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

[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.



one ‘slightly magnetic, cobalt-based interlayer 105, at |east one nmagnetic
data-storing layer 106, and |ubricant |layer 108. (00051 The anobunt of data
that can be stored per unit area on a magnetic recording nedium is directly
related to the netallurgical characteristics and the conposition of the
data-storing |ayer and, correspondingly, to the sputter target materi al

f r om whi{e®04] eordahtaersl atagnetid @yerdinsmedpuipieslédcorhprgaer everal thintmdhess a

typi cal hysteresis logp of a data-storing thin filmlayer, obtained by the
Vi br at i iyhShaisIseq gAY shtcasd prtogpubsiiale Ry riapie SR RIESt, pihetesh a” vswm
quasi - st.af ' ISy j : in pplied
field frsg{ﬁgté}g%#géﬁ ’g%i’ F‘g?r%‘gﬁie‘fé.” %hae@g%hgp?}?g{a??a@i E‘trsg?gﬁhﬁeﬁi PiRghs 8 PleatP o
nmeasur eneintfilsysidniod ebreehsondlmeagnppt redrdinghetd{dHnchds hdve negnpteSiubsirate
magneti zation (M in the applied field. Figure 2 depicts the variation of
mat er i alP¥aghetrebiEyet Pt oast ORe NEPPRAENFBh HFOPNEN-Bptstiwderlasr d Oft least
(00061 I F St D6 I Iy 3 _ j.zation
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squar enel®, {15t lubridant(Mef H)§/ (dM dH) ) and remanence squareness (S = M NLs).
Zero field remmant magnetization (M) (or "remanence") is a neasure of the
remai ni ng magneti zati on when the driving field is dropped to zero, and

coer 1 v iioditnd SnQTBRAME gl lcah BE SIFUPE Gl SedlofE SRk RocidiNE nlddfim

magnet i zat | 0 zero after being saturat ese nmacroscopl c properties
det er mi nie direai) featdd ®itpaaletdIpgicMahizebteeistisuntl ths cpmipsstishap ehe darpkiotinge,
and resolution. (00071 The predom nant materials presently used for
convent i J8ve|anfegpresspendingl by 19i they ST lreelreatesal i gteeh the defp-gtpnipg lgehigsed
al'l oys, aprangeds; Gl Ty MBNARCREE: HoBh BF 2 MIE! SoriG 1 S
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gener al | gptaieed/ bnarer Gibratmad dnfpde Migae@naned (AV SYED tecdinafuee Ishod thsaipfocedsemt t o
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preven Vg}?\i/lg gtfasiqgtagcalll():/ d%r*]ves Ia r1]'naegrngtr z%gllfng 1rts ﬁ?&%er%gg?oop using an applied field from

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.



[ 0005] There are three approaches to thin filmnoise reduction:

conpositional segregation at grain boundaries, nmultilayer application, and
physi cal grain separation. Briefly, by applying nagnetic nultilayers in a
stack of ferromagnetic filnms 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 magnetic nedia can be decreased, and
data storage_capabilities increased.. [00091 In either of nultilayer

appl i ca{qﬂ&%] dheisrare tfugs agprapthes dp HradiBioiseredeqiont ednpegsitional sAEEsFOnAt o
very cr i I-tai ! : i.cal rati -nedipa LN t her
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grai n cmashetid egitdpyire in astiachb Afenemadgactiefjlins sgpataved Bpnomaaghron thindsers,
techni ques to inprove,tPe noj se performance g&hb of the thin filns,
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conposi in@eakd. segregati on has been achi eved by addi ng insoluble elenents to
the Co matrix. As an exanple, sputtering quaternary alloys such as CoCrPtTa
and CoCrPtB has proven to be an effective way of producing | ow noi se nedi a,

parti cul i i | L Nj . ron. ( e
bt ect 1 490091 Wickflerd utiles P a SR BLELRPh RS Brain Eap L ek 1 1 o
CoCr Pt Bpatdnfdterdusd vdie chitice)ia es borvle th2 plhaysidil epestiensf. milie aragdi Rgtswch a
hi gh atom c percent of boron (B), however, the material is rendered very
brittl e SHISY BEUEIASSORIE PHEPCHEES, BICRERIZRYD §IFSnSRET FAURYNE cnsherainerypridbessarteel” at
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i mpact material sul or ‘subsequen er no- "nmechani cal “processi ng.
10011] i(N)io$ tHelthirefiloise Rotshderceth frodideymdesiptandlendamenic @adodding nisdgehi C
recording medium with a dense grain structure at the nmagnetic data-storing
| ayer, p@t:mﬁﬁftwé)ftmgl g‘iegﬁ%f]rgﬂtrxba@&]%seand micro-rmagnetics 1s warranted.

