its higher write efficiency using a perpendicular
single-pole recording head, in combination with a sofl underlayer. Using PMR, bits are
recorded perpendicular to the plane of the magnetic recording medium, allowing for a
smaller bit size and greater coercivity. In the future, PMR 1s expected to increase disk

coercivity and strengthen disk signal amplitude, translating into superior archival data

retention.

[0006] In order to achieve a high recording density in PMR media, thermal stability should
be high, and media noise performance should be low. One approach to realizing the essential

thermal stability and media noise requirements in PMR media 1s to provide a granular



magnetic nedia with nmagnetic domai ns having hi gh magnetocrystalline

ani sotropy, and to adequately encapsulate a fine grain mcrostructure in
a structurally, magnetically and electrically insulating matrix. To
achieve this goal, elenents with a relatively high atomc radii and
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cross-talk betmeen the magnetic domains. The inclusion of an oxygen-rich

grai n ahineuksuifagnoiwlidentubiliyng cebadl Chdwee bran aided isincise poaeiwity.
precipitated in the grain boundary due to negligible solid solubility in
the magnetic phase, has significantly inproved grain refinenent and has
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These and other conventional techni ques have shown significant
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magneti c nedia approaches limts of magnetic 'dipole stablllty, a
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grain is not_influenced uQus ner ors, and
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signal -to-noise ratio ("SNR') performance by further encapsulating the

magnet i ahgreliastjort cbrféwcld}mmm gnal stappuroaeind taogfamhgrmhcmgssbhesg enFgy r(lém)
properties is to use si.ngle conBonent oxi de, h as Si 02, Y2

Ti 02, Ta2U%s 'RGBYET FRN ARG A2, f)l“?%’é‘?‘f‘%r‘i%ed'ﬂ?éﬁ qs 'E?%Rﬁ“&e%’ag‘é‘g&‘

the beneJdn%r?s'ed%fft%ﬁ@r@deP?GQSR@{ af cogieywgen through reactive
sputtering and/or single oxide-containing sputter targets, in CoPt,

CoPt Cr, CoPtB, and/or CthCrB—contarnrng granular magneti ¢ nedi a. This
approach i zat i.on

ol 1 sot PR R R et Ll B NTED sbepdisu hofC L BReBtS ne

best gr afigbRIstdBpEtyaa BEcRHIBRAGE10Malh £D8RHdn tRusPbReABStishB@ 0@ (hat each grain
1s not influenced by its contiguous neighbors, and the magnetocrystalline anisotropy must be
mcreased. While the introduction of oxygen in the grain boundary has been observed to
render a better signal-to-noise ratio (“SNR”) performance by further encapsulating the
magnetic grains, the conventional approach to achieving these desired properties is to use
single component oxide, such as Si03, Y,0s, Al; O3, Ti0,, Ta;0s, Nb;Os, for media
applications. Recent studies have proven the beneficial effects of incorporating oxygen
through reactive sputtening and/or single oxide-containing sputter targets, in CoPt, CoPtCr,
CoPtB, and/or CoPtCrB-containing granular magnetic media. This approach has provided
significant improvement in the realization of well-isolated grain structures, however these
oxides do not realize the best granular media performance with regard to SNR and thermal
stability within PMR media. Moreover, techniques such as those descnbed in U.S. Patent
Application No. 11/110,105, entitled “Enhanced Multi-Component Oxide-Containing Sputter

Target Alloy Compositions,” filed Apnl 19, 2005, provide additional enhancement of grain-



stability within PVMR nedia. Mireover, techniques such as those descri bed
in US Patent Application No. | 1/110, 105, entitled "Enhanced

Ml ti - Conponent Oxi de- Contai ning Sputter Target Alloy Conpositions,"”
filed ril 19, 2005, provide additional enhancenent of grain -3 to-grain
M cro storgretnmarostrashel magnats agg eteeiricabisolayen sirpugh therpedjHationeof oxide
nDduIatlo 0] i tl-co onent oxi de cont ai ni ng
granula “El%fg®b§§"$$ﬁ&ﬁogﬁgf€ gﬁg“%gﬁ?P der e Enlghly desirable to
provide a magnetic recording nedium wth a dense grain structure at the
magneti c data-storing |layer, to inprove the SNR and increase potenti al
data st BIO08k Iidahesefore ¢ansidered lghlyidssirahle ta provisledenpgnebic aceadipgavedien

si ngl e- nent or multi -containing alloy c 05|t|ons
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targets and, nore particularly, relates to magnetic data-storing thin
films s pumpemfem of mmgpmpommtoardgeqogtamng lallay eoopoptidsseshish cah beoysed in
conpositions with i . | i cal characteristics [001 J)
Accordlﬁ%mﬁgtggﬁ?ﬁggggﬁr gﬁ%ﬁ? ?%ﬁ% present invention is a sputter
target, where the sputter target is conprised of cobalt (Co), platinum
(Pt), a S|ngle conponent OXIde and an elenental nmetal additive. The

el enent 2lUYiM ¥ [aOkeducti on potential of greater than -0.03
el ectron volts and i's substantlally insoluble with cobalt (Co) at room

t enperature. 100121 Accordingly, significant inprovenents in thermal

stabi i qwﬂfﬁ}dr@%sehhﬁﬁ@ﬂtﬁbn &Mé’ﬂ%‘%ﬁ@t@érﬁaﬂg@ts%@nﬁ%%&ﬁ&ﬁhhy N@1.84y 1§0t I Opy
and increaséd grain-to-grain segregation, are possible using a

si ngl e- mgmonedata@tonnﬂ thin ﬁbmmnanttedd"mndeplmmwgﬁs mdidommpesimprised of 2llpyan
el enment al _net t|ve i uble.in the cobalt (Co)-containing
nagnet|€°HW8§§°3%8' i"EPF, 'Fﬁﬁgﬁﬁg‘%??&ﬁflon As such, the present

i nvention contenpl ates enhanced sputter target alloy conpositions usi ng
metal additives which render better magnetics for PVR nedia manufactured
usi ng a8kt rerospog ten ifing arrangement, the present invention is a sputter target, where the

sputter target is compnsed of cobalt (Co), platinum (Pt), a single-component oxide, and an

elemental metal additive. The elemental metal additive has a reduction potential of greater

than -0.03 electron volts, and 1s substantially insoluble with cobalt (Co) at room temperature.

[0012} Accordingly, significant improvements in thermal stability and SNR, through
enhancements 10 magnetocrystalline anisotropy and increased grain-to-grain segregation, are
possible using a single-component or multi-component oxide containing composition with an
elemental metal additive which is insoluble in the cobalt {Co)-containing magnetic phase and
is resistive towards oxidation. As such, the present invention contemplates enhanced sputter
target alloy compositions using metal additives which render better magnetics for PMR

media manufactured using magnetron sputtering.

