ENHANCED SPUTTER TARGET ALLOY COWPCSI TI ONS CROSS- REFERENCE TO RELATED
*APPLI-CATI ONS 10007) This application is a continuation-in-part application
of U S. Patent Application No. 10/866,795, filed June 15, 2004. FIELD OF
THE | NVENTI ON 100021 The present invention relates to sputter targets and,
nore particularly, relates to magnetic data-storing thin filnms sputtered
fromsputter targets which are conprised of alloy conpositions with

i nproved netal |l urgi cal characteristics. DESCRI PTI ON OF THE RELATED ART
10003) The process of DC magnetron sputtering is widely used in a variety of
fields to provide thin filmmaterial deposition of a precisely controlled

t hi ckness and within narrow atom c fraction tol erances on a substrate, for
exanpl e to coat senlconductors and/or to fornt frlns on surfaces of nagnetic
recor di ng nmedi a. BYHZ il RGET okl AMERRITEONSd magnetic
field is applied to t he sputter target by pl aci ng nagnets on t he backsi de
surface of the target. Electrons are trapped near the sputtering target,

i nproving argon ion production and increasing the sputtering rate. lons

W t hin thrs | asma collide with a surface of the sputter target causing the
sputter & FERIRN CEH QO RE LA DEDARPIMATIONS ar get surface. The vol t age
difference bet ween t he cat hodi ¢ sputter target and an anodi c substrate that
is to be coated causes the emtted atons to formthe desired filmon the
sur f ace |0d01] Mhissisica@deis aldPOddafaniepdrt oxdlcalfegbetU S FLeardipaiseiNa.
typically coqprlse several thin filmlayers which are sequentially

sput t er 88/88At7§5afilsddsne 48.208¢- nul tiple sputter targets, where each sputter
target may be conprised of a different material. As illustrated in Figure 1
a typical thin filmstack for conventional magnetic recording nmedi a

i ncl udeFiIRDD-OBRAHH ICVEMTIIONAt €  base 101, seed | ayer 102, at |east one

non- magnetic, chrom um based underl ayer 104, at |east one slightly
magneti c, cobalt-based interlayer 105, at |east one magnetic data-storing

| ayer

[0002] The present mvention relates to sputter targets and, more particularly, relates to
magnetic data-storing thin films sputtered from sputter targets which are comprised of alloy

compositions with improved metallurgical characteristics.

DESCRIPTION OF THE RELATED ART

[0003] The process of DC magnetron sputtering is widely used 1n a variety of fields to
provide thin film matenial 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 confi guration, a racetrack-
shaped magnetic field 1s applied 1o the sputter target by placing magﬁets on the backside
surface of the target. Electrons are trapped near the sputtenng target, improving argon ion
production and mcreasing the sputtening rate. lons within this plasma colhde with a surface
of the sputter target causing the sputter target to emit atoms from the sputter target surface.
The voltage difference between the cathodic sputter target and an anodic substrate that is to

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



106, and lubricant |ayer 108. (00051 The anount of data that can be stored
per unit area on a magnetic recording nedium is directly related to the
nmetal | urgi cal characteristics and the conposition of the data-storing |ayer
and, correspondingly, to the sputter target material from which the
data-storing layer is sputtered. Figure 2 illustrates a typical hysteresis
| oop of (60 tCersentidmadniaghetid fekondiry@edia tofatalnesnirysd deeendl thimfilmgaysanpl e
Magnet oneter ("VSM'). technique. Using this process, a VSMquasi-statically
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(00071 Tlaalrecftgdmmﬂﬂmtthameﬁllmglsalmﬁ&er&-ﬂsycyaﬁuhé ebmpofvienbif tieadatavegrati C
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an electromagnet. The sample 1s vibrated 1n this field, and the measurement system detects
the applied field (H) and the sample’s magnetization (M) in the applied field. Figure 2

depicts the varation of material magnetization (M) in the direction of the applied field (H).

[0006] Hysteresis parameters include saturation (or maximum) magnetization {M;), zero
field remnant magnetization (M,), coercivity (H), coercive squareness (S5* = 1-
{M,/H.)/(dM/dH)) and remanence squareness {S = M/M;). Zero field remnant
magnetization (M) (or “remanence”) 1s 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 (S} vanables such as pulse shape, amplitude, and resolution.

[0007] The predominant matenals presently used for conventional magnetic recording media
are ferromagnetic, Co-Cr-Pt-B-based alloys, arranged as an array of nanoscale grains where
each gramn is typically 10 nm or less. The intergranular gap at those grain boundaries is
generally very narrdw, and the intergranular gap is often not sufficient to prevent

magnetostatic and intergranular exchange.



magnetic nultilayers in a stack of ferromagnetic filns separated by
nonmagnetic thin layers, or by sputtering a thin filmat |ow tenperatures
and high pressures to generate a "voided grain structure, the noise in
magneti c nedia can be decreased, and data storage capabilities increased.
[00091 In either of nultilayer application or physical grain separation, the
sputtering paraneters are very critical in tailoring the physical
separation of nedia grains. Further study of mcroscopic properties, such
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ef f ect i werwmyd.of producing | ow noise nedia, particularly with thin filns
contai ning boron. For boron (B) to be effective in reducing grain coupling,
however, the boron content within a CoCrPtB alloy nust be in excess of 12
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sputter targets and sputtered into thin filns with an enhanced conposition.