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.



ratio and increase potential data storage capabilities. In particular, it is
desirable to provide alloys such as boron-containing alloys with inproved
conpositional segregation, which can be used in sputter targets and
sputtered into thin films wth an enhanced conposition. SUMVARY OF THE

| NVENTI ON (0012) The present invention solves the foregoing problens by
providing a sputter target for sputtering a magnetic, data-storing thin

filmlayer, where the sputter target is conprised of an alloy conposition
whi ch eéLEﬁh@b&ﬁﬁgiﬁéﬂbﬁﬁﬂﬁhﬂﬂﬁﬁion 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

nuch as [@¥ 2A1T0H [GeRAl BROAL oL 088 tHETdrEEding BERAERS bl Padvi@inantpatieNdedyt &y 20
atom c percent platinum (Pt), greater than' 0 and as nuch as 20 atom c

per cent SpdtomeBpaganiy, giteatasmethanhlon kivdr, achenuidie sastididargeors @mmpesedeht gol d
(Au). 1001ﬁ1 The sggtter.taéﬂg% gccgrdin .{2 th? present inventiaon includes
gol d (Ad) ARRiCRIPPEtoR FRth ISR PECRALCB O Ry PR BB ty in

cobalt (Co) and/or chromium (Cr), and its tendency to conbine with platinum

(Pt) to forma stoichionetrically favorable conpounu formula, in which the
conpound0®}i| Ackesdiag townd aratgementb thepprasdnt immefPpy isa epntigntirget, pheddht nant
fraction of the additive el n his conditign i,s critical for. nmaintaining
su1 o aResg el rvre o BRI CE e rHe D28l r PuEbes St STiE TEREROL dor
not to SAafdthiung ECr)CABEEH thah Y- anBlas RAGKNE 20! LB Sorcph Bpalfﬁnﬂﬁ'ﬁ(P'tﬁ Aedltgani
either cobalt or chromum the added elenments will be rejected fromthe
Co- Pt phades mamd ani20latdreiciperest beont(Be, apdagreatbothan Qrand ss michasddsitemgicgr ai n
separati_on apd] zgpﬁequently, i nprovi ng the signal-to-noise ratio. (0015)
The sputf®EFC™ 829 %s further conprised of X, whereXX is sel ected from the
group consisting of tungsten (W, yttrium(Y), manganese (M), and

mol ybdenum (Mo). (00161 The sputter target is further conprised of 0 to 7
at onmi ¢ d@ptEnthognutighregt aeo@ding ta e 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).



el enent sel ected fromthe group consisting of titanium (Ti), vanadium (V),
zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium (Pd),
haf ni um (Hf), tantalum (Ta), and iridium(lr). -4 10017) The alloys form ng
the sputter target according to the present invention include conpounds,
whi ch nucl eate and grow at nedia grain boundaries, providing another type of

physi cajpoePRhabiion f@ﬁnﬁg%@&mt@r e eadd aineioth € PRAES: WM EdtidnAneidad Fusi vi ty,
such as tungsten (W and nolybdenum (M), dare expect ed to provide new

nucl eatdammpsindesyhwhinotiesoahd gral [abwefiiargrierbogndamesy pfaviadine abothadtype ofrot e
nore chr.om u Cr). segregati to,grain_boundaries...100181 According to a
Second BIRFIL BRI hRe fires T SR Fismens S i iR T e SR R ORSEH um

i ncl udi () anSHRHYRLEL (MY, Aedabaersd &F pRUide el AlddBaxaes hataedoauer the
substrate. The data-storing thin filmlayer is conprised of cobalt (Co),

