SPUTTER TARGET MATERI AL FOR | MPROVED MAGNETI C LAYER FI ELD OF THE

| NVENTI ON 100011 The present invention relates to sputter targets and,
nore particularly, to inproved sputter target materials which provide
magnetic data-storing thin films with optim zed grain size and
grain-to-grain separation when reactively sputtered in the presence of
oxygen. DESCRI PTI ON OF THE RELATED ART 100021 The process of sputtering
is widely used in a vari of . fields tao. provide thin filmmaterial
deposi ti on YPUETEREARGE FERIAL FOR IMPROVED MAGNETICI AN

surface, for exanple to coat sem conductors and/or to formfilns on
surfaces of magnetic recording nedia. In the reactive sputtering process,
a cath _igﬁggg%%§%p§§$g§xﬁis positioned in a vacuum chanber partially
fillea eactive gas atnosphere, and is exposed to an
electric field to generate a plasma. lons within this plasma collide
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m xture to forma chem cal conmpound which forns the desired filmon the

surf acgamfmtgljﬂn imﬁ@t@mﬂ;@m&a;@?w@&u i lpre¥egieaifiokyp@cor di ng nmedi a
typically conprise several thin filmlayers which are sequentially
sputtered onto a substrate by nmultiple sputter targets. As illustrated in
Fi gur eDESCRIFTIONOFTHR RELATEID ART 100 for conventional magnetic

recordi ng nedi a includes non-magnetic substrate base 101, seed | ayer
102, at |east one underlayer 104, at |east one interlayer 105, at  |east
one nuf{fWoz] Theiprogess obsputigrhngyewidehoused ioa variaty efifields toprovitleghin fdsnanaterial
stored on magnetic _data-storing |layer 106 in_discrete domains which are
nmagnet denagitiop of a presissht coptrobed Bagknggsayyiisamatomigially sgroothpsusface, foexamepletion
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plasma. lons within this plasma collide with a surface of the sputter target causing the sputter

target to ennt atoms from the sputter target surface. Material which has been sputtered off of the
target chemically reacts with the reactive species in the gas mixture to form a chemical

compound which forms the desired film on the surface of the substrate.

[0003] Conventional magnetic recording media typically comprise several thin film layers which
are sequentially sputtered onto a substrate by multiple sputter targets. As illustrated iﬁ Figure 1,
typical thin film stack 100 for conventional magnetic recording media includes non-magnetic
substrate base 101, seed layer 102, at least one underlayer 104, at least one interlayer 105, at
least one magnetic data-storing layer 106, and lubricant layer 108. Data is stored on magnetic
data-storing layer 106 in discrete domains which are magnetized to represent on or off states of

bits of data.



tantalum (Ta). Mre recently work has begun to include dielectric
materials, which effectuate the formation of "granular nedia," or
materials with a granular mcrostructure in which nano- scale magnetic
grains are encapsulated in an insulating matrix. Despite these

enhan E[ﬁiﬂﬁ']‘ gg?in BENEYER agtl({l; gﬁ‘i’:ﬁﬁ-%?gfrklh&@%ﬁﬂuﬂl %gé;k?%{t;?lorgﬁéﬁ?é!{%ﬁp bfatdrfils are

produce a -storing I Ci grain size and
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is increasingly desirable to develop materials with small grain sizes and
suf f i abemprovgidk grairsige sdoctiapadaepantia) divhidiag cleafhurg(Erbosn(BY and
magnetically influenced by neighboring grains in the medium In

parti cahtalum (Ta)i Modesiceathy wotlkohgsbegu® iaclagedictctricangetialspwivich affesthate h
can be reactively sputtered to forma granular nmediumw th optim zed

gr ai n the fematidn gf dgrantler media,| or sepparad Wih a gBliVMARY cOBtrii¢iErel iNVERGH @o-
100061 The present invention solves the foregoing problenms by providing a
sput t escateamagnetic grainsrara bndapeulated it anmisyladng matix. Jdespite these trtranpanoléndsn wi t h
optim zed grain size and grain-to-grain separation characteristics.

