ENHANCED SPUTTER TARGET ALLOY COWPCSI TI ONS CROSS- REFERENCE TO RELATED
APPLI CATI ONS (0001) 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 (0002) The present invention relates to
sputter targets and, nore particularly, relates to magnetic data-storing
thin filns sputtered fromsputter targets which are conprised of alloy
conpositions with inproved netal |l urgi cal characteristics. DESCRI PTI ON OF
THE RELATED ART (0003) The process of DC nagnetron sputtering is wdely
used in a variety of fields to provide thin file; material - deposition of
a precisely controlled thickness and within narrow atomc fraction

tol erances on a substrate, for exanple to coat sem conductors and/or to
form films on sUENNESCED SRPUNTER NARGEY AQINBYHI QOMRPOSHEIODITON
configuration, a 'racetrack- shaped nmagnetic field is applied to the
sputter target by placing nagnets on the backside surface of the target.
El ectrons are trapped near the sputtering target, inproving argon ion
production and increasing the sputtering rate. lons within this plasma
col | i de QRUSSEREFEREDECE 00 RAEATIFID ACPIIGAJEONSauUsi ng the sputter target
to emt atons fromthe sputter target surface. The voltage difference
bet ween the cathodic sputter target and an anodi c substrate that is to

be coate it : f Sl I 3

sur face. SPOFhIRE AR AR T5oBV RhnrAhakbPEEaATS: Phe APri e e
typi cal | yo/geapes sfied &war 1, 2004.n fil mlayers which are sequentially
sputtered onto a substrate by nultiple sputter targets, where each
sputter target may be conprised of a different nmaterial. As illustrated
in Fi qur e1gh B *ﬁ'ﬁﬁgﬁﬁm@f\?” | m stack for conventional nagnetic
recordin i =—magneti c substrate base 101, seed |ayer

102, at | east one non-nagnetic, chrom um based underlayer 104, at | east

10002] The present mvention relates 10 sputter targets and, more particularly, relates to
magnetic data-storing thin films sputtered from sputter targets which are compnsed of alloy

compositions with improved metallurgical characteristics.

DESCRIPTION OF THE RELATED ART

[0003} The process of DC magnetron sputtering is widely used in a vanety of fields to
provide thin film matenal deposition of a precisely controlled thickness and withiua narrow
atomic fraction tolerances on a substrate, for example to coat semiconductors and/or to form
films on surfaces of magnetic recording media. 1In one common conf gurafion, a racetrack-
shaped magnetic field 1s appled to the sputter target by placing magﬁets on the backside
surface of the target. Electrons are trapped near the sputtering target, improving argon ion
production and increasing the sputtening rate. Jons within this plasma collide 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 form the desired f1lm on the surface of the substrate.



one slightly magnetic, cobalt-based interlayer 105, at |east one magnetic
data-storing layer 106, and lubricant |ayer 108. [00051 The anount of
data that can be stored per unit area on a magnetic recording nmedium is
directly related to the netallurgical characteristics and the conposition
of the data-storing |ayer and, correspondin , to. the sputter t ar get
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(IVr/Hc)/(dIVIdH)) and remanence squareness (S=M/M). Zero field remant
magnetization (M) (or "remanence") is a neasure of the remaining
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convent i phakrednFighieQ ilasedted a’lgypﬁ’éﬂll'@fstewm lbegs bﬁmﬂg@etctrmg thin film layer,
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often n I clent prevent” nagnetostatic and'i nt ul ar
exchangean @ectromagnet. The sample is vibrated in 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 vanation of matenal magnetization (M) in the direction of the apphed field (H).

[0006] Hysteresis parameters include saturation (or maximum) magnetization (M), zero
field remnant magnetization (M,), coercivity (H), coercive squareness (S* = 1-
(My/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 (Hc) 1s a measure of the reverse field needed
to drnive the magnetization to zero after being saturated. These macroscopic properties

determine read back signal (S} vanables such as pulse shape, amplhtude, 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 grain is typically 10 nm or less. The intergranular gap at those grain boundaries is
generally very narroﬂv, and the intergranular gap is often not sufficient to prevent

magnetostatic and intergranular exchange.



