050346- 0161 ENHANCED FORMULATI ON OF COBALT ALLOY MATRI X COWPCSI TI ONS CRGCSS
REFERENCE TO RELATED APPLI CATI ONS [0001] This application clains the benefit
of U.S. Provisional Application No. 60/672,602, entitled "Cobalt Alloys

Mat ri x Conpositions For Granular Media Thin Fi I ms And Forrmul ati on Reci pes
Thereby," filed April 18, 2005. BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| NVENTI ON [ 0002] The present invention generally relates to cobalt all oy
fabri c%t'! gg §E§ in particular, relates to the fornmulation of cobalt alloy
mat ri x y t ons whi ch provide inproved sputtering properties and
enhanced distribution of major alloy elements, in order to inprove the
sputtering process and provide increased performance fromthe resulting
thin fil nEND ERTF O N TTATEL NI OF KD BART. T A0 Y MA TRIOC COMBOIITIMNhet r on
sputtering is widely used in a variety of fields to provide thin film
materi al deposition of a precisely controlled thickness and within narrow
at om ¢ CRORSIREPERIICCETEORPLATEY AFPIA TH@Nsexanpl e to coat .

sem conductors and/or to formiiftns on surfaces of magnetic recording

medi a. In one common configuration, a racetrack- shaped magneti c fieldis
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collide with a surface of the sputter target causing the sputter target to

em t athorespekridwrabiyd Slpdivdred 18a2@Bt surface. The voltage difference between
the cathodic sputter target and an anodic substrate that is to be coated
causes the emtted atonms to formthe desired filmon the surface of the
subst r LCKHERAINDLWOFMTHENSVENTION on of conventional nagnetic recording
media, Tayers of thin filnms are sequentially sputtered onto a substrate by
multiple sputter targets, where each sputter target is conprised of a

di ffereIﬂEL@$ %J% ﬁlNET\rT?&\l‘H ting in the deposition of a thin film"stack."

Fi gure e such typical thin filmstack for conventi onal
magneti c recording nedia. At the base of the stack is non-nmagnetic

substrate 101, which_ is typicall i&’ al um num or ?I ass.. Seed |ayer 102, the
first dOPBA Iléedpqeafsnérmveﬂa% genriey shpeognbalb pllenfabrireipngmd Hepag*rl@rlﬁn

struct yre,afio 1}@3 %‘h]ati%}{%rf?p%ﬂjg dYs’Bﬁ‘?‘ é}}]ésﬁl%HPWh&%%r%;dyﬁlﬁ o&l él}t e&%}gXt ,

sof t magneti c un erlayer Is often COITDI’I S
such asprbp&aBs akdbdithdneedChidimbution ofmbaiNa] ]oy elements, in order to improve the sputtering

process and provide increased performance from the resuiting thin film.

DESCRIPTION OF THE RELATED ART

[0003] The process of DC magnetron sputtering is widely used in a variety of fields to provide
thin film material deposition of a precisely controlled thickness and within narrow atomic
fraction tolerances on a substrate, for example to coat semiconductors and/or to form films on
surfaces of magnetic recording media. In one common configuration, a racetrack-shaped
magnetic field is applied to the sputter target by placing magnets on the backside surface of the
target. Electrons are trapped near the sputter target, improving argon ion production and
increasing the sputtering rate. Ions within this plasma collide with a surface of the sputter target
causing the sputter 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 film on the surface of the substrate.



is formed provide a return path for the read/wite nmagnetic field. SUL 104
i s anor phous, preventing magnetic domain formation which could potentially
cause signal -to-noise ("SNR') degradation. [0005] Seed | ayer 105 is fornmed
above SUL 104 in order to pronote oriented growm h of higher |ayers. Seed

| ayer 105 is often conprised of ruthenium (Ru), since ruthenium (Ru)

provi des a hexagonal -cl ose-packed ("HCP") lattice paraneter which is
simlar to cobalt (Co) HCP. For high-density data recording applications,
rragnettﬂﬁﬂﬂapamsg dhei mgducayerof t@t@vqngonmr;mrtetad reppuling gwdia, laa’yearofm@ filmsare
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matri x_all oy, such as CoCrPt, or a quaternary matrix all oy such as
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can be used
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observed beneficial data storage performance resulting from these oxides.
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thin f@éé%&ﬂ Qy. Gain boundary segregation, a neasure of the physica
separation OP the grains, also contributes to 2 increased data storage
capacity, where grain size and grain boundary segregation are directly

i nflue y the characteristics _of the sputtering target nlcrostructure
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growth in data storage capacity demanded by ragnetic data sto e 1 ndustry,
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such as CoCrPLX, where X is a boron (B), tantalum (Ta), niobium (Nb), zirconium (Zr), copper
(Cu), silver (Ag) or gold (Au) alloy. Although many different oxides can be used, the most
common metal oxide is either $10; or Ti0;, due to the high affinity of base metals silicon (Si)
and titanium (T1) for oxygen, and observed beneficial data storage performance resulting from

these oxides. Finally, carbon lubricant layer 108 is formed over magnetic data-storing layer 106.

[0006] The amount of data that can be stored per unit area on a magnetic recording medium is
inversely proportional to the grain size of magnetic data-storing layer 106 and, correspondingly,
to the sputter target material composttion from which the data-storing layer is sputtered, where a
‘grain’ corresponds to a single, approximately ten nanometer crystal of the thin film alloy. Grain

boundary segregation, a measure of the physical separation of the grains, also contributes to



signal anplitude, translating into superior archival data retention. 100081
Oxygen (0)-containing conposite PMR nedia can provide beneficial grain
boundari es segregation by devel opi ng oxygen-rich grain boundary regions.
Early granul ar media devel opment work recogni zed the significant effect of
oxygen (0) in suppressing the degradation of the anisotropy constant ("K'")
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Therefore, oxygen (0)-containing grain boundary regions in magnetic alloys
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physi cal separation of grains. This physical separation, in turn, decreases
grain-to-grain magnetic coupling, and increases SNR and thermal stability of
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alloy matrix conpositiions wth a. | ower ight fraction of the ferromagnetic
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order to achi eve the enhanced sputtering performances for the granul ar
medi a sputtering material. In particular, it is desirable to provide a
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| NVENTh@RBIa noise and high thermal stability and are useful in high density PMR. Therefore, oxygen
(O)-containing grain boundary regions in magnetic alloys acts as a grain refiner and a grain
growth inhibitor, providing effective physical separation of grains. This physical separation, in
turn, decreases grain-to-grain magnetic coupling, and increases SNR and thermal stability of the

magnetization.

[0009] With conventional magnetic recording media, the magnetic data-storing layer 106 is
deposited on top of a ruthenium (Ru)-based seed layer 105, where the purpose of seed layer 105
is to produce textured growth in the media layer. A high recording density, up to 200 Gbits/in?,
1s commonly achieved via the nucleation of nano-scale grains and effective grain isolation,
allowing for a strong resistance to thermal agitation of the magnetization within the grains.

Typically, in this mode of grain structure, a composite alloy such as (CogeCrig)soPtao-10510;



100111 The present invention generally relates to cobalt alloy fabrication
and, in particular, relates to the fornulation of cobalt alloy matrix
conpositions which provide inproved sputtering properties and enhanced

di stribution of major alloy elenents, in order to inprove the sputtering
process and provide increased performance fromthe resulting thin film In
this lo t.hed
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t her elyyn ™, whhichhirplicvdsdels gh diermalisathility fak ttés netliave for the producti on of
sputtering targets with inproved sputtering properties, and a benefici al
distribution of major alloy elenents. [00121 G anul ar nedia alloys are
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and/ or tungsten F oxi des. Accordingly the alternative fornulation
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used to nanufactur br oad .r.an of. co bal.t - based. gr anul ai oys.
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haf ni um (Hf), tantalum (Ta), and tungsten (W, u and v representing the
nunber of atons of base netal M and oxygen (0) per oxide formla,

resDecﬁMEb@}l@&Aﬁ%}%WTiﬁ? @3"5@‘1@}.@ fractions represented by the equation
fl + s the steps of blending a Co-M naster

al | oy povvder and a Co"' O powder into a correspondi ng (Co,,M_a)f (Co,,"
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properties and enhanced distribution of major alloy elements, in order to improve the sputtering
process and provide increased performance from the resulting thin film. In this regard, the
present invention discloses a preparation method, including a formulation strategy and materials
or compositions produced thereby, which provides for a useful alternative for the production of
sputtering targets with improved sputtering properties, and a beneficial distribution of major

alloy elements.

10012] Granular media alloys are composite materials combining a cobalt (Co) or cobalt-alloy
matrix, and one or more oxide particles, including oxide particles selected from the group of:
magnesium (Mg), titanium (T1), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe),
nickel (N1), copper (Cu), zinc (Zn), aluminum (Al), silicon (Si1), yttrium (Y), zircontum (Zr),
niobium (Nb), molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (Hf),

tantalum (Ta), and/or tungsten (W) oxides. Accordingly the alternative formulation approaches,



VA-I- (u+v)f2(2) VVv a=1-(u+tv)f2 -u . fz 1- ; (u +v')f2 --u-f2 v _v
i - v (u +v)fz 1- yr (u + v')f2 (3) VWV 100141 According to this first
arrangenent, it is understood that any Co4,,0O,,. oxide based binary natrix
conposite is regarded as chemcally equivalent to a M Q,, oxi de based single
element matrix conposite if f (1 - a) =ufz ' v, v -5 100151 The net hod
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al so inclu e st eps of' encapsul at1 ng t Ble ed po rsin a n,
evacuaitficobalghssasrimom mada alays, and subj ecting the can to hi gh terrper ature
and pressure. 100161 According to a second arrangenent, the present
invention is a nmethod for manufacturing a binary matrix cobalt-based
granul @1 SEALr8inkaY aqgm&lf;élﬂgmf o és%ﬁﬁﬂv@:ﬁdn@?%éth@d fdr ma@%&aﬁga , M
representing a base netal ect ed f om the group consisting of nmagnesium
(M), singltc-abiment (Etyix c«vlaar}nabhsemg(av)xlar ulrﬂdmlum @mpsitivarfgemelsted(@viios, 4 r on
(Fe), nickel (Ni), copper (Cu zinc &@ al um num (Al), S|I|con Si),
yttri udfOx)s; - ¥ repoasnimg(@drse rrwmilselgﬁﬂf:(i m thergspyeayising b magnesiwer (Ru),
i ndium_ (1 n), lanthanum La) haf ni um (Hf), tantal um (Tafvp' and tungsten (W,
a and VpRH SbnenaunHy) niwererigf Cat oratersodde). menalehnickal QU)goRPE0) per
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repres ract
molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (Hf), tantalum (Ta},

and tungsten (W), z and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, and f; and f> being mole fractions represented by the equation /7 + (u
+v)f2=1. The method includes the steps of blending a Co-M master alloy powder and a Co, O,
powder into a corresponding (CoaM)s, - (Co, Oy, formula, and densifying the blended

powders. According to this arrangement, />’ is represented by Equation (1), f; ' is represented by

Equation (2), and a is represented Equation (3), all below:
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1—(u+v)f2—u'-l'-f2 1—1,(u'+v')f2—u-f2
a= y __ v
1~1,(u'+v')f2 leir(w'ﬁkv')f2 3)
v v

[0014] According to this first arrangement, it is understood that any Co O, oxide based binary

matrix composite is regarded as chemically equivalent to a M O, oxide based single element
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matrix composite if ———=—,
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expressed by the equation fl + (u + v)f7 - 1. The nethod includes the steps
of blending a Co,, MPtl_a b'" master alloy powder and a Co". O powder into
a correspondi ng (Coa~Md' Ptl1 _a~ b')ff - (Co"Ov)f2 fornula, and densifying the
bl ended powders. According to this arrangenent, f2' is represented by
Equation (1), and ff ' is represented by Equation (2) (both above), and a'

and b’ moqg)efrﬁ@mem%ﬁﬁemcﬁe%e@f&; o(f‘ﬂ))all%ﬂﬂ dghe bIRAREEEWIG!. YEheligbA¥ VA
f2 a v') f vi(u™+vVv2 V (4) (5) 100171
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OXI de based r mat r site | s regarded as chem call y equi val ent
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[0018] Accordl ng to a third arrangenent, the present invention is a method
for manufacturing a ternary matrix cobalt-based granular nedia all oy

conposl|Wilgh Aceerdingde adesend armeempnt. the prpsent invemiorog)s methoffprappraitfasiiiing a
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a Co". @Md nRRWEE {WHNE Gndv 6QIréREANE eHeNBint e of 2Ok ofBase Maial B and 665%en (0) per
oxide formula, respectively, a representing an atom fraction, f; and f> representing mole fractions
expressed by the equation f; + (u + v)f2 = 1. The method includes the steps of blending a Co,-
My Pty master alloy powder and a Co,- O, powder into a corresponding (Cog My Pty awp)y, -
(Co,- O, )y, formula, and densifying the blended powders. According to this arrangement, /77 1s

represented by Equation (1), and f;’ is represented by Equation (2) (both above), and o’ and &’
are represented by Equations (4) and (5), respectively, below:

fira—u'- 2, (4)
a'= 1%
I——li,(u’ﬁ—v')f:2
v
p=—ha (5)

-~ (' +v')/,
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10017] According to this second arrangement, it is understood that any Co,.O, oxide based

ternary matrix composite is regarded as chemically equivalent to a MO, oxide bascd binary
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0, f2,

formul a, and densifying the bl ended powders. According to this

arrangenent, f2' is represented by Equation (1), fl' is represented by

Equat i

on (2), and a' is represented by Equation (4), supra, and b', c'

d" are represented by Equations (6) to (8), respectively, below b'=f,

Y

((6) '+ vVv z FU , V f, c' CL (7) " '
[0018] According to a third arrangement, the present invention is a method for manufacturing a

ternary matrix cobalt-based granular media alloy composition formulated as (Co,CrsPt) 4.5)y, -
(M, 0.), » M representing a base metal selected from the group consisting of magnesium (Mg),
titantum (T1), vanadium (V)}, manganese (Mn), iron (Fe), nickel (N1), copper (Cu), zinc (Zn),
aluminum (Al), silicon (Si), yttrium (Y), zirconium {Zr), niobium (Nb), molybdenum (Mo),
ruthenium (Ru), indium (In), lanthanum (L.a), hafnium (Hf), tantalum (Ta), and tungsten (W), u
and v representing the number of atoms of base metal M and oxygen (O) per oxide formula,
respectively, a and b representing atom fractions, f; and f; representing mole fractions expressed
by the equation f; + (u + v)f; = 1. The method includes the steps of blending a Co, Cry- Pt M,y

master alloy powder and a Co,- O, powder into a corresponding (Co, Crb'PtC'Md’)f] - (Coy
Oy)r, formula, and densifying the blended powders. According to this arrangement, /27 is

represented by Equation (1), /77 1s represented by Equation (2), and a’ is represented by