100101 As to the third techmique for noise reduction, limited success in compositional
segregation has been achieved by adding insoluble elements to the Co matnx. As an
example, sputtering quaternary alloys such as CoCrPtTa and CoCrPtB has proven to be an
effective way of producing low noise media, particularly with thin films containing boromn.
For boron (B) to be effective 1n reducing 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 (B), however, the matenal is rendered very brittie and becomes prone to
cracking upon forming, even when processed at high temperatures. As such, high atomic
percent boron additions negatively impact matenal suitability for subsequent thermo-

mechanical processing.

[6011] 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, 1t 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.



SUMVARY OF THE | NVENTI ON (0012) The present invention solves the foregoing
probl ens by providing a sputter target for sputtering a magnetic,
data-storing thin filmlayer, where the sputter target is conprised of an
al l oy conposition which effectuates the precipitation of a secondary grain
boundary. (0013) According to one arrangenent, the present invention is a
sputter target, where the sputter target is conprised of cobalt (Co),
greater than 0 and as nmuch as 24 atomic percent chromium (Cr), greater than
0 and aS&UBMEARY Qb THIHEF¥ENEAO®ht plati num (Pt), greater than 0 and as
much as 20 atom c percent boron (B), and greater than 0 and as nmuch as 10
atomc percent gold (Au). 100141 The sputter target according to the
present [#092¢ MHeQRedencinvepsorgaides(the orepdih e PrdtSems BY 9%@%?%&@; @feet oy
solid-state inmscibility in cobalt (Co) and/or chromum (Cr), and its

t endencypiterexgnbinaansiics Aatpistaringumn(iBm) layer, dreme thespuitatfargeets dogapirisgd of
favorabl e compounu . .fornul.a,.in which the.conpound includes.a | ow fraction
of pl at FRASY BPT PSR AT e IR RIE T PRSP0 SB1oCRE Bt PTWaBY enent
This condition is critical for maintaining sufficient platinum (Pt) atom
fraction in the cobalt (Co) matrix in order not to sacrifice coercivity. By
addi ng 0@k M ecording éhons eringsoleabitiee prasasit tinention bed spudier tdrganivbare thhe added

I t i1l b jected,f - Pt , d will foiced to. th
oo SRS SRR SE PPl S APRE R anf B milshies Gl AP PSRt v ng
the si gRatorhRri S egredtt Gan 0ABE2S MRRE 23ROt &hi REES plaSinhpy (L yr &GQFARAS@d of
Xl, whereXX is selected fromthe grou&by%on5|st|ng of tungsten (W, yttrium

(Y), mangdreseichMs)20 agerdicmsirsant benom(B groogthaTRend pamush asdidgeemics
further %OHBL%Sﬁg 05 0 to 7 atomi c percent X2, wherein X2 is an el enent
sel ect ed@FBhBE e oup consisting of titanium (Ti), vanadium (V), zirconium
(Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium (Pd), hafnium
(Hf), tantalum (Ta), and iridium(lr). -4 _ )
[0014] The sputter target according to the present invention includes gold (Au), which is
selected because of its solid-state immiscibility in cobalt (Co) and/or chromium (Cr), and its
tendency to combine with platinum (Pt) to form a stoicliometnically favorable compouna
formula, in which the compound ncludes a low fraction of platinum (Pt) atomn and a
predominant fraction of the additive element. This condition 1s cntical for mantaning
sufficient platinum (Pt) atom fraction in the cobalt (Co) matnx 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 foiced to the grain boundaries,

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

[0015] The sputter target is further comprised of X;, where X 1s selected from the group

consisting of tungsten (W), yttrium (Y), manganese (Mn), and molybdenum (Mo}).

[0616] The sputter target i1s further comprised of 0 to 7 atomic percent X3, wherein X5 is an
element selected from the group consisting of titanium (T1), vanadium (V), zirconium (Z1),
niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium (Pd), hafhium (H{), tantalum (Ta),

and indium (Ir).



10017) The alloys formng the sputter target according to the present

i nvention include conpounds, which nucleate and grow at nedia grain

boundari es, providing another type of physical separation of grains. O her
additive elements with low diffusivity, such as tungsten (W and nol ybdenum
(M), are expected to provide new nucleation sites, which would all ow
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boundari es.” 100181 According to a sécond arrangenent, e present | nvention
i s a nmegmepdunds ecbchnngeatredid gnew iaholeddhi grgindoswatigsapmviding anottiet @psvbri ng
thin filmlayer forned over e sybstrate. The data-storing thin filmlayer
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platinum’  (Pt), greater than 0 and as nuch as 20 atom c percent boron (B),
and gr ediey furhanm gerimnefinementanhpasnd© natroniuenpemaénd sgobghtioAuy grai@0191 The
dat a-stori thin filmlayer has a coercivity val ue between 1000 Cersted and
4000 Oe? M€3nd has a gain of at least 1.5 dB in the signal-to-noise ratio
aver a corresponding quaternary CoCrPtB alloy. [00201 By altering the
coercivity to fall within this range, the reverse field needed to drive the
magnet i KH¥1Bbr ccordpey 1 aafetend beamgnsat, Uhapedert anvdmsoads astaedetorekatdingd thin a

user's desired raneters. Accordingly the signal-to-noise o/ ratio
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sputtered fromthe sputter "target has a gain o . to i n excess of
dB i n t henst goakst duoroiwse (€3} geawy érand) oar ssespdnal 2{hatguat pementyplConPt B

al | oy, ere a correspondin ternary CoCrPtB alloy is defined gs an
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(Cr), phﬁfch'&%'%(a%r)licp(%g&;lpgcilggﬁl )as the Co- Cr-Pt-B-Au alloy, wthout the
u).

addition of any gold 21) According to a third arrangenent, the

present invention is a nethod for
j0019] The data-storing thin film layer has a coercivity value between 1000 Oersted and
4000 Cersted, and has a gain of at least 1.5 dB in the signal-to-noise raiio over a

corresponding quaternary CoCrPtB alloy.