gr eat eralidvafurtheaigthimsefmgotenasn@pronattemae perooenin (€h) searegatioBity grgm eat er t han
0 and ag méch as 20 atomc percent platinum (Pt), greater than 0 and as
much as”PB“4H'6%i ¢ percent boron (B), and greater than 0 and as nmuch as 10
atom c percent gold (Au). 100191 The data-storing thin filmlayer has a
coercivity value between 1000 QCersted and 4000 Cersted, and has a gain of
at | easf0018p AdBoidmg teer Scgmbbrréneentins dhe ptesentavemtian is e miagspndicngiing

uaternary. CoCrPtB all oy. [002Q1 alterin he coercivity to fall within
Thi's T aRgH T B P8 ASBU TR G R SR8 P D4 ESHRGHER Pl P At e o
after b?hé‘@at%%té’r‘irg &th ﬁ'l%'i‘lz@%r _?sddolr'nﬁir?sgd LP c&@h‘((ggf)%\gk'eé‘teﬂtﬂé%?f ard! Aeshdied 24

paraneters. Accordingly theé signal-to-noise ratio wll 1ncrease, and
t he ovestahic pragniethirenpro (En} gresteothantl amd aslmech st Zhalednapereyiplaensi t y

magnet i ecordi |l inprove.. The thin fjlmlayer sputtered fraomthe
sput t er &t)t;r%’éz’lterh'ggn ﬁnaﬂgfdﬁ%g(ﬁ‘? 204i5Tpis Rerccak beids (B, andebreater than 0'and as

much as 10 atomic percent gold (Au).

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



dB in the signal-to-noise ratio over a correspondi ng quaternary CoCrPtB

all oy, where a corresponding quaternary CoCrPtB alloy is defined as an
alloy with the same atonmic percentage for each of cobalt (Co), chrom um
(Cr), platinum (Pt), and boron (B)as the Co- Cr-Pt-B-Au alloy, wthout the
addition of any gold (Au). 10021) According to a third arrangenent, the
present invention is a nethod for manufacturing a magnetic recording

medi um compinget n@cqblah (Sepprofteshun Dend ngmachlaeds atanicipestent daversmndCiong t hi n

filmlayer sybstrate om a sputter tar ~ The sputter tar is -5
corpr | ssebit Gundete penythgs eheliie kR e BHTGS ThcHeae Beng o & et
chrom umy(&Fmhic pIEERbBont (BINarld @BRePHha WIS nAknakam zﬁoxﬂﬂfﬁ&@ént @bmt(mﬂm
(Pt), greater than 0 and as nuch as 20 atom c percent boron (B),

greater than O and as nuch as 10 atom c percent gold (Au). 100221 Accord| ng
to a se aspec t he present invention netic recordjn di um
e Dl SR S R A KRR SR MR T

substr atiﬁeluzﬁag, A@baras bRl h QAGtal b d 1HTLAYSfer i@Vt RAuBErAOPRhE aki&D) |
greater than and as much as 24 atomic pércent chromum (Cr), greater than

0 aRd asz%rmgihasﬁmlamm@nmcénf cmbaétt(ﬂw,hrgréml)thaggr@dtasmmdhmf@ Aordicas
mich as at ter than.0 an as atomic
ot cent BRce QoS RRETT erde P R bSinutt 3520 e Re B oRlaBRumdrul ng. of
Ag, Ce, grllMer th¥n OEa'i'Jd aEtucEds 20Qutorhid per@nt BU andvgneamg thaalQ arelMs mhlich Y 18nd  Yb.