{0013] The sputter target is further comprised of chromium (Cr) and/or boron (B). The
sputter target 1s compnised of between 2 atomic % and 10 atommic % elemental metal additive,

where the elemental additive 1s copper (Cu), silver (Ag), or gold (Au).



[0013) The sputter target is further conprised of chromum (Cr) and/or
boron (B). The sputter target is conprised of between 2 atomc % and 10
atomc %elenental netal additive, where the elenental additive is
copper (Cu), silver (Ag), or gold (Au). -A 100141 PMR nedi a have nore
stringent requirenents regarding thermal stability and SNR performance
over L [ g A r i I  &ves
for colooIat Fat U PhAinGR srin! Rhuhfich P RENER V] LIS PR St

magnet operfatadnce peerdnRomedipythefe fére rellingrfar the Shtrolictibr ofiRew iadPi e thr
grain-to-grain mcrostructural -magnetic-electrical isolation, The

addi t i ofPBendPeHErRoafingEReha In erdemioggndes hpgher nagnetoghysiadineangpotrany, ldne

(2) | P SR A, AT o s S OORE RO sBPDLE RRLL ="

coer ci Virhy a(debn ofBnichta] hestdlb,zath 8caPper(C)NS G QAR) ad g51@SALYRLMEE 1N
LMR nedi a. 100151 According to a second arrangenment, the present
i nvent i apPrepnategPiunnafddrsedystemspehomesrsigmbgat npravsmenissadhomincsassal t

(Co), platin -a nulti- onent ..oxide d an. .elenental neta
b 1§ aR BTtk litelsbpd SHPERSOL thoPanE e BlizalFER R oBBD Py o
gr eat er ntib@agtru@uR3ngIMRimédlavolts, and is substantially insoluble with

cobalt (Co) at room tenperature. 10016] The present invention provides
for enhanced all oy conpositions which can be used to sputter granul ar

magnet i i optainin Pt - based ositi.ons. . whi.ch render better
Cher ol TP AP RbA L o SRR SR B el PR (B ERT Flpad” e
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grain size refinenment and segregation. These benefits are further
enhance§laiperizlgactpl additivies whare the eleaestal metataddidtve by 8 reductine potgatialatr opy
ener gy, id 4 tal s,are,add t.o .t he net.j,c. al onposi tion.
Toor 7] AR RAE bY Qe Rl BB b P RRR i o Pk Y o 7R3
magnet i eerhp&atlé.ng medi um including a substrate, and a data-storing
thin filmlayer formed over the substrate. The data-storing thin film

| ayer sputter target is conprised of cobalt (Co), platinum(Pt), a

[0016] The present invention provides for enhanced alloy compositions which can be used to
sputter granular magnetic media containing CoPt-based compositions which render better
thermal stability and SNR, compared to conventional compositions. Oxide-containing CoPt-
based media show a significant improvement in grain size refinement and segregation. These
benefits are further enhanced when coupled with an increase in magnetocrystalline

anisotropy energy, when additive metals are added to the magnetic alloy composition.

[0017] According to a third arrangement, the present invention 1s a magnetic recording
medium, including a substrate, and a data-storing thin film layer formed over the substrate.
The data-storing thin film layer sputter target is comprised of cobalt (Co}, platinum (Pt), a
single-component oxide, and an elemental metal additive, where the elemental metal additive
has a reduction potential of greater than -0.03 electron volts, and 1s substantially insoluble

with cobalt (Co) at room temperature.



si ngl e-conponent oxi de, and an el enental netal additive, where the

el enrental netal additive has a reduction potential of greater than -0.03
el ectron volts, and is substantially insoluble wth cobalt (Co) at room
t enper at ure. 10018] According to a fourth arrangenent, the present

i nvent i H?ﬂllﬂ]; Agcambprto ciouaheranaementedicngsenioN enfiongs a nsagystic atccordiagd a
dat a- st thin. film quer t str The torlng
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(Pt), aThHubﬁaLsiﬁrﬁh?émﬂeﬂIm a¢iefl SputRnearadt i€k empAial ofebatk (@sdbldtiviem (‘ﬁmea

el enental netal itive has a reduction potential of greater than -0.03
el ect r omujaicoBpoasi axédes aiyb amalemghia) metd addivive. Whe hleﬂmtﬁdlmetélad)iltme hasom

o1 anal o EURA PP E Al et B OBt St e g 5B AR bR AN ons

whi ch prcgydm@:d)%}@fmg dimlrestability and SNR  Speci fi cal ly, the
present invention provides for enhancenents to magnetocrystalline

ani sotropy, grain refinenment and segregation in granul ar magneti ¢ nedi a,
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i nvention benefits conventional commercial LMR nedia, by enhahcing the
oxi de- copreaiiinilhy the picscri owvedtioy prcegﬂqsrfomnhann@ntaitstMBg‘rcthawmef or

grain refinenment .and_isol ati nmentin ne er.f ormance. [ 00201
Accor di A PEOR s ERe G S MO SE R b LMo THARREF v USOREE hott 1 or
manuf actihddrpétatidn BRORRIhE] ﬁ@wmcn%s%&&wﬂ RAvem f%qdaddrg‘chwﬁﬁ ), ke step
of sputtering at least a first data-storing thin fitmlayer over a

substr atcenjfummra‘vvétbmltoaﬁddwmgéningmnéouh@rﬂmaorsmdimmgna’sm systdm.l m | ayer

tt sco edof 0 . plati num -
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volts, and is substantially insoluble with cobalt (Co) at room

temeratréﬁwm%@zilsokﬁw; aNgpentgganagnetip perfeasayenent , t he present
invention is a nethod for

{0020] According to a fifth arrangement, the present invention is a method for manufacturing
a magnetic recording medium. The method includes the step of sputtering at least a first
data-storing thin film layer over a substrate from a sputter target, where the data-storing thin
film layer sputter target is comprised of cobalt (Co), platinum (Pt), a single-component oxide,
and an elemental metal additive. The elemental metal additive has a reduction potential of
greater than -0.03 electron volts, and is substantially insoluble with cobalt (Co) at room

temperature.