100081 There are three approaches to thin fil mnoise reduction:
conpositional segregation at grain boundaries, nultilayer application,
and physical grain separation. Briefly, by applying magnetic multilayers
in a stack of ferromagnetic filns separated by nonmagnetic thin | ayers,
or by sputtering a thin filmat |ow tenperatures and high pressures to
generate a "voided grain structure, the noise in magnetic nedia can be

cect eashbosfil 0 auplobAIE, RPN birfRoish BEREASE ontAARRRal BRlb S aOf
mul til ayer pp?lca Ion” ar p%y5|ca grain separation, e spu reng

par anmet gfasn Badddgesy, nliilalye@dpplidatia, had phgsiéd) graihy§iaeations ahae Ry, boapplying
medi a grains, Further _study of m croscopic properties, such as grain
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is warranted. 100101 As to the third technique for noise reduction,

li mitednsE@¢eds in conpositional segregation has been achi eved by adding
insoluble elements to the Co matrix. As an exanple, sputtering
quaternary alloys such as CoCrPt Ta and CoCrPtB has proven to be an
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cont ai ni ng boron. For bhoron (B). to be effective in reducing grain
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data-storing layer, to inprove the signal-to-noise
[0010] As to the third technique 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 boron.
For boron (B) to be effective in reducing grain coupling, however, the boron content within a
CoCrPtB alloy must be i1 excess of 12 atomic percent. When adding such a high atomic
percent of boron (B), however, the material is rendered very brittle and becomes prone to
cracking upon forming, even when processed at high ternperatures. As such, high atomic
percent boron additions negatively impact matenial suitability for subsequent thermo-

mechanical processing.

[0011} 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.



ratio and increase potential data storage capabilities. In particular, it
is desirable to provide alloys such as boron-containing alloys with

i mproved conpositional segregation, which can be used in sputter targets
and sputtered into thin filns with an enhanced conposition. -3 SUMVARY OF
THE | NVENTI ON 100121 The present invention solves the foregoing probl ens
by providing a sputter target for sputtering a magnetic, data-storing
thin fi Y. er target is conprised of an alloy
conposi € Ae precipitation of a secondary grain
boundary. [00131 According to one arrangement, the present invention is a
sputter target, where the sputter target is conprised of cobalt (Co),
great er [0082hToe arﬂserasnmmaglvzatlmfomg@umarr@b}f:ms trowiding 4 gtter @Tgcitf@r

than 0 and as nu atonlc r t a ater t an

and as TUCRTAS SICASIED P pepbs EPD S8 ey Thaf i it e 3 i

much asad Qiéy Ssthfosithé w8ith dRLGhaledthe pré&%ﬁétlon-r@lea SRbhd £y ot:Ah B8hnde¢Or di ng
to the present invention includes gold which is sel ected because
of its solid-state immscibility in cobalt (Co) and/or chron1un1(Cr) and

it th platj Pt) to.fa |
F avor abl b ASSOIE RAPIRAEner R e e ROHBIA AR agech Tgis e 7
fracti ogyffer IPArQ&IHE'U@ﬁan&éd SHRBLIR (Co)2 grefep U (NAH asf thadH 40 Qtt)mtl@?ercent
addltlve element. This condition is crltlcal for maintaining ficient
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phase, geﬂmwgghdpgujorced to the grain boundaries, increasing grain
separation and, consequently, inproving the S|gnal-to noi se ratio. 100151
The sputter target is further conprised of X1, where X1 is selected from
tmf;leyg&g 4@%13%' | $hh8%aet SUBHRAER hlrestht il ddh e B SRR ER ), WMy ;52N
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 stoichiometnically favorable compound
formula, in which the compound includes a Jow fraction of platinum (Pt} atom and a
predominant fraction of the additive element. This condition 1s cntical for maintaining
sufficient platinum (Pt) atom fraction in the cobalt (Co) matrix in order not to sacrifice
coercivity. By adding elements, which are msoluble in either cobalt or chromium, the added
elements wil] be rejected from the Co-Pt phase, and will be forced to the grain boundanes,

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

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

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

[0016] The sputter target is further comprised of 0 to 7 atomic percent X», wherein X5 is an
clement selected from the group consisting of titanium (T1), vanadium (V), zirconium (Zr),
niobium (Nb), ruthenium (Ru), rhodium (Rh), palladium (Pd), hafmium (Hf), tantalum (Ta),

and indium (Ir).



