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ENHANCED SPUTTER TARGET ALLOY COWPCSI TIONS FIELD OF THE | NVENTI ON [ 00011
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
metal | urgi cal characteristics. DESCRI PTION OF THE RELATED ART [ 00021 The
process of DC magnetron sputtering is widely used in a variety of fields
to provide thin filmmterial deposition of a precisely controlled

t hi ckness and within narrow atomc fraction tolerances on a substrate,
for exanple to coat sem conductors and/or to form filns on surfaces of
magnet i ¢ r ecorENHANERDS PUTTERTARGET ALhOYCOMPOSITIONSCEt r ack- shaped
magnetic field is applied to the sputter target by placi ng magnets on the
backsi de surface of the target. Electrons are trapped near the sputtering
target, inproving argon ion production and increasing the sputtering
rate. lons within this plasna collide with a surface of the sputter

t ar geFIBIDORTHENNVENTION target to emt atons fromthe sputter target
surface. The voltage difference between the cathodic sputter target and
an anodi c substrate that is to be coated causes the emtted atons to form

the dggi Llman the surface of .the substrate. .00031 nvent i onal
mag neﬁlﬁig ifi@%k’%ﬁsﬁg ! e&':ag“ fi}bﬂc%gﬁ W“%ﬁfﬁﬁ?isaé’dsﬂ\%"r %’L?lﬂﬁriy’frp festyers

whi' c hiigReticedbte Roting thin HlMS SRitRedRéA sauﬁé*bﬁsgétahﬁﬁayar%bﬁlbﬂk@ il e’
targets, where each sputter target may be conprised of a'differen

mat er Fernpossions| witks improwetl metalingical charactetistisscal thin fil mstack for
conventional magnetic recording nedia includes non-nmagnetic substrate
base 101, seed |l ayer 102, at |east one non-magnetic, chrom um based
under IDRSTRIPMIONOF TEFSREPATED ARt | Y nmagnetic, cobalt-based interlayer

105, at Teast one nmagnefic data-storing |layer 106, and |lubricant | ayer
108. 100041 ' Me ampunt of data that can be stored per unit area on a
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provide thin film material deposition of a precisely controlled thickness and within narrow

atomic fraction tolerances on a substrate, for example to coat semiconductors and/or to form
films on surfaces of magnetic recording media. In one common configuration, a racetrack-
shaped magnetic field is applied to the sputter target by placing magnets on the backside
surface of the target. Electrons are trapped near the sputtering target, improving argon ion
production and increasing the sputtering rate. Ions within this plasma collide with a surface
of the sputter target causing the sputter tafget 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] Conventional magnetic recording media typically comprise several thin film layers
which are sequentially sputtered onto a substrate by multiple sputter targets, where each
sputter target may be comprised of a different material. As illustrated in Figure 1, a typical
thin film stack for conventional magnetic recording media includes non-magnetic substrate

base 101, seed layer 102, at least one non-magnetic, chromium-based underlayer 104, at least



| ayer and, correspondingly, to the sputter target material fromwhich the
data-storing layer is sputtered. Figure 2 illustrates a typical

hysteresis | oop of a data-storing thin filmlayer, obtained by the

Vi brating Sanpl e Magnetoneter CYSM ) technique. Using this process, a VSM

quasi emt slightigimagneltid, eobalabared ivttrlayeo 108! at leastoteirtdgetis dhtadorigy 1ageran

appl i ?&figlﬁg%@g\ an electromagnet. Ile sanple is vibrated in this
fi el d106and dyhsicantlaysrd98nt system detects the applied field (H and the
sanple's magnetization (M in the applied field. Figure 2 depicts the
variation of material magnetization (M in the direction of the applied

fi el d[Goe4} Théamdbit dfidatethetdad beataredpanmit d€d oifi® maghéticetGH8ingGhediini MM
magnet i zation ( zero field remant magnetization (M), coercivity a),

coer /cisxﬁ@f@ﬂﬁ 5¢lgyéééﬂ\eglctdlmgicatmrqngis(imm¢y composikemokthe dageptaringness (S
oM . FIRTER o P e
ool E Sk s st B ke RitHEH) o Which e HEERRRIE Tnfer opped

to zegputteddl ERRISE Midsirateh b) typieaPhyRRASH Rof bf h AStal S RlSEid filth %g&eeded to

drive the magnetization to zéro after being saturated.” These macfoscopic
pr opewobtagmed bydhe Vibmating Sanipleddignstameter ( SOM ) dedhahjues Usingthisprgnessa shape,
anpl i ,and resol ytion. 100061 Lle predom nant material s _presently
used M aBRvSHCARk AN YR g Raset PR S HFIRRENS JOORHSIng 4 pnsiied feld om