[0021]} According to a sixth arrangement, 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 data-storing thin film
layer sputter target is comprised of cobalt (Co), platinum (Pt), a multi-component oxide, and

an elemental metal additive, where the elemental metal additive has a reduction potential of



manuf acturing a magnetic recordi ng nedium including the step of
sputtering at least a first data-storing thin filmlayer over a
substrate froma sputter target. The data-storing thin film |ayer
sputter target is conprised of cobalt (Co), platinum (Pt), a

mul ti - c@ngaterdhan dx@electaordvolisard sraahstantiativtiasoleld mithveebalifer patirhem

el enent ql netal additive has a reduction potential of -6 greater than

-0. 03 el'gBPF8W Golts, and is substantially insoluble with cobalt (Co) at
room tenperature. 100221 In the follow ng description of the preferred
enbodi ment, reference is nade to the acconpanying drawings that forma
part thd0@&X, Indmefdllowihg descinptighmofvhelpyefnayd embodimeans trefzténon immegets thiec
enbodi ment in which the inpvention nay be practi etﬂ.. It is, to be

inder st GEEPTRPRIIA e RriBEh R P HeY a0 G077 PRI OB RYEEYRYy be made
wi t hout il]ﬁ’s@%%'a’%%eéi%@%ﬂ%ﬁirﬁ&ﬁ%w@ﬁcﬁtﬂ@irWe‘ﬁﬁ@r'i‘Pna Bepidiend. RR Ebe
DESCRI PTI ON OF THE DRAW NGS 100231 Referring now to the drawi ngs in which
li ke refundersc@dribatoehs angprd@sents maydrenedpod dbdghapges may be oumgleouthout 00241
Figure 1 depicts a typical h{gi n filmstack for conventional magnetic
recor di riljPRLEE ,Oﬁé‘ﬁ%‘p&fp?:f’ﬁ PTFEPLPVERO™Y, thin filmstack in which the
magneti c data-storing |layer has been sputtered by a sputter target
conpri sed of the enhanced oxi de-containing sputter target all oy

conposi tBRIEBPESCRIAFTION @hdHEDBNWENGSof the present invention; 10026]
Figure 3 depicts an equilibriumbinary phase diagramfor a cobalt-copper
(Co-Cu) based system 10027] Figure 4 depicts an equilibrium binary
phase di : = S e € )i Figure 5
ot ot 5 B B el PR e B B o )
based systespondamglpd@OREMeghbgure 6 is a flow chart depicting a nethod for
manuf acturing a magnetic recording

{0024] Figure 1 depicts a typical thin film stack for conventional magnetic recording media;

[0025] Figure 2 depicts a thin {ilm stack in which the magnetic data-stonng layer has been
sputtered by a sputter target compnsed of the enhanced oxide-containing sputter target alloy

composition according to one embodiment of the present invention;

[0026] Figure 3 depicts an equilibnum binary phase diagram for a cobalt-copper (Co-Cu)

based system;

[0027] Figure 4 depicts an equilibrium binary phase diagram for a cobalt-silver (Co-Ag)

based system;

[0028] Figure 5 depicts an equilibrium binary phase diagram for a cobalt-gold {Co-Au) based

system; and

[0029] Figure 6 is a flow chart depicting a method for manufactunng a magnetic recording

medium, according to a second embodiment of the present invention.



medi um according to a second enbodi rent of the present invention. -7
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100301 The present invention

provi des a nmagnetic recording nediumw th a dense grain structure at the
magnetic data-storing |layer, which inproves the SNR and i ncreases
potential data storage capabilities. Furthermore, the present invention
provi dei)é 3 ich can be used in sputter

t ar get s —and—st =€ ot if 1 Figure 2 depicts a thin
filmstack in which the magnetic data storing layer has been sputtered
by a sputter target conprised of the enhanced oxi de-containing sputter
target 49038y Theanesssi mvgmlfmaromhemg magnoinereemsony mediumovith relopse grnt
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plati num (Pt), a single-component oxide or a multi-conponent oxide, and
an el en@nntaimmgalacwsaddpln carebe useden epwioe targtts med aputtedel] o thih &dma
reduction potential of greater than -0.03 electron volts, and is
substantially insoluble with cobalt (Cc) at roomtenperature. 100321 In
more det|gidyy ﬂ?&@@déﬁ)ﬁt?&%ﬂ'ﬁ% srfa%ﬂuHmh?&Pmte%gﬂéﬁédaHQﬁH 19 &%sb@é}ﬂ
dat a- storl ng | mlayer 206 fornmed over substrate 20 ta storing
thin filsputtayéby26puity tar(g@hm]smdd@lf t}tﬂablhlabce(d@()de mmmnmgrnp@mn)t,argt alloy

si ngl e- co onent oxi 35 and an_el ement metal . additive, where t he .
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tenperature. I00331 Alternatively, data-storin | 'ayer
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el enent netal . additive el enent al tal, additiv

Feduct | QRUpb BRI SSeGs RHPEPT t T Sompanan sxiEomd st Hemenifmtey afuitive.
subst ant7iRl didmentAsakiPhRiid RascoRaldtidnGRterfal bPQRh{LITRAR!-80Y cfectrbQ3AL I N
ei t her case Figure 2 depicts data-storing thin filmlayer 206 as being

conpr i seddas subssmpallomsplubls. with whkale(Gudyt rasmn tesererguee. si ngl e- conponent
oxi de or a multi-conponent

{0032] In more detail, magnetic recording medium 200 mcludes substrate 201, and data-
storing thin film layer 206 formed over substrate 201. Data-storing thin film layer 206 is
comprised of cobalt (Co), platinum (Pt), a single-component oxide, and an elemental metal
additive, where the elemental metal additive has a reduction potential of greater than -0.03

electron volts, and 1s substantially insoluble with cobalt (Co) at room temperature.

[0033] Alternatively, data-storing thin film layer 206 is comprised of cobalt (Co), platinum
(Pt), a multi-component oxide, and an elemental metal additive, where the elemental metal
additive has a reduction potential of greater than -0.03 electron volts, and is substantially

insoluble with cobalt (Co) at room temperature.

[0034] 1In either case, Figure 2 depicts data-storing thm film layer 206 as being comprised of
Co-Pt-Cr-B-MOy-X, where MOy represents a single-component oxide or a multi-component

oxide, and where X represents an elemental metal additive, where the elemental metal



oxi de, and where X represents an elenental netal additive, where the
el enental netal -8 additive has a reduction potential of greater than
-0.03 electron volts, and is substantially insoluble with cobalt (Co) at

room tenperature. 00351 As i.ndi cated above gnetlc recordi ng nmedia 200
can i ncPe@EVEipE r@(dHFHOIT potentialypd geeatertpn Vdi3gjedemdraligyaid s gpbstantially

non- nagﬂﬁ$hﬁhy@ﬂﬁngM?EC% QTO&HR%E$O¥%E 205, and carbon lubricant |ayer

208, although in alter e aspec fe present invention sone or al
of these layers are onmtted. Elenments which have limted solid
solubility in the primry magnetic cobalt phase and which

preci pi {124435]i4s mﬁ@a@ﬁ'ﬁbﬁ\'%dnmklyr%@&l@&ﬂ@éﬁa@@ﬁﬁﬁgmﬂh@e pRghbIR @lrgrlaéierﬁs
denmonst E&h&q ﬁgggﬁdfl'a§ 02' [‘IBIE ﬁﬁgﬂgﬂ‘? Endep ?QGZ()%NB‘teri]aglgls%ﬁ Eﬁ& cgrrb%ﬁtl'uba}{cam

magnetl c ITE acco resen nvention rs

enhancedayep a0 eithbagly & alaédmy a@pwwm"itmé Praserithxiation evtheler blebr @esd heeral
stability and SNR.  Specifically, the magnetic recording nedia includes

enhancefEheRitied. rEdgﬁé@téc\rfy@h haviei Ieitedsgolid o gty ng Fhiii mlm@'m TAENEHE cal?rdl
| h .
Segr ega;{:gﬂg%a @'Q\Hl 8{ {e ]81 % % bOtLl dgr Q'e ]OH S nl nfalgle?lll’] llC %rgms

el enent in co |on mn an oxl ont ra

region id&nﬁmaratba@m@yﬁstrﬁ;srov@ﬁmemthermR.comTerCI al LMR nedi a ls al SO
benefited, by enhancing the oxide-containing grain boundary region with
nmetal s which provide for grain refinenent and i sol ation, increasing