Equation (4), supra, and b’, ¢ and d’ are represented by Equations (6) to (8), respectively,

below:
b= Ji2b
l—ii(u'ﬁ“v')f2 (6)
c'= fioc
l—%(u'+v')f2 )
%
e ®)

1- 2 G +v')f,
v

[0019] According to this third arrangement, it is understood that any Co,.0,. oxide based

quaternary matrix composite is regarded as chemically equivalent to a M O, oxide based ternary

. . ) ]f. ’ u
matrix composite if ———=—.
vy

and
b



- -(u d-)fz (8 +v V fzu VF 1- (u, +v,).fz V [0019] According to
this third arrangenent, it is understood that any Co,,.O . oxide based
guaternary matrix conposite is regarded as chemcally equivalent to a M, O,
oxi de based ternary f' d" u matrix conposite if - -, ff . v' V 7 100201
According to a fourth arrangerrent, the present invention is a nmethod for
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b
pgs pgtr:t %e‘ﬁ&? H&l) OJ‘HP@S@J%QE%‘WSH%’? éﬁﬁgl? E’Zré,t |]81%§£] @ﬂ) Ié[}Fllltllaﬁp-)}r(es (-)J‘nt i ng

mol e fm&ehimsRe);mcEQO) hmhhhmt{ﬂu}ahamﬂuxﬁ ,(Hﬁ (amzrmm)(fra) amitun‘@h&nr(mbod
i ncl udes the steps of blendlnq . __master aIon powder
and a v represpntiide PUmRebekatess PEE%H@I‘?‘W@@% Oxygertﬁ(bmﬁf@mdmfowq@ (Cru"
Ov )f Zreﬂ%a%{lgyibrh% R rA50&tiNE 8nt RS cENASHI PROPRESHing iRk Hal ofPerdpilSed

arrange
by the equation f; + (u + v)f; = 1. The method includes the steps of blending a Co,~ Cry~ Pto» My~

master alloy powder and a Cr,,~ O, powder into a corresponding (Co,» Crp- Ptchd-J)f] n= (Cry»
O,)r,» formula, and densifying the blended powders, According to this arrangement, the

conditions expressed in Equation (9), below, apply:

fob= L 20 ©)
v

[0021] Furthermore, according to the fourth arrangement of the present invention, /37 1s
represented by Equation (10), /; " is represented by Equation (11),and a”, 5", ¢” and d” are
represented by Equations (12) to (15), respectively, below:

10

f;:_":_fz (10)

Vv
ft”zl—%(u”+v")f2 (11)
a’ = A

lél’,(zﬁs"-l-v")f2 (12)

v

fi-b—Lu
bn V

- (" +v")f, (13)

v



conditions expressed in Equation (9), below, apply: f b- u"f2?0 V (9)
100211 Furthernore, according to the fourth arrangenent of the present

i nvention, f2" is represented by Equation (10), fj " is represented by
Equation (11), and a", b", c¢" and d" are represented by Equations (12) to
(15), respectively, below f2 fz VflI"=V 1 "(un+tvn)f2 V a"" f a y(un+Vvn)f2
VJ1 -b--n u}Z_ Vnl -, n((lL+WVrr)f2 VvV (10) (12) (13) -8 C7 fc Vn
-n (unc™v ! f2u V lun+vnl/2 1 n
17-1-)’;(1'4"+v")f2 (14)
v
g fHu (15)

]——v;(u"ﬁ-v")fz
v

[0022] According to this fourth arrangement, it is understood that any Cr,.O,. oxide based

quaternary matrix composite is regarded as chemically equivalent to a MO, oxide based ternary

o/ ”

. .o u
matrix composite if ~——— = —_
v

2’ "
[0023] According to a fifth arrangement, the present invention is a method for manufacturing a

quaternary matrix cobalt-based granular media alloy composition formulated as (Co,CryPt.d s),
- (M.0y)y, , M’ representing an element selected {from the group consisting of boron (B), tantaturn

(Ta), niobium (Nb), zircontum (Zr), copper (Cu), silver (Ag}, gold (Au), and ruthenium (Ru), A/
representing a base metal different from A/’ and selected from the group consisting of
magnesium {Mg), titanium (Ti), vanadium (V), manganese (Mn), iron (Fe), nickel (Ni), copper
(Cu), zinc (Zn), aluminum (Al), silicon (Si), yttrium (Y), zirconium (Zr), niobium (Nb),
molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (Hf), tantalum (Ta),
and tungsten (W), u and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, @ and b representing atom fractions, f; and f> representing mole
fractions expressed by the equation f; + (1 + v)f> =1, and d being represented by the equation d =
1 —a—b— c. The method includes the steps of blending a Co,- Cr- Pt M’y M, master alloy
powder and a Co,- O, powder into a corresponding (Co,- Cry Pt My M, ’)fl. = (Coy Ov)yy
formula, and densifying the blended powders. According to this arrangement, />’ is represented
by Equation (1), f;" is represented by Equation (2), and a’, 5" and ¢’ are represented by
Equations (4), (6) and (7), respectively, supra, and d’, and e’ are represented by Equations (16)
and (17), respectively, below:

d'= Siod
-2 (' v/, (16)
%




V (14) (15) 100221 According to this fourth arrangenent, it is understood
that any C,,.Q ; oxide based quaternary matrix conposite is regarded as
chemcally equivalent tora M 0, oxide based ternary ".dn u matrix
conposite if f' _ f2 Vn V 100231 According to a fifth arrangenment, the
present invention is a nethod for manufacturing a quaternary matrix

cobal t - based granul ar nedia all oy conposition fornulated as (CoaCrbPtcMd)f|
- (MVD@;ZL,__EQ'_“LepLesenti ng an el enent selected fromthe group consisting
of boron ¢(B)% l;,aﬁp)(a]l um (Ta), niobium (Nb), zirconium (Zr), coppé?) (Cu),
silver (AQ) ,v'g)o Au), and ruthenium (Ru), M representing a base netal
different fromM and selected fromthe group consisting of magnesium (M),

titani Hmfl}-rh):corﬁﬁgﬁgitl%‘ﬁ(ﬂ‘}o '?ﬁ%@ﬁ_@llﬁ'@?t‘?s {Mb}stodd 8t &fELY DI, CKede KdNkd 5 COpper

(Cu), zinc (Zn) umnum(%m), siltcon (S1), yttrlum'(O'V), zirconium (Zr),

ni Obi ugp. by ’matfmlcb{llﬂg&ﬂ’rén?s A} ded é&tdﬂ%@l'idéﬂk(eaﬁi)\-’alehf‘w Ay (b kidd @RLpanum (La),
haf nium (Hf ), tantalUm (Ta),” and tungsteh (W, u and V' r'epresenting the
nunber of atons of base netals M and oxygen (0) per oxide formula,

r especqualshyry raataindobposits Fsenpti mg—atom fractions, f, and f2 representing
mol e fractions expressed by/tte efjuation f, + (u + v)f2 = 1, and d being
represented by the equation d = 1 - a - b c¢c. The nethod includes the steps
of blending a Coa - Ctb Pt, . Md> M, master alloy powder and a Co,,,

O, ppadsy AlcBb@im ©U iabReRdEAdelt e préeht invEiton iMheheth® for banufactdrfdp a -
Ov')f2 formula, and densifying the bl ended powders. According to this
ar r angawsemaryf Izatrixs:Obelprb@seéK@remulmbmeEq@élw epmpadition formvdatedpy €guhrdd-My),
Equation (2), and a', b’ and c' are represented by Equations (

(7)., reSddeoivef yepsepiiag aarrdereent selfeted frogy deeapiesiistiag Bt}bmaiébdf(ag)a@%g?
anj ]g ]2' z ), miobium (N ly)?lz%c’onl‘i)grl'lcz%'), g(lJpp?’-:r /(éﬁ), gil\lfelr (%g)_, g\({ld ((Plsjll), ;ndvrlullzefmzum YR\S)],'?/)! o
representing a base metal different from A’ and selected from the group consisting of
magnesium (Mg), titanium (T1), vanadium (V), manganese {Mn), iron (Fe), nickel (Ni), copper
(Cu), zinc (Zn), aluminum (Al), silicon (S1), yttrium (Y), zirconium (Zr), niobium (Nb),
molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (Hf), tantalum (Ta),
and tungsten (W), u and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectivély, a and b representing atom fractions, f; and f> representing mole
fractions expressed by the equation f; + (4 + v)f2 = 1, and d being represented by the equation d =
! —a— b-c¢. The method includes the steps of blending a Co, - Cry- Pt~ My M, ~ master alloy
powder and a Cr,~ O, ~ powder into a corresponding (Cog» Crp» Ptor Mg~ M, ")f] »- (Cry~ O,y ")f2 .

formula. According to this arrangement, the conditions expressed in Equation (9), supra, apply.

[0026] Furthermore, according to the sixth arrangement of the present invention, /2" 1s
represented by Equation (10), /77 1s represented by Equation (11), and a”, 5", and ¢” are
represented by Equations (12) to (14), respectively, supra. Additionally, d” and e are
represented by Equations (18) and (19), below:

o fid (18)

R Y
1%
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1- v- (u" + v')f2 V (17) 100241 According to this fifth arrangenent, it is
under st ood that any Cou. OY oxide based 5 elenents matrix conposite is
regarded as chemcally equivalent to a Mu O oxide based f ' e' u
gquaternary matrix conposite if /'" f 2 v V 100251 According to a sixth
arrangenment, the present invention is a nmethod for manufacturing a
quaternary matri x cobal t-based granul ar nedia all oy conposition (Iflg mul at ed
as (Coa’ClhEt_cM- (MUIXxi)f2 , M representing an el enment selected from
the group,con JCU ryg of boron (B), tantalum (Ta), niobium (Nb), zirconium
(Zr), coppervz % Flver (Ag), gold (Au), and ruthenium (Ru), M
representing a base netal different fromM and selected fromthe group

consi s f i i (l\/h)
e ('ﬁ_ﬁo?ﬂ] mtom@% %&%@Aem it %%@)deméoﬁ th tf%?r@;gldiu”b&}ﬁ bgilé%’lﬂﬁ{%?ﬁaf}%

(Si), wetremyose 15z1ieg@"dnfii aml(czml)failyhfiq:bvdmt(twb) . Onotigbbensd dgrpmy)matriit heni um
(Ru), indi um(II},eIarlllthanum(La) haf nium (H ), tantalum (Ta), and

t ungst empdsjte iij%ﬁd; v-r.epresenting the nunber of atons of base netal M and
oxygen (0) per oxYde *fornula, respectively, a and b representing atom
fractions, f, and f2 representing nole fractions expressed by t he equation

f + (u + and bei r esent ed e uatl on d -- - b -
c. Thelﬂﬁéﬁﬁﬁvrw&r Pty prouepieifh aaﬁa%rdmgsv of W5 RleR gienpp o g fisther

mast er c&ltérﬁglateﬂomgfe e%eﬁ o@m%ever@{ thmﬁ)gﬁ@@ﬁnﬁh R On @kl £8 @Bﬂﬂé agm(eﬁoa
Crb"Ptc"Md .. - ornmula. According toth

ar r angewemn, birtane ntamvdntm@lrysmetmrceswe@many Eoptrit canli(tgped gapolar mppil atloy[ 00261

Furt hernore, .accor.dj to th Si xt arrange nt of .t ese venti on,
Fon ' ocomagiadRara B ratiRoni Pepor et wiedis BB Ay s on (11)
and a ana,%emen@sngb&v are represented by Equat| ons (12) to (14),
respectively, supra. Additionally, d" and C' are represented by Equations
(18) and (19), below. d"- f d v 1--ff(u +v )f, V (18)

[0029] In the following description of the preferred embodiment, reference i1s 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 is to 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

[0030] Referring now to the drawings, in which like reference numbers represent corresponding

parts throughout:

[0031] Figure 1 depicts a conventional thin film *stack’;

{0032} Figures 2 and 2A depicts method for manufacturing a single-clement matrix, binary
matrix, ternary matrix, or quaternary matrix cobalt (Co)-based granular media alloy composition,
according to one embodiment of the present invention;

[0033] Figure 3 illustrates a thin film stack for an enhanced magnetic recording media, in which
the magnetic data storing layer is comprised of a cobalt-based granular media alloy composition

according to a second embodiment of the present invention;

-11 -



-10 e" f2 uV 1- --R(ur +vn) f2 V (19) [0027] In to this sixth
arrangenent, it is understood that any Cy. O . oxide based quaternary

matri x conposite is regarded as chemcally equivalent to a All,, O oxide
based ternary matrix U conposite if f =- _ fz - v v [0028] Moreover,
seventh through twel fth arrangenents of the present invention are also

furt hegozforh el AlusFated\ %&es%ﬁ&hv@fm&%%n?&&%ﬂifﬁ oREERdtR) gfrtln)gz(ICOO)]g
arrangenents are single-elenment matrix, binary matrix, ternary na

quat ergrarpestatmaietiatobal t - based granul ar nedia al | oy conposi tions which are

pr odu Si.ng t rocess disc t thro si xth
arrang@%#thggreb?@}égtr?taﬁﬁéﬁpr'fsﬁnlagémfndfmcs)tm‘ﬁ&red)f Pflfﬁ] dége%of the preferred
enbodi NUY- ogeRite ehatdital; accorrpanyl ng draw ngs that forma part
t her eo(;mmg 2i‘alf)%v\gl ch 41% shown by way of illustration a eci fic enbodi nment
in whi I&Q%ih‘élgpfﬂ/@ﬂmsmiemyemésepw@@? inpestrpgtuiespfragcopsol Ldﬂﬁ?élr 1dPhiate: ot her
enbodl(ggeat)s may larallgt |u 1Oa dchanges may be made without departing from
the scope”bf ¥hne %sén"cg vehti on. BRI EF DESCRI PTI ON OF THE DRAW NGS
40030] [dﬁeﬁprrgluw nmmﬁ@s b h@rdgeathwgsnlctdatruhu@bﬂa doms61aTa@IeiTRs, CHIPRRT,S -
represent corresponding parts throughout: 400311 Figure | depicts a
conventyiBnagrangian allpy.msing GeR1z) and62P) Fi gures 2 and 2A depicts nmethod for
manuf acturing a single-elenment matrix, binary matrix, ternary matrix, or
gquaternary matri x cobalt (Co)-based granular nedia all oy conposition,
accor diDr ADL.BDEDESURIPTRON OfF THE INEBNTHQNvent i on; 100331 Figure 3
illustrates a thin filmstack for an enhanced nmagnetic recording nedia, in
which the nmagnetic data storing |layer is conprised of a cobalt-based
g; ggg'n ﬁfg?hgpﬁe'sémn&e%%ﬂ%'istcho%gs a FFGAMAI R P i17FCARE 2 SIRATAAGN Ler gyt NE
and materials or compositions produced thereby, which provides for a useful alternative for the

manufacture of sputtering targets with improved spuftering properties and preferential

distribution of major alloy elements.