[0020] By altenng the coercivity 1o 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 (S¢/N) ratio will increase, and the overal]
magnetic properties of thin films intended at high-density magnetic recording will improve.
The thin film layer sputtered from the sputter target has a gain of 0.5 dB to 1n excess of 1.5
dB in the signal-to-noise ratio over a corresponding quaternary CoCrPtB alloy, where a
corresponding quaternary CoCrPtB alloy is defined as an alloy with the same atomic
percentage for each of cobalt (Co), chromium (Cr), platinum (Pt), and boron (B)as the Co-

Cr-Pt-B-Au alloy, without the addition of any gold {(Au).

[0021} According to a third 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 sputter target is



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 sputter target is -5 conprised of cobalt (Co), greater
than O and as nmuch as 24 atom c percent chromum (Cr), greater than 0 and
as much as 20 atom c percent platinum (Pt), greater than 0 and as nuch as
20 atom c percent boron (B), and greater than 0 and as nuch as 10 atomc
per cent cguipds¢dal) cobalid02p Erewedhan Agnd es ansbeodd atmspeqercenhehpresar(r),

invention is netic recordi ng .medi um i ncl udj a substrate and
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thin filxmheuer pdréent BBRM (B9 Jar@f or62BA AN 0GERN, as FHRALR 0t A&Ri G @Bt %gldft‘}@)._ as
24 atomc percent chromum (C), greater than 0 and as nuch as 20 atomc

percent platinum (Pt), greater than 0 and as nuch as 20 atom c percent B,
and gre than 0. and as ch a 0O ataom t X1, .wh n X .
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description of the preferred enbodi nent, reference is nade

acconparsyemig Grahinmipyet Fatonfrorsad af palralt (Gogr gedter Gird Oiamdwisinatrhi s 2dhatemichy way
of illustration a specific enbodinent in whi the i nvention ma e
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i nventi on. BRI EF DESCRI PTI ON ' OF THE DRAW NGS Referring now to the draw ngs

i N whi chatbiniceparedng renekermuiniisis an cbpras esitcted dronedwamdimeprsating of WepGghout :
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magnetic material; Figure 3 depicts a thin filmstack in which the magnetic

data-storing | ayer has been sputtered by a sputter target conprised of the
enhanced{083Mpbstht foiovang destinmpgion @f Omepreferred embodiment, reference is made to the

accompanying drawings that form a part thereof, and in which is shown by way of
illustration a specific embodiment in which the invention may be practiced. It isto be
understood that other embodiinents may be utiized and changes may be made without

departing from the scope of the present mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

Refernng now to the drawings in which like reference numuers represent

corresponding parts throughout:

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

Figure 2 depicts a typical M-H hysteresis Joop of a magnetic matenal;

Figure 3 depicts a thin film stack 1 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 mmvention,

Figure 4 depicts a Co-Cu phase diagram;

Figure 5 depicts a Cr-Cu phase diagram;

Figure 6 depicts a Cu-Pt phase diagram;



enbodi mrent of the present invention; Figure 4 depicts a Co-Cu phase di agram
Figure 5 depicts a C-Cu phase diagram Figure 6 depicts a Cu-Pt phase
diagram -6 Figure 7 illustrates atypical as-cast mcrostructure of
Co-14Cr-12.5Pt-6Cu-12B at. % alloy; and Figure 8 illustrates etching pits
showi ng the distribution of Cu3Pt within the dendritic phase. DETAILED
DESCRI PTI ON EfguTHE 11IuNE [aBhit 0024 sTinecrpstesent of Kven o aP1-6G8- 128rat. %
increasegq data storage of a magnetic recording nedium by adding sel ected
fifth aMéf¥erSi xth constituents to a base CoOrPtB, in order to achieve an

opti mal conpeghid @MdRatdsRecHEM bt Sendah@le ATBLBLL; | o gepi cts
a magnetic rec%(;lrdi F\g meadi um i’?\élé\%i chh thg deat a?ﬁlégllil ﬂgttg%i?tﬁquﬂﬂj%% ?%nég(rﬁ%has
been spphdsered by a sputter target conprised of the enhanced conposition
according to one enbodinment of the present invention. Briefly, the magnetic

recording nmedium includes a substrate, and a data-storing thin filmlayer

formed %WAIUE?) E@@@ﬁgq%% gT@p%f;dﬂ_; ]’NVE;&:IW thin filmlayer is conprised of
cobal t , Of e n and as 4 atomic percent chromum (Cr),
greater than 0 and as nmuch as 20 atomic percent platinum (Pt), greater than

0 and as_much as 20 atom ¢ pai cenft boron (B), and greater than 0 and as much
as 10 HEBMH dhseresrtmystey {W‘fs PDBEERsSEh s FroTEs ofia Magmgvder ¥ digcor di ng

nmedi um ] - i r . Ve , at
Toast ROy deaR R AN by Gieh BbEBRRS o 4Pde CRAPB M
magnet i echi&oe hiasgimalnioargoditen b0fhe sgatta-tatget mageriahin fil m | ayer 306, and

| ubricant |ayer 108. As noted above, data-storing thin filmlayer on
nmagnetic recording medium 300 is conprised

j0025] Figure 3 depicts a magnetic recording medium in which the data-storing thin film
layer has been sputtered by a sputter target comprised of the enhanced composition according
to one embodiment of the present invention. Briefly, the magnetic recording medium,
includes a substrate, and a data-stonng thin film layer forrned over the substrate. The data-
stering thin fim layer is comprised of cobalt (Co), greater than 0 and as much as 24 atomic
percent chromium (Cr}, greater than 0 and as much as 20 atomic percent platinum (Pt),
great‘er than 0 and as much as 20 atomic percent boron (B), and greater than 0 and as much as

10 atomic percent gold (Au).

