ENHANCED OXI DE- CONTAI NI NG SPUTTER TARGET ALLOY COWPOSI TIONS FIELD OF THE
| NVENTI ON 100011 The present invention relates to sputter targets and, nore
particularly, relates to magnetic data-storing thin filns sputtered from
sputter targets which are conprised of alloy conpositions with inproved
met al | urgi cal characteristics. DESCRI PTI ON OF THE RELATED ART 100021 The
process of direct current ("DC') magnetron sputtering is widely used in a
variety of fields to provide thin filmmaterial deposition of a precisely
controlled thickness and wthin narrow atom c fraction tol erances on a
substrate, for exanple to coat sem conductors and/or to formfilns on
surfaces of ma | I 3. o onf i qurgti,on, a
racet rack-shapgmw&@pyhﬂgg?yjﬁmgﬁg Eﬂ 8., .Iy- by pl aci ng
magnets on the backside surface @oiMrmsEaneNs El ectrons are trapped near
the sputtering target, inproving 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 emt atons fromthe sputter
target surface. The voltage difference between the cathodic sputter target
and an a ' {S to be coated causes the emtted atons to
formthe LP%F Ve Nsurface of the substrate. 100031 In the
reactive sputtering process, the vacuum chanber partially filled with a
chemi cally reactive gas atnosphere, and material which is sputtered off of
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are SeqU%Hp%bi'ti\én§Whﬁﬁfp?tﬂreﬁ%&a%r@iéﬁﬁéﬂa@éc@erﬁicﬁ“' tiple sputter targets,
~where each Sputter "target is conprised of a different material, resulting

in the deposition of a thin film"stack.” Figure 1 illustrates a typical

thin fil %ﬁé&ﬁﬁfﬂN BWI‘?EM‘,%EBHER*?“ c recording nedia. At

| [0002} The process of direct current (“DC”) magnetron sputtering is widely used in a variety
of fields 1o provide thin film matenal 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 magnétic 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 sputiering rate. lons within this
plasma collide with a surface of the sputter target causing the sputier 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 canses 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 chemical compound

~ which forms the film.



t he base of the stack is non-magnetic substrate 101, which is typically

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

underl ayer is typically a chrom um based all oy, such as G M, or CTi.

| nt er | ay ef0088bDuring tisdpriodadtivtes coneertionalmageieraé@dingeedia, lagerk of (Rl fikhoVe
underl ayer 104, where interlayer 105 is cobalt-based and lightly nagnetic.
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[0005} The amount of data that can be stored per unit area on a magnetic recording medivm
is directly related to the metallurgical characteristics and the composition 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 sofi 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 is 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 is to provide a granular



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 sufficient solid
solubility in cobalt (Co) have been added to increase coercivity. 100071 In
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magneti c and electrical isolation. These and other conventional techniques

have shown significant inprovements in the realization of well-isolated
grai n strJgfeilds aalddldnalpgbe mugwmplc:emgzs ethappgmente rephiz¢kby comaintiosalilMR,

o sed DRCERHER MEHpLiEr GRTom gyt 13D RO B so é&aine?ﬁos{r%@n%mﬁ
in granul at{egﬂgﬁ?\f&fogs-mlgb@lv@eﬂﬁ%ggﬁtlrc%rﬁalﬁp tﬁeq;lclﬂ?lgﬁ%tf%ﬁ ox%#eqp 81

stability, icient grain-to-gr separ at i on nust esta

that each tgiadary region@onianiihg edibrhstrt oxidesnWhigh attsprecipiihiea s theégiﬁint he
magnet ocrystal | i ne ani sot ri))ﬁ2 must be. increased. Wiile the introduction of

uch

oxygen i n bnvadanydue thoaakigiblc s0bd sehbHity i teysagnetic ph@mbas sagrbépw}y improved
S|gnal-to noi se ratl e urth r enc a

mmgnet | o gPaITeonee e et SEPaT Bnesb kL g R Aty Slesbitel o
properti esishRtib®. ThEse sdah® GAVRATOART tehti slﬁU@Eho’ﬁbﬁath ae(a%m in
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structures, however these  oxides do not realize the best granul ar nedi a

performance with regard to SNR and thermal stability within PVR nedia.

Nor eover, [0%%§PIA ug?z%nsrg I?Gl%:smtilrl] g;?a%u a?%Carglngt?cdmlecri]lalgpgroashcs tﬂc hmits of magnetic
dipole stability, a sufficient grain-to-grain separation must be established such that each grain
is not influenced by its contiguous neighbors, and the magnetocrystalline anisotropy must be
increased. 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 (o use
single component oxide, such as Si0;, Y,0;, AL,O3, TiO;, Ta;0s, Nb;Os, for media
applications. Recent studies have proven the beneficial effects of incorporating oxygen
through reactive sputtering and/or single oxide-containing sputter targets, in CoPt, CoPt(r,
CoPiB, 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 described in U.S. Patent
Application No. 11/110,105, entitled “Enhanced Multi-Component Oxide-Containing Sputter

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



Application No. 11/110,105, entitled "Enhanced Ml ti-Conponent

Oxi de- Contai ning Sputter Target Alloy Conpositions,” filed April 19, 2005,
provi de additional enhancenment of grain -3 to-grain mcrostructural,
magnetic, and electrical isolation through the nodul ati on of oxide
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the SNR and increase potential data storage capabilities. In particular, it
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Pt), a si el enrental netal additive. The
é|e%enta|sﬁe?§f5§%§?@?§é ﬁagggn?e ﬂg??on potential of greater than -0.03
electron volts, and is substantially insoluble with cobalt (Co) at room
t enperature, significant inprovenents in therm
stabi | ity SSAMMARY § VENHRN:rents to magnet ocrystal | i ne ani sot ropy
and increased grain-to- graln segregation, are possible using a
si ngl e-conponent or mul ti-conponent oxide containing conposition with an
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magnetic phase a is resistive towards oxidation. As such, the present
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nmet al addi t| VES. s for PMR nmedi a nanuf act ur ed
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of chromum (Cr) and/or boron (B). The

[001]1] According to a first arrangement, the present invention 1s a sputter target, where the
sputter target 1s 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 is substantially insoluble with cobalt (Co) at room temperature.