Co- Cr - O¥asn r s ASs r é}@‘m’ﬁ‘ ' ere
each Sﬁtac?ér?hjlagﬁ?%%l Iy p{gfsn"?n&gtr‘allg?s@ﬁ?ﬁé%%hgfg%r anu %irﬂ gap aw%nose

gr ai n thosppliedifield (H) andahesaniply’s neagpetization @) dm thetappliedfieldg rRigude gap i s
oftenfpot slgfficient to prevent  magnet st&tiq and intergranul ar exchange.
10007 Hepicty e Ypdationof aatenal maenetizatign (M) in the direstion of the appligdfield (H).
conpositional segregation at grain boundaries, nmultilayer application,
and physical grain separation. Briefly, by applying magnetic nmultilayers
in a dipaes Mystéresis paragietis include ssturation (6 makibuni)ansg@@tiition (M), 2eloayer s,

or byag‘ggtteri ng a thin filmat | ow tenperatures and hi gh ressures to
gener ezt fagnetization (W), cqercivity (i), asecivrosauarepessffymel-i ¢ medi a can be

decr eagg M, )RANVET) Ind FAhARGC ARARNEL (SESM/M,). Zero field remnant
magnetization (M,) (or “remanence”) is a measure of the remaining magnetization when the
driving field is dropped to zero, and coercivity (H.) is a measure of the reverse field needed
to drive the magnetization to zero after being saturated. These macroscopic properties
determine read back signal (Sg) variables such as pulse shape, amplitude, and resolution.

[0006] The predonﬁnant materials presently used for conventional magnetic recording media
are ferromagnetic, Co-Cr-Pt-B-based alloys, arranged as an array of nanoscale grains where
each grain is typically 10 nm or less. The intergranular gap at those grain boundaries is
generally very narrow, and the intergranular gap is often not sufficient to prevent

magnetostatic and intergranular exchange.

(0007} There are three approaches to thin film noise reduction: compositional segregation at
grain boundaries, multilayer application, and physical grain separation. Briefly, by applying
magnetic multilayers in a stack of ferromagnetic films separated by nonmagnetic thin layers,

or by sputtening a thin film at low temperatures and high pressures to generate a “voided

B



I ncreased. 100081 In either of nultilayer application or physical grain
separation, the sputtering paraneters are very critical in tailoring the
physi cal separation of nmedia grains. Further study of microscopic
properties, such as grain size, grain coupling, and grain crystall ographic
or i ergranistrcties, thequiisedd magnetipmedia cap ba dedreased | axdidatasi@agd capabilitieve t he
noi se perfqormance (N) of the thin filnms. Furthernore, to produce nore
optiﬁg”mﬁﬁgnetic recording media, an optinization of both the

macr o- magnetics and m cro-nagnetics is warranted. 100091 As to the third
techni que for noise reduction, limted success in conpositional

segr €§008]dn dither dfaeultitayler apditatiyn acpliysigal grainl sepiratied, diegputteding t he Co
matrix. As an exanple, sputtering quaternary alloys such as CoCrPtTa and

CoCr RAPTREETSHRYEN cngcpldnalonsgrtbephypicalpsparstion pbmgdiargains vFurdies e media,
¢ SO P St SicE AR RN PR £ Mheptil ot Bl bR o

al | oyorientitionds required asinprdvd paii theseaedhidies to inyfieve the blie perféimaacki gh
atom ¢c_ percent of boron, however, the material is rendered very brittle

and b@Borhdhe thinfilms. Furthegagientp Rrpducermorgioptimabmagnalicaecosdiog sedisdant  hi gh
t enpe 5, ﬁﬁ e di G 1.C. ercent boron additions negatively
[ npacéﬁ”rat 'gt?ﬁma s?i"pg*b“ﬂ%'%“ %r{ﬂssu g ﬁlé(’n?‘a%eglfﬁ{?-w ,'ﬁ%ﬁi cal processing.

100101 it is therefore considered highly -desirable to provide a nagnetic
recordinglnediun1 with a dense grain structure at the magnetic

dat a- A to thedhird teshnigpe Saranoiseaeduction) limisedmiceess in eothpositicnal ncr ease

b ovi Huteitph B bERANRSAERYadib Fip Wbl AGRS B n matiRodsan -
CONPOgkirhslB Aput QS tdrisy a%k@&hcﬁ%ﬁ ColePaaed COCPI KR prévends be agNd

sputtered into thin filns with an enhanced conposition. -3 SUMWARY OF THE
| NVEN¢fTestiveorayiof preducingcloanioisemedia; pattiaidariewith Hin filme goritaigingrbobdrens by

Provi ¢oPBordn TS Efbctha5d ?édu]::%rg grain coupling, however, the boron content within a

CoCrPtB alloy must be in excess of 12 atomic percent. When adding such a high atomic
percent of boron, however, the material is rendered very brittle and becomes prone to
cracking upon forming, even when processed at high temperatures. As such, high atomic
percent boron additions negatively impact material suitability for subsequent thermo-

mechanical processing.