10039} Granular media alloys are composite materials combining a cobalt (Co) or cobalt-ailoy
matrix and one or more oxide particles, where the oxide particles are selected from magnesium
(Mg), titanium (T1), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe), nickel (N1},
copper {(Cu), zinc (Zn), aluminum (Al), silicon (Si), yttrium (Y), zirconium (Zr), niobium (Nb),
molybdenum (Mo), ruthentum (Ru), indium (In), lanthanum (La), hafhium (Hf), tantalum (Ta),
and/or tungsten (W) oxides. Accordingly the alternative formulation approach and resultant
powdered raw materials disclosed herein may be used to manufacture a broad range of cobalt-
based granular media alloys. Specific alloy families contemplated by the present invention are

described below:

[0040] SINGLE ELEMENT MATRIX: Co-M,O,, where the base metal M for the oxide is
magnesium (Mg}, titanium (T1), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe},
nickel (N1), copper (Cu), zinc (Zn), aluminum (Al), silicon (Si), yttrium (Y), zircomum (Zr),
niobium (Nb), molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (Hf),

tantalum (Ta), or tungsten (W),

-12 -



-11 100341 Figure 4 illustrates a representative mcrostructure of a

consol i dated (CoR9Ti 11) S2( CoO 18 <conposite material; 100351 Figure 5
illustrates a representative mcrostructure of a consolidated

(Co719Nb2811) 5% 7(Co0O 41.3 conposite material; 100361 Figure 6 illustrates a
representative mcrostructure of a consolidated (Co74Cr10Pt16)92 (Si02)t
granul ar alloy, using Si02; and 100371 Figure 7 illustrates a representative
m crostructure of a consolidated (Co74Cr 1oPt 16? 92 - (Si02)8 granul ar all oy,
usi ng [8dEi BNagyMepox: BebAt Ve, hebpanner! FHR: thovends onnipesgm (e,

present,, l. { sclose ] t dj -Or tion
strat gé‘?ﬁ‘maéﬁ@%g’? %ﬁ‘%ﬁéQZ’r&égnn%ﬁ@%h%&%P 0 u@ﬁe)@’ Ph@?‘é‘ﬁyf‘ﬂgﬂm%%f?des for
a usef@u)atihe(zpf alugridut (Ahesiliom$i petttiom (@f), spwhihen (g, diabaet SNbY, t h

i mproved sputtering properties and preferential distribution of major alloy
el errerffl@lybpermw@%arh@ﬁwnh@ﬂnamé!q%{zl@)dwéhmélsq)t balpire (i8] @nedipihidng a
cobal t,( 99%518{ W?bal t-alloy matrix and one or nore oxide particles, where

t he oxi dI articles are selected fromnmagnesium (M), titanium (Ti),

vanadi um (V), chromium (Cr), manganese (M), iron (Fe), nickel (N), copper

Cu), zi Zn), alumn sjlicon i), yttri , zi.rconium (Zr),
i obi ufHOTR T A YARBR ¢ 5Pt P SRR g e Rl LAY Lhep it SRS 1)
haf ni u D" I : / t: i . i :v. the
ot or e EL et TIS, Rl (v), ARtlpcst OARNER, (Y] o0KeFA%h, SRPOE @D
di scl o&ed, demeium (v, Hlecans@dl), tyorinmr((f) aotasnsina (D .oadbiuan@ébomobdidahum (as.ed

ranul ar, medi | 1. oys. ecific alloy famli conte ed by the_present
?nventr%*ﬂﬁnéwe%&é#u%ﬁl bE‘PHWU‘[“dk%ﬂfv)fa%‘ (ﬁ%EEWRﬂmhﬁil%t%YgS@&(Mﬁo, )
where the base nmetal Mfor the oxide is magnesium (M), titanium (Ti),

vanadi um (V), chromum (Cr), manganese (M), iron (Fe), nickel (N), copper
(Cu), HI0d3] QEmrEreARMMATRIX:ACY,Crsi i MEah. QL SiwhereyWt isibunor{ 0B), tantalaorfTam ( Zr ) ,

ni obi um (Nb | ybdenu M), r eni um )., i ndi.um (1.n | apt hanum (La),

nat i ulopl i PNEY e DT agereb DR G e 8D Poioh s R e

Co- Pt - MetaPa isvmgglﬁsfmhemiﬁ etdmiAI(TY {Aadihe (o)Xt ghtes SikdHFeMilckel

titanium (Ti), vanadi um , chromum (Cr), manganese (M1), iron (Fe),

ni ckel (Nidi 9oppenfsperzinc (Zn), aluminum (Al), silicon (S1), yttrium (Y), zirconium (Zr), niobium
(Nb), molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La}), hafoium (Hf), tantalum

(Ta), and/or tungsten (W), and where M’ # M.

[0044] Although the present invention is described, both supra and infra, using examples of one
to four element matrices, alternate arrangements of the present invention are not limited to these
explicitly described examples. In particular, the principles described herein also apply to cobalt

(Co) alloy matrix composites with more than four elements as well.

[0045] Some of the most desirable cobalt {Co) alloy compositions include Co-Pt-S10; (or —
Ti0,), Co-Cr-Pt-Si0; (or —T10;) and, in some instances, a combination of the two oxides or
other oxides within pre-determined mole fractions. Although pure elemental powders have been
utilized as one fabrication technigue for these granular media alloys, for practical and cost
considerations cobalt {Co) has always been tied up in a Co-Cr or a Co-Cr-B pre-alloyed powder
for chemical uniformity and PTF control. The oxide constituent is admixed as a pure powder,

due to the lack of an alternative for making pre-alloyed, oxide-based powdered composite.



(Cu), zinc (Zn), alumnum (Al'), silicon (Si), yttrium(Y), zirconium (Zr),
ni obi um (Nb), nolybdenum (Md), ruthenium (Ru), indium (In), |anthanum (La),
haf ni um (Hf), tantalum (Ta), or tungsten (W. [00421 TERNARY MATRI X:
Co-Cr-Pt-MO, where the base netal Mfor the oxide is nagnesium (M),
titanium (Ti), vanadium (V), manganese (M), iron (Fe), nickel (N), copper
(Qu) , Elafifum (BDis a13h WAHIRhEA ds a Sirk HbEQBeA Bl drde ol frb Vit (bXﬁer kOB M Z7)
ni obi um (Nb), nol ybdenum (M), ruthenium (Ru), indium (In), lanthanum (La),
haf ni urmieka), due anthalhigh ¢osapf thermatemadst en (W. 100431 QJATERNARY MATRI X:
Co-Cr-Pt-M-MIQ,, where M is boron (B), tantalum (Ta), niobium (Nb),
zirconium (Zr), copper (Cu), silver (Ag), gold (Au), or ruthenium (Ru), the
base [a4s| rM i gw@ﬂgﬂﬁﬁmme&mmewar %Eﬁn%:ﬁo@fbbe ,al 6@ TeFhMBliénd)are B@ﬁﬁ]ﬂ@eﬁﬁa
(M), iron (Fe), nickel (N), copper zinc (Zn), alum num (Al),

Sili coﬁn'(PSS? ?Xanyﬂ@ msmm ¥ia C@rMc@mramlelzarl Qy, ﬂw%nffﬂwnt(hkmd fonnul)abdeawmm bab) ,

rut henj u La un1 (Ta),
and/ or "% gj]hgst }8%0 % b (%’Vd | Congi\]ﬁlen%s L’lmhgfﬁgﬂhg@,&lqo%jﬁg %He{hﬁ:}‘g entHee ide

i nvent h@Rdérsaidesiked hﬁ@bhlmtﬂaﬁgépé@nmléméﬂ@@ ugify) exaEpd £endl, @na 7, ted f our
el enent matrices, alternate arrangenents of t'he presént invention are not

limted'y @retmelséracamm e@idsénytedlbg dicl da;edt@xﬁﬁpdzes v)f} a lpdntah otledkcaset i@ same
princi ples described herein al so oy matrjx

bal
conpos FYBROSNhisBPRIcEH B MG IHE w%ﬁ@@ﬁ@ tci?Eé)CMPStterl%@zré@S@b%traf andeopbst
dESI r ag{uﬁ%%gg/@%} in (%P%ﬁ&gB%dlﬁQ'ﬁ@Q%t On%CbP@j defog?ulgt wﬁérg?l (193& atéhoz)

i'n some’i nstanc a cohbl na

0><I des eQhressel WEqQ&ﬂo%@%l Minahb p&ean?etﬁ@rml @ﬁﬂie%@n&éﬁ&%@% asAhd Banahipur e
el ement al powders have been utilized as one fabrication technique for these

gr anul #re aredia(Ql leyempartiqrefche CatMamastas oy bessdgnaleiratnidoths rdotied moleCo)
has al s been,tied u B pre-all oyed powder for
chem’cﬁ%th SL@P&FCﬁmgﬁgdp$ﬁ?é8“?égwlnm¥ﬁ Cglq%%‘@onstltuent is adm xed as a

pure powder, due to the lack of an alternative for making pre-alloyed,
oxi de- based omdered cogP05|te -13 Platinum (Pt)_ is al so back-blended as a
pure pdiel ki glﬁe%ﬂ aed 2 f\glepictymgdiop denepniasipriog a singlmplamentmeiers hinardue t o

the high,g %Em‘%{yl gﬁ#xg?%ﬁlﬁdéfr}%rﬁ%ﬁ%oﬁgﬁ ((g?)gl!_)ééﬁcﬁ‘g&‘hﬁ&? dlm%fcq@(ﬁmo

many posSsi Ie a ar € possi PHstance

of a C@cd\@dmggﬁ am‘uttaamtaidli:ﬁym i \ge plrlef.a‘neimhu@rh eBdeflgrihe h&thmlamyo hiee used.
I n one case, wder constituents, L)the cobalt (Co) powder and ii) the
M Oy oXiade acaawaéﬁ Co%léb?ﬁesi &ernulnr egdinpidoacqmpesatons s siydes thegrersys | -

(M, Q/)oie%dlr}’éh.f&ﬁ)a t (C@f'—GaJe% g ailoy p@%er with a cobalt (Co) or chromium (Cr)-based

oxide into a specified formula, and densifying the blended powders.

[0048} In more detail, the process begins (step S201), and a cobalt (Co) or cobalt (Co)-based
master alloy powder is blended with a cobalt (Co) or chromium (Cr)-based oxide powder (step

S202).

10049} One particular arrangement relates to the manufacture of a single-element matrix cobalt-
based granular media alloy composition formulated as Coy, - (M,0.,)y, , M representing a base
metal selected from the group consisting of magnesium (Mg), titanium (T1), vanadium (V),
chromium (Cr), manganese (Mn), iron (Fe), nickel (N1), copper (Cu), zinc {Zn), aluminum (Al),
silicon (S1), yttrium (Y). zirconium (Zr), niobium (Nb), molybdenum (Mo), ruthenium (Ru),

indium {In), lanthanum (La), hafnium (Hf), tantalum (Ta), and tungsten (W), w and v

- 14 -



f2') are nole fractions represented by the equation f, + (u + v)f2 = 1. In
an ot her case, the sane conposition is produced by m xi ng a powder of a
Co-M naster alloy based matrix and Co,' O' oxide powder into a
corresponding (CoaM _a)f! ' - (Co,, 0,..)f2 . fornmula, where f °~ and f2° are
expressed in Equations (1) and (2). For any Co", OY- oxide raw materi al
CNOSeNs et SAUTGRLELET b A PINASACkOMS arld1f: gam@ﬁﬂ»ér'oqme%nm% Co- M mast er
all oy based matrix, and the relative nole g tions can be conputed, as
descr i besgedtivelyp ped ﬂemd f} bebeg owle &@0®NE rerrgsu:nEé ¥ thedq@biocdepi-dt & u:T,éthdInf or

manuf agt.ur i a 5| mat.ri bi na i t ernar ri

uat or s iRy Srefsmert. oo MRBNE Sourthilel and Ko o tlihsbe PRl n”
accor daRerrtHoddink(Eh, ﬁmpdi(@ntovq} foR@uRIiBSRPISA0DYRAELIT.is Rir@bhitd biyhe
method relates to the nenufacturé of a cobalt-based granul ar medi a al | oy
conposiEgu@ion @NY; 1ipedpackeateing EBfuagisn o), ald @ idiep@séntedBahdtidn(Q), ahasady:.mast er
all oy powder wwth a cobalt (Co) or chromum (Cr)-based oxide into a
specified forrmula, and densifying the bl ended powders. 100481 In nore
detail, thg process begins (step S201), and a cobalt (Co) or cobalt

(Co) - bq@ed—-qgster all oy powder is blended wwth a cobalt (Co) or chr%%ium
(Cr)- basedvoxi de powder (step S202). 10049) One particul ar arrangenent
relates to the nanufacture of a single-element matri x cobalt- based granul ar
nmedi a all oy & %?IOH formul ated as Cof, - (MO )f2 , M representingna base
nmet al électe the group consisting of magnesi um (My), titanium (Ti),
vanadi um (V), chronlunl(Cr) manganese (M), iron (Fe), nickel (N), copper
(Cu), zinc (Zn),, alumyum (Al)y , silicon (Si), yttrium(Y). zirconium(Zr),

ni obi um ( bﬂ *ﬁﬂf&béenvhf{kﬂ (ﬁrhé umk (Ru), " indium (In), |anthanum (La),
hafn|un?FH%y—~faﬁfa+uﬁTf$a? , uand v -14 representfﬁg t he
nunber of mom;@qﬁ%gnmalhmm@uwy n (0) per oxide formula,
respectively, and f, and f2 being nole fractions represented by the equation
f, +(u+v)f2 - 1. In this particular arrangenent, a Co-M naster aIon

pomder - wde, re.hl into. . a correspondin )fI
P o B0yt 3% %8 el e Soths TORUw P15 s i BR8N BEA EHGED) on
( |1|) bf :has b@c\;{ ﬁg}fﬁ@@ﬂﬁ%dclbm%%%hmo (2QdomABEatd tHeSddrRAT 6 8N idF WAl hidke (3)
a el ow
fractions for the enhanced alloy formulation. For example, an alloy formula such as
(Coo.71Cro.13Pt0.16)0.92 — (INb2Os)0 .08 which sums to a total mole fraction of 1.48 could be reduced

for commodity to the equivalent to the (Cog.71Cro 13Ptg 16)0 622 — (Nb2Os)o 0541 formula, which

yields a total mole fraction of 1.