[0012] 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 muiti-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 is comprised of between 2 atomic % and 10 atomic % elemental metal additive,

where the elemental additive is copper (Cu), silver (Ag), or gold (Au}.



sputter target is conprised of between 2 atomc % and 10 atom c % el enent al
netal additive, where the elenental additive is copper (Cu), silver (AQ),
or gold (Au). -4 100141 PWMR nedi a have nore stringent requirenments regarding
thermal stability and SNR performance over LMR nedia, therefore calling for
the introduction of new additives for conventional recording nedia in order
to render higher nagnetocrystalline anisotropy, a fine grain structure and

i nproved (OI4)-RMRINEdin hiv Cness Sl Mquiresiestsir @hﬁgtmérﬁ?dl slaﬁﬁit?ﬁh@QNR The
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cont ai ni ngniCastrubmseh IMRomedial ons Whl ch render better thermal stability
and SNR, conpared to conventional conpositions. Oxide-containing CoPt- based
medi a show a significant inprovenent in grain size refinenent and

segregat i h fits are furth enhanced n .coupled wt n
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[0016] The present invention provides for enhanced alloy compositions which can be used (o
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 is a magnetic recording
médium, 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 (P1), 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.



has a reduction potential of greater than -0.03 electron volts, and is
substantially insoluble wth cobalt (Co) at roomtenperature. -5 [0018]
According to a fourth arrangenent, the present invention is a magnetic
recording mnmedium including a substrate, and a data-storing thin filmlayer

f d ~ The data- ing thin fjlmdl tter. target
o Conpr | 20l XepEhE ¥ Eagurt bt g el ieptio i bend Rk aidingand  an
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I nvention js.used to fahricate new granul net | c dia with hanced
sputter t eﬁ]@@f CoOmRRentatfeant i2p ﬁ%@\ﬁ]‘@ﬂ"ﬂmgv%gkéﬁmﬁé?mﬁ% Pﬁﬂwq a5 angd
SNR Spe%&ﬁ&ﬁhk%terﬁi‘ﬂ?op 2P thah Y OB el fioR M4 453 iJﬂfbsﬁBhgﬂfﬁﬁs%ﬁe with
magnet ocrystal i ne anisofropy, grain refinenment and segregation i n granul ar
magnet i ¢ nebak (Cohatough temnperanper ati on of el enental netals such as copper

(Cu), silver (Ag), and gold (Au), in conjunction with an oxi de containing
grain boundary region in CoPt based system Additionally, the present
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to a fifth arrangenent, the present invention is a nethod for manufacturing
a magnet i cSp@d‘mﬂgVni@emmtrinvmﬂbnnﬁDdes farechbahesmehts te magnotbegstallirer i ng at

| east a first data-stor.l nl% thin film]layer over a substrgff.e Iuron}.a sputter
target, whSHSPTORY: grafnredipg Fﬂlgang}ﬁegregptpcp ) ggRutargpagnelic meig dprqugh conpri sed
of cobalt t] ' | : gp@ﬁg : | l.ement al
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cobal t (Co%\ at. room tenperature. %OO 1 According to a sjxth arrangenent,
the presentdfitioaally.dhe pesent spyepggn pepefits conventional commercial LMR media, by

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

refinement and isolation, augmenting magnetic performance.

[0020] Acco‘rding to a fifth arrangement, the present invention is a method for manufacturing
a magnetié 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
Jayer sputter target is comprised of cobalt (Co), platinum (Pt}, a multi-component oxide, and

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



manuf acturing a magnetic recording nmedium 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), plati num (Pt) a nmulti-conponent oxide, and an

el emental netal v wher rrent metal. additiv as a reduction
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i nsol ubl et%%%}aﬁ,cpp_alt (Co) at room terrperature. (0022] In the follow ng
description the preferred enbodinent, reference is nade to the

acconpanyi ng drawi ngs that forma part thereof, and in which is shown by way
of illustration specific enpbadi nent in_whi ch the invention naybe
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t hroughout : (0024 igure | depicts a typical thin P’ | m stack for

convent i onwide hatcothgcmhnd@emmwbe t(tdazS]amFr:@nges maptdysincads withdiitn il m
stack in |ch t netic ta- StOL g has been sputtered by a
sputter t @’f“”(g %COBFO RRHEhEe [b(%i de- contai ni ng sputter target

al | oy conp05|t|on accordlng to one enbodi nent of the present invention;
(0026] Figure 3 depicts an equilibriumbinary phase diagramfor a

cobal t - copBRIEK DESCRIP Th@BeOF SEE BRAWINGE] Figure 4 depicts an equilibrium
bi nary phase diagramfor a cobalt-silver (Co-Ag) based system (0028]
Figure 5 depicts an equilibrium binary phase diagramfor a cobalt-gold