[0010] 1t is therefore considered highly desirable to provide a magnetic recording medium
with a dense grain structure at the magnetic data-storing layer, to improve the signal-to-noise
ratio and increase potential data storage capabilities. In particular, it is desirable to provide
alloys such as boron-containing alloys with improved compositional segregation, which can

be used in sputter targets and sputtered into thin films with an enhanced composition.



sputtering a nmagnetic, data-storing thin filmlayer, where the sputter
target is conprised of an alloy conposition which effectuates the
precipitation of a secondary grain boundary. 100121 According to one

aspect, the present invention is a sputter target, where the sputter
targeﬁM%ﬂEM@hbater than 0 and as much as 24 atonic percent
Cr, greater than 0 and as nmuch as 20 atom c percent Pt, greater than O
and as much as 20 atomi c percent B, and greater than 0 and as nuch as 10

at oni [QOPH' T preseht :rW%ﬂﬁ@n &}lvéﬁh@ [brgécﬁﬁr%gltob&%llw ﬁ@v{dﬁ% Hﬁﬁer %&' P‘Br sm

consi sting of Ag, Ce,

TI, \ipuHemng a/magnclmﬁatammrmbmﬁm taactgwdlemdho splitteg targetnmmrmme of
|nvent| [1 |ncI udes el en&ﬁ selected from ansition, refractory and
rar e- TN G tonyfach edpcivales °BF¢€1@'@P%’&P #SAndaTygrain boyndagy. ot e

I mm sci b|||ty in Co and/or Cr, and their tendency to conbine with Pt to
forma stoichionetrically favorabl e conpound formula, in which the

conpol098d2] Actardag ta ohewaspett, slet presenoinvEiitical io @spotteraares wheicthe sputteact i on of
This caondition is _critical for maintaining

t he addltlve el enent
suf f i targstas Wnpdtsgaﬁ Cqe greatsr than Oaad @5 much as 24 jatpniie percentder, grsates thanfQ ce

coerc ei.t her bal

chr onp s mpdt oA ABRICHECRITEL et fnd BORLHP AR Hoic pieri Bld 21
Wil preafer Urad) dmd dshBudy &1 10 deritdRidcBb.Y,, whtee EpisiaAGldhiat Bele@@PfrahitRe and,
consequent |y, inproving the S|gnal -to-noise ratio. [00141 The sputter

t ar geBrouPp cppsistng 0 %, $axl Diys ExcEv, (ideHei In, ka, Ly, Mo Nd; RSty BhW laadgr oup
consighing of W Y, M1, and Mb. Mreover, the sputter target is further
conpriséd of O to 7 atom c percent X3, wherei n X3 is an elenent selected
fromthe group consisting of Ti, V, Zr, Nb, Ru, Rh, Pd, Hf, Ta, and Ir.
10015%l The alloys formng the sputter target accordl ng to the pr esent

i nvent 93] ﬂﬂi'@ISDt!FéBT t@@ﬂb@aﬂtﬂsng e present Im@mmlmwemmﬂme@ fraim
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immiscibility in Co and/or Cr, and their tendency to combme with Pt to form a
stoichiometrically favorable compound formula, in which the compound includes a low
fraction of Pt atom and a predominant fraction of the additive element. This condition is
critical for maintaining sufficient Pt atom fraction in the Co matrix in order not to sacrifice
coercivity. By adding elements, which are insoluble in either cobalt or chromium, the added
elements will be rejected from the Co-Pt phase, and will be forced to the grain boundaries,

increasing grain separation and, consequently, improving the signal-to-noise ratio.

[0014] The sputter target is further comprised of X3, wherein Xz is selected from the group
consisting of W, Y, Mn, and Mo. Moreover, the sputter target is further comprised of 0 to 7
atomic percent X3, wherein X; is an element selected from the group consisting of Ti, V, Zr,
Nb, Ru, Rh, Pd, Hf, Ta, and Ir.

[0015] The alloys forming the sputter target according to the present invention include
compounds, which nucleate and grow at media grain boundaries, providing another type of

physical separation of grains. Other additive elements with low diffusivity, such as W and



Mo, are expected to provide new nucl eation sites, which would all ow
further grain refinenment and pronote nore Cr segregation to grain
boundaries. [00161 The thin filmsputtered by the sputter target has a
coercivity value between 1000 Cersted and 4000 Cersted. By altering the

coer cMa, tre eixpedted to provide metvitiugleatiig sites] Whichawdil gllow ifgtiér pagsled to drive
t he ma?,netization to zero after being saturated can be adjusted to fall
Yy

wi t hi FPhRemertand peraptedpots Lr-segtegation ngraindonndaricshe si gnal -t o- noi se (So/ N)
ratio wll increase, and the overall nagnetic properties of thin filns
i ntended at high-density magnetic recording will inprove. The thin film

| ayer (X6} The tin filasputied By tHepulter tapet RS defidtity MludbdwetP1660 | N excess

of 1.5 dBin the signal-to-noise ratio over a correspondi ng quaternary

CoCr PORrsigd and 400 essted.c By alismirg tie sgengivatydo fiall withimGhistrange, theyrevearsalef i ned
| (th, .t tom f h of . O, Pt d B
25 o naeld ol haive e FRABTe N ) A6%0 FRG wRits Rwed fang adipsedisialiy "
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recording nmedium including a substrate and a data-storing thin filmlayer
f or mednarease, and shesonszall sagnetikipropkaties ofsthon filngs infehded atlhigh-dstsity nfagaetigor i sed
of Co, greater,than O d ,as h as 24 afom c percent Cr, greater than O
and  adeSHGRE RAll BEPeYEtBe i Slimdayst Spficscd Epmithé spukenismecd bisdgtin gt 00

at om GG EflesFof RIYUBINTAL SinitidRofbodalib %};%Mﬁ&&;@{.@{%&ﬁer cent Xi,

wherein X, is an elenent selecte omt group ‘cons Ag, Ce,

Cu, DGoCiP(B &liny, Ghereriocortesporiding guaternidy, COCHPtPalloyiddeTihed W arfdliby¥bith 100181