[ 00161 The sputter target is further conprised of O 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). -4 [0017] The alloys form ng the sputter target according
to the I.%resent invention include conpounds, which nucleate and grow at
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substrate. The data-storing th 'mlayer I's conprised of cdbalt (Co),
gr eat er bodratan®s.and as nmuch as 24 atom c percent chromium (Cr), greater
than O and as much as 20 atomi c percent platinum (Pt), greater than O
and as much as 20 atom c percent boron (B), and greater than 0 and as

much  as g3 spIAQRbLfliMEICERE ot hTar Rthent, [tQQ%x%lsé}ﬁ Sk BoR § 94 hid ét'ﬂﬂ Rcbidip

| ayer has a coerciVvity val ue between 1000 Cersted and 40 Cersted,” and
has a gmemlmﬁ atluimgst substbate Binidra ddiesongp dhintfoamleyedormacd ovmhﬂr substrate

corres di uaterna CrPtB allo 020 alterin e coerci
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within a user's desired paraneters- Accordingly the signal-to- n0|se
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films i %u%ﬁda%qoaattogfc erc%g{]g(lﬂ%ymm}gnetl c recording will inprove.

{0019] The data-storing thin film layer has a coercivity value between 1000 Oersted and
4000 Oersted, and has a gain of at least 1.5 dB in the signal-to-noise ratjo over a

corresponding quaternary CoCrPtB alloy.

[0020] By altering the coercivity to fall within this range, the reverse field needed to dnive

“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 overall
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 in 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).

[0023] 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 s



.The thin filmlayer sputtered fromthe sputter target has a gain of 0.5
dB to in excess of 1.5 dB in the signal-to-noise ratio over a
correspondi ng quaternary CoCrPtB all oy, where a correspondi ng quaternary
CoCrPtB al | oy is defined as an alloy with the same atom c percentage for
each of cobalt g chromum (Cr), platinum (Pt), and boron (B)as the
Co- Cr - Ppmpriggd st [qobglt (Gip), esater (s Garl 85 HRCTHAS %ﬁ@logwr perca)chrarpom (Cr),
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substrate froma sputter target. The sputter target is -5 conprised of
cobalt (Co), greater than 0 and as nuch as 24 atom c percent chrom um
(Cr), e £ (
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second aspect, the present invention is a nmagnetic recordi ng nmedi um
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enbodi nent reference is made to the accorrpanyl ng drawi ngs that forma
part thereof and in which is shown way . of Ilustrfatlon a specific
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wi t hout rti e SCOp e present Invention.
11]ustranon a specific embodiment in which the invention may be practiced. Itisto be

understood that other embodiments may be utilized and changes may be made without

departing from the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Refermng now to the drawings in which like reference numbers 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 loop of a magnetic matenal;

Figure 3 depicts a thin film stack 1n 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;



‘BRI EF DESCRI PTI ON OF THE DRAW NGS Referring now to the draw ngs in which

| i ke reference nunuers represent corresponding parts throughout: Figure

| depicts a typical thin filmstack for conventional nagnetic recording

media; Figure 2 depicts a typical MH hysteresis Ioop of a magneti C

material; Fi ure3degrctsat infilmstackin¥\h t he magneti
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i nvention; = gure 4 depicts a Co-Cu phase diagram Figure 5 depicts a
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| I I ustr tes a typical as-cast mcrostructure of Co-14Cr-12.5Pt-6Cu-12B
BMSSy; and Figure 8 illustrates etching pits show ng the

d| st r| bution of Cu3Pt within the dendritic phase. DETAILED DESCRI PTI ON OF

THE |1 NVENTI ON [ 0024) The present invention allows for increased data

st or age DHT A LEANBESCRIPEONID I gHEBYY EMIBONaddi ng sel ected fifth and/ or

sixth constituents to a base CoCrPtB, in order to achieve an optinal

conposition for the sputter target material. [0025) Figure 3 depicts a
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magnetic recordin di um des a substrate, and a data-storing thin
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[0025} Figure 3 depicts a magnetic recording medium in which the data-storing thin film
Jayer 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-storing thin film Jayer formed over the substrate. The data-
storing thin film layer is compnised of cobalt (Co), greater than ( and as much as 24 atomic
percent chromium (Cr), greater than 0 and as much as 20 atomnic 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).