( Co- Au) baﬁb%% é@eﬁﬁ% nS’\,qu 19 %vr@s%j(\%mga hkse r%fenj-:n% n%%re}s ,Q.gpgsgﬁti ng a

met hod for ng a nmagneti ¢ recor
corresponding parts throughout:

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

[0025] Figure 2 depicts a thin film stack in which the magnetic data-storing layer has been
sputtered by a sputter target comprised of the enhanced oxide-containing sputter target alloy

composition according to one embodiment of the present invention;

[0026] Figure 3 depicts an equilibrium 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 manufacturing a magnetic recording

medium, according 1o a second embodiment of the present invention.



medi um according to a second enbodi nent of the present invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 100301 The present invention provides a.
magnetic recording mediumwi th a dense grain structure at the magnetic
data-storing |layer, which inproves the SNR and i ncreases potential data
storage capabilities. Furthernore, the present invention provides inproved
oxi de- containing alloys which can be used in sputter targets and sputtered
into thingEtAREFOEHRIPTIONOR 9P ISVENTION N fil mstack in which the
magneti c data-storing Tayer has been Sputtered by a sputter target
conprised of the enhanced oxi de-containing sputter target alloy conposition
accordi ng enbodj nent .of the present.invention. Briefly, the magnetic
recor di ng I{lr@{ﬂ?[ﬁ\ &SRy eai oY ’r‘%? 8 ma&ﬂ@“&“&&%ﬁ“%%ﬁ’i”ﬁb%‘h@@ﬁ By er
formed ov et
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mul ti - conpiatesndragx capabiliied. Enrthérmmm,tthé pmerahmaﬁdbh pmldesTh@revlrcﬁ:lrmmial met al
additive has a .reduction potential of greater than -0.03 electron volts,

and is sulsSp@HIngAl ?/ys%rsl?ﬁm emdnnéaw&ﬁrttare@é)anﬁtsw%%ﬁ indoffup fmse. (0032]
In nore detail, magnetic recording nmedium 200 includes substrate 201, and
data- storing thi n filmlayer 206 fornmed over substrate 201. Data-storing
thin fil mibesBrFi2R 2 depicto aWkingReh ickaakalith hePagnetieBatalstdrid hyerchas been

si ngl e- corrponent oxi de, and an elenental netal additive, where the

el ement al spettered Byldisphtier thegst aomemﬂdtqf dhe eydranerd cadld@ftorgmmmmlhawrge@ aliay

el ectron volts,.and is . substanti i nsal,ubl e th coba

Cenper at urGmRBRB SCRTIRIETR oG Sy odagr SR VNI P66 POBBERa
conpri sed @foraRRahtdilifAdhelulbPd E;Lﬁdéff‘ate( ﬁd)a dzﬁa-m-blr tﬁﬂ%ﬁf‘ﬁ?ér @Hng@ ovéfe an

el enental netal additive, where the elemental mefal addifive has a

reduct i on smbsteaic.i Bie dta- guoeagelnmtfﬁalriay@ sp@ttaltmgehsmonmhssd oficrrdaailts(Co), platmum
substanti I)y i nsol ubl e thdcobalt lé @ roo ure 15?0%%

ei ther case ) Bs 5@?%‘3‘2‘“%‘]5“ PEOGAT .M BP °P‘Fﬂ‘|‘i”‘ el’ﬁ’i‘ %‘3‘/8 "?6%1 aidigv
conpri sed -pfe cIERieflat ﬁ;refa%mvemawﬁerdﬁamp&ama?%F eited tfn9! (3 &mm&,
oxide or a nulti-conponent oxide, and where X represents an el enental netal
addi tive, addassubdtentiallgmeselitile methalobalt (Co) at room temperature.

{0032] In more detail, magnetic recording medium 200 includes substrate 201, and data-
storing thin film layer 206 formed over substrate 201. Data-storing thin film layer 206 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 is substantially insoluble with cobalt (Co) at room temperature.

[0033] Altematively, 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] In cither case, Figure 2 depicts data-storing thin film layer 206 as being comprised of
Co-Pt-Cr-B-MO X, where MOy represents a single-component oxide or a multi-component

oxide, and where X reprcsentls an elemental metal additive, where the elemental mctal



-g_ additive has a reduction potential of greater than -0.03 electron volts,
and is substantially insoluble with cobalt (Co) at roomtenperature. (00351
As indi cated above, magnetic recording nedia 200 can include other thin film
| ayers, including seed | ayer 202, non-magnetic underlayer 204, interlayer

205, and. CARRNE kL GRHon Ll SPReatdt HAUS3 ibcitbh SHIERadoBRELA A, L he

present I nvent1 on sone or ayers are om

have | i mi tmdolﬂblelvdl}sabhahll(l(]'d)yitfdmnih:ﬁlpl@fdtmry magneti c cobalt (Co) phase and
whi ch precipitate in the grain boundary regi on separating the magnetic
grains denonstrate significant inprovenents in the SNR 100361 The granul ar

. ! e
eputter o aael ASFRHELETabE S MheBGRE e RITRia 2haidn FrRIRE e i BT AU En
SNR.  Specinkiifeitid sted 1ARr TBINRIN-MagRER LAHAT IR dD4 ihRAhISD 5 ANPARBIERbACAR

magnetocrystal line anisotropy, grain refiriement and segregation in granular
magnet i ¢ nbgen?08, altbeugh inrdtermpte speds obhegirestehinabntiver sins:; ori ail mfdhpastdayam n