[0051] Furthermore, this first arrangement, it 1s understood that any Co, O, oxide based binary

matrix composite is regarded as chemically equivalent to a MO, oxide based single element

f]()g

matrix composite if =

; .
E'V v

[0052] An additional arrangement relates to the manufacture of binary matrix cobalt-based

granular media alloy composition formulated as (Co,Pt;.4);, - (M O,)y, , M representing a base

metal selected from the group consisting of magnesium (Mg), titanium (T1), vanadium (V),

chromium (Cr), manganese (Mn), iron (Fe), nickel (N1), copper (Cu), zine (Zn), aluminum (Al),

- 15 -



YA,
Q=VF

for all of the formulas noted herein, that a base atomfraction of 1 has

been

" (2) f v )f2 f1- ~(u 21V V(U+vlU2 - u' f2V I-(utv)f2-u

(3) V1I- Vi (u+v')f2v 1- ;(u +v,)f2 V 10050) It should be noted that,

i nposed for each alloy fornmula to accommpdate the derivation of the

atom and nole fractions for the enhanced alloy formul ati on. For exanple,

al | oy Mé S, sHEMAY

t ot al

equi vamémm {1o).dertherose (70 Gragninapiit) 18yl vep sl a), andirosyton 0821« fuwstwul a, whi ch

£i
raction 09 1.48 could be reduced for commodity to the

representing the number of atoms of base metal M and oxygen (O) per oxide formula,
respectively, a representing an atom fraction, f; and /> representing mole fractions expressed by
the equation f; + (# + v)f>=1. According to this particular arrangement, a Co,- M, Pt; ;- master
alloy powder and a Co,- O, powder are blended into a corresponding (Coa,- M Ptrap )y, - (Cou
O, )y, formula in step S202, where f>" 1s represented by Equation (1), and f;° is represented by

Equation (2) (both above), and where a” and " are represented by Equations (4) and (5),

respectively, below:

, VvV
' f}a—“';”ﬁ 4)
a =
l—y;(u'+v’)f2
v
bt~ fru

(5
b~ }i; (“’ + vr)fz
%

|0053] According to this arrangement, it is understood that any Co,.O, oxide based ternary

matrix composite is regarded as chemically equivalent to a M O, oxide based binary matrix

. . ll" ’ u
composite if ——=—
S0V

[0054] A further arrangement relates to a method for manufacturing a ternary matrix cobalt-

based granular media alloy composition formulated as (Co.CrePt; o.p)y, - (MLOL)y, , M

representing a base metal selected from the group consisting of magnesium (Mg), titanium (T1),
vanadium (V), manganese (Mn), iron (Fe), nickel (N1), copper (Cu), zinc (Zn}), aluminum (Al),
silicon (S1), yttrium (Y), zirconium (Zr), niobium (Nb), molybdenum (Mo), ruthenium (Ru),
indium (In), lanthanum (La), hathium (Hf), tantalum (Ta)}, and tungsten (W), u and v
representing the number of atoms of base metal M and oxygen (O) per oxide formula,
respectively, a and b representing atom fractions, /; and /> representing mole fractions expressed

by the equation f; + (1 + v} = 1. According to this particular arrangement, a Co, Cry Pt My

216 -

an

@@ﬂmm@@L%B@lgml(@tgﬁalybdémamqmwmm (RWs to a



yields a total nole fraction of 1. 100511 Furthernore, this first
arrangenent, it is understood that any Cou. Oy. oxide based binary matrix
conposite is regarded as chem cally equivalent to a M-O, oxi de based single
el enment fjmatrix conposite if 1--au f2 v v [00521 An additional
arrangenment relates to the manufacture of binary matrix cobalt-based

gr anulngdstdrRdbd pahldeyarkoes O, | Rivdep bl &iRd i@S alepBpordid) (s, CYP1,. W 2,, M
representing a base nmetal sel'ected fromthe group consisting of magnesi um
(M), -t(Coa,um folihhla i arRpd20D) whre 1>’ cib r@edmedBGy)Equaaibg@nese (sapresénan
(Fe), nickel (Ni), copper (Cu), zinc (7n), alumnum (At), -15 silicon (Si),
yttri dom Edatior (2)semd @is (&rsentriddli kkanatitdyY4), sty babelimahere ¥8)¢’ andittheri um ( Ru) ,
indium (I n), Janthanum (Jla), .hafnium , tantalum (Ta), and tungsten (W,
u andr9£mF ?LQ%EHWﬂﬁmfhétﬁ&ﬁb&?pﬁﬁ“§£€%%m8$ base netal M and oxygen (0) per
oxide formula, respectively, a representing an atomfraction, f1 and f2
representing nole fractions expressed by the equation f1 + (u + v)f2 = 1.
Accordi,ng to tRhi'é particular arrangenent, a Coa - Mo - Ptl a -_b , naster
al | oy powder ,and a Cou , 0,, powder are blended into a corresponﬂ%pg (Co, ~
Mo - Ptl e —Huj#3)f; (Cou Ov,)f2 formula in step S202, where is
represented By Equation (1), and fl' is represented by Equation (2) (both
above), and where a' and b' are represented by Equations (4) and (5),
respectively, fbelow V f - a-u-~f2v Il (u+v) f2 Vb, f2u1l- v, (U+v

)2 Vﬁ(hi GS?’108531 According to this arrangenment, it is underzgpod t hat
any Co,, .0, luoxivdd, based ternary matrix conposite is regarded
chenmically &quivalent to a MO, oxide based binary matrix

Sy u (8)
1——v—,(u'+v')f2

v

d' =

[0055] According to this arrangement, it is understood that any Co,.O,. oxide based quaternary

matrix composite is regarded as chemically equivalent to a M O, oxide based ternary matrix

. fid u
composite if ——— =—.

SV

{0056] Furthermore, another arrangement of the present invention relates to a method for
manufacturing a ternary matrix cobalt-based granular media alloy composition formulated as
(CooCrePtry sy, - (M Ov)y, , M representing a base metal selected from the group consisting of
magnesium (Mg), titanium (T1), vanadium (V), manganese (Mn), iron (Fe), nicke]l (N1), copper
(Cu), zinc (Zn), aluminum (Al), silicon (S1), yttriurn (Y), zircontum (Zr), niobium (Nb),
molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (H{), tantalum (Ta),
and tungsten (W), » and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, a and b representing atom {ractions, /; and f; representing mole
fractions expressed by the equation f; + (1 + v)f>= 1. According to this particular arrangement, a

Co,~Crp» Pt~ My master alloy powder and a Cr, - O,» powder are blended into a corresponding

-17 -



b, u conposite if fZ v' Tv 100541 A further arrangenent relates to a nethod
for manufacturing a ternary matrix cobalt- based granular nmedia all oy
conposition forrmul ated as (CoaCrbPtl _a b)fl1 - (M)2 , M representing a base
metal selected fromthe group consisting of magnesium (M), titanium (Ti),
vanadi um (V), manganese (M1), iron (Fe), nickel (N) copper (Cu), zinc
(Zn), atancpum (A %% --$CH L 001, { RrhulaihstdpBN00 Yivhe@ithE SH bk ZhresBéORl UM
(Nb), nol ybdbenum d, ‘ruthenfum (Ru), 1ndium (In), |anthanum (La), hafnium
(Hf), Eaqmitahum.bGErRWw, appd:tungsten (W, u and v representing the number of
atons of base netal M and oxygen (0) per oxide formula, respectively, a and
b representing atomfractions, f1 and representing nole fractions expressed
by the equatjonj + (u + v)f2 = 1. According to this particular arranggnent,
a CoaQisPt,;Af.d, >0A6 master alloy powder and a Co,, Ov, powder are bl ended
into a corré&sponding (Co"' Cb'" Ptc' Ml )fl - (Co" ~ Q,) 2, formula in
step S202, where f is represented by Equation (1 j i's reBrespnt ed by

F2" s J ) fI L s
Equat i §W57by\ccaidingato this nagibe erpaeRSAtER atsiterresaed BybawationddDwler & b, ¢

?g ;i ?J%ﬁ%ﬁﬂ{%@r@ﬁ@@” P?’l),'g&]@ i/ (B?Eg fr ?/13(3 #i ?g&%ﬁyre_@%ﬁ%?} Fgﬁﬁtﬁonétl?ﬁlﬁ}f}’;(l iap: ” Vv

+v ) f Zrespectively, below:

Y
fZ V" fZ {10)
[} v " "
fle—y(u +V)fz (11)
g Nia (12)
l——‘%(u”+v”)f2
1%
b,:fl'b*%”"'fz (13)
1-L (" +v")/f,
v
o= fi-e (14)
1- 2w +v)/,
v
qr Syu (15)

l~%(u"+v”)f2
v

[0058] According to this arrangement, it is understood that any Cr,.O,. oxide based quaternary
matrix composite 1s regarded as chemically equivalent to a M O, oxide based ternary matrix
. . ﬂ. d"
composite if —f%_—, =—.
fy-v v

_18 -



V 100551 According to this arrangenent, it is understood that any Co,,,O ,
oxi de based quaternary matri x conposite is regarded as chem cally equival ent
toaM 0, oxide based ternary matrix f d' u conposite if ' f2 . v V
100561 Furthernore, another arrangenent of the present invention relates to
a nethod for manufacturing a ternary matrix cobal t-based granul ar nedi a

al | oy @RBPPANLIHRPafrMH I eAl RihiASo 4 FoAMEH ff&txﬁmmatﬁ?ﬁg b M Emary mrBPESARNL I NG

a base netal selected fromthe group consisting o magnesi um (Mg), titanium
(Ti), banddramia Wedinehgamesesitvm) forulered@e) p.Orikidel ) N, O.00pper  (Cu),

zinc (Zn), alumnum (Al'), silicon (Si), yttrium(Y), zirconium (Zr), niobium
(Nb) , repisisyiidename el sekagtaddnera b &g yp cpridting qf bayon (Fantahtstirm(t Lanioblet ni um

(Hf), talum. (T and gsten , nd V. represent. he n er of
Croms BPOLRMi 30 as AR SROSLER (68 oot A0, A ERIRRRARPL L, AR URGY o o
and b pepmesenditegnafrom fr asd i0eged frdmand gfadipr@ptiesansf megdeiven (Mpact i ons

expressed , nmaster alloy powder and a Cr 0,,', powder are blended into a
cor r esp@Adimgl V. rpdym (6 manganesc {¥in), irond Fey nicke (N o PBEdE0) e @nphe

condit] r I Po: I { -bel ow, : - Y- V (9)
T00s7) RETRFRATH ¥k o BB O Moy R (M nRRI ), R ilBa0
Equat i anhénith, (Rl)," indiam ((ep taslenuad(lay, Hathiain (OI), (dddurra¢ith) sand, tuliesten V), and d”
are represented by Equations (12) to (15), .respectively, below V V fz=f2
vV {u" andy yqpresgngng {he number of atoms of base metal A and oxygen (prer oxide formula,
respectively, @ and b representing atom fractions, f; and /> representing mole fractions expressed
by the equation f; + (u + v)f; =1, and d being represented by the equationd=1-a—-b-c.
According to this particular arrangement, a Co,- Cry Pt.- M4 M, master alloy powder and a Co,,

O, powder are blended into a corresponding {Co, Cry- Pte: M s Me )y, - (Coy O,-)y,- formula in
step S202. Inthis arrangement, />’ is represented by Equation (1), f; 7 is represented by
Equation (2), and @', " and ¢ are represented by Equations (4), (6) and (7), respectively, supra,
and d°, and ¢’ are represented by Equations (16) and (17), respectively, below:

d' = /.4
-2 @ +v)f, (16)
v
e = Sy ¥
lfll(u'+v')f2 (17)
v

[0060] According to this arrangement, it is understood that any Co .0, oxide based 5 elements

matrix composite is regarded as chemically equivalent to a M O, oxide based quaternary matrix

r ?

oo e u
composite if —— =—

!

, v

[0061] Moreover, another arrangement of the present invention relates to a method for

manufacturing a quaternary matrix cobalt-based granular media alloy composition formulated as

-19-



V1iv, (u +VvV)f2 vv"b"v 1- " (a" +v") f2 V1-nlu" +v'Jf2a V
d'=f2 -U 21-r(u"+v")f2 V (10) (12) (13) (14) (15) 100581 According to this
arrangenent, it is understood that any Cru. O, oxide based quaternary
matri x conposite is regarded as chemcally equivalent to a MO oxi de based
ternary matrix fl"- dconposite if fz-V v -18 100591 Anot her arrangenent
relates to a nethod for manufacturi n%ﬁq% quaternary matri x cobalt- based

graﬁ@?&rbpﬁéﬁm AMS e op BEFEERING &t a@tegﬁlea@d(fwad:}e@pewmqtmg of MVD, . ) f 2,

ent | el epent Iected fr mthe n ti boron (B
v anbar Gyt Lh DB o TR0, FReB Oz pre e NN ETRVO GRy gl @
( Auluthefdr @ ey repReédRehg aMdecpﬁq%ﬁi@arffaa&ﬁmnb@/ﬁ%nm@&te@hfoﬁleﬂh@@Eon’ omM and
sel ected fromthe group consisting of magnesium (Mg), titanium (Ti),

vanadiushin@\f, magaagiame@ég ) Manjun £ bin, \(aﬁecjlunm\/dkmhnganﬁ?q (Moppen (E‘@Jylckdl nc

( al um con mrk irconiu ni obi um
oY B R s R G RS (ST ) AF B 4 b hat ni um
(Hf Javb, a1 deﬁhﬁzT@\)I@) AltHe diMARLE Nndi M (18, la%ﬂﬂmﬂmr(ﬁﬁf %ﬁﬂﬁmaﬁ bgitumber of
at ons of base netal M and oxygen (0) per oxide fornmu

(Ta), and tungsten (W), # and v representing the number of atoms of base metal M and oxygen

{O) per oxide formula, respectively, a and b representing atom fractions, f; and f> representing

mole fractions expressed by the equation f; + {(# + v)f> =1, and d being represented by the

equation d=1—a— b —c. According to this particular arrangement, a Co,» Cry» Pto My M, -

master alloy powder and a Cr,» O ;- powder are blended into a corresponding (Co,,» Crp- Pt My~

M,Yr, - (Cry» Oy ), formula in step S202. According to this arrangement, the conditions

expressed in Equation (9), supra, apply.