[0026] In more detail, magnetic recording medrum 300 includes non-magnetic substrate base
101, seed layer 102, at least one non-magnetic, Cr-based undurlayer 104, at least one slightly
magnetic, Co-based nterlayer 106, data-storing thin film layer 306, and lubricant layer 108.
As noted above, data-storing thin film layer on magnetic recording medium 300 is comprised
of cobalt (Co), greater than 0 and as much as 24 atomic percent chromium (Cr), greater than
0 and as much as 20 atomic percent platinum (Pt), greater than 0 and as much as 20 atomic
percent B, and greater than 0 and as much as 10 atomic percent gold (Au). In an alternate
arrangement, magnetic recording medium 300 omits seed layer 102, underlayer 104,

interlayer 105, and/or lubnicant layer 108.



of cobalt (Co), greater than 0 and as nmuch as 24 atom c percent chrom um
(Cr), greater than 0 and as nmuch as 20 atom c percent platinum(Pt),
greater than 0 and as nuch as 20 atomic percent B, and greater than 0 and
as much as 10 atom c percent gold (Au)- In an alternate arrangenent,
magneti c recording medi um 300 omts seed | ayer 102, underl ayer 104,

i nt er | apan 7]l Obagnefnd{Rbrdindhicannt 30@kaharh#&etured d%?&ﬁ%%gmtﬁ@ﬁﬁm iR

medi um 300 1s manufactured by sputtering data-storing infilm™ layer 306

over a HrbsiMaeeer 2Gubstraden 81 Sput 2 sputienragedt, whbiertbe siustes pargetos alsar get is al so

conprised of cohal , qgreater than 0 and much as 24 agtomc r.cent
chr o uenpeseaVigebat (e o8 i AR heR eI M Perei Feh i BEDram
(Pt), ggeatee thadnPihdasafEclags T0IS0BrAS perdEntdli AMen P8BS C8B4teBihald D8 &hRk akhan 0
and as nmuch as 10 atom c percent %gmd (Au). The process of ggutterl ng i s

wel | knélmtonic parceni 3 arsicgremterthan OGmE)as Thishsisutdt ademicpegetnt gobbdi)ndheo t he
present _inventd on i ncl.udeg el enents selected from transition, refractory

and rar BSERH SHPUTEE STREL B LR EO0EFNSEl ected on their solid-state

immscibility in cobalt (Co) and/or chromium (Cr), and their tendency to
conbine with platinum(Pt) to forma stoichionetrically favorable conpound
f or nul af0RS} dihs sputée dangot zccofdihyg {0 thelpossentlio0@9bnTheludputitments aelgeted drogn
correspgndi.n dat a- st ori % thin filmlayer are further Cﬁ rised ]oci 3,
wher e XU R G e T SO e TP ER T RSB E SPAPOT SRAGF1a (v)
rrangane%ﬁm_(imihgamoam YOS (Memi P (G ViHa thEP CerRBHE S & cdr¥ig€ lyind
correspondi ng ata-storing thin filmlayér are further conprised of 0 to 7
at om ¢ péticemt (PXzto folepesinch{@micically falerdatowpbent famiutzprs tseuged npre

consistlg‘ﬂ?yof titanium (Ti), vanadium (V), zirconium (Zr), niobium (Nb),
r ut heni (l?-fd?w rhodi um (Rh), palladium (Pd), hafnium (Hf), tantalum (Ta),
and iridium (Ilr). In an additional alternate arrangenent, elenents X1 and/or

X, are omtted. _
[0029] The sputter target and carresponding data-storing thin film layer are further

comprised of X, where X is selected from the group consisting of tungsten (W), yttrium (Y'),
manganese (Mn), and molybdenum (Mo). Moreover, the sputter target and corresponding
data-storing thin film layer are further comprnsed of 0 to 7 atomic percent X5, wheremn X5 1s
an element selected from the group consisting of titamum (T1), vanadium (V), zirconium
(Zr), mobium (Nb), ruthemum (Ru), rhodium (Rh), palladium (Pd), hafnium (H{), tantalum
(Ta), and iridium (Ir). In an additional alternate arrangement, elements X; and/or X are

omitted.

[0030] By adding elements, which are insoluble in either cobalt (Co) or chropuum (Cr), the
added elements will be rejected from the cobalt and chromium phases, and will be forced to
the grain boundaries. The alloys forming the sputter target according to the present invention
include compounds, which nucleate and grow at media grain boundanes, providing another
type of physical separation of grains. Additive elements tungsten (W) and molybdenum
(Mo) further provide new nucleation sites which allow grain refinement and which promote

more chrommum (Cr) segregation to grain boundaries.