Accordjng to a third aspect, the present invention is _a nethod for
manuf 8¢ tAme-Riomc prxgrntagedor each of G%gcﬁs&ﬂ W B 2 thefea-G58t-Br&| allns witheutst ep

of quﬁég&"ﬁ%@ﬁdﬁst a first data- storing thin filmlayer over a
substrate froma th'ter target, where the sputter target is conprised of

Co, greater than 0 and as much as 24 atonmic percent Cr, greater than 0 and
as rrugjh s, 20 atom c percent Pt, greater than O and as nmuch as 20 atomic
per ceriPOF %?ﬁs'ﬂgaéé& afecopd) aspegt, theprasenkinvantion is@ naagsetie reserdiegimedium wher e

X TS i@Bubing Tibstifil S £8ath sHAEMinHiR Byer formed over the substrate. The data-

storing thin film layer is comprised of Co, greater than 0 and as much as 24 atomic percent
Cr, greater than 0 and as much as 20 atomic percent Pt, greater than 0 and as much as 20
atomic percent B, and greater than 0 and as much as 10 atomic percent X), wherein X; is an
element selected from the group consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu,
Mo, Nd, Pr, Sm, T1, W, and Yb.

{0018} According to a third aspect, 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 sputter target is
comprised of Co, greater than 0 and as much as 24 atomic percent Cr, greater than O and as
much as 20 atomic percent Pt, greater than 0 and as much as 20 atomic percent B, and greater
than 0 and as much as 10 atomic percent X;, where X, is an element selected from the group

consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu, Mo, Nd, Pr, Sm, T1, W, and Yb.



consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu, Mo, Nd, Pr, Sm
TI, W and Yb. -5 100191 In the follow ng description of the preferred
enbodi ment, reference is nade to the acconpanying drawings that forma
part thereof, and in which is shown by way of illustration a specific
embodi{0tH9] In thevbllGkingdesdripton off it preferme eRBAIn &R Geferdnck $s 123PR the
under st ood that other enbodi ments nmay be utilized and changes may be made
wi t hodtcompapyingidryvingsthat fasmerpastthereof,aad in sdhiahtis shovemby sy oBRI EF
DESCRLE TH W INGS Ref er.r,i .now..to the draw ngs_i.n ich I'ike
refer E‘E“Z;%“%@%@MWF’“ 2 3&]"9&@’% ARYERyop Hay g’etﬂ‘i‘i“iﬂ‘}ﬁ‘ﬂogt‘s. t"m’g ure |
depi cluid@stosd tabbthePembddi R&Kbd @il | e i rding
medi a; Figure 2 depicts gﬁ?{l?pi caléﬁhﬁlﬁ%ﬁ%fegﬁt@%ﬁag@gﬁgﬁyﬁn@gﬁet iC
mat er idgpartigg fomethg sehpgiod the present mvention.st ack i n which the magnetic
data-storing |layer has been sputtered by a sputter target conprised of
t he enhanced conposition according to one enbodi nent of the present
inven@mpﬁmﬁ@q;ﬁ%g@%@ase diagram Figure 5 depicts a
Cr - Cu phase di agran I gur e e a Cu-Pt phase diagram Figure 7
Il lustrates a typical as-cast mcrostructure of Co- 14Cr- 12.5Pt-6Cu- |
2B at. % g#lfo ., and Figure 8 illustrates etching pits show ng the
di stributi ngnewto s drawingsdn like referpnes aumbersTapresant DESCRI PTI ON
COF TH%W@&QQ%Q@U&@ present invention allows for increased data
r

storage of a netic cording nedium by adding selected fifth and/or
sixth constituents to a base CoCrPtB, in order to

Figure 1 depicts a typical thin film stack for conventional magnetic recording media:

Figure 2 depicts a typical M-H hysteresis loop of a magnetic material;

Figure 3 depicts a thin film stack in which the magnetic data-storing layer has been
sputtered by a sputter target comprised of the enhanced composition according to one
embodiment of the present invention;

Figure 4 depicts a Co-Cu phase diagram;

Figure 5 depicts a Cr-Cu phase diagram;

Figure 6 depicts a Cu-Pt phase diagram;

Figure 7 illustrates a typical as-cast microstructure of Co-14Cr-12.5Pt-6Cu-12B at. %
alloy; and

Figure 8 illustrates etching pits showing the distribution of CuPt within the dendritic
phase.