100231 In the foll ow ng description of the preferred enbodi nent, reference
i s made dtomidyeercent donpherginn daawiengsit stlatted diom deeppmodp tdrsistiof of &l Cen whi ch

| nveonti Gy ety GReiEa, CrolhdTetd" Siudl Sfobth That of her  embodi ment s

maybe utilized and changes may be made w thout departing fromthe scope of
the present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0023] In the following description of the preferred 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;



Referring now to the drawings in which |like reference nunusrs represent
correspondi ng parts throughout: Figure 1 depicts a typical thin filmstack
for conventional nmagnetic recording nmedia; Figure 2 depicts a typical MH
hysteresis | oop of a magnetic material; Figure 3 depicts a thin film stack
in which the magnetic data-storing |ayer has been sputtered by a sputter
target conprFepd oilliswtes mhapeeldasecirpasirbitorctae o G- Lt b2.6he6Ceartdditngnt  of
the present invention; Figure 4 depicts a Co-Cu phase diagram Figure 5
depi ct selipyerndy phase diagram Figure 6 depicts a Cu-Pt phase diagram -6

Figure 7 i1l ¢shfakefydyRitdin@onsasivillk HOGLEHGE f1,Pt withi it

oo 1aer 1 2. SO LS ol ingor % LR gur e A aydyn the dendiitic |
show ngphdse. di stribution of Cu3Pt within the dendritic phase. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 100241 The present invention allows for

i ncreased data storage of a magnetic recording mnedium by addi ng sel ected

fifth apghoin ¥pchi i NENE STHPRAVRREEORPC Pt B, in order to achieve an
opti mal mﬂmr%%mmt erial. j0025] Figure 3 depicts
a magnetic recording mediumin which the data-storing thin film |ayer has

been sputtered by a sputter target conprised of the enhanced conposition
accor di H24 gh@lﬁ’éesé%&i?]ﬁféﬁ’tal@’f‘”stftﬁémﬁf@éﬁflatﬁ §iPERES iR MBERK Fgcordiig nagnet i ¢

recor di AgaMRAbY MdinselLlns; S AhRondliefts 11 BRONE M Y dHald bm | aver
formed over the su étrate. e data- storing thin film ayer’1s conprised of
cobal t aflagve g1 estiras) dogrosDioarfdr & spudr tasrePhasdrali C

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.



percent chromum (Cr), greater than O and as nmuch as 20 atom c percent
plati num (Pt), greater than 0 and as nuch as 20 atom c percent boron (B),
and greater than 0 and as nmuch as 10 atonic percent gold (Au). 10026] In
nore detail, nmagnetic recording medi um 300 i ncludes non-nmagnetic substrate
base 101, seed | ayer 102, at |east one non-magnetic, Cr-based underl ayer

104, at }doaapM@ﬂ@tiéiécgﬂﬁﬁ%meHﬁgﬂeo@ & maRiflaged dydpaikAYetathQloritiathar Qi ng

thin filmlayer 306, and Tubricant |ayer 108. not ed above, data-storing
thin filayet vepa sibgjrade i @1 revos shuigr egktuwh@@0he spwismpargsted alsof cobal t
(Co), greater .than as h 24 atom C rcent chrom.um (Cr greater
than’ Ob&Rbeg hBRts 800, e B p i las Bt RENEER: pErGRETEP RERIS and
as nuchgagie? thaal PMCas REEC Y0 BonAd ferdb@M&imbh aR) Qrafter @an MUHE 88nukfl .8t om ¢
per cent gol d (Au)- In an alternate arrangenent, magnetic recordi ng nmedi um

300 omi 28 atoeed peeeget B.10% srardethianPend ko muchiastlérateper perodit gakti(or). Mbor i cant

| ayer 108. -7#00&%} Mi%{']%fl C recordti ngl medi um 300 i s manufactured by
sput t er PRG“HA aPELBHEG B SR SCE88 over a substrate 101 from a

sputter target, where the sputter target is also conprised of cobalt (Co),
greater than O and as nuch as 24 atomic percent chromum (Cr), greater than
0 and a$V§EHhaspatter dargat accpehne it thp pagsemtumy¢rPion, ingndet demeh@neBctgddroas nuch
as 20 atoni.c percent B,, and eat er an 0 and as nuch as 10, at om er cent
ol d_( ATFEi s e R aP Hiig HEociBleT ok RGN C R RRD S TaT” SIEHEE
[0028) Thgismilityen doBaldeto PGl thidniueh I, RIBRER kerldR¥ENMI Qintine Lugles

el ements selected from transition, refractory and rare earth groups. These
el enent planepm ($¢) todbed astrithemetreally dasiratle comprist fdyimuild, s drscesbaintor¢ Co)
and/ or g@iﬁo}iﬂ um (Cr), and their tendency to conbine with platinum (Pt) to
forma H9¥net ri cal | y favorabl e compound formula, as discussed nore
fully bel ow.