[0026] In more detail, magnetic recording medium 300 includes non-magnetic substrate base
101, seed layer 102, at least one non-magnetic, Cr-based underlayer 104, at least one slightly
magnetic, Co-based mterlayer 106, data-storing thin film layer 306, and lubncant 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 lubncant layer 108.



storing thin filmlayer is conprised of cobalt (Co), greater than 0 and
as nmuch as 24 atomc 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
percent gold (Au). [0026) In nore detail, magnetic recordi ng nmedi um 300
i ncl udeVABNMaegyeiet jecordingsmedivg Hibie mapfactged by Ispytearinpoita-storthg dun fidme
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recordi ng medium 300 1s conprised of cobalt (Co), greater than 0 and as
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| ayer 102, underlayer 104, interlayer 105, and/or l|ubricant |ayer 108.

-7 10027] Magnetic recording medi um 300 is nmanufactured by sputtering
dat a- st 1

i hin film |ayer,.306 over a . substrate 1 froma tier
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inventi gnly kgbwdes el ements selected from transition, refractory and

rare earth groups- These elenents were selected on their solid-state
immscibility in cobalt (Co) and/or chromium (Cr), and their tendency to
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conpoun ormul'a, as di"scussed re
comprised of X, where .X] 1s 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 compnised of O to 7 atomic percent X5, wheremn X5 1s
an element selected from the group consisting of titanium (T1), vanadium (V), zirconium
{Zr), mobium (Nb), ruthenium (Ru), rhodium (Rh}, palladium (Pd), hafnium (Hf), tantalum
(Ta), and indsum (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 chromium (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 boundaries, 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 chromium (Cr) segregation to grain boundaries.



fully below. [0029] The sputter target and correspondi ng data-storing
thin filmlayer are further conprised of Xli where Xi is selected from
the group consisting of tungsten (W, yttrium(Y), nanganese (M), and
nol ybdenum (Mb). Moreover, the sputter target and correspondi ng
data-storing thin f|In1Iayer are further conprised of O to 7 atomc

per cent [0831] Rydoenmg xdloyswith darge émmierstealﬁﬁt@cblttmm,t%eh g% plapnewr(E)st i ng

o T AT s f b SR R M o

i ridi umggukfekred frBmake asidict taegalar@iatlsferaab @adé b abgeTRHtvahe) REBNIS0 Vaaned &
X2 are omtted. {0030] By adding elenents, which are insoluble in either

cobal t {roe)cesy ofcAO8 iRassied- CB)/ altenes theqwetriwibeteefall avidhin thip sangej e rexerser om

t he cobal n be f.orced t

poundar el eSS BRRRRT iR Moo rePb SO B pin o A Bte
present withie Bk de'siﬁl@d yﬂem@waaoomaﬁdm\gdv 180 siwal-RAh& senfioglidmaladie ghd
grain boundaries, providing another of physi cal separation of

gr ai ns. tmeﬁ‘allx@a@hqéwmﬁmem@ﬁ@fstbéhﬁmlnmﬂdﬂw Nipbelsosty pag)eticgeediding will

prOV|deu%em“puiae%}lon65|t% “hHﬁB W gr rgflﬁenent a%g whi ch
pronot e RBY'& CHFOTT This ?%5 ég ﬁfﬁgﬂ ¢ g?SFh‘HB H%éWFéZ -8 [0031] By

form ng cayskAWSraphidbricptgRndiaeRtiae tRd @S pdrefinRheBO) & thiUGlimsagndhmt | num
(Pt), tantalum (Ta), iridium(lr) and samarium (Sn), the nagnetic

dat a- st ®piingzatiepef lig rnmraymgne@pmrtcbmwﬁmwtwwswmsww te ariace dice
tailored %o ha & a coercivity value from1 000 Cersted to in excess of
4000 Cer“¥t'EH™ altering the coercivity to fall within this range, the
reverse field needed to drive the nmagnetization to zero after being

sat ur at gdoxHMTHeirR0dlantachstd if Blelsputtértthiget ccufBfig fo Gigsishes aidepret@k s.
Accordingly the signal -to-noise ratio will increase, and the overal

magnet i ANYFBI9BRE FabaltofCabRltR keY flgment fonmegt data BiogeaenkiFatipnrdips atlpy

recordi rbg.)e%v:ly, and requires the addition of large diameter transition elements such as platinum
(Pt), tantalum (Ta), indium (Ir) and samanum {Sm) to form alloys with coercivity values

from 1000 Qersted to 1n excess of 4000 Qersted.