DETAILED DESCRIPTION OF THE INVENTION

{0020] The present invention allows for increased data storage of a magnetic recording
medium by adding selected fifth and/or sixth constituents to a base CoCrPtB, in order to

achieve an optimal composition for the sputter target material.



achieve an optimal conposition for the sputter target material. -6 (00211
Figure 3 depicts a magnetic recording nmediumin which the data-storing
thin film layer has been sputtered by a sputter target conprised of the
enhanced conposition according to one enbodi nent of the present

| nven{0021) Figire Bld¢pictshemagipiie rédordiag dedivi@ inRdichhe dA5516508 1n fi
dat a- storj ngla‘;t hin filmlayer conprised of Co, greater than O and as nuch
as 24 layst s beepsputigred by a sputtestasgeticomprisediofitha snhanced eempasitioroatcordimey cent

0 and SN EmbSabl e Bserl i baion Brshp Ihe BgniEFeontoiniateincel ot od”

f r om thdtudgsauatLaoahs tHin Glafia corﬁgn'se@bf dafer tHan 0 4#d ashiuch/ 4324 L2, LU,
Mo, Nd, Pr, Sm TI, and Yb)@gloo 21 Incr%rglé detail, magnetcic rgcordi ng

medi urtI0lg perrentde grenterthaheand & mudisas 24 dowispercend P, greater than/@andlé, at
| east - netic - based underl| ayer 104, | east one slightly
nngnetrﬁ'(g:lcj:fl %o%bag@gﬁz Refyes} %gﬂéfgri%gr, &a’épémélaf)ﬂ“ﬁbafﬂ{’ AtOf peTceRtatt, where and
| ubri cyrik ah eléaient &fected Ford theé i y i g ol Gl on
magnetq?c recor c?inn mtadi um g%og}ogpg%%pitﬁggg%?e&?’ Ig?’e%}f glrl’ t 'af@(’gﬁ’and as
much #,M,M%Ndcgp&m&itwmdybeater than 0 and as rmuch as 20 atonmic

percent K greater than 0 and as nmuch as 20 atomi c percent B, and greater
than 0 and as nuch as 10 atom c percent X1, where X, is an el enent

sel ectigg23) Ew%béﬂé%e%loﬂﬁgﬁ&f&%&irhi\?\? m&Auf 300 Sfoluded noﬁfna Etic Sbstr&id badd:

In, La, Lu, , Nd, Pr,~Sm and Yb. In an alternate arrangenent,

mag ne]t 14, seﬁfga!ﬁr dQZm&a;amtr)mﬁmemh%rmﬁs,e@dlboisaﬁ ag%gﬁ&erw}amt;laﬂ!emjefne éli%;tly

i nterl ayer . and/.o ubricant | ayer etic recordi ng

medi unf® chsé@ﬁﬁde{em‘& 19§' E’é‘h‘?tpépg H@l“g%‘!‘ a}éﬂrgﬂ*@r@gﬂvhwm laysr 108y er

306 OVAE nted 'abSve, 8hta-sidting thid filih BPE drShadfitid ?éoormg hﬁdmg zﬁpt&t&)ﬁ@nts&{ get
Co as atom

Is also conprised of , greater”than and as mu per cent
Cr, grefffergredienthan Gand asmuduah2atodic percent €rpgreaterthaiPd and aeaiveh as Pan 0

and as_,nuch _as atoni c, percent B, .and.greater than 0 ,and as nmuch as 10
ot o cHPBTCRAEerk P FrrliranRT0 AEd s Mt R SR Chretrl B and Bivategfisn ) and

as much as 10 atomic percent X;, where X] is an element selected from the group consisting

of Ag, Ce, Cu, Dy, Er, Ey, Gd, Ho, In, La, Lu, Mo, Nd, Pr, Sm, Tl, W, and Yb. In an

alternate arrangement, magnetic recording medium 300 omits seed layer 102, underlayer 104,

interlayer 105, and/or lubricant layer 108.

[0023] Magnetic recording medium 300 is manufactured by sputtering data-storing thin film
layer 306 over a substrate 101 from a sputter target, where the sputter target is also

comprised of Co, greater than 0 and as much as 24 atomic percent Cr, greater than 0 and as
much as 20 atomic percent Pt, greater than 0 and as much as 20 atomic percent B, and greater
than 0 and as much as 10 atomic percent X;, where X| is an element selected from the group
consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu, Mo, Nd, Pr, Sm, T1, W, and Yb.

The process of sputtering is well known in material science.

[0024] The sputter target according to the present invention includes elements selected from

transition, refractory and rare earth groups. These elements were selected on their solid-state



consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu, Mo, Nd, Pr, Sm
TI, W and Yb. The process of sputtering is well known in nateri al
science. [00241 The sputter target according to the present invention

i ncludes el enents selected from transition, refractory and rare earth
gr oupmmistibiiey #l Gorand/sr CF,2ad Seircehdsicy fo Edifbihe WMhi Mt T - 7

imm scibility in Co and/or Cr, and their tendency to conbine with Pt to
f or mSipichipmeticatndavorable compond-fanmedacasdissussed mgrefully belowdi scussed nore
fully below. 100251 The sputter target and correspondi ng data-storing
thin filmlayer are further conprised of X2, wherein X2 is selected from
the (002§] Tiwspuster fagged bndbonespdfitlingddla Moring Mih SN hyertaierup@if t €r target
and corresponding data-storing thin filmlayer are ¥art her  conprised of
0 to comprisad ef Xorwchenein Xi is selestedi fronxthe groemcaisistivg bf 3¢ ¥dvecaridMon t he