[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.



100291 The sputter target and corresponding data-storing thin filmlayer are
“further conprised of X3, where Xi is selected fromthe group consisting of
tungsten (W, yttrium(Y), manganese (M), and nol ybdenum (M). Moreover,
the sputter target and corresponding data-storing thin filmlayer are
further conprised of O to 7 atom c percent Xz, wherein X2 is an el enent

sel ect e@bcfaﬁ?rpytfeﬁnﬁlrg%@ §%ﬁ'l§1t(g,'§u@arﬁételt {ram(&ﬁm@@e)ns ma;g' mnghﬁ( (¢! rconi um
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arrangenent, nd/.or X, ar omtted 003%‘ n rrents
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form ng imphmcs M\ictdacdapdc geapd:hémemmh dsrgpmaistaepgragt engning, ars:ijg’ranas pl ati num
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By altering the coercivity to fall in this range, reverse field

needed toptidrunvéiskhe magneti zati on to zero after bei ng saturated can be
adjusted to fall wthin a user's desired paraneters. Accordingly the

si gnal -t [ atio w | ncrease, and the averall mag net roperties of
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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



crystal |l ographic orientation, determ ne the noise performance (N) of thin
films, and an optim zation of the nacro-nagnetics and m cro-nmagnetics is
necessary to produce the optimmdisk. 100321 The first elenment used in the
sputter target according to one aspect of the present invention is cobalt.
Cobalt, a key elenent for nost data storage applications, has a | ow

coer Ci Vhén’ stiedefi€ilUint @ Serhitg aetlipting Redifcid 2é @@t Al AR HaIntdihaRSicEbAmyiel ement s
such as platinum (Pt), tantalum (Ta), iridium(Jr) and samarium (Sn) to

f or m al thsymovpedhapiealrdioyi vyrkebtites from 1000 Cersted to in excess of 4000
Qersted. 10033) Chromium a second crucial element for data storage
applications, serves two critical purposes within the alloy. First,

chrom upa3sgie g8 grientBIvERSHRZoRPLLMhisal chihd haiddt BYirBYIid otedinzhREbLAN
paSS|vat|n%)the surface of the alloy fromfurther oxidation. Second, the

pr esenc & efbaiii Coniudes ¢hromsumd Greandotapossiplatendens yito copbas yith alatonmofPtiot her
crystallinpe ases_of .ot.her el nts. s as_bar.on t grajn boupdaries or
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For boron (B) to be effective in reducing grain coupling, however, the boron

cont ent ficten of e @dditive Blaandngya errshtiggewhishax eeenl 6o mainkaiomee yenoer |
rendering.a ial -~very.brittle on_formn even n pr.ocessed at high
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t her no- mechani cal processing- The sputter target according to the present
invention, therefore, includes alloy additives, which conplenent -9 boron's

benef i cil8936] ftdd (Hrhrammacompapndsighrchovidi nigleatd anst growrdtineedyamBratmai ni ng

acceptabl e .thernp-nechanical allo r-kability. 0351 | he present
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additive elements with low diffusivity, such as tungsten (W) and molybdenum (Mo), provide
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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in cobalt (Co) and/or chromum (Cr) and its possible tendency to conbine
with platinum (Pt) to forma stoichionetrically favorable conpound formula.
These sel ected el enments forma conpound forrmula which conprises a | ow
fraction of platinum (Pt) atomand a predom nant fraction of the additive
el ement, a condition which is critical for maintaining a sufficient

pl at i nunpéiey) F%ﬁxﬂm’ etk itNad-Bast REcoeR@thre((3Q)CHBUTEX 2 519-6T2u-1 98 RRJmiaf f ect
coercivity. 100361 Gold (Au) forns corTEounds which will nucl eate and grow at
a

medi a gparasnt P dareiresToamdtyse evndds ahophmery gpulrdfc plys (dalvnssgwhagiayh of
grains. Furthernore, .other . additive ele ts..wth l.ow.diffusi.vi .such as
t ungst e *{H™ eﬁlg%n%‘?"i}%céfgrm?ﬁj %g%'?w%fi %3#%ngpaﬁéwerm}@ﬁ@aﬁ}%‘jeﬁgpgg Ph%r‘ﬁ]tq:ﬂ. woul d
al | ow f wdhen fhdhbsd efth ASMRBE 2aABENIYIRLE AWE THY QRN hLF) 1§ Se8ahiipn to
grain boundaries. 100371 Figures 4 to 6 depict phase diagranms of binary