[0033] Chromtum, 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 other 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 a CoCrPtB alloy must be 1n excess of 12 atomic percent, rendenng a material
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, includes alloy additives, which complement



i nprove. M croscopic properties, such as grain size, grain coupling, and
grain crystallographic orientation, determ ne the -noise performance (N)
of thin films, and an optim zation of the macro-nagnetics and

m cro-magnetics i s necessary to produce the optinmmdisk. [0032] The
first elenment used in the sputter target according to one aspect of the
pr esent boron\sdrenefpnali istec@natuiar @phﬁg redacingyefbbe wenke rhantanmsg acaptabdt or age
appl i ca‘t‘hl ons vity, and requires the addition of |arge

di anet e ef‘?%l’?%‘?ﬁi’%ﬁ”@?‘@%@@h% as platinum (Pt), tantalum (Ta),

iridium(]r) and samarium (Sn) to formalloys with coercivity val ues
from 1000 Cersted to in excess of 4000 Cersted. [0033] Chrom um a second
cruci al [W3&hbnthefpoesedainacster, gghkl (ai’p{)ldsochoil theshassarfuksr solol gatetmoascibility

Pot ent 1 21 Saitfiel i eniminn Gnianiglsdimss BlesGheFae T 1t THE nE P THa A By (B
al I oy f[@f&ﬁ‘ﬂﬁ&%ﬁmﬁi@tﬁ@éﬂy%vo@@k%% ouhe forﬂ{lﬁ§eﬁ%s@§el€dﬂé@m€x‘ﬁ@hﬂs Foth€
magnetic alloy allows for “preci pltatlon of other crystalline phases of

ot her ekempotrsl fosmula wlsch opwpnisesta igpafractivoigdatinegn Git) wiorrhand gpmidomnant

di t 003 d t,
bor on. FASHBLEHPBAOH Sl ab et B BUEE S e CO B PR MED I BiSToh (B)
to be ehigaki P@ gﬁo&%ﬁbﬁ% HealoBalk U] inAGix, ROUB MR affREt RRF@ALy. CONt ent
within a CoCr al oy nust be in excess of 12 atom c percent, renderl ng

a material very brittle upon form ng, even when processed at high
t enper a the ta mat.er i UI tabl e f.or subsequent
ther no- WG RARTeBd cmpob e hishor bk frisana Bpla SR F3% ne
present Uoﬂf{c%?fie’s Oihd ﬂrBﬁH@faﬁétﬁer iyﬂ@ begrysidh |sébﬁr§tﬁﬁ'i 3 #8595, WirhBnkQEPREENT

-9 boron's benefici'al inter-granular coupling reducing effect, while
mai nt ai mﬂd@lvacmmn&bweh Lo deffrest vitae lvaeh eatungitéo(Wivendk aitsl yhidepum (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, illustrating the effect of adding copper as the selected additive. At room
temperature, the solvus lines which delimit the extent of (eCo) (Figure 4) and (Cr) (Figure 5)
solid solutions domain merges to the temperature axis, imndicating that Cu has only a
negligible solubility in those solid solutions. As such, Figure 4 and Figure 5 illustrate how
the copper additive 1s 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,
Cu;Pt and CuPt. Since CusPt 1s a compound formula which comprises a low fraction of
platinum (Pt) atom and a predominant fraction of copper, the most stoichiometrically
favorable phase would be CusPt. If CusPt 1s formed, a sufficient platinum (Pt} atom fraction

in the cobalt (Co) matrix is maintained, so as to not affect coercivity.
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[00351 In the present invention, gold (Au) used on the basis of their
solid state immscibility in cobalt (Co) and/or chromum (Cr) and its
possi bl e tendency to conbine with platinum (Pt) to forma
stoichionetrically favorable compound fornula. These sel ected el enents
forma conpound formula which conprises a |ow fraction of platinum (Pt)
at om and0839)r Ethund Adepictsfthaast-¢ash moérostmectamtdifta Ve 14Ceri@ tPt-68 ve BiR tonon