Convent) orae il RSVl s 8 B Pyl ot
et nenont (G PHAsER] FRRAEAHYE ARlR b0 TR b AR E By b0
regard to ﬂétﬁbﬂﬂialﬁsil@hﬁbaﬁmmdveﬁmtﬂﬁﬂﬁ@smnCe PMR nedi a has nore

stringent requirenments than LMR nedia, and calls for introduction of new
additives for conventional CoPt containing nmedia, in order to render higher

magnet ocry ne ani sotro ove ain str.uct and i ncrease
and or at n- ToSie) 1% MRS b ey PRE ARG R RE RS Bk PP g Pimostied

addi tion OEnMiﬂe@b;ﬁMﬁ:r R d}ﬁ@%ﬁip@gﬁﬁeﬁ@whr&ﬁtﬁbﬁde BettRtherRas @@bxiﬁy ahE9RRhas
shown significant i nprovenent$ in'increasing the magnetocrystalline

ani sot r opy Spawﬁcaibe tlesi miagnetichieyordmgdnéras inchules zrhngemints to wagnétoerysighuien
mcrostructure 81 Da[a storln&lgla f|ImIayer

206 is par fPERl TRy ﬁ%l’?id%‘?ﬁ?‘?rﬁéggé‘?g’ﬁ?é°ab'bﬂfaé'3 Gignetiedia, through

incorporation of elemental metals, in conjunction with an oxide containing grain boundary
region in CoPt based systemn. Conventional commercial LMR media is also benefited, by
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 isolation. The addition of the above-mentioned elemental metals in CoPt-based
sjfstems 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 is particularly well suited for PMR applications. The
choice of elements used in the metal oxide is based upon several criteria, where the use of

different oxides with compensating and reinforcing properties realizes the best granular



choice of elenents used in the nmetal oxide is based upon several criteria,
where the use of different oxides with conpensating and reinforcing

properties realizes the best granular nedia performance with regard to SNR
and thermal stability in the perpendicular magnetic nedia. (0039] In nore

detail, in_order for PVMR to achieveg, hi ecordi ng. density, the data-storing
thin film FE&AP apee E’Bﬁﬁ?ﬁ%@g"_ S@%mﬁﬁﬂ\ﬁﬁ{m “hﬁ*@r?eﬂrf‘éifdif& ar agpelq ty
and | ow negi;a Noi se performance. G anul ar magnetic nedi a containi ng CoCr Pt
or CoPt-based alloys, with mgnetic domains encapsul ated in an insulating

matrix, are not only highly resistive to thermal agitation due to their

| ar ge magnetocrystalline _anisqtrop but they also provide an enhanced
per f or nanc Z@%’éﬁ? G dRR, InRreek ’g’f ﬁ%R & aghevsi igh resgrding densitysthgdatanstoring

refinement .l har net | ' nhOAC he ,l.i.m t s ,0f netic
i pol o ot a0 o TRREEL b BRF ANCHOF (Pnafonitil' 3 e sties
material s Wolsd petfbfhsiceNGrahdlamagndicahedis emnaming20oCHY TR CoPiba&ACNoYE, ailh | S
not magnetically influenced bg/ its contiguous neighbors in the bulk.” (00401
For PMR, whesgaetiy domevpaieneansuiatediprangnslatingahitnignem netreal s kighhatesishveatoe nmuch
nore stringent.than. LMR .an oxygen-contai ni rain _bound [ ranul ar
medi a has Bl selRiepdtied heankEE paRt g fef rsclrade put by ala it fit

i ncor por at iggfamded AderegaBine' tduélo? i i} .l '
(such’Si o, 6 e e e Y e M R APk ALY 5% B
present i nusthd grantlar magnetienheadie eppitoaehdseelimits ob fnagrstiredipolechability] owever, it
boundary regions jn ma,gnietj c nedia through the use of _sputter targets )
cont ai ni ng Wregeeingreasinglyt impostanbingiselop ragrls WithsuéliGepezainge-arain separaingy

or oponsi £y Gy St Epeihaflis ol R lean HAEnRRAPH: LR PR AP e ERRNACT

a nulti-conponent oxide matrix incorporated in the magnetic nedia, using
sputter tar %et s containing rmulti-conponent oxides selected on the basis of
specific cliOPEY Fer RigB4 whersthe peaudrerentsdit eran migemgntcandsgparalippategguch more

POl o U ARG e L U STBRIED PR b
observed 1o render better magnetic properties, making the incorporation of oxygen through
reactive sputtering and/or single oxide (such SiQ;, Al; 03, 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-
dielectric 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

criteria
[0041] Of the different metals which have himited 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:
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resi stance. The standard reduction potentials for each .are shown below, in
Table 1. -to Table 1. Standard Reduction Potential Cu+ 0.52 Cu' 0.34 Ag+
0.799 Au'" 1.83 Au+3 1.52 (0042] Figure 3 depicts an equilibrium binary
phase diagramfor a Co-Cu based system Figure 4 depicts an equilibrium

bi nary phase di agram for a Co- Ag- based system and Figure 5 depicts an

equi I i brium bi nary phase di agram for a Co- Au-based system At room
tenperature, which is taken to febledughly 21 Cto 23C (68F to 72F, or 295 K
to 296 K), each of copper (Cu)—silver (Ag) and gold (Au) are substantially
insoluble with cobalt (Co). Ab depi {tStddardiRedhaion Pgpedt j ve figures,
“substantial insolubility,' is acﬁta e mhere(ﬁﬁp solubl ity of the