Cu- Co, @xGoFapkkseu- Pt al l oys respectively, illustrating the effect of
addi ng copper as the selected additive. At room tenperature, the sol vus
lines which delimt the extent of ((Co) (Figure 4) and (Cr) (Figure 5)

sol i d sqhpadjoRguREBIaN SF 88 rd Raft) @r bENEALMESI @M, inlddd] SahL Behis hehe CU
has only a 'negligible solubility in those solid solutions. As such, Figure
4 and Fiayntrestsn shd¢hustagas enpwales tiiven dwphBereades inialenicsweightefi thd vbyogobal t and

chrom um, respectively,..at, r.,oom t.enperat ures and i s not. absorped. into the
o & orienes e VP U TnerTE sheie e 10 B penalf bhibe; b R0 ai n
boundar i §ghedl sraﬁ@@;%!vémecgm'ﬁa@%@@bﬁsﬁ&ﬁkrwgpéﬂmqucn%hta!s@ B 8Raka Q- MehRe
ratio. 100381 In Figure 6, Cu-Pt phase diagram data depicts the fornation
of two 03 sterveck pighsegnific@ti8RimageloCufendri® noehCh3PitsT sarmbe dispoginehedont thd a

whi ch conprises  a.low fracti on of | ati noum (Pt t nd .a predom nant
fracti ofr Roppaies, Fnu BB oTe ol el Pt 6 0o Ebre phsE ahabul o be
Cu3Pt. IdcfHaPt is formed, a sufficient platinum (Pt) atomfraction in the
cobalt (Co) matrix is maintained, so as to not affect coercivity. -to

{0041] By sputtering a magnetic data-storing thin film layer 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),

-11 -



(00391 Figure 7 depicts the as-cast mcrostructure ofa
Co-14Cr-12.5Pt-6Cu-12B atom c percent alloy. The mcrostructure consists of
a primary dendritic phase (shown as |ight gray) surrounded by a eutectic
matri x (shown as a | anellae-like phase). The dendritic phase is a CoPtCu
rich phase with a m nor anount of dissolved Cr. The eutectic matrix is
substantially a CrCoB phase. 100401 Figure 8 is an SEM m crograph, or

back- sqatdtartben @led bs onch ARde atohictdeecegt platinumiiBt), geater disin ¢ andacihuiin@sges
origingtes fromthe differences in atom c weight of the various ses’
const | tATAPEIC RAFFPEbORE (Berrid ?F%‘%ﬁ'égg‘ BFeach a5 Kerigmag H@'F@“;ﬂ‘?gfg@;‘sa
chemcally etched sanple reveal ed the presence of another copper (Cu) rich
phase. In this regard, Figure 8 .shows a high nmagnification inage of a -
dendri t{@044} Tihe mhertpintie$ beandérended witthquarshde iHbstkhere agtitsddimbagndtas telsg
resulting fromthe preferential erosjion of the Cu3Pt-rich phase upon

et chi ng‘?“%f" t%@}}h% HUERED gt Irmitrddeitee ehava-deeentedembeHmenisariadr usi ng
the sp i i j i dB to
i excocerys B REaEREHELInd ok BE B Mhol MERLAR I A uBioiE” has
been r egepuited ffan tlenspati oy scoppof Sednointica- 14Cr - 12. 5Pt - 6Cu-1 2B, and ot her
simlar base alloys with various copper (Cu) conpositions. [0042) According
to a second arrangenent, the present invention is a nagnetic recording

medi um including a substrate, and a data-storing Thin filmlayer forned
over the substrate. The data-storing thin filmlayer is conprised of cobalt
(Co), greater than 0 and as nuch as 24 atom c percent chromum (Cr),
greater than 0 and as nmuch as 20 atomic percent platinum (Pt), greater than
0 and as much as 20 atomi c percent boron (B), and greater than 0 and as

much as 10 atom c percent gold (Au). (0043] According to a third
arrangenment, the present invention is a nethod for manufacturing a nagnetic
recordi ng medi um including the step of sputtering at |least a first