Fract i o4t AU ol egeve e Fraco St apmriny g atiot up ey eray
100361 Gohduhdid by PEMBEAAREHNESoWN LS B 1 dlacNiE! (BRALS. ANk EhaMtiaphaRgd 2
grain boundaries, and provide another type of physical separation of

gr ai ns- GaoRtOnerdphese withemingddinpbwieofalissoied £rwitile dubnotidinfidtus iivsubgtantaigh
as tungstg&:(%\%} and nol ybdenum (Md), provide new nucleation sites, which
woul d alt PSr grain refinement and pronote nore chroni um (Cr)
segregation to grain boundaries. [00371 Figures 4 to 6 depict phase

di agrams of binary Cu-Co, Cu-Cr and Cu-Pt alloys respectively,

i |1 ustr al00Ad) Fizere$ isemtSIBY ragarsaplc op peek-sentiered @@t@@timgamﬁtgt grain. Athe

t t. th . | i whi.gh delinit th f (E Co
(P gur o SRR heush el PERIe R e Pttt b G gt
t enper at R Xkbfistith . CAHEIRIhS AcHdriaed Phase HiPedrsdo bEAGHALE Ph@se,sa)tmww

in
those solid solutions. As such, Figure 4 and Figure 5 1lfustrate how  the
copper aetdned saanjile revepled thedprbsenge bépuotherdcopherifaw) mchmdssee dnithisirggardt Figoem

t t , i s not absorbed,.into,th tially,
the. coppbrhaiit? PIEpanTEhREHEBATRR O RAGILF 1 BB ANF ot PHOF a8 T g M
separati g:‘%iﬁﬂ&nid%ﬁéﬁ\‘ésﬂﬁir%f’f?orﬁ itBBlefdrentiid efRidrAdf the CLOBSSh pihsELBsK € 6,

Cu- Pt phase diagram data depicts the formation of two ordered phases,

Cu3Pt andtchm®t . Since Cu3Pt is a conpound fornula which conprises a | ow
fraction of platinum (Pt) atomand a predom nant fraction of copper, the
nost stoichionetrically favorable phase would be Cu3Pt. If Cu3Pt is

formed, poti Bycdpanierist finaghenid &itd-sRpgthihdllid 1ker dsihd the sp@RaliirgeCo)

matrix is maintained, so as to not affect coercivity. ) )
according to the present invention, a gain of 0.5 dB to in excess of 1.5 dB 1in the signal-to-
noise ratio, at optimal Hc and M, has been reported for an alioy comprised of Co-14Cr-

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

[0042] According to a second arrangement, the present invention is a magnetic recording
medium, including a substrate, and a data-storing thin film layer formed over the substrate.
The data-storing thin film Jayer 1s 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 boron (B), and greater than 0 and as

much as 10 atomic percent gold (Au).

[0043} According to a third arrangement, the present mvention 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 1s

comprised of cobalt (Co), greater than 0 and as much as 24 atomic percent chromium (Cr),

-11 -



.-10 100391 Figure 7 depicts the as-cast mcrostructure of a
Co-14Cr-12. 5Pt -6Cu-12B atom c percent alloy. The mcrostructure consists
of a primary dendritic phase (shown as light gray) surrounded by a
eutectic matrix (shown as a | anellae-Iike phase). The dendritic phase is
a CoPtCu rich phase with a mnor_anmount of dissolved Cr. The eutectic

mat ri x grsatsuthen Qrimdas muchas CPEymNsHEseent phonem (Bh)gercateg than GandsEynuch as

m crogr or. b 1 tLgr on A e, of t r al t rast
" suonay Roglt raBRIVRERLES, B SEREt PR LIRS m i AR PRI Cor AT ssf D
vari ous phases' constituents. While the dendritic phase appears to be a
singl e Fhase a chemcally etched sanple reveal ed the presence of '