[ 0030) By adding el enents, which are insoluble in either cobalt (Co) or
chromum (Cr), the added elenents will be rejected fromthe cobalt and
chrom um phases, and will be forced to the grain boundaries. The alloys
formng the sputter target according to the present invention include
conpounds, which nucl eate and grow at nedi a grain boundaries, providing

anot her 1o¢34 PByIbrRMYSISH wHBNALR I ONe®f I AP cleAddist bk £IRIRNLS (Fijingst en

(W and nol ybdenum “(Md) furthér provide new nucleation sites whi ch”all ow
grai n r ehitalemde), andluwhiighng semetiem: ($orethehnagrietimdeGrtoseg tegdihimdaydro grai n
boundaries, - 0031) By formn |1 oys with | arge di gneter nsitiqn

el ement SPUEFY fré’? tﬁ? %H‘it%ﬂmf%gtaf?taﬁfé I.QI}H'HF‘(E“F YCQYIFX H?E}Hﬁl%r(’m;é@n@eréyf Pi um
(Sm), t ReeyRanetdmodaddest 85l NMGrhBik kM diavStay SAMLL BT iL o Lhessput ter
target are tailored to have a coercivity value from 1000 Cersted to in
excess dield@@dedar divedhe Byagaktimtiondo zhe diee beingiseturated ah be adjubied t¢ Fills
range, the . reverse, field needed,to driye.the netjzation. to zero after
bei ng sdf A o ERNSES peCrmely e B feise T ) PSEEsaARfet er s.
Accor di I | 5 Qs 04 ' | j S ; :
gt | B B B D R gL g B e wan
recor di mgpwivel Micnprapie prdfectrassompias gomopert pes cawdingasndgatim si ze, grain
coupling, and grain .crystallographic arientation, determ t he noi se

per f or ngw@qf@ﬂsap_ e qrrﬁnﬁﬁyfﬂnr A eTrRg BmPoISHRTIITERCD _bPF &%aﬁ%@aﬁi fgnet i cs
and_m CrgriffReRRhiotthd RallBGRAGRIYS Ay PEQBUESecEs ixIRCEMAR d 3kauctfB21 The
first element used In the sputter target actording to orie aspect of the

present optimuemdlisbn i s cobalt. Cobalt, a key element for npost data storage
applications, has a low coercivity, and requires the addition of |arge

di anet er ition elements.sych as platinum (Pt), tantalum(Ta), iridium
() andO b e o ARG e PRy iehSSSEIEE W Py Gecd bt PR 000
Cer st ed i ferkfin 8 SRR @for4R00K REISkEE: fol ARRBAa PRI LB 1R BERONE £TMei al
el ement for data storage applications, serves two Critical
coercivity, and requires the addition of large diameter transition elements such as platinum
(Pt), tantalum (Ta), indium (Ir) and samarnum (Sm) to form alloys with coercivity values

from 1000 Qersted to 1n excess of 4000 Oersted.

[0033} Chromium, a second crucial element for data storage applications, serves two critical
purposes within the alloy. First, chromium reduces the corrosion potential in the alloy by
oxidizing and passivating the surface of the alloy from further oxidation. Second, the
presence of chromium in the magnetic alloy allows for precipitation of nther crystalline
phases of other elements, such as boron, at grain boundaries or within grains, aiding in noise

reduction.

[0034] As discussed above, a third element, boron, has been previously used to reduce grain
coupling. For boron (B) to be effective in reducing grain coupling, however, the boron
content within 2 CoCrPtB alioy must be in excess of 12 atomic percent, rendering a matertal
very brittle upon forming, even when processed at high temperatures, and making the target
material unsuitable for subsequent thermo-mechanical processing. The sputter target

according to the present invention, therefore, mncludes alloy additives, which complement



purposes within the alloy. First, chrom umreduces the corrosion potenti al
in the alloy by oxidizing and passivating the surface of the alloy from
further oxidation. Second, the presence of chromumin the nmagnetic all oy
allows for precipitation of other crystalline phases of other elenents,
such as boron, at grain boundaries or within grains, aiding in noise

reduct i Béron(sH2B4HiciABintir SEHHA L APINE reducidll Efkce] AR nairRONRR, achgfatieen
previously used to reduce grain coupling. For boron (B) to be effective in

reduci ngregpaimechaystl 419y weorkebdity. t he boron content within a CoCrPtB all oy
must be in excess of 12 atom c percent, rendering a material very brittle
upon form ng, even when processed at high tenperatures, and nmaking the

target [COISENE &e preseut irdbheod, GoldUDSAGHE B thBIPoNBER D€ BlatPiRRAREDIING- The
sputter target according to the present invention, therefore, includes

al | oy adttabiaitd€o) e/ encluempiatbnt andathprseivletepdenstite icambing with glamya(Pt)

couplin educi.ng, ef f ect ile i nt ai ni accept.abl e ; t her np- nechani cal
1oy wdh B HEg norsgie i b e B AR O St EAG AR L he
basi s oktofbeind Rtk Whidh@ohipisesa Rivk Flaytiod &f MieRdirh (PGAlorRRfé @pré&dinanhim
(Cr) and its possible tendency to conbine with platinum(Pt) to forma

st oi chi émeten ehthepdditive chisnet coeppuiiinend Woichus entiqi deremeistasingd wifderert s f orm

a conpound fo l.a i ch conprise ow. fraction of platinum(Pt) atom and
2 pr edop Ritne R B o SO RER oL Mlriafics Ml homtiben 2
critical for maintaining a sufficient platinum(Pt) atomfraction in the
cobalt (Co) matrix, so as to not affect coercivt%g. 100361 Gold (Au) forns

conpound¥03tierid wih) foamms|cemeuadtivlchw Bl nuskedicoangr grow atiseathalgrdires, and

provi de.anot her type of, physical s rati,on of .grajns. Furthernore, .ot her

hadi t 1 v BRI oY ae S et Preied PRy e seperaic Ghgdingn (PoERE S8 b denum

(MD), prauitae eldneitwith gal iddfug it e Suchhi @hgyenllW)ahl exslibddnnar (\gbRIpFovide

refinement and pronote nore chromum (Cr) segregation to grain boundari es.
new nucleation sites, which would allow further grain refinement and promote more

chromium (Cr) segregation to grain boundaries.