[0062} According to this arrangement, /> is represented by Equation (10), f;7 is represented
by Equation (11), and a”, 7, and ¢” are represented by Equations (12) to (14), respectively,
supra. Additionally, d” and e ” are represented by Equations (18) and (19), below:

d" = fi2d
o), i9)
2%
" _ fu (19)

lﬁiﬂ(r,t"+v")f2
Y

[0063] In to this sixth arrangement, it 1s understood that any Cr,.0,. oxide based quaternary

matrix composite is regarded as chemically equivalent to a M (), oxide based ternary matrix

L. "

. . 1 ) U
composite if ~—— = —
" " ;

2 v 1
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respectively, a and b representing atomfractions, f, and f2 representing
nol e fractions expressed by the equationf + (u.+ v)f2 =1, and d being
represented by the equation d =1 - a - b - ¢. According to this particular
arrangenment, a Cou, Crb~Pt,. M &' naster alloy powder and a Co", Ov.powder
are blended into a corresponding (Cou,Crb,Ptc-Md" " )ff-- (Co,, -O,)f2.

for i St S202. In.this.a n t, f2'..1s reptesented by. Equation
(0 (0868 TR oBRER e Gl FEIPEER" act g R BGRER Spet g ocent e
by HetdddifeRaietdre mtifidd adty b Q)ffert@IPEBIdueedyare SUPhaled ARN. Ball @inehLar e
represented by Equations (12%' and (17), respectively, below. d =f -d 1- v
{ u' teghniques age well knpwn te thpse gkillvd ipthe yoyvde) meteliyrey@o601 According to this
arrangenent, it is understood that any Co,,.O oxide based 5 elenents matrix
conposite is regarded as chemcally equivalent to a MO oxide based

quapeespI e bRhidXpdwders are deGERPOSIEESI(S) Linblithe proc¥ss k@S LleMO(BOVAE, anot her
arrangenment of the _present invention relates to a nethod for manufacturing
a qtrsiél marsdeiad ip kicvsoddtthe dewdfyareatien Grepredd hfuthes ynckusiep 8t tsps91if or nul at ed
as - I . W I ed from

e apuiR AFLEMI bowagt ML bl S e B R s Y T Cont um
(Zr p20330ppelrsubfeuding thelcar to (idd tempahahrd M) preanct (steptIPO5E UM HeRwwdeM

representing a base netal different fromM and selected fromthe group
coné?@t$%a0%f3r%s@%%§é?qﬁﬁﬁ%wS,teHSi s i ¢y WéHz‘&PE}’Hﬂ? 3‘)0,86 AefgaHedE (M),

(51 PO TR S S Soni um (2r) A obi um (1), ol ybdendm (Moy. T ut heni um
(Ru), indium(In), lanthanum (La), hafnium (Hf), tantalum (Ta), and

LU 1 ke o2 Pl SRS DS DR SO SLar bR i 2 M ane
methods, a granular media atloy such as Cogp-{S10;)}19 can be formulated as a

(COD,g’;SsiU,;25)30(&00)20 composite. This formulation allows for the introduction of cobalt (Co)

through CoO and a Co-Si master alloy in order to achieve the desired PTF for sputtering.

Similarly, a (CoaCert]-a,b)fl— (MUO\,)f2 {M# Co, Cr) granular alloy can also be converted into a
cobalt (Co)-oxide containing composite (Coy Cry Mc: Pta)r, - (Coy Ov)y,- or into & chromium
(Cr)-oxide containing composite (Coa- Cry Mo Plg)s, " - (Cry Oy»)r,». Both formulations are
useful for tailoring the sputtering to destred characteristics, and achieve the dual objective of
improving the target PTF and reducing particle generation.

[0067] Although, in terms of target formulation, the nominal composition of the granular media ~
alloy can be achieved utilizing various approaches and using the available raw matenals, the

present invention provides adequate recipes for the enhanced distribution and constitution of the
resulting phases of the target microstructure, by the appropriate selection of the raw materials. In
particular, a cobalt (Co) alloy based matrix-oxide composite sputtering material intended for the
deposition of a granular media with a S10; or Ti0; grain boundaries segregation is formulated

such as the final weight fraction of the ferromagnetic cobalt alloy matrix is reduced.

[0068] Also affected is target PTF, which is a measure of the amount of magnetic flux lines that

passes through the ferromagnetic material of a target of a given thickness, and which is inversely

S -



(0) per oxide formula, respectively, a and b representing atomfractions, fl
and f2 representing nole fractions expressed by the equation f, + (u + v)f2
= 1, and d being represented by the equation d =1 -- a - h - c¢. According
to this particular arrangenent, a Co,,, Ch" Pty.., Md-" Me,. master alloy
powder and a Cr",, 0 v" powder are blended into a corresponding (Co,,. Crh"

Ztr r%mag{ln H%l tB/%-I;]e) egerm(a@ ity of ¥ miaterat T%@F%{%éi&%& (?)[; £ %EFQ@B@%?‘?@%E%%%} to this

ngemne con |ons expresse [ 0062]
Ac clratBontiret oy bh}lpﬁrtﬁfnbhmgﬁmfght frad tlaﬁoﬂtﬁ@f@&ﬁlﬁﬁgﬁétlby’mﬁg@tﬁéﬁﬁ oAcddrd@yly,fl " is
represented by Equatjon (11 re represented by
Equif inatﬁgu:(@@}h%elelitfyamp@96&&ﬁgvgwgnetgumdae tlﬁd%TE Pgﬂlﬁiltiﬂ)%et @dithend e " are

rep&ﬁ@%ﬂﬁf?mﬂ%s%&%%hh&ﬂ%d(18) and (19), below f d d" 1 --V ~ (u"+v")f, V
) T2 V (18) (19) 100631 In to this sixth arrangenent, it

IS understood that any Cr,,.O oxide based quaternary matrix conp05|te IS

reg chem cally equival ent to a M Quoxide based ternary matrix
nﬁlﬁgfgumhewm Fora Newgraégfaf Bse n%ﬁ&ﬂﬁ'@?ﬂ%ﬂl% ORESeR OBAME N | | ed

( STER o4} seléﬁg@eflﬂz'hqgattlﬁ r@srhltfi’rhg S0 §ral8He &llargh Qﬁoué}l pisdepgnders are

mlled using a different technique, or are not ml at all. Ball mlling
technm@ue$danéMMBhbfKmmmﬂdmmﬁﬁ@séu@%ﬁbHHMCMHgﬁh@hpmmdéonmnﬁnﬂyurgy art.

[ 00 The bl e ers are den: |f| (step.S2 , -and the cess ends
(st%%&§@§é¥“k§§g &@gﬁ IS en “mﬂgﬁ(ﬁGF§‘ ??bﬁ€%&€H§PP§ﬁH8U§fep (step
S20mkrcluEihp e 1hiRe LidHRS: &P&ﬂ%tl%ﬁh@fenomagnetm matrix, which is another mean of

increasing the PTF through an additional dilution of the base cobalt {(Co) matrix.

100790] In contrast, the atoms and molecules of the target material are dissociated during
sputtering and a ﬁlasma of free atoms is formed which later re-combine and deposit on the disc
to vield a film of uniform grains of the base ferromagnetic material. The solid-state solubility of
oxygen (O) in the ferromagnetic material being very limited, consequently, most of the oxygen
{O) 1s driven towards the grain boundaries were the oxygen (O) forms an oxide or oxides of the

most reactive elements of the media alloy, which in many cases are essentially SiQ; or TiO,.

[0071] In the case of a (CorCrisPtig)eo-(S102)1¢ granular alloy, this solution is exemplified
through two alternative formulations of the alloy which yield substantially the same nominal
composition. The first formulation suggests the preparation of a multi-component powder blend
of the individual elements cobalt {Co), chromium (Cr), platinum (Pt) and/or master alloys of
these elements to which a SiO> powder could be admixed. In another aspect, a cobalt oxide such
as CoO could be selected as the raw material source for oxygen while silicon could be added
directly or through a master alloy as the tourth element of the equivalent

(Cos4.38Cr14.6251)2 50P115.00)30-(C0oO)2g alloy formula.

[0072] The volume fraction of oxide which is a measure of the oxide phase dispersion can be
increased 1f the density of the alternative oxide is less than the density of 810; or TiO; or at least

maintained in most cases. The details of the theoretical impact of the above alternative



encapsul ati ng the bl ended powders in a can (step S205a), evacuating gasses
fromthe can (step S205b), and subjecting the can to high tenperature and
pressure (step S205c). The powder densification processes described in
steps S205u to S205c are well known to those skilled in the powder
metal lurgy art. [0066] Turning now to a practical exanple of the
ab i a all oy such
s s P e S A PR B B BOMIEE Composi te.
Thi @Idtmnmﬁbaltaldm?oaltfb awstofiofradtiva dfift Mddudikiabamefive fivmlutatio€oysultethirough CoO and
a Co-,Si ter aé?%ln orfder t 0. achi eve.the dealre eatl;for sputtering.
Si reop 0t e et siond T mmftxmta?ﬁgzmﬁﬁn&:sm e Slugialittian SFBY can al so
be converted into a cobalt (Co)-oxide containing conmposite (Coy Crb' MM
ptd )f, - (Co"'" Ov')f2 or into a chromum (Cr)-oxide containing conposite
(Co,,, ,Tﬂabl Phigye @pustjtiition and Grhieouctival FractionBof Micosstul dorobhbasas e usef ul
fo

Al bBemilapr ovi ng t heVERPH@ oIPFRI NG 1 ed8 “Ff‘g%p%er’i‘

dual obj ecti
genere?tkggﬂcg%}p@ﬁégo_@ég%ugn i terms,ofp target forimil aggen, tne nomi nal
conposition o e granular nedia al eov can be achieved utilizing various
apprOaghgs;qrfd .usttngothEcdvai | abl e ra@d.Tfaterials, the PpresSent invention
prmwwwwm ution of
the resulting phases of the target mcrostructure, by t he appropriate

I f 1 t | | | based
e AESEEiedee &8ss ERUR MR aTion Praf Bohrt feenBes®Pitne et JpaBleon of a
gr aﬂié'rﬁ‘ign@ﬁ@ﬁzﬁa‘é!oh'ﬂg@ay%‘r @c&xﬁpn&@ 4f eabdn-BRYAdAURS nRQW AGALdoRkposion
formul ated such as the final weight fraction of the ferromagnetic cobalt

al | worﬁhng tc»<a $e§onfédmb@@mep0®l€3®]e PAissl 1af’¢ré1@necfo|lsdlt:aﬁ@ebml@ﬂ'ayemféhm s a

measyr e of gnet SS8S thr t he

fer r?lg zérﬁés. uentta R‘tleregfo ng ul:@s I kfy muftl e%:up A eSs ‘%}h

[ nV&er@&|isyco'r12|§|nse@ro@@@iffér@rﬁl&haiéﬁaltdﬂeoﬁ@bﬂﬁaﬁ)I lity of t he mat ern al . The
pernmeability of a nulti-conponent material is also directly proportional to
the weight fraction of the ferromagneti c conponent. Accordi ngI y, by

i Fght i of t he
tar SR, PG ule L8l BRLerh AR LR (B JR 1 RELRIRAOE! WB3BUBI0L RIS for a
gi veseddaamubarwhieh f@ceothi: sbdpecodposntation ofittd gxiyiganctt? ofdﬁgtﬁeemzkyers t he oxi de

ected such that, its resulting v ctionis | enou to
ensgﬂ LUK S geRdrpRTiEr PSSR DO ‘t‘)ﬁgﬁ’o‘f? gﬂﬁ%@@ﬂ%ﬁrt@r fﬁﬁ%‘&f‘@ﬁgﬂ% t he

tar ggj jvhd ous@@%?éﬂeh%%%ﬂenc d%ﬁla%??drﬂﬁt:@%h&’cﬁ§l\lﬁfd gﬂ%{lo@ l oy el enments than
5|I|con (S1) or titanium (Ti) fers the possib

[0075] Seed layer 105 is formed above SUL 104 in order to promote oriented growth of higher
layers. Magnetic data-storing layer 306 is deposited over seed layer 105, where data-storing -
layer 306 is a metal matrix composite composed of a ferromagnetic alloy matrix and a metal

oxide. In order to deposit the composition as a data-storing magnetic layer, the cobalt-based

granular media alloy composition is manufactured by any of the above-described manufacturing

method, fashioned into a sputter target using conventional techniques, and sputtered over a

substrate. Finally, carbon Iubricant layer 108 is formed over magnetic data-storing layer 306.