anot her [A04fb&he fregplion kas hswa descnbsd prithspartiglpalluprgieemtpdimens. & inloge
magni f | Sx%érﬁgodl gﬁgﬁie(?lfwe%tiggi ﬁ&ttlﬁ?ftai W}hg Qbo@'—&e%cri € nqgocghl%}l{sqg?"l}?tf'ed at
the grain boundari€s, rtesulting fromthe prefefen il erosion ot the
Cu3Pt - r vehoythagzdd RO meeli Bdutiogs mbYAeitaddybsPuid & drdthady SREDAE tHeCart without
data-storing thin filmJlayer using the sputter target according to the
pr esent deppviarg frem, the spjat andscope of gs myentpnexcess of 1.5 dB in the
signal-to- noise ratio, at optimal H and M has been reported for an
all oy conprised of Co-14Cr- 12.5Pt-6Cu-12B, and other sim |l ar base alloys
wi th various copper (Cu) conpositions. 100421 According to a second
arrangenent, the present invention is a nagnetic recording nedium
including a substrate, and a data-storing thin filmlayer fornmed over the
substrate. The data-storing thin filmlayer is conprised of cobalt (Co),
greater than 0 and as nmuch as 24 atomc percent chromium (Cr), greater
than 0 and as nmuch as 20 atonmic percent platinum (Pt), greater than 0
and as much as 20 atom c percent boron (B), and greater than 0 and as
much as 10 atom c percent gold (Au). 100431 According to a third
arrangenent, the present invention is a nmethod for

-12.



manuf acturing a magnetic recordi ng nmedium including the step of
sputtering at least a first 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 chrom um
(Cr), -11 greater than 0 and as nuch as 20 atom c percent platinum(Pt),
greater A 18 GuMIMEDHeh as 20 atonic percent boron (B), and greater
than 0 and as nmuch as 10 atom c percent gold (Au). ]0044] The invention
has been described with particular illustrative enbodinents. It is to be
under stood that t hespuiteenrabiedwh&einahid dplititerded id denprixed of debdat (ted
enbodi nents and that various changes and nodificati ons may be made bY

t hose oBrestaditlparQangkas| pughasteatemic parediv ghrongepelGr). iggeaterdhin Hand 9f Fiuchand
scope of inventiqgn I I 1S 1. A I r.aget erein
sai 6 spdp C0Rply BRcRby (R0, S oMbl Fond o ot ) 8BRSt SRR ao
mich as (B4 anli gfater BRn0EaMd STHeEH M &binic géreaitgbold (af). 0 and as much  as
20 atom c percent platinum (Pt), greater than O and as nuch as 20 atom c
percent boron (B), and greater than 0 and as nmuch as 10 atom c percent

gold (Au). 2., A sp a r.di t Lm.l.. wherein ' tter
target is furzt' her ‘&I%é)ur%qlla?éeg%% Or%% tmgg} g"%g’fng Ss%ieq S&lﬁgﬁ{aﬁ‘%ﬁ ﬁ?}@g}ér oup
consi st iceghppited 6f1GSs WhBrefn/\, is¥tlet el Bont e, roBNEa1E%Ag OVngsBAd WIRkitheanum
(Mo). 3. A sputter target according to Claim1, wherein said sputter
target i(¥)fomgseese (Monpridseelybderym GMp).at omi ¢ percent X2, wherein Xz is
an el enment selected fromthe group consisting of titanium (Ti), vanadi um
(V), zirconium (Zr), niobium (Nb), ruthenium (Ru), rhodium (Rh),

pal I adi um (Pd)., hak epwiter tarbet,act @dingl toT16rha) , wB&din Jai dlipiittef fidet ié further
sputter target according to Caim3, wherein said sputter target is

furt her cogpmsed ekitat atemic persewife, Whetew Spisauedement splecied fpmp dijs group

consi st ic%gsigtfiné SEstiER ((I'W, Va1¥atd§1fr}1 M, zirconium (Zr), mobium (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 X] is selected from the group consisting of tungsten (W), yttrum

(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 1s 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
percertt 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 thn film layer 1s further comprised of X7, wherein X] 1s selected from the group