RNt | GoRes BIBAG G SAURAR LR LSRR 1 B MERTE B BB bl SR

perfor nce rore < 8¢5 h qU|renen nedla

and cal |eahhfdedisphitadmetkt ﬁlﬂb)onfoﬁﬂﬁj&itﬁﬂgl\xthld&ﬁﬁrofvﬁfe beﬁemaeﬂﬁmm@hm%ﬁa SNR.
contai ning media, in order to render qher magnet ocrystal |l i ne

ani sot r opEcNcaltprthe Magnelc meardngsmedietngludesgabanepieatice maggetocrystalline

i 11 on o Ry SR RRURL R SBRRR Ik SRR e IR e o

has shownc&ipgritibh ©fi Bleniemipd] eveeleh sohnitiar @k angxideeonagiisg gery bbaldarne
ani sotropy. and coerC|V|ty (He), and has realized an inproved fine %rain
mi cr ost rE80gR God't piged sysfemy. @%Hﬁl%{]al commercial LMR media s also benefited

enhancing the oxide-containing grain boundary region with metals which provide for grain

refinement and isolation, increasing magnetic performance.

[0037] With regard to thermal stability and SNR performance, PMR media has more
stringent requirements than LMR media, and calls for introduction of new additives for
conventional CoPt containing media, in order to render higher magnetocrystalline anisotropy,
improve fine grain structure, and increase and grain-to-grain microstructural-magnetic-
electrical 1solation. The addition of the above-mentioned elemental metals in CoPt-based
systems has shown significant improvements in increasing the magnetocrystalline anisotropy
and coercivity (H.), and has realized an improved fine grain microstructure in PMR and

LMR media.

{0038] Data-storing thin film layer 206 1s particularly well suited for PMR applications. The
choice of elements used in the metal oxide is based upon several critena, where the use of

different oxides with compensating and reinforcing properties realizes the best granular



(00381 Data-storing thin filmlayer 206 is particularly well suited for
PMR applications. The choice of elenents used in the netal oxide is
based upon several criteria, where the use of different oxides with
conpensating and reinforcing properties realizes the best granular nedia
per f or nBifdE mrf%ma@‘geawahtr%gaghﬁw 2N anehermal stahyity int heipsmendicglar gwgasticul ar
magneti g qfedia. [0039] In nore detail, in order for PVMR to achieve high
recordi ng dénsity, the data-storing thin filmlayer nust be conprised of
a material wth high thermal stability and | ow nedia noise perfornmance.
G anul ar magneti c nedi a contai ning CoCrPt or CoPt-based alloys, with
nmagnet i &W@gﬁn Are detad s aderdor RMihte dugvath glyrasardingdensity, theda@gritgring

hi ghly ISk h ..agi i.on. due. to their || arge :
magnet oli i ferafhuy bE ShIFR s PRl e Ol Bty g g aeoia

per f or mabRe pedganisticag Gorilaciagicdictrhielig taitBingisZ€oCAd be UoPbaRd U634, Rvith
refinement in the granular magnetic nedia approaches the limts of

magnet i &agnpet dosampengapyulairdvie we pnsulatingadtone grd md cakshighlwresighertoant to
devel op j - Wit h sufficien rain-torgrai.n_ separation_. such.that
each gr g%%'tn?]ga@@mnmgéﬁéﬁh%ﬁ lﬁr %i]}rll? Sfé}’r?@éﬁf‘fqlﬁ‘ge? %01{:0613& | %t}h%alﬁ%%%ﬂ)%er? in

t he bul %nhdrﬁ@é@krf&ﬁﬁarﬁ%gdﬁdﬁﬂg‘SNIh,Qiulé&é]uid%gﬁrﬁiﬁe fe@fictinai A §1@fn re@RBAEntand
separation are nmuch nore stringent than LMR an oxygen-contai ning grain

boundar yn the gpaHen mpgrrsigiracdiaspiyeashes disslanie af mognatiedbpolpstabdity thyreaer, at
properti making the .incorporation of oxygen,throu r.egctive .
Gt or tremRRP bRl PERRC Rl o S 98T 25U S0 ¢r TS e scparasion

Nb2CB) - Gaét tHabedt® grhiarig @bsmbaeichiny AlfluehitR 1Y @SEMt gl GWERY: gittbré I thB eIk,
enhances the benefits of oxygen-rich grain boundary regions in magnetic

medi a through the use of sputter targets containing single or

mul tipl (0)'¢ i | jve. | Lev igh_t he
it o TSRO s TORGARMETH! i S PP uch mor
propensistiyngept B MR @t boypehendentig cpdid bowmghey Iicgragilel @eliits bedavi or s

in a nulti-conFonent oxide matrix incorporated in the nmagnetic nedia,
usi ng sPEERNEd {rregderbiShIRERs HgPIRDETIIES. crkies distnesperation gf exyaen Broughe

basi s OfreMﬁ%is{){xﬁemfgr:intd%risﬁ)gle oxide (such S10,, Al,Os, Ta;0s, or Nb,Os)-containing
targets beneficial. The present invention further enhances the benefits of oxygen-rich grain
boundary regions in magnetic media through the use of sputter targets containing single or
multiple-component oxides. This objective is achieved through the modulation of different
oxide properties related to oxidation propensity, glass formation tendency, and magnetic-
dielectnic behaviors in a multi-component oxide matrix incorporated in the magnetic media,
using sputter targets containing multi-component oxides selected on the basis of specific

critenia
|0041] Of the different metals which have hmited solid-solubility with cobalt (Co) at room

temperature, copper (Cu), silver (Ag) and gold (Au) include a relatively high oxidation

resistance. The standard reduction potentials for each are shown below, in Table 1:

- 10 -



100411 O the different netals which have |imted solid-solubility with
cobalt (Co) at room tenperature, copper (Cu), silver (Ag) and gold (Au)
include a relatively high oxidation resistance. The standard reduction
potentials for each are shown below, in Table 1: Table 1. Standard
Reduction Potential Cu+0.52 Cu+20.34 Ag+0.799 Au+l.83 Au+31.52 10042)
Figure 3 depicts an equilibriyyiymbBinary phase diagramfor a Co-Cu based
system Figure 4 depicts an equilibriumbinary phase diagramfor a

Co- Ag- based system and Fidqure 5 deplfdiSdafofdknlidiidri um bi nary phase

di agram for a Co- Au- based sysd.\ AT 100 enperatdre, which is taken to
be roughly 21 Cto 23C (68K~ 7?il:, or 29B:¢ tg 206 K), each of copper
(Cu), silver (Ag) and gold (A&Iu)+2 re substamnuially insoluble with cobalt
(Co). As depicted in the resRectl ve T Q%Z@ substlantial insolubility,"’
is a state where the sol ubi} f—the tal additive is
reasonably close to zero. 1004181 AIthoughltSIﬂe el enmental netal additive is
preferably copper (Cu), sily %LHME or IS(;Ll (Au), |other elenental netal
additives can al so be used.-Fhe——sputter *'"fm* ts—fdrther conprised of
chromum (Cr) and/or boron (B). The addi ti on of these elenents nmakes it
possible to further enhance the grain-to-grain mcrostructural, nmagnetic
and el ed0942d diiguricsodepidivmn efuitiheumxdiiday phatcadingran fgr agio-En basddi systehn an
alterna chrom.um. ( Cr and/ or ,.boro B e omited. The .
Sputt or BB Arieplet S b S DA BT B0 SEEGLs Goah DRgRd S, endgFieure
el enent &l 4gpRitethn e@}m.bhm b,m?bﬁagma%laﬁ%%% Re!RbepdRidn VR fRfn be
copper (Cu) silver (Ag ) or other addit’ives, although
sputter t@rapgretuge oﬂmt:hn ?q@ﬂoéxsroaghlmléc et 8L (é&‘ditqm@FameZ%I Kao 296 K),

cont enple%(t:ﬁgfgc}/pper FC[W 81 vert(Agf| lquuirQr% K 85?11?3]]03/118;0]1?& wnh éo%o?t {Co).

As depicted 1n the respective figures, ‘substantial insolubility,” is a state where the solubility

of the elemental metal additive is reasonably close to zero.

[0043] Although the elemental metal additive is preferably copper (Cu), silver (Ag), or gold
(Au), other elemental metal additives can also be used. The sputter target is further
comprised of chromium (Cr) and/or boron (B). The addition of these elements makes it
possible to further enhance the grain-to-grain microstructural, magnetic and electrical
1solation of the oxide-containing granular media. In an alternate aspect, chromium (Cr)
and/or boron {B) are omitted. The sputter target is comprised of between 2 atomic % and 10
atomic % elemental metal additive, where the elemental metal additive can be copper (Cu),
silver (Ag), or gold (Au) or other additives, although sputter targets containing less or more
metal additive are also contemplated by the present invention. The atomic % of cobalt (Co),
platinum (Pt), chromium (Cr), boron (B}, single-component oxide or multi-component oxide

within the composition can vary, and 1s not limited to any particular atomic %.

[0044]) According to an alternate arrangement, the present invention is a sputter target, where
the sputter target is comprised of cobalt (Co), platinum (Pt), a single-component oxide, and

an elemental metal additive. The elemental metal additive has a reduction potential of

S11 -



plati num (Pt), chromum (Cr), boron (B), single-conponent oxide or

mul ti-conponent oxide wthin the conposition can vary, and i s not
limted to any particular atomc % 100441 According to an alternate
arrangenent, the present inventiaon is a sputter target,

sput t er Sieategdan;-g- Oéc%wrogé@hafanédﬁawhstf(r@afy ISP Y 69?3“ (%0) at rdom
singl e t I
e e L L S S
el ect r ovoniptided, ofardbils(Gy)bslaantmaPi)ya nﬂﬁmlcuﬂnbenwt bhidephal 4n ¢l€men@at memdm
tenperature. Alternatel the present invention is a_sp utter tar

wher e t A&diEpRt Thg elﬁ@ﬁg@i megal ae‘éwp? hagd rghicogbpeteniixbof gremt%{tl Huth (?h) a
multi-c Lement al
nmet al agﬁpgﬁg&ﬁ%éhg%ﬁegg@?ﬁ%] ‘E‘g‘%‘gﬁ{eﬁg’fmﬁ%‘r(&g’ gir'toltO my(%?%glj el ectron
volts, and is substantially insoluble with cobalt (Co) at room

tenperature. 100451 Significant inprovenents in thermal stability and
SNR, t hi¥ftdsh Sesmbierns seRtcyepsnisiadiamabstyility MmdNBnihsaighamhanrnittPeased

Lt d
of “the. STERBLERRARIA oy 308 LRASELP R TY B P e PR wt 0800I (RS
cont ai nisp@tcs GarpesdonpRedbf theaforementeiedl simgé-abmpetlnit oy multMebmIiponent oxide

insoluble in the Co- containin rra netl C phase and is resistijive towards
oxi dat i 6ANATHRS ETBREHICN WHBADIE deitee. Mhichds dispbihdet Bplior er

target %ht@orﬁ%ﬁ% cﬁ pilase }r’l]m l%*}eéfs?f‘v %wds%quatho}{egfhe ?ﬂ!s‘éﬁﬁ iheaRh pet ter

magneti cs actured usi ng nmagnetron sputtering. 100451
The pr eS:@ﬁﬂenipM@ﬂthHbrﬁﬁﬁcdﬂﬁpﬂﬂ&datht plrl@casﬁpmmtwmcﬁ udametas bddjtisgut t er
targets containing single-conponent or nulti-component oxides

par ti cul’dpelyrendergiien pisiEnetasiiBhEMR megingnindadtersd |“|S’é‘|$éﬁ‘1‘%‘eﬁf’alsﬂmé‘¥1“ﬂct ure
refinement and isolation are nore stringent in order to mnimze
degradation in SNR and realize a | arger magnhetic ani sotropy energy (Ku).
Commer cil8046) CFliezontent inveooordtargbatesii ao parvess rvagrivendfling ubingrspthe tegssnt i al

attri butes of a. Itl-co onent . oxi de I’T’B.tl’lé f or %r@&l ?)i\ﬁ]gerre.t and
i sol at i SAPHEYIRHARSES LA R-compnsPhHEes: PRIBIER yin RFBRYGtons,

netal s W&@l]@:ﬁ%ﬂg?&ﬁ&ﬁ?hﬁ]ﬁ Anf ule ir OB o IR IR tdofat 68 aré)ﬂ%?eestrm@&ﬂ 1@91‘3}%%& 0

CoPt - based syste have shown the ability to significantly inprove th
minimize degradation in SNR and realize a larger magnetic amsotropy energy (K.,).
Commercial honizontal recording media can also benefit from the essential attnbutes of a
multi-component oxide matrix for grain refinement and isolation to enhance the magnetic
performance. Moreover, elemental metals which are 1nsoluble in a pnmary magnetic Co

phase, when added to CoPt-based systems have shown the abihty to sigmficantly improve the

magnetocrystalline anisotropy, coercivity (H.} and grain size refinement in LMR media.