el emental netal additive is repsongbry—ctose—to—zero: 043] Although the

el emental netal additive is prefledably coppe®-3cu) S|Iver (Ag), or gold
(Au), other elenental netal adjithes can algq §e used.| The sputter target
Is further conprised of chro uulk y——arro-ot uu.un B+ The addition of
these el ements makes it possi blLAY o|further le¥hance the grain-to-grain

m crostructural, magnetic and ¢l ggtirical |:ﬂﬂ§§|on of [ he oxi de-cont ai ni ng
granul ar nmedi a. In an alternat &-aspect—echromum{cr) nd/ or boron (B) are
omtted. The sputter target is conprised of between 2 atomc % and 10

atomc %elenental netal additive, where the elenental netal additive can be
copper ( Cu)l004Z]i Figure 3 Agpicts@n eguilibrivubinery prasediagia fanacSo-Cal hasedigysteaput t er

targets cont.ai ni net al addlilve | at e t he

pr egent i n&é‘ﬁ’t’ﬁ ‘ﬂgepfﬂé aat‘:’g}‘r’lﬁgnb}mot?ma’gﬂﬁ}%e ¢iagtem 05|a£q zﬁgnl? Efﬁ fﬁ%‘é‘ﬁr%‘%lpéﬁ‘

(Cr), borons ﬁgﬁlcts%h%ﬂhﬁfb?i%p&%@tp}ﬁéé dfgPim B 4 ¢6-20MPRRE @&st@ﬁ‘l! %R room
temperature, which is taken to be roughly 21°C to 23°C (68°F to 72°F, or 295 K to 296 K),

“each of copper (Cu), silver (Ag) and gold {Au) are substantially insoluble with cobalt (Co).
As depicted in 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 clements makes it
possible to further enhance the grain-to;gfain microstructural, magnetic and electncal
1solation of the oxide-containing granul.ar 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
meital additive are also contemplated by the present invention. The atomic % of cobalt (Co),
ﬁ]atinum (PV), chromium (Cr), boron (B}, single-component qxide or multi-component oxide

within the composition can vary, and is 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

-11-



Wi thin the conposition can vary, and is not limted to any particular atomc
% )0044) According to an alternate arrangenent, the present invention is a
sputter target, where the sputter target is conprised of cobalt (Co),

. platinum (Pt), a single-conponent oxide, and an elenental netal additive.

~ The el enent bkl L, O Lal., r_1han
T0:03 ol ot catibfiy FOTLickn Dot nd R UBHoRMIR bR i e T ol

| room t enpaemperatire. AAltemasdigltlic pteaentprieseioh is Nvanter GtgétSwheRRHE b@litel Brpatis

. where the sputter target is conprised of cobalt (Oo%, platinum (Pt), a

- mul ti - conpdREwIskpHecobaHdCan riatawentid), aatliitcompaaient axdde, PRE ag|edaresmialimeialt al
additive h . re t t ' . t han, - 0. el ect,ron I'ts,

“and is subs gﬁ{\{eaﬁtﬁgé e?eglg%rﬁ@brﬁéira% dﬁt?{:eo graﬁ E%‘Ei%l)on %ternglgﬁﬁgﬁ%tgfgaﬁr'gb9100451

- Si gni fi cantelédionoRBRIHdSs bibstATallRlingghaii Withobad (YRt rédih estfifergfif@ncenent s
to magnetocrystalline anisotropy and increased grain-to-grain segregation,

are possible using a sputter target conposed of the aforenentioned

i single-co t..or. ul t.i -conponent oxid nt ai ni conposition with an

" el enent al Wﬁ@ﬁgﬂ %‘%’iﬁ%@@?‘%)’ EE[\%”} lﬁgwqﬁﬁ?agﬁi‘ﬁ af“fllg _thrggglg SPRANSEMARIg IRt i ¢
phase and | fagRkcHduifint 8 déppaﬂ@h'&d B RIRE o BMER, | ible usi

- cont enpl at esal hesc?enﬁgncfggés fterﬂgﬂgrgget&%ﬁltgﬁég% segt %g%?%w}eug%nga

- netal addi tspuder tardet compesedarf thetfoesmemigned siaglef@mpdnBhinmdh altineompaehlisdde

. using magnetron sputtering. .100461 The present .invention can be used to

process magiEtARINg iCPWE’Oﬁ‘éi%H g"1Ehn ¢lemental petal addibke.arhiehnip igsolgble e Sitfetrent or
Sl ti - Conpoébql?&inﬁﬁ'n‘?:f@’eti{:) gflﬁéeca%*i% l‘e\éiskioe %\%rgsp 1{1%@3& Ofye eprem?'irﬁrekngn :
requirements graifi StTucture refinenent and | solation are nore stringent in

order to nigiitéthplated egsaeakaneed sputteNiirgaichilo§ @binpBsifiohavlivh UTB @Rahl Aditives

- ani sotropy energy (K' ). Commercial horizontal recording nedia can also
benefit fr owhichecrdes batigranagictics futPAdR anedia manp factugeshysone Mmagbstreiespuiering f or
i grain refinenment and isolation to enhance the nagnetic perfornmance.