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



.(Y), manganese (M), and nol ybdenum (Md). 5. A magnetic recordi ng nedi 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 as nuch as 24 atom c percent chrom um
(Cr), greater than 0 and as nuch as 20 atom c percent platinum(Pt),
greater than 0 and as nmuch as 20 atom c percent boron (B), and greater

than 0.and as. MC) ASeABAOTLGARLBEN a0ldhd Btk s, ArIRANE Sot

recordi ng medi um acco ererh sai oring thin

filmil aytehngshlf)dﬂﬁh@j?erQQmeheﬁednpﬁ%ﬂ omrmtﬁnﬁﬂpmseza%ﬁwhemﬁXpmatnhe
group consisting of tungsten ( yttrium manganese (M),

nol mdeﬁlﬁmepmlec ed Gomzthe Arwgﬁéﬁlﬁténg @E‘éﬁamﬁgz%d;amla@db&)dm@n@m &Ri m
0 .
7y 31 Bl Aen OG0 LA TR MR o) WG (RPTRLARE R O

consi st apdirgdiudnl @ANi um (Ti ), vanadium (V), zirconium (Zr), niobium (Nb),

rut henium (Ru), rhodium (Rh), palladium (Pd), hafnium (H), tantalum
(Ta), and iridium(lr). S. A magnetic recording medium according to

Gaim7, wherein Sﬁ%ﬁ?ﬁ@ree d#d?ﬂ%x'ﬁgg%m Rechldifly | Q¥ REm! S h‘éFe?ﬁ‘?Jld%Q{%P” sed

of X1, mhereln X17s group conS|st|n en (W,
yttri ums(oting thinnflankser i6 m‘)heraﬁﬁhpﬁ@é(ybﬂﬂn wnefd»b)l{, 1s%eleetdﬂmﬁtﬂnecgmepor di ng
medi um accaording to Claimb5, wherein said data- storing thin f|In1Iayer
has a c6EPESHAIL S Rgsien O¥) w00 aseHcse (MAy adoulrkiepust(Mah. A
magneti c recordi ng nedium according to Claim5, wherein said data-
storing thin filmlayer has a gain of at least 1.5 dB in the

si gnal -t o-noi%se r aAimagdeBe regording medium according to Claim 5, wherein said data-

stonng thin {ilm layer has a coercivity value between 1000 Qersted 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 quatermary CoCrPtB alloy.

1. A method for manufacturing a magnetic recording medium, comprising the
step of sputtering at least a first data-stoning thin film layer over a substrate from a sputter
target, wherein the sputter target is 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 goid (Au).
12. A method for manufacturing a magnetic recording medium according to
Claim 11, wherein the sputter target is further compnsed of Xj, wherein X 1s 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 1s further comprised of 0 to 7 atomic percent X, wherein
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.correspondi ng quaternary CoCrPtB alloy. 11. A nethod 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 O and as much as 24 atom c percent chromum (Cr), greater than O
and as rﬁﬁdhamslemnatedﬂd&d fpendengropp abnnsimg t(fnit)lr,liugr@ét): epnadvan (¥)and as

much as 20 atonj ercent I(l eat %, chR S
To" at oniBo BRI EudD- GaTta Q. redetR GRHGHRAG Fih Al RtheR i
recor di ngnAme m%ﬁqhg;uﬁaﬁgo Claim 11, wherein the Sputter target is

further conprised of erein X3 is seI ected from the group
consisting of tungsten (W, yttrium(Y), manganese (M), and nol ybdenum

(Md). 13. A hod, f or fact rin netic recordi

accor di ng ton]e“%:l ai ‘ﬁt"ﬁh cﬁ‘gﬂ%zhtntag?‘ﬁtcaf%%r ‘tggnt‘ﬁg’e’r?éf"@wﬁaﬁpu sed
of 0 10 @a#h 97! KhAEMABES %&nét@ar@mhhe;éo%gngeﬁ Sy.ehasRM yorlserted ffdpm

t he group consisting of t| tanium (Ti), vanadi um (\}5, zirconium (Zr),

ni obi um thlgyquprasnietmgiof teRgsren (Whditiumm( QR) mapghcad (Mm), (aﬂd)molbthdemuuml‘(lﬂ., :
tantalum (Ta), and iridium (Tr). 14. A nethod for manufacturing a

magneti c recordi ng nmedium according to Caim13, wherein the sputter
target is further conprised of X1, wherein X3 is selected from the group
consisting of tungsten (W, yttrium(Y), manganese (M), and nol ybdenum
(M) .

- 15-