[0047] The present invention provides for enhanced alloy compositions which can be used to
sputter granular magnetic media containing CoPt-based compositions which render better
thermal stability and SNR, compared to conventional compositions. Oxide-containing CoPt-
based media show a significant improvement in grain size refinement and segregation. These
benefits are further enhanced when coupled with an increase 1n magnetocrystalline

anisotropy energy, when additive metals are added to the magnetic alloy composition.

- 12 -



magnet ocrystal | i ne ani sotropy, coercivity (He) and grain size refinenent
in LMR nedia. 100471 The present invention provides for enhanced all oy
conpositions which can be used to sputter granular nagnetic nedia

cont ai ni ng CoPt - based conpositions which render better thermal stability
and SNRICU48hpaguse Cuda dlomvartt depiting anpatbid fonsanudpétdeng s magnaliqpeosime

based nedi,a _show. a.sianifi nt | ovement.in grain size refi nt and
seqr egat et @l L RORURERT b e BB (el sislBOR, an

I ncr easﬂaelthbdrﬁﬁm@éﬁth%rsYeﬁi)t@stuélﬂ]g ANeas0h ﬁ@ﬁ)ﬂa%ﬂﬁéﬁb{%tﬂi\@ﬁh%bw@a met al s
are added to the magnetic alloy conposition. -12 100481 Figure 6 is a

f1 ow chavbstrigeplremiaspuiiciargrbovioe theethitd-slenogiting dmiagerepndentewsst $i ng
medi um _accor dj 0 ddi.tion enbodi ment of .t he present, invention.
o 1 ef 1y OrRa oo e RE el Sl A3 "EBhe Ry PRGN BB T
dat a- st qadifige ! IThe cfehlditdl RYRE] AURIvedas 8 WREIciidh Polcnbn 6F Gebt ®an t@pget
where the data-storing thin filmlayer sputter target 1s conprised of

cobal t €tsiron ppls.iandns gubsiantiall s insglublecwivi onleait ((Gxiad egona runpenatetee rent al

t al it h t t al ditive h duct.i tential
of - gr eat ety HRGmEGTER o o Rew B P Be ARl by Yorll BB
wi th cobalel ot &0 sibsirh@ararh @@ﬁ@tﬁétt&k;get-. THY dR5-9RHNEhN, fillnhayeedpliaer et jades
the step of sputtering at least a first data-stori ng thin film |ayer
£

over a sabwrised ef ¢abgth(&oymiatinaim (R}, gapultiftsenprarcat exide.iand anrelendritalmetaly er

tt t.arget | i f I t,(Co .ati . (Pt
i t1 - cagsEnt b 6 Pined Bl aRERy et RSP ERA e tpap0.03
el enent alleciBhaloltadidtis “ebsha$iaBy (RGNS RNhRBLANICH at borBk@Ap@EtuFdIaN - 0. 03
el ectron volts, and is substantially insoluble with cobalt (Co) at room

tenperature. 100491 The present invention is used to fabricate new

gr anul ar tic nmedia W.th. enhanged utter target allaq 0 sitions
oy o pr8T Ao iR ifafibys AR FBe AR bt AL o TS
present dnhyeiedispittgHtaniet 8% f @im@ihme VBeH probv iR theahyistiadilidyn@éd SNR.
ani sotro y,ggrai n refinement and segre ation in granular magnetic nedia,
t hr ough SHEREEAPBEE PESCR INESTEB IR ﬁse*%apghw@rﬁe% te gpgaetorastplling | ver
(Ag), ang; (A el RIS SRN e LIS i ain
botndar &%g%gioﬁgs ﬁg%éggtﬂergg@g&ﬁgggteg%ow A h S RN N RS ugh
incorporation of elemental metals such as copper (Cu), silver (Ag), and gold (Au), in

conjunction with an oxide-containing grain boundary region in CoPt based system.

[0050} In more detail, the process begins (step S300), at least a first data-storing thin film
layer 1s sputtered over a substrate from a sputter target (step S301), and the process ends
(step S302). The data-storing thin film layer sputier target 1s comprised of cobalt {(Co),
platinum (Pt), a multi-component oxide or a single-component oxide, and an elemental metal
additive, where the elemental metal additive has a reduction potential of greater than -0.03

electron volts, and is substantially insoluble with cobalt (Co) at room temperature.

{0051] Accordingly, significant improvements in thermal stability and SNR, through
enhancements to magnetocrystalline anisotropy and increased grain-to-grain segregation, are
possible using a single-component or multi-component oxide containing composition with an

elemental metal additive, which 1s insoluble in the cobalt (Co)-containing magnetic phase

13-



100501 In nore detail, the process begins (step S300), at least a first
data-storing thin film layer is sputtered over a substrate froma
sputter target (step S301), and the process ends (step 5302). The
data-storing thin filmlayer sputter target is conprised of cobalt (Co),
pl ati nuand l'strySIstafermWardsmrdwnentAS@ncldéhfopreaerBum‘gm@ownm@n@rﬁtemhdecedand
an el enent addi ti

Meduct | B BoHERT ey Brnppulpis VR Reld SRS TR BhRh s pe et tpapefit B

subst anpiak hiediA\a@hEreidstheGaRaleirob Gluding 0Om t enper at ur e. " bos1
Accordingly, significant inprovenents in thermal stability and SNR

through enhancenments to magnetocrystalline anlsotropy and i ncreased

. N t b

i 1 - SRR O dee ARG BB T SRV TE P BT bl

addi ti Vehethideflive$s £188ehtbld?ml AhdliD 8o Okl td 60) gD Sintradt (BREMEHE § [dWtase
- 13 and is resistive towards oxidation. As stich, the present invention

cont enppatms@nﬂmmc@cbxléqut@mgapgmr@l dmdywmdmmdbc spwies tzugctrfgnmet al

additiv whi ¢ r b ter netics for VR _r nedi t re

st g nauEBllysBRERmeP YGRS 55 e kisaiRt GIBE N RoTanTL SRt ne
ani sot r ggph, b @zotuhwrﬁéme@%rdyavlutrync(eﬁa%e odill€graibalndasdichiontaliSsi-ement al
formand is not bonded to oxygen (0), in order to achi‘eve a | ower