12 -



data-storing thin filmlayer over a substrate froma sputter target. The
sputter target is conprised of cobalt (Co), greater than 0 and as nuch as
24 atom c percent chromum (Cr), >> greater than 0 and as nuch as 20 atomc
percent platinum (Pt), greater than 0 and as nmuch as 20 atom c percent
boron (B), and greater than 0 and as nuch as 10 atom c percent gold (Au).
(00441 The invention has been described with particular illustrative

errbodimagéi. IE ':s{o be . understood that the invention is not limted to
t he abov } ‘ments and that various changes and nodifications
may be made by those of ordinary skill in the art without departing from

the spirit and scgge of the invention. 12 WHAT IS CLAIMED IS: | . A sputter
target, whereln sabdpuisntarest, whargjesaid spwisnisrges icconprisebef cobgict)e), great er

than O aE%aJeF?nﬁn bgﬁl@legs ffﬂta f nf 14} gr%é]‘tt Isﬁlgg)rm%%xe‘{)égre% r twlgatagd a§ Qﬁéh Q and as

much as atom'c percen aAnd®5S ' mith as 20
at om c pef aemic occanplBium (lamcgr@malﬁaaro dnidaw nfichas 2@ stomic peresnt bbroat{ B C

per cent ter target according.to daim1l, wherein said
sput t er g’éjr%’é%(‘e”éaqﬁ?‘f‘ﬁ@rm“‘&‘(ﬁﬂpl ¢ gfresaf go gin X, is selected fromthe
group consisting of tungsten (W, yttrium (Y), nmanganese (M), and

mol ybdenum (Mo). 3. A sputter target according to Claiml, wherein said
sputter targed is A@putteetargeé@m@rdle@@ Glpiny p, Whﬁr@na@ldm)@ttepéﬂfgﬁm fuxther wher ei n

X2 | t t ed,f. th
o ane TSR br RS WREIT.AL S S O G ARero BRI R gfrﬁ"'e%ﬁusn@%%éum (RN

pal | adi um)( Rahganbaf (Mi)mandhhglybdeaninaMoy (Ta), and iridium (Ir). 4. A sputter
target according to Claim3, wherein said sputter target is further
conprised of X,, wherein X, is selected fromthe group consisting of

tungsten (W, 3YyttrAuBiter 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).
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(Y), manganese (M), and nol ybdenum (Md). 5. A magnetic recordi ng nmedi um
conprising: a substrate; and a data-storing thin filmlayer forned over the
substrate, wherein said data-storing thin filmlayer is conprised of cobalt
(Co), greater than O and less than 5 atom c percent chromium (Cr), greater
than O 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 atom c percent gold (Au). 6. A magnetic recordi ng nedium according to

Caimb5, whergin sginthgetiErecst P int@idnhdtofdihd ol YRS 5,1 whekéih ki@ datonpr i sed of
X,, wherein X, is selected fromthe group consisting of tungsten (W,
yttrium posing thihlnyer is fsher garpprigd 9 bareteuatemis)percest Yo, wherpitgdeisiaé r ecor di ng
medi um a rai LA, - &4 i.q: i L E ayer is
't hor - S el o ptyp AR o oF et LSy vERRR GV bl CZPYEL |

sel ect edniobom Nte, mtleapmc@ng, hoding (Bh), palladnin B d);ThafniuwaEy itantal¢ne) Ta)zi r coni um
(Zr), nio jilém'é&’lg)’ rut heni um (Ru), rhodium (Rh), palladium (Pd), hafnium
(H ), taf?&i"dM™TE), and iridium (Ir). 8. A magnetic recording medi um
according to Caim?7, wherein said data- storing thin filmlayer is further
conprised of X1, wherein X, is selected fromthe group consisting of
tungsten (W, 8yt t rAusAZEStC reprid jamessieuny peprdingie Glainy howhenein B datag . A
magneti c_r i j - i i ; i i - storing
thin fil Fﬁoﬁg%ﬂ ﬁ%%ﬂi%%@@%ﬁ?{@ﬁ‘v‘-*gﬁ thmﬁ@’ﬁXﬁ’gﬁ&&@@ﬁ%&gﬁﬁooo