. Moreover, elemental netals which are insoluble in a primary magnetic Co

phase, V\/ﬂenlﬂﬂd_d]%qfhé presomitinDafRA cal bt FEd 103 8c<ah RienbReri BN ddikgy sputer targets
~significantly inprove the magnetocrystalline anisotropy, coercivity (He)
and grain sfordaineg; stirgle-gompanenVRr udiigomponent oxides, particularly in PMR applications,
' where the requirements grain structure refinement and isolation are more stringent in order to
minimize degradation in SNR and realize a larger magnetic antsotropy energy (K.).
Commercial horizontal recording media can also benefit from the essential attributes of a
multi-component oxide matrix for grain refinement and isolation to enhance the magnetic
performance. Moreover, elemental metals which are insoluble in a primary magnetic Co

phase, when added to CoPt-based sysiems have shown the ability to significantly 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 in magnetocrystalline

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

S12-



100471 The present invention provides for enhanced all oy conpositions which
can be used to sputter granul.ar magnetic nedi a containing CoPt-based
conposi tions which render better thermal stability and SNR, conpared to
conventional conpositions. Oxi de-containing CoPt- based nmedia show a

signi ficant g s [ ay i ze.refin and segregation. These .
penef i 5 ar 0P FHESE R s i Bk S G ig oo Hon e bl A magretic recording
magnet ocr ys naddiimpaccafiin®ic APYAENGHY ¥mbbhRtnaadide ;if@seﬁﬂx%ﬁﬁﬁ{.esﬁéﬁf%é o the

magnetic all oy conposition. 12 (00481 Figure 6 is a flow chart depi€ting a
met hod for rafbeditrcindes thestemefisputtenngatdeait ndirstndati-stoying cinfdimigytravana

addi ti onal ' of the. present invention. Briefl the method,

i ncl udes t hgﬂgﬁ%&gﬁ? Blsap?ﬁl{u& H%g&awtvﬂ?rgé}éet gaga'ﬂ"l“é]tg tg‘é‘téﬂi{aﬁ‘i Ry tehianest iy m

| ayer over aonfpviasd bBEHaltr 3l t : P ' '
filmlayer sgu_t ter tar ét (Pg) a"e%‘rﬁ’? ?2%{ ﬁlﬁ%ﬁgﬁ@ﬁ%@é@?ﬁgg{@%ﬁ%&w&b} Haéla'?
si ngl e- conpa@ddiveodihgsleragrdalanete) aluitinedtas matdictiongmidritiabol gieetee tiare00al
netal additiye, has educt i enti reater than -0.03 electron

| . of .

volts, and i® e"érBBs}’t"gFr[ﬁ |'F§“§%ﬁhﬁl‘@°ﬁdwgwegﬁa 3lt (oY) at gpom desmperatiser at ur e.
Al 't tivel et tfer 2 fi
Gt o St or | ng RRABCRE ROM MR OIS e< HE s5b BP sl o FEasT ks o1 BT drihe ]

dat a- st or i ndayeniowef a bubstrateefrorapusputter tuigeg €Thd data SN thRONIAT 1.68PFtict @Rdet is
pl ati num (Pt%’, a, n;;]ﬂ higico%ent .oxide, and an elenental netal additive,
where the elOMPRissy oheabalt (G piatjmsim 8.2 puliiceampenepbeeidei and asfelgnentelanetehan

-0.03 elect - MOl ' had Ly lLnsoluble w.t alt (

oot enper 9AHVEOhEre 48 et AR AW ol R3RAMRE bl la LRt R 7
granul ar nmagiedion voie) .rmdﬁstshbs:mmFrmwmmercobm 0ES) Alrb&M (&ApRARIE.I ons
whi ch provide better thermal stability and SNR.  Specifically, the present

I nvention provides for enhancenents to nagnetocrystalline anisotropy, grain

refi nement ' | 1 neti c_nedi throygh .. .

el nerent . e EAE A AW fo FRPRES S B e EERE o it o1 o
(Au), in comhumeid spottey talpetaliOx e RpERitniWHIE p@vald bdRH bahY 891G undsNGe Pt
based system 100501 In nore detail, the process begins (step S300), at

| east a firsypegdicallysthe pf@e{xwpﬁeﬁqqnmmwdes for enhancements to magnetocrystalline

anisotropy, grain refinement and segregation in granular magnetic media, through
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
Iayer is sputtered over a substrate from a sputter target (step S301), and the process ends
(step S302). The data-storing thin film layer sputter target is 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-



~cont ai ni ng CoPt (

| ayer is sputtered over a substrate froma sputter target (step S301), and
the process ends (step S302). The data-storing thin filmlayer sputter
target is conprised of cobalt (Co), platinum(Pt), a nulti-conponent oxide
or a single-conponent oxide, and an elenental netal additive, where the

el enental netal additive has .eductio otential of .greater than -0.0
el ectron vot%!S ™% 1VF§°‘§?TB§P§$§]F{18'P'I §S'rsﬁcg'b TESERY 1T <BY F‘E‘“?@B{au%f’tenlhé‘lﬁ?g
t enper at ur esput@Phget AEPEShPHitonsstHY thbaPRdifivRVEN RN dRy | ﬁ;r.@{
stability ar?d SNR?Qet hrg}ggh ﬁerllh(?;lnncesgrrirﬁsgnts to rlrﬁ‘énet olcrystarFla}léersz sé?srfg{oy
and i ncr easBdiRymain-nandacined sisggegrgneton spteringossi bl e using a

si ngl e-conponent or multi-conponent oxide containing conposition with an
el enental netal additive, which is insoluble in the cobalt (Co)-containing