pr opensistyclionerds (bOMgdeDmﬂtOth’N)qu}S puithtemagmgtlamdmsl \eeli as thihdargpiuresidis
target for t.ional | e al additive has an oxidation
o baensit §1ecisicafcanah iy el Fasr ISt G A BREtsHCe T ann
render tQ€arR¥dsAfhiol &lehRPHRGRAYL bEGE %ﬂy@érﬁ&arﬁh’lqsreéhﬂi SR BEdL GrodEABEN

non-stoichiometry in the magnetic nmedia as well as the target results in
el ectri cbatwmndwtdlomaIMwheh@pennmmcmg wuheh@@mlwdtmmemrﬁpbr@mr@s for
catron/anron cres nction

o eseur SRPITR RafrE ot iRy SRR B nHRE R Bt S WA P o
|nterac@gmggMhﬁ@r$aﬁnaﬁﬁ&¢@ﬁmg@ggggrc field during nagnetron sputtering
woul d adversely affect the nmagnetic performance of the nedia as well as
the sputter performance of the targets. [00531 Thus the present invention

clai ns, [Sﬂgﬁnﬁ'ﬁg l]% L%genq(?rq%%ﬁbﬁ icﬁaﬂ%s,le%%c%g aﬁlBygE)lqlBHgiﬁgns leading to granular

magnetic media containing CoPt{(Cr){(B}-MO X, where MOy 1s a single-component or multi-
component metal oxide and X is copper (Cu), silver {(Ag), or gold (Au), manufactured using
magnetron sputtering, renders better thermal stability and SNR performance as compared to

conventional compositions.

[0054] The use of a single-component or multi-component oxide-contaming 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 oxides can be used for this purpose which can be used in
conjunction with known oxides, such as Si0O/Al;0O3 and others, to form a single-component

or multi-component insulating oxide matrix encapsulating the magnetic grains.

[0055] Oxtides which rarely form a solid solution with metals have the inherent tendency to

precipitate in the grain boundary regions in CoCrPt or CoPt-based granular media and



magnetic medi a containing CoPt(Cr)(B)-Mx-X, where MOy is a

si ngl e-conponent or nulti- conponent netal oxide and Xis copper (Cu),
silver (Ag), or gold (Au), nmanufactured using nagnetron sputtering,

renders better thermal stability and SNR perfornmance as conpared to

convent itBeT8PY eoliaRse Mcepguctyd seeresation ¢f thegnagnedic ggpias.c Shprsrraides slo not

mul ti-c X de- L NJ Lt the ..

ot e STRRLRLL RIS 5000 AL 3 QIR EOCERLSH G i i

t hr ough rhéda and teatfotanlesd (ot depireapat 61 @grafatibhen Haghaleifisct@psiehérdti ng
oxides in the magnetic nedia. Specific netal oxides can be used for this
pur pose Whi-ch can be used in conjunction with known oxides, such as

Si 02/ A1ZG3 and ot hers, to forma single-conponent or nulti-conponent
insul ating oxide matrix encapsul ating the magnetic grains. [0055) Oxides
whi ch r goese] Oaygenantoticdd sloulh edacyiié BoutRbak $n AN GlhhBadnetie hrdia dendemcy
to precipitate in the grain boundary regions in CoCrPt or CoPt-based

gr anul aro%ygem goateet in thugrappbemdageh 4R Bshlevegde pyrles imson weptiogaritfohoorPt

t he magnet;i r a: h { de no interfere wiih the epitaxial
grow h onzf%dt %ﬂo%"y‘g%fnb%‘Sﬁﬁ’%Fﬁ%‘%"}%S@?’H“ %M‘{ﬂﬁﬁl-abgg%quq% fﬂr)l(thfe’l"ldrehgtl rlre\e(ic(l"?’fge “Thd
t her ef oref theaslyten doneaisii pHeRiss | ORy n- NG AAa ok Ol drin BRI i DM S HaE10RM
energy (Ku}. [00561 Oxygen introduced through reactive sputtering in
thin filAiherdeicentsrdnitargets howener, bayadaneashiedisuperiqrpagnetic performance
boundar i a se .of sjingle. oxid bnoconjuncgtion wth CoCrPt and CoPt
el Tver 20 R 8 fing ST g R R e orfil Ol Bp
above-identified effects of the oxygen containing nedia.

Oxygen-cont ai ni ng granul ar nmagneti c nedi a manufactured using

oxi de- cot0a7hiThgmvaptien Bas hesusigeqriber aith Rrstieiat ilastsalveupelradementag Hes focbe
per for i: i pi i r r Lve
ot rert naerpiEDBEIAAAENE R Ray R R AR B A e P

i |l ust r atarumsehboghs e hsodi fidations traylbe madeder ihbaosf dridadary Hall imerir onhdg
not Iim'éed to the bove-%&gcri b%? enbodi prents and that various changes
and rodi FFRREIRHHEMIRG SHE! ARECOBS of HSSIBVEHIO®r di nary skill in the art

wi t hout



departing fromthe spirit and scope of the invention. WHAT IS CLAI MED | S:
1. A sputter target, wherein the sputter target is conprised of cobalt
(Co), platinum(Pt), a single-conponent oxide, and an el enental netal
additive, wherein the elenental netal additive has a reduction potenti al
of greater than -0.03 electron volts, and is substantially insoluble

wth cot‘)@}l{? ﬂl(lgoéLg:!MrEgifgterrperature 2. The sputter target according to
Claim1l ntal nmetal additive is copper (Cu), silver
(Ag), or gold (Au). 3. The sputter target according to CI aim1l, wherein

the sputter target is further conprised of chromum (Cr 4, The sputter
target according té SERArAITESt Wherear heshitiapatackts corpgsed P§ Fbrithep),

conpr i Se? mt.lmb tf r?% cémplglg&t ORI ﬁ{d %‘%gﬁ ntﬁpﬁg{aFEM11£9 Gaiml,

wher ei n rget conprise etween atonic % and 10
atomc %el eﬂﬁiﬁréﬂn tﬁ@bl@hea&dmmaddﬁvehammtu@n peentisliofgremeli than -0.03
conprising- a substrate; and a data-storing thin filmlayer formed over
sai d suslecirangoltpraadas pubssingalninsolbibdy Wb CPPﬁlh(GQ)IaﬁWW&m%WE%r target
is conprised of cobalt (Co), platinum (Pt), a single-conponent oxide,

and an élenental netal additive, wherein the elenental netal additive has

a reduction potent Tk sitteg taegdt @tcdriiag to Tldidh 1,68diastinehc viehicatal andalisdditive
substantially insoluble with cobalt (Co) at roomtenperature. 7. The
magnet i ds cerist 6wl sthedti (G oty to O aim 6, wherein the el enental
netal additive is copper (Cu), silver (Ag), or gold (Au). -16 8. The
magneti c recordi ng nedium according to Claim®6, wherein said data-

storing thin il m iRy gfutics tdrpéttalbesrdiirprdlsiad 1 obhabinaht epot{eCtdrget is further

compnsed of chromium (Cr).