[0076] According to seventh through twelfth arrangements, the present invention is a cobalt-

based granular media alloy composition which is manufactured using any of the above-described



introducing the later elenent directly into the ferromagnetic matrix, which
is another nean of increasing the PTF through an additional dilution of the
base cobalt (Co) matrix. [00701 In contrast, the atons and nol ecul es of the
target material are dissociated during sputtering and a plasma of free
atonms is fornmed which | ater re-conbine and deposit on the disc to yield a

filmof.uni.for rai ps_of 1he.base ferrpomagnetic. material. The solid-state
sol T ing RS R deni B AR RePe - fiaPe e SRl 1 o £ e,
COoNgRtan tited, to pRsducO thebh Co@yy@@shs i€ Ohittedl AF inéeAkd OFBEGSy t he grain boundaries
were the oxygen (0) fornms an oxide or oxides of the nobst reactive el enents
of the nedia alloy, which in many cases are essentially SiQ or Ti®Q. [0071)
In j (S i 1.0y Lution is
R R L D A
subsiaanfat@kddyusiipeths ab®evendst ribdd memitpastihg srthodlbeurdder Bibofa@urmebadiiions. suggest s
the preparation_ of a multi-cgonponent powder blend of the individual

el eﬁ@ﬁf@%b@é‘l‘%ﬂl'{r@gﬂ’»%‘ﬁ ahitlay pes forplaed it crbalt-andeicertaife’d er al | oys of
t he S ' ardl ] m 0 spect, a
o ob%ﬁ{lﬁ %S%ggg)gs"gg@s*ggé&'oﬁ% gﬁ\gﬁ%\éﬁgg (gogltg g%dg)g a?ﬂ%hﬁg\%f (r)r%? er aF ng&:’)&i}?c e for
oxy ger) pawdeeasd $9.60npuro ol bel Gadedi (adi% gaivderor Thdslend hetzhopatait al | oy as
the fourth el epent of the equi val ent (Co54.s8Cri 4.62Si 12
SOPEYHPEBY RS Cedey} PRIoR by 2%'8Pnul a. [ 00721 The vol ume fraction of oxide
which is a neasure of the oxide phase dispersion can be increased if the
density of the alternative oxide is less than the density of Si02 or Ti Q2 or

at t,. i i ned..i t~Cases, e det.aj of the theoretical inpact of
t he&gggcvze' %ﬁ??@kﬁ)ﬂrhoggk%?ﬁf%og%ﬂ“aﬁ %ﬁgy %”ﬁu\edz}l crostructure constitution

ar ¢ PgivdenMiaterihbl e 1. Begilesh $ihe additional di Mt pon of cobalt (Co) ito an
atom fraction of 0.5488 the alternative formilation resulted in-a |
red&étion of the weight firdePion of the matrix af2/d7%ignificant oxide
vol T fractiom decrease: Egl e 1 —PhaseConstit g\‘ziﬁﬂ and—Theor etttat
Fractions of Mcrostructuré Phases Al oy Fornmul aWi g % % of Matri xVol unme %
of | @d-slEri( Co71Cr 13Pt 1 6) 90-(33O2) 10 92. 3028.85 (Ci183428 8Cr 14.62 S 112.5 oP
t iL8.00)80-(C 00 2080.7527.05 100731 Figure 3 illustrates a thin film stack
for an enhanced magnetic recording nedia, in which the nagnetic data

st ony |- rJ i f - i o}
ol B ol BATR AR 8 o e el AR o0 e e A B ol e oo, s
i nditleablecd alsuaicnisayécempletd Bispersibh loffshearxédsspatielng.i Blidrytospuidiengoh ot 0 a

substrate by nultiple sputter targets, where each sputter )
powder wasy encapsulzﬁeée and evacuated at 30"(53 to a partial pressure% 10'?t0n before loading

into a HIP can. The consolidation was accomplished at 1236 °C for 3 hours under 29.5
kilopounds per square inch (“ksi”) can pressure. A representative microstructure of the fully

consolidated product is illustrated in Figure 4, -

[0079] Referring now to a second example relating to the formulation and preparation of a
Cog1{Nb2O5)s granular alloy, a similar approach was taken to the first example. A Cog1{Nb2Os)o
granular alloy was prepared by mixing 99.9% pure cobalt (Co) and 99.5% pure CoO and Co-43.2
atomic % powders. The blend composition for the equivalent (Co7; oNbyg )53 (C0O0)a1 1

composite 1s shown below in Table 3.
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pressure of
tigdoz — (SiOy)s alloy is

manufactured by first calculating an equivalent nominal alloy, Coz6.05Cro 2Pt 1472 — (Si05)5 at.%.

The blend uses 100-mesh cobalt (Co) powder at 29.53 wt. %, 100-mesh Co-24.22Cr powder at

27.73 wt. %, <5pm S10; powder at 6.13 wt. %, and platinum (Pt) powder at 36.61 wt. %.

[0082] According to a second, enhanced approach depicted in Figure 7, (Co7CrioPti6)ez —
(Si01)g alloy is manufactured by blending 16.97 wt. % cobalt (Co) powder, 5.49 wt. % CoSi;
powder, 14.52 wt, % CoO powder, 26.4 wt. % Co0-24.22Cr powder, and 36.62 wt. % platinum

(Pt) powder. As shown in Figure 7, using this enhanced approach, a much lower cobalt (Co)

content is exhibited.

[0083] Referring now to a second example relating to the formulation and preparation of a

Cog(NbOs)g granular alloy, a similar approach was taken to the first example. A Cog1(Nb2Os)g

granular alloy was prepared by mixing 99.9% pure cobalt (Co) and 99.5% pure CoO and Co-43.2

10-3



into a HP can. The consolidation was acconplished at 1236 C for 3 hours
under 29.5 kil opounds per square inch ("ksi") can pressure. A representative
m crostructure of the fully consolidated product is illustrated in Figure
4. 100791 Referring now to a second exanple relating to the fornulation and
preparation of a Cogl(Nb2CGb)9 granular alloy, a simlar approach was taken
to the.first exanple., A Co91( Nb2 ranul ar . al l s _prepared by m xing
99. Wﬂ%?@o%%éﬁ'm%fn%ﬁﬁngg%%%ﬁg %8833% E%b'” -ﬁﬁ%ﬁ-\{ﬁ%’ﬂgﬂﬁg]-% powders. The
bl et 5B esiHo@bA S it Mepiequi val ent Co719Nb28_1) 5R 7(Co0O) 41.3 conposite
is shown below in Table 3. -24 Table 3: Bl end Conposition For G anular Alloy
Cogl(Nb2G5)9 Powder Material Mesh SizeW. % Co-10016. 97 CoO 32543. 48

Co- - 32539.55 100 he powder .bl end. was. subj ected to a, 16 hour ball
i1 {iesgl 3ye PEsl el oEh <SRRG iR R E T Bt o e
conplqatred dbsARSS EOWhsh th@exPxind©)peyuited ieBigh the theqhetOn@OLbid@tii on, the
powder was encapsul ated and_evacuated at 450 Cto a partial pressure of 10-3
t or RAIHEY 8Y @ SiTEiPHEe frmela: ngorippancgni! thndlygwamosidianicahs MSY(genPéTﬁJDﬁ shed at
1236, G 3.ho! ' .BS : tative

i o7 B0t Ll HIo% AP0 S iTadBled RO UEE b B FEAEI US| 1 gure
5. pOl&Hd tdhingetrtee ficdekdaus Bi-atreso af [ 8psirsefialonieyinide aestis of1:Qr Thefef@e,
consolidated (Co74Cr10Pt16)92 (Si02)8 granular alloy, using Si02, and

Fi gagdtongl cpbidt (Cap o8 chropapind §eheas veuld kersdized i g %ff Owgeegﬁé 6PiteRit ed
(Co746s 92 (Si02)g granular alloy, using (CoS12) and CoO In nore
detz?irllﬁ;,rlslsq;%é%'di ng to a first approach which is illustrated in Figure 6 (
Co74Cr1DPtj6)92 (Si2)8 alloy is manufactured by first cal culating an

equi val ent nom nal alloy,, Co76.08Cr9.20Pt14,72 - (Si02)8 at.%  The blend
used?85pd hrdarrnban hry Peesrsytind eyithaparpeiargliyptratiys enbodipags- doiva b82cr powder
at % L : r,al ] 9 i powder
at éléa%lt%\(/)\/t&ha&/a, e[%gcg]gf%h%:g(g)trh I fr?l%éplf%othgagogrg(])d%é%bgﬁk%nnbgggnéa}g%%%d;ﬂchﬁi&eé}i)u Ec’:t ed in
Fi gehages agCoiddTrehOsier O Be nmade O tgpse aff bolmadryg shitriotlacarunatiomyddpheindi ng 16. 97
w. % c%bal t.é(()ng) (g}gv(\ax}eﬁ‘,. 549 wt. % CoSi 2 powder, 14.52 ", A % CoO powder,
26. ATOR} the spirpang ac NOOXEEION and 36.62 wt. %platinum (Pt) powder. As
shown in Figure 7, using this enhanced approach, a much | ower cobalt (Co)
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content is exhibited. 100831 Referring now to a second exanple relating to
the formul ation and preparation of a Co91(Nb205)9 granular alloy, a
simlar approach was taken to the first exanple. A Cogl(Nb205)9 granular

al l oy was prepared by m xing 99.9% pure cobalt (Co) and 99.5% pure CoO and
Co-43.2 - 25 atomc % powders. The bl end conposition for the equival ent
(Coz,vl b}b )‘:‘i E 0 41,3 conposite is showmn below in Table 3. [0084] The
pre i contenplates a situation in which nore than one oxide
is required, for alloys in which the oxygen (0) required is higher than the
theoretical content <carried by a single oxide fornula. For instance, if the
al | by coﬁp’@§ihﬁjc§?¥ IE&‘PW@F‘FB% xcmsleptlempyLmazicpbat-basedygranufiir aneslia @pycannot be

b h
o SRS DA PR ) (D, Do inhd ik Bt R BORSIOE ghpeet e
Thee&ts@mg oragihtdienab1ooRahtun{ (), Vi di M) Lmr&mn %%mv@ﬂé& ®eputilized

to rai se the oxygen (0) content in this s uat i on. he |nvent| on has
beerodéscy niskd (Wi}, hoprzer {Cellzenc (Zh), vbtmatinyé e sibodn (Bntystriuht (Y)s zir@nben

nd t ao t he enti o not te t ribed
b b R STHA ) b () crigee Y, Rt (Bl SR BB by « hose
of ool PAlYurikiTh) ahd‘tutnﬁrﬁeﬁ(W)VW arhpu;eg@@s@ﬁtrﬁ/g e nuifn'b%f(zﬂ@m§ Bf bdsk: ntdl agcope of

the invention. - nmet hod for nmanufacturing a
si nghéory@mdt) paaeyilx fooidd, redpagedhyrahil axd /medhammid byctione mrosienicd by

f | at ed b t al | ected f th
or ol SBhief 2 Ty’ o Tolotkefuhed SaTTre Bl B55 S anadi um (V) - chr onfum
(Cr), nmangaaases (Ml)]maste’? QNo¥ f&Nderlin@k&to, (Ol bowBOPREY a {SHBspodife (Zn),

al um num (Al'), silicon (Si), yttrlum(Y) zirconium (Zr), nloblum(Nb)

mol yoded (I‘OSP:; Chut, Herielm (Ru) i ndium (In), |anthanum (La), hafnium (Hf),
tant al um (Ta) and tungsten ( u and v representing the nunber of atons of
base nmetal M ‘&]?f‘deléfyg’ér‘iel(f%enﬁ?élrbyogw dM il a, respectively, and f, and f2
being nole fractions represented by the equation.fl -4- (u + v)f2 =1, the
met hod conprising the steps of: blending a Co-M nmaster alloy powder and a
Co,, O'' powder into a correspondingv (Coats/-R)f,- (Cou-Q,,)f~ fornula,
wherein f ' is represented by th 2f0t;,nuflza

wherein f; ' is represented by the formula
=1 —ir(u’ +v')f,, and
v
wherein a is represented by the formula

1~(u+v)f2 —u'- —V—'~f2 1—i,(u’+v')f2 —u- f,
v v

a= = ; and

1= +v)f, ==y,
Vv v

densifying the blended powders.

2. The method according to Claim 1, further comprising the step of ball milling the blended

powder.
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wherein f1 ' is represented by the formula f,"=v 1--(u +v')f2,and v
wherein a is represented by the fornula a= 1 (u+v)f v V 1- V,(u +v')f2 -
uf, V;and 1 v (u +v').f2 1- - V(u + v')fz V V densifying the bl ended
powders. 2. The nethod according to Caim1l, further conprising the step of
ball mlling the blended powder. -27 The nethod according to Claim1, where
the densifying step further includes the steps of. encapsulating the

bl ended powders in a can; evacuating gasses fromthe can; and subjecting the

cansto hirgh f.apRealdig, t@@aﬂ PESHIEh e4den€sf n%@feﬂ ﬁn‘?ﬁer’ﬁ?d?ﬁﬁe%%@%&ﬁ%@ bi nary

natrlx cobal t - based granul ar nedi a a osition ornu ate
(Co,, Ptt Cmc,'ijasulilting-th(:MC@d?q f)dechlrr ep:nresentl ng a base netal selected fromthe

tl titani Ti), di , ch '
(cr)" maRGHHRR SO CEHEOEIY i ckel () Copper (OW) . 21 ne (zn)

al um numy(hdingShe E£00 h(lgﬂ Qemlﬁ%j;étuﬂeléﬂﬂ@@ssurez' rconi um (Zr), niobium (Noj,
nol ybdenum (I\/b)g rut heni um ( indium (ln), lanthanum (La), hafnium (I

|f), tantalum (Ta), and tungsten (W, u and v representing the nunber of

ato of .ba and o e fornul a ectively, a
r ep?gsentAi WE&SH?E fBﬁﬁl‘ffP%EW%ﬁ)&/fg‘f" E‘t(‘tH ‘PO% eg] SRR Tetiaa ﬁ?’gcti Io\rlls d
exp&@ﬁﬁ&(ﬂu@/fo&ﬁmﬁ%tmm& )ft(MOﬁfz,)W?epresénuﬁ £hase sl s@QBﬂéﬂ'fﬁJnﬁ\ﬂ}p the
steps of: blending a Co master alloy powder and a Co o, -

powgdetupicdh€stthg SlohigRperiiMg), @Gmann WMhbvanaﬁhﬁn 1 (V),_thrdinivdm (Cr), heeganett | ) f2,
For ?Mln? iron (Fe), nickel (N1), copper (Cu), zinc {(Zn), aluminum (Al), silicon (Si), yttrium (Y),
zirconium (Zr), niobtum (Nb), molybdenum (Mo), ruthentum (Ru), indium (In), lanthanum (La),
hafnium (Hf), tantalum (Ta), and tungsten (W), & and v representing the number of atoms of base
metal Af and oxygen (O) per oxide formula, respectively, a representing an atom fraction, f; and
/> representing mole fractions expressed by the equation f; + (1 + v)f> = 1, the method comprising
the steps of:
biending a Co, M, Pt; ;- master alloy powder and a Co,- O, powder into a

corresponding (Cog- My Ptyap)y, - (Coy Oy formula,

wherein f>° is represented by the formula:

Y

fz =" fz P
v
wherein /7 is represented by the formula
~r v r I}
/i :lf—'(u +v)f2, and
v

wherein a” and b’ are represented by the formulas
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wherein f2' is represented by the formula: f2 = ,'f2 V V wherein fl ' is
represented by the formula ,"=l- v -(u +v'){'2, and V wherein a' and b' are
represented by the fornulas -28 a' Vi -a-u fz VI v(u +vl2 V and ; 1-
v u +W2 V densifying the bl ended powders. 5. A nmethod for manufacturing a
ternary matrix cobalt-based granular nedia alloy conposition fornulated as
(Co,CrbPtt, h)f - (MuOv)f2 , Mrepresenting a base netal selected from

t he group consi sting of magnesyam (M)Y }ltani um (Ti), vanadium (V),
manganese (MWn), iron (Fe) (‘Nl,,) ‘copper (Cu), zinc (Zn), alum num
(A'), silicon (Si), yttrlum(YY gircontum (2Zr), niobium (Nb), nolybdenum
(M), ruthenium (Ru), indium (I'm (Va*nt anum(La) haf nium (Hf ), tantalum
(Ta), and tungsten (W, u and v r%presentl’ng t he nunber of atons of base
metal M and oxygen (0) per oxi de forhul a, respectively, a and b
representing atomfractions, aﬂ f,2 presenting nole fractions expressed
by the equation f1 + (u + v)f2 LhLt‘”n)éernethod conprising the steps of:

bl ending a Cou'Crh Ptc, M ' rraster al |l oy powder and a Co,, 0,,. powder

into a demmmppmdlbhgldé@powd@sb pt, 'd - (Co,,, Ov)fz ' fornmula, wherein
f' is represented by the formul a:

5. A method for manufacturing a termary matrix cobalt-based granular media alloy
composition formulated as (Co,CrsPty o.5)y, - (MLO,)y, , M representing a base metal selected
from the group consisting of magnesium (Mg), titanium (T1), vanadium (V), manganese {Mn),
iron (Fe), nickel (N1), copper (Cu), zinc (Zn), aluminum (Al), silicon (S1), yttrium (Y), zirconium
(Zr), niobium (Nb), melybdenum {Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium
(Hf). tantalum (Ta), and tungsten (W), u and v representing the number of atoms of base metal M
and oxygen (O) per oxide formula, respectively, a and b representing atom fractions, f; and f>

representing mole fractions expressed by the equation f; + (i + v)f> = 1, the method comprising

the steps of:
blending a Co, Crp Pt My master alloy powder and a Co,,- O, powder into a

corresponding (Co, Cry Pt My )f[ - (Co, OV‘)fz’ formula,

wherein />’ 1s represented by the formula:

L

=0 -
v
wherein f; ’ is represented by the formula
1 v 1] !
7 =l—~,(u +v)f2,and
v

whereina’, &, ¢’ and d are represented by the formulas



f2 = VF f2 wherein fl' is represented by the fornmula f'=v |- f(u +v')f2,
and V wherein a', b', ¢' and (Pare represented by the fornulas -29 V f
a-u" f2a=vv (u+t')fz VFf~b VIc1l-v, (u +v)f2 vd =12 u;
and | 1 --(u +v)f2 V densifying the blended powders. 6. A nethod for

manuf acturing a ternary matri x cobal t-based granul ar nedia all oy
conposition fornulated as (CoQCrhPt J. b)fi - (M)f2 , Mrepresenting a base
netal selected from the group c _%j_s;l:i,rig_j@f magnesi um (Mg), titanium (Ti),
vanadi um (V), manganese (M), iroh (Fel! ‘rickel (N , copper (Cu), zinc
(Zn), aluminum (Al), silicon (Si), wgt,ri (Y), zirconium (Zr), niobium

(Nb), nol ybdenum (Md), rutheni uml(”F@ “ Hitndeum (1 n), |anthanum (La), hafnium

(Hf), tantalum (1 a), and tungsten ( u and v representing the nunber of
atonms of base netal M and oxygen (Ogl'Ber oxi de formul a, respectively, a and
b representing atomfractions, f, andf2 ,)representi ng nole fractions
expressed by the equation fl + (h—{{r “)i‘”i’ Jx 1, the nmethod conprising the
steps of:

. Jic

=
1—1'(1,t'+v')f2
v

d’ = fru ;and

1- —v;(u' + v’)f2

v

densifying the blended powders.

6. A method for manufacturing a termary matrix cobalt-based granular media alloy
composition formulated as (Co,CrpPt 1-a-b)f, - (]quOv)f2 , M representing a base metal selected from
the group consisting of magnesium (Mg), titanium (Ti), vanadium (V), manganese (Mn), iron
(Fe), nickel (N1), copper (Cu), zinc (Zn), aluminum (Al), silicon (81), yttrium (Y), zirconium
(Z1). niobium (Nb), molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium
(HD), tantalum (T'a), and tungsten (W), v and v representing the number of atoms of base metal M
and oxygen () per oxide tormula, respectively, a and b representing atom fractions, f; and f;
representing mole fractions expressed by the equation f; + (# + v)f> = 1, the method comprising
the steps of:

blending a Co,Cr,-P1.~M;» master alloy powder and a Cr,~ O, powder into a

corresponding (Co,-Cry -Pto-My-)y,» - (Cr, O, )y, » formula,
: Voo,
wherein f,-b——-u"-f, 20,
v
wherein /> 1s represented by the formula:

A%
fzr':;';'fz’
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bl ending a CoaCrb' Ptc' Md naster alloy powder and a CGtu®* O, ' powder into a
corresponding (Coa--Cb Pt,.-,M-)ft - (Cu" Ov")f2 - fornmula, v wherein f
b -- u"-J2 >0, v wherein j- " is represented by the formula: { f2" _." f2,
V V -30 whereinf " is represented by the formula f" v |- ~(uA+tvA)f2,and v
wherein a", b ", ¢ " and d " are represented by the formulas a =V 1 - n
(14 A+ VAJ b - v.,-u"-f b" - v (UA+AV')f FP 2 V VA 1-(u"+v)f, v d"
f2u ;and | - n (u" + vAf V densifying the bl ended powders.

wherein f; 7 1s represented by the formula
" V ” "
fi :1~ﬁ;(u +v"}f,, and
v

whereina”, b”, ¢” and 4" are represented by the formulas

, fi-a
1- Lﬂ(u”+ v")f2

f <b——v-';-u”-f2
bﬂ' — V
v L " ~
1-— (u +v ) /,
R
b ey,
v
d” = Jo 1 ; and
1- iﬂ(u” + v")f2
v
densifying the blended powders.
7. A method for manufacturing a quaternary matrix cobalt-based granular media alloy

composition formulated as (Co,CrpPt A1 'd)f] - (M, 0O.)s, , M’ representing an element selected

from the group consisting of boron (B), tantalum (Ta), niobium (Nb), zirconium (Zr), copper
(Cu), silver (Ag), gold (Au), and ruthenium (Ru), M representing a base metal different from M’
and selected from the group consisting of magnesium (Mg), titanmium (T1), vanadium (V),
manganese (Mn), tron (Fe), nickel (N1), copper (Cu), zinc {(Zn), aluminum (Al), silicon (S1),
yttrium (Y), zirconium (Zr), niobium (Nb), molybdenum (Mo}, ruthenium (Ru), indium (In),
lanthanum (LLa), hafnium (Hf), tantalum (Ta), and tungsten (W), # and v representing the number

of atoms of base metal M and oxygen (O) per oxide formula, respectively, a and b representing



7_ A nethod for manufacturing a quaternary matri x cobalt-based granul ar
nmedia alloy conposition formulated as (Co,,CrhPtcMd)f | - GAfOv)f2 , M
representing an el enment selected fromthe group consisting of boron (B)
tantalum (Ta) , niobium (Nb), zirconium (Zr), copper (Cu), silver (Ag),
gold (Au), and ruthenium (Ru), Mrepresenting a base netal different from M
and sel ected fromthe group consisting of magnesium (M), titanium (Ti),

vanatwrufmt(tmps Ji ﬁ@&h@aﬂm&m@m)molc frogtirReXpreaicd ki th¢ piYatios dppér + gy, ! 2| nc

’ Si), tyriu rconiu ium
(gt RF ety SERRina (- ot e edt oS PRARGI ) *ha i um
(Hf), tantabpdda) Cramd qumte&‘é\noy PoRé and eIy, €98 pbivaer nhea nunber of
atons of base netal M and oxygen ( 2 per oxide formula, respectively, a and
b ré@ﬂ@%@ﬂ@ﬂ&@toaﬁrbBtd%wﬂ“é%}rﬁh%g)fhadﬁﬂnﬁzarepresentlng nmol e fractions
expressed by the eq?atlon = 1, and d being represented by
the equation dvhergin dsrq“ﬁﬁn“@tnﬁh%kﬁﬁFﬁbd conprising the steps of:
blending a Co, - Cth Pt, Md M master alloy powler and a Co,,, O', powder

into a corresponding (ConCrh'Pt -MdIm)fj) ,- (Cou-O ,, fornula,
whereinff' is represented by the.formula v .f2 _ f whereinfj ' is
represented by the fornmula v (u' ~&-vf)ff2 , and v whereina, b, c', d
and e' are represented by the formulas @ =b - a-2' v-fzvl-

v, (u +v')f2 vi, - bl v, (u+v v2 v

wherein f; ' is represented by the formula
' v r r
fi=1-—(u+v)f,,and
1%

whereina’, b, ¢’, d’ and e’ are represented by the formulas

e = X ; and

1* y;(u'+v')f2
1%

densifying the blended powders.
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V, (u +v')fz vd =fd 1- v,(u~+ v c'wf2u and v, , | -(u +v)f2 v
densifying the bl ended powders. -3? 8. A nethod for manufacturing a
guaternary matri x cobalt-based granular nedia alloy conposition formulated
as (Co,CrhPt,Md)f1l- M representing an el enent selected fromthe group
consi sting of boron (B), tantalum (Ta), niobium (Nb), zirconium (Zr), copper
(Cu), silver (Ag), gold (Au), and ruthenium (Ru), Mrepresenting a base

met 81 di #f eedet [oromubcturipnd gsebeorenafrrambilrdagadarpndonsediaialgy of

SRR R RO T TR O 2 0

(o PRt eoiag O ﬁ&?ﬁ.%% AT 8 PR E SRy "2 ane
v r @npsm i(Ag),teold unbard rugfenatno (Bu)off lzaswemtetead baAk nmmi rbffyrgetnfnﬁrﬁ)M per

O e LT e B EE G BhaSuR RE Mlh BA TR TS 7 2
Comir PO MERIRIRTCERIC) I, CR0 (S Aghg iy (MR TR 2 oy

powdreriuand )azionjum Ot), pober (Nbitmolaybdemnn @ﬁpﬁlﬂdﬁhﬂglu(mu)ﬁ’nﬂltﬁb gt Alf 'd Me
)f13[1- \/ wher ei n

c,-0-)f7 ~ rmul a, rein f, -
f&h%@m @é%rﬁaé%rusy(ﬁfﬁémr%l%ﬁgi ae}d{mn&vt%ﬁ@@eff Anfl v fewgswagé%ﬁ‘el?ﬂﬂé%ﬂby the
for gth@nfs o Basd me N ¥nd §:3:08RF0) per oxide formula, respectively, a and b representing

atom fractions, f; and /5 representing mole fractions expressed by the equation f; + (u + v)f> = 1,

and d being represented by the equation d= 1 — a — & — ¢, the method comprising the steps of:

blending a Co,-Cry-Pt.-M y-M,» master alloy powder and a Cr,~ O, powder mto a
corresponding (Cog-Crp-Pte-M g-M, )y, » - (Cry»Oy)r, - formula,

wherein f| -

v mn
f)—v"-u -/, =20,

wherein /27 1s represented by the formula:

wherein /77 1s represented by the formula
L4 v r L4
1 :1—-—"(11 +v )fl,and
1%

whereina™, b7, ¢”, d" and e are represented by the formulas



V whereina ", b", ¢", d" and e" are represented by the fornulas 33 a ft
-a l- gq(u"+v")f2 VVI- (r"+v')f2 vCn AC |l Vnn"(u+V)-fz Vd
fl . dV Ve"'=f2u;and 1- (u+V')J2 V densifying the bl ended powders. 9.
A si ngl e- el enent matrix cobal t - based granul ar medi a all oy conposition

formul ated as Coff, - (MuQ ) f, , Mrepresenting a base netal selected from
the group consisting of magnesium (M), titanium (Ti), vanadium (V),
chromum (Cr) , nanganese (Mgl)bironft(Fe) nickel (Ni), copper (Cu), zinc
(Zn), alum num (Al), silicon (Siulgn vy LI‘IUE} zirconium (Zr), niobium
(Nb), nolybdenum (M), rutheni di um(ln) | ant hanum (La), hafnium
(Hf), tantalum (Ta), and tungsten (W u and v representing the nunber of
atons of base netal M and oxygeny (@)_heg," XI de formula, respectively, and
f, and f2 being nole fractiops_ represmé'nte by the equation f1 + (u + v)f2 =

1, the conposition pr oduced usi nﬁ E 5}5 bl endi ng a Co-M nmaster all oy
powder and a Co,,, ~ powder taor dor spondl ng (Co, ML-U)fi, -
(CouQ,,)f - fornul a
oo e
1 -E”— (" +v")f,
v
g7 - fi-d
I Lﬁ(u" +v")f,
Vv
e = 2 ¥ ,and

densifying the blended powders.

9. A single-element matrix cobalt-based granular media alloy composition formulated as
Coy, - (M, 0.)y, , M representing a base metal selected from the group consisting of magnesium
(Mg), titantum {T1), vanadium (V), chromium {Cr), manganese (Mn), iron (Fe), nickel (N1),
copper (Cu), zine (Zn), aluminum (Al), silicon (S1), yttrium (YY), zirconium (Zr), niobium (Nb),
molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La}, hafnium (Hf), tantalum (Ta),
and tungsten (W), u and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, and f7 and /7 being mole fractions represented by the equation f; + (u
+ v)f> = 1, the composition produced using the steps of:

blending a Co-M master alloy powder and a Co,- O, powder into a corresponding

(CoaM; o)y, -~ (Cou Oy)y,- formula,

wherein /7' is represented by the formula:

le:i,'fzr

v

wheren f; ts represented by the formula



wherein f2 ' is represented by the fornmula: f2 - v- fzs V whereinf ' is

represented by the formula -34 v fi'=1--(u +v')f2, and v wherein ais
represented by the fornmula v f, 1-'-~(u" +v')fz-uf, cr=v and 1 vl(u +v')f
, 1- - ,(u +v')f Vv densifying the blended powders. 10. A bin , M

representing a base netal selected fromthe group consisting of magnesi um
(My), titanium (Ti), vanadiun1(V) chroniunl(Cr) manganese (M1), iron
(Fe), nickel (N), copper %?)Bnglunlnun1(Al) silicon (Si),
yttrium(Y), zirconiun1(Zr) nlobv n1(N nmol ybdenum (Mo ), rut heni um
(Ru). indium(In), lanthanum (La), hafnium (Hf), tantalum (Ta), and
tungsten (W, u and v representing the nunber of atons of base netal M and
oxygen (0) peﬁheﬁﬁlﬂ%ﬂ%ﬁg@Hh?ﬂb&ﬂﬁﬂ%ﬁ%h%ely’ a representing an atomfractio
,f and f, representing ['e fractions expressed by the equationfl + (u +
v)f2 = 1, the conposition produced using the steps of: blending a Co, M 2

Ptl1,, b naster alloy powder and a Co,, - O pomder into a corresponding
(Con,Alb Pt1.0O Cﬁ__ 19?’Lu oY)~ f21 fbr l% |n f ~' is represented
by the fornmul a: mherelnf |s;represeﬂted %fthe formula v f'=1 (u' +v')f

"and v wherein 4" and b; are represented~b t he fornuf% -35 a
(u +v)f — '+
V

densifying the blended powders.