' ' f. Ti \V, Z Nb,. . Pd,. , JJa, o
Stat MSFENVEL, Ble (B tares pa ocifrspding Site Spting Bin,lindivse b« { od.
1002 6donkprised @F Do 7lafiiR tpercet VS Whifefn Mfs%tem,ﬁedft eeleé&g%nf@@gt&u or
I ] d e cobaPt Bnd

chromum the added elements Wll be rejected fromt

chr on¢amsispngo€¥1, Vada, Mb) Ru,iRh, Pd; HEI'4, and bre In gm additiomal aliemites. The al | oys
formpg the spuiter tar ccording.,to the present invention include
comoﬂﬁﬂ'&gmﬂ?ﬁmﬁgﬁ%ﬁ}%% abcr?iW@g nedi a grain boundaries, providing
anot her type of physical separation of grains. Additive elenments Wand

Mo further provide new nucleation sites which allow grain refinenent and
whi ch{0926hByaddingeldments; whiciadre msotuble regther dabah daciremiukOBe dddddy f or mi ng
alloys, with l.arge di aneter tr ition el ements, such as Pt, Ta, Ir and
S Bipttehh grii R etesed Hop the g Bk an emimapases i vl ba freeisithe. spuit ter
targe i : V§ ed to in
excesgmg'1E E%%%gh %reggf ggoi}%‘?ﬁgll edr; ?ﬁéu‘ftﬁig}%e(t)g@g ?@P% gleﬁﬁeiig%gﬁ%?ma}&lﬁl nthis

r angeinclids compensds, hathchuclattchdtgrowat mediatpeainbgmedaries, providing aa6ther af t er
bei ng saﬁogrpﬁted can be adjusted,to . fal] within a _user's desired

par arrbPg gl Isg?aﬁ%q%p 9 ns. Adc?itlvc elements W and Mo er provide new

nucleation sites which allow grain refinement and which promote more Cr segregation to

grain boundaries.

{0027] By forming alloys with large diameter transition elements, such as Pt, Ta, Ir and Sm,
the magnetic data-storing thin film layer sputtered from the sputter target are tailored to have
a coercivity value from 1000 Oersted to in excess of 4000 Oersted. By altering the coercivity
to fall within this range, the reverse field needed to drive the magnetization to zero after
being saturated can be adjusted to fall within a user’s desired parameters. Accordingly the
signal-to-noise ratio will increase, and the overall magnetic properties of thin films intended
at high-density magnetic recording will improve. Microscopic properties, such as grain size,
grain coupling, and grain crystallographic orientation, determine the noise performance (N)
of thin fiims, and an optimization of the macro-magnetics and micro-magnetics is necessary
to produce the optimum disk.

[0028] The first element used in the sputter target according to one aspect of the present
invention is cobalt. Cobalt, a key element for most data storage applications, has a low

coercivity, and requires the addition of large diameter transition elements such as Pt, Ta, Ir
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m cro-nagnetics i s necessary to produce the optinmm disk. 10028] The
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present invention is cobalt. Cobalt, a key elenent for nost data storage
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100291 Chromium a second crucial el ement for data storage applications,
ser ve@xifdigingandpasgyating thp saréaceif the alloyfeom further ofidation. Sdeondgthen r educes

the c i l.al. 1n_the alloy,b oxi di. zj ng apd,passivating the
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crystalline phases of other elenents, such as boron,” at gral oundari es
or w qui‘Pﬁt“m—ai ns, aiding in noise reduction. 100301 As di scussed above,
a third el ement, boron, has been previously used to reduce grain

coupling. For boron to be effective in reducing grain coupling, however,

the bgo030] AerieNtsedabbin, A tRir@efeniZhBbalonONasBieh gnﬁi&daﬁge%éw%c fomc

percent, rendering a material very brittle upon for even en
pr oceseenling: Hor hprondabe effectivesin redudingegraingotpleng, however, theberdnajontent

unsui { ﬁ&l- uent .t her no- mechani cal processjng. The sputter
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reduci ngi effect, I 1 e mai ntaining acceptable therno-nmechani cga al | oy
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trans 'aE&o%ingrtg El{ealgrgsoem/in%@n idri, there 01[et, Elcludcs alloy additives, which complement
boron’s beneficial inter-granular coupling reducing effect, while maintaining acceptable

thermo-mechanical alloy workability.

{0031] In the present invention, selected elements of transition, refractory and rare earth
groups are used on the basis of their solid state immiscibility in Co and/or Cr and their
possible tendency to combine with Pt to form a stoichiometrically favorable compound
formula. These selected elements form a compound formula which comprises a low fraction
of Pt atom and a predominant fraction of the additive element, a condition which is critical
for maintaining a sufficient Pt atom fraction in the Co matrix, so as to not affect coercivity.
The selected elements which fulfill those conditions Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La,
Lu, Mo, Nd, Pr, Sm, T, W and Yb.

[0032] The above-listed elements form compounds which will nucleate and grow at media
grain boundaries, and provide another type of physical separation of grains. Furthermore,

other additive elements with low diffusivity, such as W and Mo, provide new nucleation
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t enpertht graisboungdages, ncrepsing|exeip SeRAratinnand impeving thersignal-taoneisetiont i al | v,
t he copper additive is forced to the grai n boundaries, increasing grain
separation and inproving the signal-to-noise ratio. 100341 In Figure 6,

Cu- Pt [pb34jdnFigge GLTCdéRt@hMﬁQISmtdhﬁa J@id@ﬁc%nﬁtn&%tﬁ& dfdepsl
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would be CusPt. If CusPt is formed, a sufficient Pt atom fraction in the Co matrix is

maintained, so as to not affect coercivity.