magneti c ph i I ISl : | 00 o sent
i nvention cg)??%l’rg P a{?dggegﬁ%%ﬁi% éﬂségr t@yel’?{e% z‘%sgé?gg%i‘% hé@%ﬁggi&? ll’vgkgﬁﬁ)g Flﬁeg
met al addi timeed aiditicd israadentabfetthand iRgndiondsd foosx ygeMEONE iopd vt wétiedeld Roher

usi ng magnetron sputtering, [0052) To realize higher magnetocrystalline

ani sot ropy Biepensity tgwards exidagion duging pratteringand peule in depisputige target dpswent al
f d i , der_.t,0.achi a | :
ropensi ty (kiRERG e LB R B E pE G RAGHePER G ol thssaet

target for mornfestib-s16RB ometrit BRidelafdeaidet theRikale @dR BdunBalAegidn al¢ @8t i on
propensity so that it does not forma sub-stoichionetric oxide and render

t he oxi de gstaighidmetridaOxygpeyhomnstaichiomsetty inghe malghelmemedia. as Oxslasthe target results
dia as, well, as the target .results . in

non-stoichigmetry in t t] :
olecirical BORAUEER R GBRe Gt PRI Enu R o G Ea g

cati on/ ani ORacafidfed WHi@Sardhisel Rh&IH SAhe ok YAl aPal PressiR &H@%ﬂecﬁ@%“c@ésing,
pressure during nedia processing, between Tagnetic grains which upon

i nt er act i ngbwivtden nivgnalipgiaet wingh eporwrirtérattthgiuith tiye appligd etagatis fokitdringg

~woul d adversely affect the magpetic performance of. t he. nedi a well,. as the
O er o ke Sttelife vaar e seRAsL T Serele R s It ety 2 el

cl ai ns, e”h%m&?g‘%@?‘?ﬁ’@%ﬁgﬁg&‘ g@_;}lisng tSiongr ar\ul ar nmagnetic rredl a

, gl e-conponent or nul ti
[0053] Thus the present invention claims, enhanced alloy compositions leading 1o granular
magnetic media containing CoPY{Cr){B}-MOy-X, where MOy is 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 lo

conventional compositions.

[0054] The use of a single-component or multi-component oxide-containing alloy
composition enhances the grain-to-grain microstructural magnetic and electrical isolation,
through the modulation of oxide properties of the different constituting oxides in the
magnetic media. Specific metal oxides can be used for this purpose which can be used in
conjunction with known oxides, such as SiO»/Al;0; and others, to form a single-component

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

[0055] Oxides 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
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conmponent netal oxide and Xis copper (Cu), silver (Ag),. or gold (Au),

manuf actured using magnetron sputtering, renders better thermal stability
and SNR perfornmance as conpared to conventional conpositions. [00541 The
use of a single-conponent or nulti-conponent oxide-containing alloy

conp05|t|on

cPaberi oo HERBVERACK Bt Rfeflidh S B2 AL Bl HHERL §xi8fE a0 poy

di fferent cmarferta bk i Mie @;sitdﬂsl Bwitihef thBRE Nedn doniting CotPe bf CePNBisall tHaxhaRS
can be used for this purpose ich can be used in conjunction wth known

oxi des, suchegig zsud@mrmlozeéeaéda thn SppLession of degrpdationnigimagretip enisatropyormerzy
nulti-conpoggq i nsul ati ng oxide matri x encapsul ati ng the magnetic grains.

[ 0055) Oxid Which rarely forma solid solution with netals have the

i nherent tendency to precipitate in the grain boundary regions in CoCrPt or
CoPt - based granul ar nedia and .t4 thereby enhance m crostructural

segr egat i on [@FS6} I(xtygemiptadducedythaiowgh remttésespomxﬂ@indbirrﬁlm miaghelid mediaw tdrichhe
epi taxial growth of the gxygen_con lnln Pt - based thin

Todi o and | AEVERGRTE T GIERSOSIEI B oo 5@5&% ’BrFOPW“ﬁH@‘hE’ﬂ‘L‘cAOrPTP‘
ant SoLropy gRREaP afifa behQURRROGRRHTHIARGRALNMRUG NS ARELNGifed cffects
sputtering in thin | m magnet media to enric gen cont ent

grai n boundaf tirsoxyaen coustemafg siedipl é))qagedeenuammg)gjauﬂkat hragnetid Media@hdufacaurdd
CoPt deliver better %netlc behavi or in PMR nedia, due to the

above- i dent .usans@x&er-@at ainingrtarggls, Bayess, haysdsmensiiated siRerioDRAgBRl C RRHUMAN Gy

novover, nadiibesRepBiTRE S bR pat ot PRI i, &

cont ai ni ng oxygen |ncorporated t hrough reactive sputtering. 100571 The
invention has been described with particular illustrative enbodinments. It is
to be under8038dTheiaventinn hasbeen fessribed with partiauiasdllugirative emtbodanends cit isde de

enbodi nents a rious..chan di fii cation e b ose
of ordinary L&‘EFWSPOQ%A“?‘H e JPVERtey o’ﬂﬁ ?‘"Hggé? GPoF gﬁ?ﬁrﬁogg% Oﬁfmgﬂ a %3161;
the inventi Gfrious changes and modifications may be made by those of ordinary skill in the art without

departing from the spirit and scope of the invention.
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15 it WHAT IS CLAIMED I'S: 1. A sputter target, wherein the sputter target is
conprised of cobalt (Co), platinum (Pt), a single-conponent oxide, and an
el emental netal additive, wherein the elemental nmetal additive has a
reduction potential of greater than -0.03 electron volts, and is
substantially insoluble wwth cobalt (Co) at room tenperature. 2. The
sputter target according to claiml, wherein the elenental netal additive