[0037] Figures 4 to 6 depict phase diagrams of binary Cu-Co, Cu-Cr and Cu-Pt alloys
respectively, 1llustrating the effect of adding copper as the selected additive. At room
temperature, the solvus lines which delimit the extent of (¢Co) (Figure 4) and (Cr) (Figure 5)
solid solutions domain merges to the temperature axis, indicating that Cu has only a
negligible solubiiity in those solid solutions. As such, Figure 4 and Figure 5 illustrate how
the copper additive is rejected by cobalt and chromium, respectively, at room temperatures,
and is not absorbed 1nto the Co-Cr grain. Consequentially, the copper additive is forced to

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

[0038) In Figure 6, Cu-Pt phase diagram data depicts the formation of two ordered phases,
CusPt and CuPt. Since CusPt is a compound formula which comprises a low fraction of
platinum (Pt) atom and a predominant fraction of copper, the most stoichiometnically
favorable phase would be CusPt. 1f CusPt is formed, a sufficient platinum (Pt} atom fraction

i the cobalt (Co) matnx 1s maintamned, so as to not affect coercivity.
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100371 Figures 4 to 6 depict phase diagranms of binary Cu-Co, Cu-Cr and Cu-Pt
alloys respectively, illustrating the effect of adding copper as the
selected additive. At room tenperature, the solvus lines which delimt the
extent of ((Co) (Figure 4) and (Cr) (Figure 5) solid solutions domain
merges to the tenperature axis, indicating that Cu has only a negligible

sol ubi | ijpy39)NFiNAse defts dhS &-tdsk BirosectitCdta Eb-aUCe 14 AnGdd- 9218 Gionic
illustrate how the copper additive is rejected by cobalt and chrom um

r espect ipgrdept aligy. ridsrimiceesRic i e cersists ghal phimanoderalyd vridede {showntdsdisgBo o@y)

grain. Conse tially,.the ¢ er _additi i, forced t0 ,the grain.

boundar i*€¥ ?uﬁﬂﬁegi&g aas?%édhérrg?tﬁ‘x s 8@%‘?’%? i %%a%%giei}ﬂ%rpg\ﬁ %g 1‘[tkﬁzed e@lgaﬁglpg?%-lﬁ 8i se
ratio. 4988 Hchphli-Ouite a BrinbtalbudhasRssd g @Mt deRi Bl x i b eufsemimt{ on
of two ordered phases, Cu3Pt and CuPt. Since Cu3Pt is a conpound fornul a

whi ch corferGodephagel ow fraction of platinum (Pt) atomand a predomi nant
fraction of copper, the nost stoichionetrically favorable phase would be
Cu3Pt. If Cu3Pt is fornmed, a sufficient platinum (Pt) atomfraction in the

cobal t g(@oaomg&em isn TEM @i ARSap!s Or 88ci & aftetedal] § @ IGRGE CoMhL ¥raint Phé 00391
Fi gure depicts the as-cast mcrostructure ofa Co-14Cr-I2.5Pt-6Cu-12B

atomi ¢ qeetregint sadh ipgeToregimiies dwom thetdiffereporssnstemisf wei ght ofthe wadewsdr i ti ¢

SNt Tt e TR AL e e
m nor  angilg @inpi R9elvetheGresehbe o PR c%ﬁﬁﬁg(rbug rich phyfst I?:rﬁﬂs%%z)f'd, BigffeCOB

phase. 100401 Figure 8 is an SEM m crograp ack-scattered efectron
i mge, of shdves ghighmaghifeaticomnpgsof i desitdin whgbs'posT gimiat distifiguoshedhag the

differences in agtomc weight of the.various .ph s'.constituents. Wiile the
dendri ¢ EAPPRRIF et Y R the (i S0sionp A RR TSP PREERBER sanpl o
reveal ede.ithgopresence of anot her copper (Cu) rich phase. In this regard,

Figure 8 .shows a high nagnification image of a dendrite in which "pits”
can be distinguished at the grain boundaries, resulting fromthe

prefer en{()l(}gi] ﬁg'%lsnllt errlinogfa rtngg?neg‘cj:?’ﬁﬁ—gtbr%gg %% ?ﬁm"ig)cz)er} using the sputter target
according to the preseni mnvention, a gain of 0.5 dB to in excess of 1.5 dB in the signal-to-
noise ratio, at optimal Hc and M;, has been reported for an alloy comprnised of Co-14Cr-

12.5Pt-6Cu-12B, and other similar base alloys with various copper (Cu) compositions.

j0042] According to a second arrangement, the present invention 1s a magnetic recording
medium, including a substrate, and a data-storing thin film layer formed over the substrate.
The daia-stoning thin film Jayer 1s comprnised of cobalt (Co), greater than 0 and as much as 24
atomic percent chromium (Cr), greater than 0 and as much as 20 atomic percent platinum
(Pt), greater than 0 and as much as 20 atomic percent boron (B), and greater than 0 and as

much as 10 atomic percent gold (Au).