10. A binary matrix cobalt-based granular media alloy composition formulated as (CoaPt[_a)f‘,
- (M, Oy)y, , M representing a base metal selected from the group consisting of magnesium (Mg),
titanium (T1), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe), nickel (N1), copper
(Cu), zinc (Zn), aluminum (Al), silicon (Si), yttrium (Y), zirconium (Zr), niobium (Nb),
molybdenum (Mo). ruthenivm (Ru), indium (In), lanthanum (La), hafnium (Hf), tantalum {Ta),
and tungsten (W), u and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, @ representing an atom fraction, f; and f; representing mole fractions
expressed by the equation f; + (u + v)f> = 1, the composition produced using the steps of:

blending a Co,- M, Pt; 4, master alloy powder and a Co,,- O, powder into a
corresponding (Cog My Ptigas)y, - (Cou Oy )y, formula,

wherein />’ is represented by the formula:

f;:“i,'fz,

Vv

wherein f; " 1s represented by the formula

fl=1- il(u' + v')f2 ,and

v

wherein ¢ and b’ are represented by the formulas



b' = densifying the blended powders. V f, au r Vi -V, (u +v,)fz V;
and fz uv (u +v'). V11. Aternary matrix cobalt-based granul ar nedia
all oy conposition fornulated as f° , Mrepresenting a base netal sel ected
fromthe group consisting of (CoaCrbPtl a b)f f, (MOv ) magnesium (M),
titanium (Ti), vanadium (V), manganese (M), iron (Fe), nickel (N), copper
(Cu), zinc (Zn), alum num (Al), silicon (Si), yttrium(Y), zirconium(Zr),
ni obi um (Nb), nol ybdenum (M), ruthenium (Ru), indium (In), |anthanum (La),
hafnium Hf), tantalum (Ta), and tungsten (W, u and v representing the
nunber of atons of base netal W andu'oxygen (0) per oxide formula,
respectively, a and h repregenting_atédmfractions, fl andf representing nole
fractions expressed by the equati b'('u'fﬂv’ﬁf(a + v)f2 = 1, the conposition
produced using the steps of: blendi'ng a’Co,andrb P ~- Ma nmaster alloy powder

and a Co,,,0O,, powder into a cogvr,g{spondi ng (Co, . & ~Pt, - M) f. -
(Co,,, Ov)) f' formula, wherei 2'—is-represented by the fornula: wherein
ff ' is represented by the forqrulb(ﬁ,{,'vs)lf; v (u +v')f"and V wherein a', b',

c' and d' are represented by thevornulas -36 FV A-a-u.._ fz

densifying the blended powders.

11 A ternary matrix cobalt-based granular media alloy composition formulated as
(CouCryPtyas)y, - (MuOy)yr, . M representing a base metal selected from the group consisting of
magnesium (Mg), titanium (T1), vanadium (V), manganese (Mn), iron (Fe}, nickel (Ni), copper
{Cu), zinc (Zn), aluminum (Al), silicon (Si), yttrium (Y), zirconium (Zr), niobium (Nb),
molybdenum (Mko), ruthentum (Ru), tndium (In), tanthanum (La), hafnium (Hf), tantalum (Ta),
and tungsten (W), v and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, ¢ and b representing atom fractions, f; and f, representing mole
tractions expressed by the equation f; + (« + v)f> = |, the composition produced using the steps
of:

blending a Co, Cr,- Pt.- My master alloy powder and a Co,- O, powder into a
corresponding (Co, Crp Pt Md-)f[ - (Co, O, ')fz’ formula,

wherein />’ 1s represented by the formula:

wherein f; " is represented by the formula
" Vi, AL
f=1-='+v")f,, and

1?

wherein ¢, b’, ¢’ and d " are represented by the formulas
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Vb v , (u+v)fz vJI1-bv;, (U +v )f z vC _ A*C1l--(u +v'
d_.lzu and 1- v (u +v )f.,, V densifying the bl ended powders. 12. A
ternary matrix cobalt-based granular nedia all oy conposition fornmnul at
(Co,CrhPt j _p b)ff - (MO, )f2 , Mrepresenting a base netal selected f
group consisting of magnesium (My), titanium (Ti), vanadium (V), man
(Mn), iron (Fe), nickel (Ni), copper (Cu), zinc (Zn), alum num (Al),
silicon (Si), yttrium(Y), zirco?Lgp1&Zﬂ)aﬁniobiun1(Nb), nol ybdenum
a

ruthenium (Ru), indium(In), lan

num (L&), hafnium (Hf), tantal um (

and tungsten (W, u and v repreéent%ggﬁ;,e nunber of atons of base ne
e

and oxygen (0) per oxide formul &, g

cvaer, a and b representing

fractions, fl and fz representing nole, fractions expressed by the eq

f, + (u+v)f2 =1, the conpogition bréduged using the steps of: blen
Coa..Crb'" Ptc,.Md- master alloy,p er % daC,,, 0,- powder into a
corresponding (Cou Crb Tt,.,AIa"}?hTu VoG, ,, "0, )fz" formula, v
f h- nu". f2 ?20, v wherein f2 " is represented by the formul a:

v Ji-c

¢ o=

- l’ (u’ + v’)f2
v
d = JooH ; and
- 1,(”’ +V')f2
v
densifying the blended powders,
12. A temar}_f matrix cobalt-based granular media alloy composition formulated as

(CouCriPtyap)y, - (M.Oy)y, , M representing a base metal selected from the group consisting of
magnesium (Mg), titanium (T1), vanadium (V), manganese (Mn), iron (Fe), nickel (Ni), copper
(Cu), zinc (Zn), aluminum (Al), silicon (St), yttrium (Y), zirconium (Zr), niobium (Nb},
molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hafnium (Hf), tantalum (Ta),
and tungsten (W), u and v representing the number of atoms of base metal M and oxygen (O) per
oxide formula, respectively, a and & representing atom fractions, f; and /; representing mole
fractions expressed by the equation f; + (u + v)f2 = 1, the composition produced using the steps
of:

blending a Co,-Crp-Pt. M, master alloy powder and a Cr,» O, - powder into a

corresponding (Co, -Cry-Pte-My)y,» - (Cry Oy )r,» formula,

. 1
wherein fi-bh——-u"- f, 20,
v

wherein f;7 1s represented by the formula:

)iV

ed as
romthe
ganese

(M),
Ta),

tal A1
atom
uat i on
ding a

wher ei n



V fz =~ "1 V-37 whereinf " is represented by the formula V (u"+v")f2,
and if V whereina ", b", ¢c" and d" are represented by the fornulas a fi
a (u +v)f2 vb-vu f - .fz bV 1vn((U +V, )f2 VAc/ V
(u"+v*)12 VvV d* f2 .u;and " (u" + V')f2 V densifying the bl ended powders.
13. A quaternary matri x cobalt-based granul ar nedia all oy conposition
formulated as (Co,CrhPt,Md)ff, - (MO )f, , M representing an el enent
selected fromthe group consisting of boron (B), tantalum (Ta), niobium

(Nb), zirconi U«Fﬂeﬁe%’i f, 1 pﬁ%E%Qﬁ%”%ﬁ"'{"“‘““‘ (Ag), gold (Au), and ruthenium

(Ru), Mrepresenting a se met rent fromM and selected fromthe

gr oup
fr=1- l’,(u" +v")f,, and
vV
wherein a”, b7, ¢” and d” are represented by the formulas
a’ = /i oa
-2 ),
v
v ”
fib=S 1,
p" = L4
1—— (" +v")f,
v
¢ = fie
v " ” -
1-— (u +v )j2
v
d" = fyu - and
1- i” (u” + v")f2
v
densifying the blended powders.
13. A quaternary matrix cobalit-based granular media alloy composition formulated as

(CouCroPtM g}y, - (MuOy)y, . M representing an element selected from the group consisting of
boron (B), tantalum (Ta), niobium (Nb), zirconium (Zr), copper (Cu), silver {(Ag), gold (Au), and
ruthenium (Ru), M representing a base metal different from M~ and selected from the group
consisting of magnesium (Mg), titanium (T1), vanadium (V), manganese {Mn), iron (Fe), nickel
(N1), copper (Cu), zinc (Zn), aluminum (Al), silicon (Si), yttium (Y), zirconium (Zr), niobtum
(Nb), molybdenum (Mo), ruthenium (Ru), indium (In), lanthanum (La), hatnium (Hf), tantalum
(Ta), and tungsten (W), v and v representing the number of atoms of base metal M and oxygen

{O) per oxide formula, respectively, a and b representing atom fractions, f; and /> representing



consi sting of magnesiurn (My), titanium (Ti), vanadium (V), manganese (M),
iron (Fe), nickel (N), copper (Cu), zinc (Zn), alumnum (Al), silicon
(Si), yttrium(Y), zirconium (Zr), niobium (Nb), nolybdenum (M), ruthenium
(Ru), indium(In), lanthanum (La), hafnium (Hf), tantalum (Ta), and
tungsten (W, u and v representing the nunber of atons of base netal M and
oxygen (0) per oxide fornula, respectively, a and b representing atom

f r aBolotiactions gxrieysed bp thasemoting/-+ Gyt mih © 1f predd being reprpicatrddd thy t he

equat | fl_+ (U # v = i represented by the equationd - 1
-- ggld-a?lgnffl cf t%hebcogﬁé%sﬁo{r}pgﬁﬁ{&gc?gﬁ@gaggssllngghet%%Dssot%gps of . blending a Co,
Crb~Pt, , Metliiig resd eCr, abtl. Ay ; Paneieisted Ao Rp&0der,anf a, CHOMMH @owiat i@toda
corresponding (Co, ~Crb,Pt, Mdwe)fl - (Co,,,Ov,)f2: formula, wherein is

r epPREBRORUNG (NG Bl iiliaate B, 2(Feu Qvys fQgi%i n f1° is represented by the
formula =1- v, (u' +v'.)f.2, and v V\:hel’Fi n g‘ b', ¢', d and e' are

represent ed byTEH& formdAPssSepted RY the fgmula" ="'y " (u~ + v b2 Fi-b 1- v (u
+v') fz vc¢' _A-cv,

fz :i,'fza

v

wherein f; ' is represented by the formula
r v ¥ L3
f=1=Z(w+v')f,, and
v

whereina’, b, ¢’, d and e’ are represented by the formulas

¥

a

v
f-] .afu'.j.fz

Ifi,(“”"”)fz
v
S
1- }'F(ur'*'vi)fz
v

: fioc

C —=
1 — l’; (H’ -+ V’)fz
v

fi-d

1—1’(H’+V')f2
v
e = fyou : and

1- lr (u' + v')f2

v

d' =

densifying the blended powders.



(u +v)f2 vd =f, d1-- VP (u +v )f2 v Au; and v,(u +v'), f2
densifying the bl ended powders. -39 14, A quaternary matrix cobalt-based
granul ar nmedia alloy conposition fornulated as (CoaCrhPtcMd)f] - (MO)f
, M representing an el enent selected fromthe group consisting of boron
(B), tantalum (Ta), niobium (Nb), zirconiun1(Zr), copper (Cu), silver (Ag),

ld (Au d th Ru M b tal diff t f
I "B PRl oA SPEETR I e P o (17
{;g@@' LaPiM @ﬂy‘ggawssm Mtk sentin® An CR8lont BIEHE! frofiNhd or@RPEEIsENNE 21 ne

alumn licon (Si), yttrium(Y), zirconium (Zr), niobium

( Nthorowaby thdeﬂmm(wbh;obimh lsIBY, wrive QiU (Zir)) db;bmélr (Cw), sildeaanhbanend (4a) andraf ni um
(Hf), tantalum (Ta), and tungstené§ , uand v reﬁre enting the nunber of
?I‘@

at dﬁ*ﬁleamrrbﬁ%@ %&earcsmtw sy sl diidsrepleliroms f mdsss drom @%@PP vely, a and

br S
expcﬁyglélgggp fe equgﬁg Uﬁq&m (?-{} %}g‘)d %ﬂfﬁo%ﬁg@ééggvmzq g@r‘f’? gd by the
equaiti}, an;d:rv(fCﬂu) 71@ (an a-]urﬁmuhf(@\]ﬁ;@ﬂtl@ﬁl(ﬁl)Ojﬁtrprm)(:l‘ﬂ)t;@dc@tﬁhﬂ@[?ﬁ'ﬁﬁlcﬁvﬁ@ps of :

bl endi ng a_ Coa, er Q powder
i ntoVba: me@bﬂ%&ﬂﬂphgu@wam @qa mStuén (Inmlwth@un) &Lf) hafm(uc&(ﬁf) d@ntﬂ}yfnz

for :),ga:ndv s?c'n"{“g’éua d¥h %ersentlbé thie Simbef o‘fvgl%ﬁ%'d?gfalg)e a?]b{or 4 pyed by the

for I's represente fin=1-
n (@) per vkt Zor;mtﬂmdespectlvely, a and b representing atom fractions, ﬁ and f> representing

mole fractions expressed by the equation 77 + (u + v)f; = 1, and d being represented by the
equation d = 1 —a — b — ¢, the composition produced using the steps of:

blending a Co,Crp-Pt-M '+ M,» master alloy powder and a Cr,» O, powder into a
corresponding (Co, Cry-Pto-M p-M, ")fl »- (Cry ,,()V.,)fz,. formula,

] - v "
wherein f, -b—;—;-u - fHz20,

wherein />7 is represented by the formula:

. v
f;;’:f,'fp

v

wherein f; 7 is represented by the formula

fr=1 —i"(u" +v")f,, and
v

wherein a”, b7, ¢”, d” and e arc represented by the formulas

.40 -



V whereina ", b", ¢", d" and e " are represented by the fornmulas -40 a" -
f, "a. 1 (u"+v")f2 v if, -b- v.-u--f, h"=vI- r(u+tv')fz vc" _f, c 1" (u
+VIA vf, -d n(u" + v f2-uc'~and ~ v (u +v')JZ v densifying the

bl ended powders. -41

o fia
l—l(u"+v")j2
ﬁ'b':;;'u” /2

b =
1—%( "+w")f2
c" = ¢
l—%(u"+v")f2
dﬂ': j;‘d
l—%(u"+v")f2
e Jyu : and

1= (W V),
v

densifying the blended powders.

_4] -