Cer st ed. corkBtindofmaggedn VY, gt (Y naedanese ada)p acd mglybderfina(Mop, wherein sai d
data storing thin filmlayer has a gain of at least 1.5 dB in the

signal -to-noise ratio over a

9. A magnetic recording medium according to Claim 5, wherein said data-

storing thin film layer has a coercivity value between 1000 Oersted and 4000 Oersted.

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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correspondi ng quaternary CoCrPtB alloy. 11. A nmethod for manufacturing a
magneti c recordi ng nmedium conprising the step of sputtering at |east a
first data-storing thin filmlayer over a substrate froma sputter target,
wherein the sputter target is conprised of cobalt (Co), greater than 0 and
|l ess than 5 atom c percent chromum (Cr), greater than 0 and as nuch as 20
atom c percent platinum (Pt), greater than 0 and as nuch as 20 atomc
percent boron (B), and greater than 0 and as mnuch as 10 atom c percent gold
(Au). 12. A nethod for manufacturing a magnetic recordi ng nedi um accordi ng
to daimll, ;pher gintetfidiefod RidhdBEtuting Qﬁfagﬁeﬁcfrwokd?ﬁ% me@R] 426@ifto X1, wherein
X, is selected from the group consisting of tungs en.é’&), yttrium(Y),
manganes E4MHP, wherdinthe spydentaraey wiyrther sompisedohdd Whereindnifsaleeted frag a

magneti c i redi i ng: j , er el r target
is furt hé@eﬁgﬁoﬁgaﬁﬁﬁgﬁ g?%’aﬂg%%gwp)gp gg né%?z(mi/\%@r@?lkg‘%fﬁ?‘g}@ " el ement
sel ected fromthe group consisting of titanium (Ti), vanadium (V),

zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium(Pd),
haf nium (HO, tantalum (Ta), and iridium (Ir). 14 14. A nethod for

manuf acturi ng a magnetic recordi ng nedium according to C aim 13, 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

nmol ybdenum (Mo). 15 ENHANCED SPUTTER TARGET ALLOY COWPCOSI TIONS  Abstract O
The Discl osure



A sputter target, where the sputter target is conprised of cobalt (Co),
greater than 0 and as nuch as 24 atom c percent chromum (Cr), greater than
0 and as much as 20 atomic percent platinum (Pt), greater than 0 and as
much as 20 atom c percent boron (B), and greater than 0 and as nuch as 10
atom c percent gold (Au). The sputter target is further conprised of
X[err], where X err] is selected fromthe group consisting of tungsten (W,
yttrium(Y), manganese and m)l ybdenum (Mb). The sputter target is
further conprised ARGERAKL &Y COMPOSITIONS®rr] is an

el ement sel ected fromthe gr oup, consi of titanium (Ti),~waradi um (V),
zirconium (Zr), niobium (Nb), m&g&@% um (Rh), palladium (Pd),
haf ni um (Hf), tantalum (Ta), and iridium (Ir). FIGJRE 3

A sputter target, where the sputter target is comprised of cobalt (Ca), greater than 0
and as much as 24 atonmnc 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 O and as much as 10 atomic percent gold (Au). The sputter target 1s further comprised
of X, where Xj is selected from the group consisting of tungsten (W), vitrium (Y),
manganese (Mn}, and fnolybdenum (Mo). The sputter target is further compnsed of 0 to 7
atomic percent X>, wherein X, is an element selected from the group consisting of titanmium
(Ti), vanadium (V), zirconium (Zr), niobinm (Nb), ruthenium (Ru), rhodium (Rh), palladium
(Pd), hafmium (Hf), tantalum (Ta), and indium (Ir).

FIGURE 3
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