[00643] According to a third aitangement, the present invention is a method for
manufacturing a magnetic recording medium, including the step of sputtering at least a first
data-storing thin film layer over a substrate from a sputter target. The sputter target is

comprised of cobalt (Co), greater than 0 and as much as 24 atomic percent chromium (Cr),
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etching. [0041) By sputtering a magnetic data-storing thin filmlayer using
‘the sputter target according to the present invention, a gain of 0.5 dB to
in excess of 1.5 dB in the signal-to- noise ratio, at optimal H, and Ms, has
been reported for an alloy conprised of Co-14Cr- 12.5Pt-6Cu-12B, and ot her
simlar base alloys with various copper (Cu) conpositions. [0042) According
to a second arrangenent, the present invention is a magnetic recording

medi umgreaed thelk Ognd aswish raf’@ atcamd peratat pleShami(RY, Heater thdond kad/ & mbdr ased

over the substrate.., The data-storing thin film/|layer is conprised of cobalt
(Co), gieripic Rt bﬂ@ﬁng\sa%ﬁma%th%a 0 apdgtinpuchersddhpiowps B?FF%Frhg(Og?r fiu).
greater than 0 and as nmuch as 20 atom c percent platinum (Pt), greater than
0 and as much as 20 atom c percent boron (B), and greater than 0 and as
much as{oeddlat leingerpemdenbegotieschiBud wihQediduldatosteitivg entbaalimbntsd It is to be
arrangenment, t resent .invention is a nethod for —manufacturi ngéa magneti c

h !
r ecor di Herénds teh‘ﬁ HPVGRY ARy IS MY Tapitsd 19fthe shavesdessigpesk erpledimenisang dhat

dat a- st o g o HeBs hid fﬁbhﬁ?ﬁ%ﬁoﬁé’ faay e ﬁ?&ﬁ%&?hgsefcf%ﬁlaﬁp&iﬁ 815 gﬁ%{rgx%hhoﬁ

he
sputter target 1I's conprised of coba greater than as nuch as
24 at ondepaperecfent tledspont and Sc€pg of the igvemioer than 0 and as nuch as 20 atomic
percent platinum (Pt), greater than 0 and as nmuch as 20 atom c percent
boron (B), and greater than 0 and as nmuch as 10 atom c percent gold (Au).
(00441 The invention has been described with particular illustrative
enbodi nents. It is to be wunderstood that the invention is not limted to
t he above-descri bed enbodi nents and that various changes and nodifications
may be made by those of ordinary skill in the art without departing from
the spirit and scope of the invention. 12 WHAT IS CLAIMED IS: | . A sputter
target, wherein said sputter target is conprised of cobalt (Co),

12 -



greater than 0 and less than 5 atomi c percent chromum (Cr), greater than O
and as nmuch as 20 atom c percent platinum (Pt), greater than 0 and as nuch
as 20 atom c percent boron (B), and greater than 0 and as nuch as 10 atom c
percent gold (Au). 2. A sputter target according to Claim1l, wherein said
sputter target is further conprised of X1, wherein X 1is selected fromthe
group consisting of tungsten (W, yttrium (Y), manganese (M), and

nol ybden l\/b& 3. sputter target according to Caim1l, wherein said
sputter } conprised of up to 7 atom c percent X2, wherein
X2 is an el enent selected fromthe group consisting of titanium (Ti),

vanadi um (V), zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh),
pal | adi um (Pd}-, hah aputer (ange)t,,wln%mnaaudr&vt(ttﬁa)argearscmmnrmdmﬁ C(Obal) (Ca), A sputter

target agr%gt% élz?r?o\t%ﬁd gsﬂh%(? ’ato%g %é:%}tégr gn&rg "d{?h ére}at%r t%gltl 0 agd ‘;#‘ mlblg‘n St

conpri se erern I's'S CONST S

t ungst en2( Mbmzq(;petwdnumgti@fbl (Ptivepnepson elsm ( dvid)as gﬁmﬂ asm)d) yﬂodgmpﬁf(tje(n\/b@mn %B),A ]
magneti c recordipg j um conpr.i sin a substrate; and a data-storing thin
filml ay%'}d %rBEft?FéBarb(gg?‘i EESHB“@'LﬂﬁépIa CP%H%‘}':@P% I)d data-storing thin film

| ayer is conprised of cobalt (Co), greater than O and |less than 5 atomc
percent chromum (Cr), greater than 0 and as nmuch as 20 atom c percent

pl ati num (Pt)2. gr e&tsetrtter tﬁagﬁt@cwminaw (ﬁbblhlashezﬂna@idﬁp@ttepéﬂfgﬁm funtbmon (B),

and gr _ea;[:Oer t ha rel ag.i gl C fo t Orrrlld Cc 3lshi ftg £s en( trlum
magnetic-r 3 5280 ?c’i hg 5 & ‘?’n V\ﬁ%? A gt MM st or i ng
thin film) &Mﬁganbg‘e mh‘);ghﬁrm@[g)mmuﬁlqmcgf X, , wher ei n X i's sel ected fromthe

group consisting of tungsten (W, yttrium(Y), manganese (M), and
nol ybdenum (Md). 13 7. A magnetic recordi ng nedium according to Caimb5,

wherei n sai d glata- spytter target according to Claim 1, wherein said sputter target is further
comprised of up to 7 atomic percent X>, wherein X; is an element selected from the group
consisting of titanium (T1), vanadium (V), zirconium (Zr), niobium (Nb), ruthenium (Ru),
rhodium (Rh), palladium (Pd), hafnium (Hf), tantalum (Ta), and iridium (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 tungsten (W), yttrium

(Y), manganese (Mn), and molybdenum (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 cobalt (Co), greater than 0
and less than 5 atomic percent chromium (Cr), greater than 0 and as much as 20 atomic
percent platinum (Pt), greater than 0 and as much as 20 atomic percent boron (B), and greater

than 0 and as much as 10 atomic percent gold (Au).
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 tungsten (W), yttrium (Y), manganese (Mn), and molybdenum (Mo).