[0035] Figure 7 depicts the as-cast microstructure of a Co-14Cr-12.5Pt-6Cu-12B atomic
percent alloy. The microstructure consists of a primary dendritic phase (shown as light gray)
surrounded by a eutectic matrix (shown as a lamellae-like phase). The dendritic phase is a
CoPtCu rich phase with a minor amount of dissolved Cr. The eutectic matrix is substantially
a CrCoB phase.

[0036] Figure 8 is an SEM micrograph, or back-scattered electron image, of the grain. The
contrast in such images originates from the differences in atomic weight of the various
phases’ constituents. While the dendritic phase appears to be a single phase, a chemically
ctched sample revealed the presence of another Cu rich phase. In this regard, Figure 8 shows
a high magnification image of a dendrite in which “pits” can be distinguished at the grain

boundaries, resulting from the preferential erosion of the Cu;Pt-rich phase upon etching.
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t he pRtesugpercentdhiand greaterdhara@and ascmnevay H) atgmiveptiremnt Xj nehereind isan

The. asehen e BoRiihe Blauhdphgiuihe of AR5 Fuch bt B, CrHace Ladan 0 and
as mioko, e, P4, Shom, wpadognt Cr, greater than 0 and as nuch as 20 atomc

percent FIt, greater than O and as nmuch as 20 atom c percent B, and
greater than 0 and as nmuch as 10 atomi c percent X1, wherein X, is an

o 1 100 A Ring T Seiiet e Spten el s haod o iR 2 o n
TRanet | T S ch T e uin | Taonot oS IR R FRMIRLANT d  y
| east stpringithin film kayer over a substrate from a sputter target, where the sputter target is

comprised of Co, greater than 0 and as much as 24 atomic percent Cr, greater than 0 and as

much as 20 atomic percent Pt, greater than 0 and as much as 20 atomic percent B, and greater

than 0 and as much as 10 atomic percent X, where X; is an element selected from the group

consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu, Mo, Nd, Pr, Sm, T1, W, and Yb.

[0040] The invention has been described with particular illustrative embodiments. It is to be
understood that the invention is not limited to the above-described embodiments and that
various 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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storing thin filmlayer over a substrate froma sputter target, where the
sputter target is conprised of Co, greater than 0 and as nmuch as 24
atom c percent Cr, greater than 0 and as much as 20 atom c percent Pt,
greater than 0 and as nmuch as 20 atomi c percent B, and greater than 0 and
as muMHAE IS CLAIMED ISercent X1, where X, is an el ement selected fromthe
group consisting of Ag, Ce, Cu, Dy, Er, Eu, &d, Ho, In, La, Lu, M, Nd,
Pr, Sm TI, W and Yb. 100401 The invention has been descri bed with
partlcularllllu;\t mgyr | e

I nvention i s not SIrpii)‘m te thgﬁg%lgveﬁtgleést%rglagzd eﬁbodl ment ar?gaiaﬁq]

var i oasl asimamess %idonmefrcmﬂmgrsatnal}lamﬁ and demogh 26128 atonfic perdemtPty ski | |
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greater than 0 and as nuc atom c percent greate
much &w, P9, Elt,(E}mdeanhl;lLaH,,u,add,I‘gtﬂd’J;Sm Tha, daftd as nuch as 10 atonic
percent X1, wherein X, is an eI enment selected fromthe group consisting of

Ag, Ce, Cu, Dy, Er, Eu, I n, La Lu Mo, Nd, Pr Sm TI, W and
Yb. 2. A sputtery t ar get
is further 2 corrprl sé%ﬂa{@%%d\%gﬂgé‘? g] | S sel?g%?&e rom gﬁngfrr{l)lgé

consi sompgsaf of i,, Whetdin Xpisdelktted fidm the grotiptodnsibiangeft Wa'c Mrjiang M2 Cl ai m 1,
wherein said sputter target is further conprised of O to 7 atom c percent
X3, wherein X3 is an elenent selected fromthe group consisting of Ti, V,

Zr, No, Rusg Rh, S¥elll gwg% to daim
3, wherein sal d sgﬂﬁ%m gtraé:e m§t?ur?ﬁﬁ co%lr%%?lée tﬁggtqmﬁlerﬁ’%fn X2 is
sel ectoothphisahof (v Datoric pémentst‘;; wherein XYis xn elédmentsitechdd frorh thégridagnet i ¢
recordi ng medi um conpr.i sing: ubstrate; and data-storing thin filmlayer

f or meFoBYgling ofclis Y £r. M. Ru, Rh, Pd Hf, Ta, and Ir.

4. A sputter target according to Claim 3, wherein said sputter target is further
comprised of X;, wherein Xj is selected from the group consisting of W, Y, Mn, and Mo.