'is copper (Cu), silver (Ag), or gold (Au). 3. The sputter target according
‘to claim1, wherein the sgutter target is further conprised of chrom um

(Cr). 4. TheWHATISCLAL

ISiccording to claim 1, wherein the sputter target
Is further conprised of boron (B). 5. The sputter target according to claim

1, wherei n t helsphtspettet targedf whereir thepspuited tav§etis toegnised af cobalt 8a@nd 10

atom ¢ % el eprtihadn (P8t alsirfeicbmpenentoxide, randne élenetal miétapadaithie) m
conprising: a substrate; and a data-storing thin filmlayer forned over said

‘substrate, wherei Whé@l@tl@éléﬂ@h% hﬂélaltéﬂd”h\fe' K48 A ?éfﬁfctﬁﬁ'ﬁbiefﬁtlal &f grekters
‘conprised of yGohahs efeg?r% Vo té‘térﬂH E&t)antl fﬂng& Bec\ﬂlyg %fe (% SoorNd

gbet ween 2 at Egl‘q“gea/

atom c /()e enen mata erein the

el enent al ITive has a reduction potential of greater than -0.03

Lot U e L S SRR e o

‘cobalt (Co), @ dttlve IS copper

er (Ag}, or gol

3. The spuiter target according to claim 1, wherein the sputter target is
further comprised 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 is
comprised of between 2 atomic % and 10 atomic % elemental metal additive.

6. A magnetic recording medium comprising:

a substrate; and

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

wherein said data-storing thin film layer sputter target is comprised of
cobalt (Co), platinum (Pt), a single-component oxide, and between 2 atomic %
and 10 atomic % elemental metal additive,
wherein the elemental metal additive has a reduction potential of greater than
-0.03 electron volis, and is substantially insoluble with cobalt (Co) at room

temperature.

7. A sputter target, wherein the 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 is substantially insoluble with cobalt (Co) at room
temperature.

8. The sputter target according to claim 7, wherein the elemental metal
additive is copper (Cu), silver (Ag}, or gold (Au).

8. The sputter target according to claim 7, wherein the sputter target is
further comprised of chromium (Cr).
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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 room tenperature. 8. The sputter target according to claim?7, wherein
the elenmental nmetal additive is copper (Cu), silver (Ag), or gold (Au). 9.
The sputter target according to claim7, wherein the sputter target is
further conprised of chromum (Cr). -16 10. The sputter target according to
claim7, wherein the sputter target is further conprised of boron (B). 11.
The sputter target according to claim?7, wherein the sputter target is
conprised of between 2 atomic % and 10 atqom ¢ % el enental netal additive.
12. A magnet i c1®- bR 8PP ia@el ArcAing teidaim 4 whassin the spulieitatodlds a- st ori ng
thin film | afusher spmptises, ef bayandBsubst rate, wherein said data-storing thin
filmlayer sputter target is conprised of cobalt (Co), platinum(Pt), a
mul ti - conponent1.okhealsputtardatget aseordihgddaidim Powherdiniibe sputterciatgatli®ment al

met al addi ti gempiidet ef etiveen @ stomid % amktl @ latandidi % iclembmtal metal cadditiven
potential of greater than -0.03 electron volts, and is substantially

i nsol ubl e wi t h{ZoRghgrehie)redrdi@OrediufiBehplisihg. -17 Abstract O The

Di scl osure ENHANCED C§XI DE- CONTAI'NI NG SPUTTER TARGET ALLOY COWVPOSI TI ONS A

sputter target, V‘Q%[JGSM}@' Shytter target is conprised of cobalt (Co),
platinum (Pt), a '

a data-storing thin fiim layer formed over said substrate,
wherein said data-storing thin film layer sputter target is comprised of

cobalt (Co), platinum (Pt), a multi-component oxide, and between 2 atomic %
and 10 atomic % 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.
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si ngl e-conponent oxide or a multi-conponent oxide, and an el enental netal
additive. The elenental netal additive has a reduction potential of greater
than -0.03 electron volts, and is substantially insoluble with cobalt (Co)
at roomtenperature. The elenmental nmetal additive is copper (Cu), silver
(Ag), or g | d éAg? ng tEe sEutter target is further conprised of chrom um
(Cr) and/ L2 tter target is conprised of between 2 atomc %

and 10 at om gN0OREASDXIBYICORTARNG HOTTE TﬁRbiT(MOQ rg(ﬂﬁbesmkme nt al

metal additiv ccordingly, € enhanced spu ar get provi

significant i n‘pk S tee frrget] whttaethaaputmt:ageths tqmanskd&“d‘ﬂiobhlln (Goly hlaﬂmhaﬂ(&’e)m nts

t o magnet ocr){stal | i ne anj sotropa/ i ncreas(? gral rain seqr egation.

Fl GURE 2 Single-component oxide or a malti- component oxide, and an € ementa 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. The elemental metal additive is
copper {Cu), silver (Ag), or gold (Au), and the sputter target is further compnsed of
chromium (Cr) and/or boron (B). The sputter target is comprised of between 2 atomic % and
10 atomic % copper (Cu), silver (Ag), or gold (Au) or other elemental metal additive.
Accordingly, the enhanced sputter target provides significant improvements in thermal
stability and SNR, through enhancements to magnetocrystalline anisotropy and increased

grain-to-grain segregation.

FIGURE 2
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