13



storing thin filmlayer is further conprised of up to 7 atom c percent X2,
wherein X2 is an elenent selected fromthe group consisting of titanium
(Ti), vanadium (V), zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium
(Rh), palladium (Pd), hafnium (H ), tantalum (Ta), and iridium(lr). 8. A
magneti c recordi ng nmedi umaccording to Claim?7, wherein said data- storing
thin filmlayer is further conprised of X1, wherein X, is selected fromthe
group consisting of tungsten (W, yttrium(Y), manganese (M), and

nol ybdenum (Mp) . 9A nfaghB@REdr8ink REQANG AGoFTRsl 1NTIaIGE ) vHidhén kald Gh@l m 5,

wherein said data- storing thin filmlayer has a coercivity val ue between
1000 Cer steene BifdfilpnByerde fugthercompred af prigretipriic reesnEn gVhetsdt dmisdecording to
Claimb5, ' [ L ng: thi ' : L0 | east
L5 ap | ERRLRoRR AL Bt Qhiiink 8t b I ERdIAT D), SR B | 0 P g
al | oy. 1lhiobhim@ithodtHeorum@w)frhediumi(RYy), palisiiume (Pd), hafciomditiy taneadima gy a),

conpri si n‘?d.t e @tep of sputtering at least a first data-storing thin film
layer ov&H AU ate froma sputter target, wherein the sputter target is
conprised of cobalt (Co), greater than O and |less than 5 atom c percent
chromum (Cr), greater than O and as nuch as 20 atom c percent platinum
(Pt), great er8thanAGagneticascording nzedinp ageostingtofdpive it wisseingaid Bia- and great er
than 0 apd. : . ' t for
ranut act o gl HEDIRE: i Rlel el GER) wGlcth b hetedk e TRLBBD T 0 i
t he sput tatsistiag gefungsserd (WY}, heriu Fpm@gehesd (Md), andmobibdentm (Mosel ected from
the group consisting of tungsten (W, yttrium (Y), manganese (M), and

nol ybdenum (M) . 13. A nethod for manufacturing a nmagnetic recordi ng nmedi um
according to o ai ﬂ’n?ajgnetYM%E@ergtnﬁb%iﬁPHéJoﬁfiné R @8Im 5 Swhddtih R&E ag@mpri sed of
up to 7 atom c percent X2, wherein X2 is an elenment selected fromthe group
consi st i sigring thin filanlayen aFia)coergvita daluembetween 1900 Qerpticd amd 2900, Ogrtodi um ( Nb) ,

rut henium (Ru), rhodium (Rh), palladium (Pd), hafnium (HO

- O-

10. A magnetic recording medium according to Claim 5, wherein said data-
storing thin film layer has a gain of at least 1.5 dB in the signal-to-noise ratio over a

corresponding quaternary CoCrPtB alloy.

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 cobalt (Co), greater than 0 and less than 5
atomic percent chromium (Cr), greater than 0 and as much as 20 atomic percent platinum
(Pt), greater than 0 and as much as 20 atomic percent boron (B), and greater than 0 and as

much as 10 atomic percent gold (Au).

12. A method for manufacturing a magnetic recording medium according to
Claim 11, wherein the sputter target is further comprised of X, wherein X is selected from

the group consisting of tungsten (W), yttrium (Y), manganese (Mn), and molybdenum (Mo).

13. A method for manufacturing a magnetic recording medium according to
Claim 11, wherein the sputter target is further comprised of up to 7 atomic percent X,
wherein X> is an element selected from the group consisting of titanium (Ti), vanadium (V),
zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium (Pd), hafnium (Hf),

tantalum (Ta), and iridium (Ir).
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tantalum (Ta), and iridium (Ir). 14 14. A nethod for manufacturing a

magneti c recordi ng nmedium according to Caim13, wherein the sputter target
is further conprised of X,, wherein X, is selected from the group
consisting of tungsten (W, yttrium(Y), manganese (M), and nol ybdenum
(Md). 15 ENHANCED SPUTTER TARGET ALLOY COWPCSI TIONS  Abstract O The
Disclosure A sputter target, where the sputter target is conprised of
cobalt (Co), greater than O and as nuch as 24 atom c percent chromum (Cr),
greater than O and as nmuch as 20 atomic percent platinum (Pt), greater than
0 and as muchifs 2R nadiid for RBAGEAREALHROL AAghR: reRRfnHMRMURT acchlafy & and as
much as 10 atom c percent gold (Au). The sputter target is further conprised
of X[ er r FlaiHer whotpiarthq spuitestarastis durtior epmprised §F Supvhesns Xsisisplgeted fretingst en

, yttoi . : I T parget i
Furt ner - SsriShdoichns SHGRIERS YA, yBlfh [0} KARGRUE (M g iSRRG 200 1<
el ement selected fromthe group consisting of titanium (Ti), vanadium (V),

zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium (Pd),
haf nium (Hf ), tantalum (Ta), and iridium (Ir). FIGURE 3