5. A magnetic recording medium comprising:

a substrate; and

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

wherein said data-storing thin film layer is comprised of Co, greater than 0 and as
much as 24 atomic percent Cr, greater than 0 and as much as 20 atomic percent Pt, greater
than 0 and as much as 20 atomic percent B, and greater than 0 and as much as 10 atomic
pereent Xh, wherein X) is an element selected from the group consisting of Ag, Ce, Cu, Dy,
Er, Eu, G4, Ho, In, La, Lu, Mo, Nd, Pr, Sm, T, W, and Yb.

6. A magnetic recording medium according to Claim 5, wherein said data-
storing thin film layer is further comprised of X3, wherein X is selected from the group
consisting of W, Y, Mn, and Mo.
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wherein said data-storing thin filmlayer is conprised of Co, greater than
0 and as nuch as 24 atom c percent Cr, greater than 0 and as nuch as 20
atom c percent Pt, greater than 0 and as much as 20 atonmic percent B, and
greater than O and as nmuch as 10 atomic percent X1, wherein X is an

el enent sel ect e MABISHE FReosiIBE Medyim ipeqordige &g Claym Scavhein saby datarr | Eu, d,

Ho, | . : . Yh. 6. magneti ¢ recordi ng

medi u%ogc g‘r’ﬁ?%%&%%@ nes-r%%&\é%?%go&gggpmg{x{?ﬁ,n cﬁﬂ%’ ¥i#'m | ayer is
f ur t helemenrseldcssdofrah thgroup eomiNinéD T, V26 ibe Ruf RR/P, MY, 94,48 Ir. CONsi sti ng
of W Y, M, and Mb. -12 7. A magnetic recordi ng nmedium according to Caim
5, wherein said data- storing thin filmlayer is further conprised of 0 to

' ' ' I I d.f h
Consi et ngSor 1 gendi Fofingind ly ey R IO ISR £ 3Hitein S8 ghs DG 01'E

I ecor siorigg tifl ifiliv 1age? ¢ HirthSr ESMmPrisEdIOf X,, WHAERLY) i$ Sl chiédlPfréin (B @ohpd thin
filmlayer_ is further conprised of X2, wherein X2 is selected fromthe
gr oup consistmgnfiWigY oMmygndMopnn, and Mb. 9. A magnetic recording medi um

according to Claim5, wherein said data- storing thin filmlayer has a
coercivity value between 1000 Cersted and 4000 Cersted. 10. A mmgnetic

recording wgedi umﬂﬁgeétwregoﬂqu%@cggan%amfg%@m{ S widrénshididafd@ thin film

| ayer has a gain of at |east in the signal-to-noise ratio over a

cor r eSiosmgithig flmdayerhas ¢ coercivityyalile tepweanil 008 Qarstadand 4000@erstedct uri ng a
magneti c recording nmedium conprising the step of sputtering at |east a
first data-storing thin filmlayer over a substrate froma sputter

target, wheoein A hfughBid feBbrdi Mediuhbact g DS aitt 5 Pherih#HdSdard Nan 0 and
as much as 24 atom c percent C, greater than 0 and as nuch as 20 atom c

per cerstormg thigy fdm layenhesn ginelktdeasinl chdB én theGigabto-woipentieovery  and

gr eat e&n%@&%d%gaq%%tcﬁm%%rﬁ@a%]?oy".itOmC percent X1, wherein X, 1S

11. A method for manufacturing a magnetic recording medium, comprising the
step of sputtering at least a first data-storing thin film layer over a substrate from a sputter
target, wherein the sputter target is comprised of Co, greater than 0 and as much as 24 atomic
percent Cr, greater than 0 and as much as 20 atomic percent Pt, greater than 0 and as much as
20 atomic percent B, and greater than 0 and as much as 10 atomic percent X;, wherein X; is
an element selected from the group consisting of Ag, Ce, Cu, Dy, Er, Eu, Gd, Ho, In, La, Lu,
Mo, Nd, Pr, Sm, T1, W, and Yb.

12. A method for manufacturing a magnetic recording medivm according to
Claim 11, wherein the sputter target is further comprised of X3, wherein X; is selected from
the group consisting of W, Y, Mn, and Mo.

13. A method for manufacturing a magnetic recording medium according to
Claim 11, wherein the sputter target is further comprised of 0 to 7 atomic percent X3, wherein
X 15 an element selected from the group consisting of Ti, V, Zr, Nb, Ru, Rh, Pd, Hf, Ta, and
Ir.
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an el enment selected fromthe group consisting of Ag, Ce, Cu, Dy, Er, Eu,
&, Ho, In, La, Lu, M, Nd, Pr, Sm TI, W and Yb. 12. A nethod for
manuf acturi ng a magnetic recordi ng nedium according to C aim1l1l, wherein
the sputter target is further conprised of X2, wherein X2 is selected
from the group consisting of W Y, M1, and M. 13. A nethod for
nanufacturifg a nagﬂgéic recordi ng nmedi um according to Caim 11, wherein
the sputtet®tarfdh formpanuiactyning 3 magnedic rgoqrding medinmacersdingie X3,

e NS, whedfh G SRR aBLAE Wit OIS, S R BRI SRR it ' ng
a magthetgroupr comsistinglgf Wedd, Winamdavidi ng to  C aim 13, wherein the sputter

target is further conprised of X2, wherein X2 is selected from the group
consisting of W Y, M, and M. -14
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