4, The sputter target according to Claim 1, wherein the sputter target is further

comprised of boron (B).

5. The sputter target according to Claim 1, wherein the sputter target 1s

comprised of between 2 atomic % and 10 atomic % elemental metal additive.

6. A magnetic recording medium comprnising:

a substrate; and

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

wherein said data-storing thin film layer sputter target is comprised of cobalt (Co),
blatinum (Pt), a single-component oxide, and an elemental metal additive,

wherein the elemental metal additive has a reduction potential of greater than -0.03

electron volts, and is substantially insoluble with cobalt (Co) at room temperature.

7. The magnetic recording medium according to Clamm 6, wherein the elemental

metal additive is copper {Cu), silver (Ag), or gold (Au).

- 16 -



9. The nmagnetic recording nmedi um according to Claim®6, wherein said data-
storing thin filmlayer is further conprised of boron (B). 10. The
sputter target according to Claim6, wherein the sputter target is
conprised of between 2 atomc %and 10 atom ¢ % elenental netal additive.

11. A nethod3for HBAMABES TREFUDHBEABE RCPELDE 1 Al R Mt ¢ B 6#Prda8t ng
the stgp.9 th%ﬁ)'ﬁ‘i#,%'zé?@s ﬂhhlexeéo%pﬁseﬁ'gorft%hro i @ Qring thin filmlayer

over a substrate froma sputter " target, erein"said data-storing thin
filmlayer sputter target is conprised of cobalt (Co), platinum(Pt), a
si ngl e-conmponent oxi de, and an el enental netal additive, wherein the

el emental metal addFtRagBeRREECArdREMEHIUThaGOTERE il 1BM GMERTER SPR412-0. 03

el ect ro&o%qé hﬁ% ﬁqﬂqg'éis aihst @&%{)ﬁéeldyofjb'a?&l le with cobalt (Co) at room

t enper at ur e- utter target, wherein e sputter target is
conprised of cobalt (Co), platinum(Pt), a multi-conponent oxide, and an
elenental netal additive, wherein the elenmental netal additive has a
reduction potBnti direspuiisrdaiest accauhing v Ghim &, pberedmthgopruer targst iss

SubSt antdiibiided QIRIOIE fohik GORM fo LiShlc 21 cABal SARELANHLE 13- The

sputter target according to alm 12, erein enental netal
additive 1is copper (Cu), silver (Ag), or gold (Au). 14. The sputter
target according to Claim12, wherein The sputter target is further
conprised of 1éhr orfh MG fpr mpgutashEing sunagnetic a5 gading sashyrneL R ierathn 12,

wherein I i r 0, i e
sput t er “FAeg Pkl ARG} Sigaiididifle e ROFRE LSECo R SABbRBu Bbm fSpus
conpri seggaf wheteneend daatsowming Yorafikh lyentmutie tadgelieomnmpradedndtcabaladdo)t i ve.

17. A magnetic _recordi ng nmediumconprising: a substrate; and a
dat a- st B?atlﬁgmt (ith arsimgks-Feeenanb PR B %rflaﬂgkmg&af a?(fé‘,ww@?eé?'ﬁ 8% d
dat a- st Q{4 thAaf dddiBVeAWE s réRRLLE HolAlGRLS dréatEOMRA LGB eRLuERREIE, 0F |

substantially insoluble with cobalt (Co) at room temperature.

12. A sputter target, wherein the sputter target 1s comprised of cobalt (Co),
platinum (Pt), a multi-component oxide, and an elemental metal additive,
wherein the elemental metal additive has a reduction potential of greater than -0.03

electron volts, and is substantially insoluble with cobalt (Co) at room temperature.

13. The sputter target according to Claim 12, wherein the elemental metal additive

1s copper (Cu), silver (Ag), or gold (Au).

14. The sputter target according to Claim 12, wherein the sputter target 1s further

compnised of chrommum (Cr).

15. The sputter target according to Claim 12, wherein the sputter target 1s further

compnsed of boron (B).



platinum (Pt), a multi-conponent oxide, and an el enental netal additive,
wherein the elenental netal additive has a reduction potential of greater
than -0.03 electron volts, and is substantially insoluble with cobalt
(Co) at roomtenperature. 18. The magnetic recordi ng nedi um according to
Claim 17, whébei nThpeputtar dsrepfagromipnsio Glaan d 2ywhersincthp seyttardarget 18j | ver
(Ag), or_gold 19., The. net. ecof,d i ; ing to Caim
17, vvhe?oeqq 1-lssta?'(;lii ﬁ%%eaep 25%8%”?&’9‘1"% 1n q’“lg M °aé>}£rrge]§[§ﬂltn§{r% ﬁg‘ggg%npri sed of
chromum (Cr). 20. The nagnetic recording medi umaccording to C aim 17,
wherein said data- storing thin filmlayer is further conprised of boron
(B). 21. Theldput temagegtgercHdi@HfHY M OT@IEINE 17, wherein the sputter
target is cQ 's?éj 8!1 between 2 atomc % and 10 atom c % el enent al
metal additiv& "33 ©AMet hod for manufact uri ng a magnetic recording

medi um  conphidaiagofifethis HER 19fer SPiddanicnguidkubgasd, a first data-storing
thin filmlayer over a substrate froma sputter target, wherein said

dat a- st or i ng vthisrain saiddatassiering thim fitm layer geatter sareetnp £PERE sk ofobalt{ Celeo) |
| ati num (Pt), mul t.j.- conponent . oxi nmetal additive,
\a/ner ei nﬂﬁ%‘gu%eqpﬁnﬁﬁfuaﬂl'c %Pegd’&‘?%’ 3§£%%§ﬁ§le?%éﬁie?¥%ﬁﬁggteénti al ofI Y

greater than w243 tied gememal pelal Sddinshisa redubsdrapdtedthd! b f ighatdr widne-0MI3t h
cobalt (Co) at room tenperature. )
electron volts, and is substantially insoluble with cobalt (Co) at room temperature.

18. The magnetic recording medium according to Claim 17, wherein the

elemental metal additive is copper (Cu), silver (Ag), or gold (Au).

19. The magnetic recording medium according to Claim 17, wherein said data-

storing thin film layer is further compnsed of chromium (Cr).

20. The magnetic recording medium according to Claim 17, wherein said data-

storing thin film layer is further comprised of boron (B).

21. The sputter target according to Claim 17, wherein the sputter target is

comprised of between 2 atomic % and 10 atomic % elemcntal metal additive.

22. 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 said data-storing thin film layer sputter target is comprised of cobalt {Co),
platinum (Pt), a multi-component oxide, and an elemental metal additive, wherein the
elemental metal additive has a reduction potential of greater than -0.03 electron volts, and 1s

substantially insoluble with cobalt (Co) at room temperature.
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