[ 0007 1howeesst.dlopyentiongrisatemgs beve hags upplde enprodyseendatestongg shisgimewith t ar get
conposed of a ferromagnetic alloy having a base netal. The sputter

t ar get syificreptly prapll esipizeandsuibaiently lregegraindaeraig separat o keen updtibthef

| ess than,0.266 nm and ‘ap.oxidation potential greater than that of the
base mEYH[MCrgast angh At gL EOMREEal of the ferromagnetic alloy of the

sputter target is iron (Fe), Co, or any other ferromagnetic metal. In
Fur t e OB J5 by e SR i it o ddfosc iy BTRGIR ot nkt,
of Ta SR B LAk BRIOT PRRHLE it L ki HefedRl shRitRAR o
mat er i glraihfRolghn SHARRIhGube ARl ScAYrAR N MPmagnetically influenced by neighboring
grains in the medium. In particular, it is desirable to provide a sputter target material which can
be reactively sputtered to form a granular medium with optimized grain size and grain-to-grain

separation.

SUMMARY OF THE INVENTION

[0006] The present invention solves the foregoing pfoblems by providing a sputter target
material for reactively sputtering a granular medium with optimized grain size and grain-to-grain

separation characteristics.

[0007] According to one aspect, the present invention is a sputter target composed of a
ferromagnetic alloy having a base metal. The sputter target is further composed of X, a metal
having an atomic diameter of less than 0.266 nm and an oxidation potential greater than that of

the base metal.



to act as an insulating and anti-nmagnetic barrier to grain-on-grain
interactions, the features of the present invention include that Xl is
nore qui ckly diffused to grain boundaries during sputtering and is nore
easily oxidized than other matrix materials. These features are further
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-2.3 eV (Pm. [00111 X1 is selected fromthe list of Al, Ba, Be, Ca, Cd,

Ce, Cand G felymagietic BlloysGa furflkr chihpoddd.of TKorPa, Li, My, M, Na, Nb, Nd,
Pm Pr, Rb, Sc, Sm Sr, Ta, Th, Te, Th, Ti, V, Y, Zn, and Zr.
Additionally, the sputter target material is conposed of nore than O
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to a second aspect, the present invention is a nmethod for manufacturing a
magnettp ectrasgonuiutegingadd anti-nRgecthehdoer to grdindegraingnistastony, thedaattios of the
sputtering in the presence of oxygen a_ sputter target conposed of a
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dat a-st\zri ng thin 3 filmlayer is conposed of a ferromagnetic al l-oy

havi ng®& base netal, and an oxide of X3, a metal having an atomic
di anmeter of |less than 0.266 nm and an oxidation potential greater than
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To its a v_ani age, the present i1nvention provides a granular mediumw th
an i nspbfhtifdbf-2.7 ¢V (Mg) is greater than that of -2.3 eV (Pm).

[0011] X, is selected from the list of Al, Ba, Be, Ca, Cd, Ce, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho,
K, La, Li, Mg, Mn, Na, Nb, Nd, Pm, Pr, Rb, Sc, Sm, Sr, Ta, Tb, Te, Th, Ti, V, Y, Zn, and Zr.
Additionally, the sputter target material is composed of more than ¢ atomic percent and less than

fifteen atomic percent X;.

[0012] According to a second aspect, the present invention is a method for manufacturing a
magnetic recording medium. The method includes the step of reactively sputtering m the
presence of oxygen a sputter target composed of a ferromagnetic alloy having a base metal, and
X5, a metal having an atomic diameter of less than (.266 nm and an oxidation potential greater

than that of the base metal.

[0013] According to a third aspect, the present invention is a magnetic recording medium having

a substrate and a data-storing thin film layer formed over the substrate. The data-storing thin



and anti-magnetic barrier to grain-on-grain interactions- If is another
feature and advantage of the present invention to provide a magnetic
recording mediumw th an inproved signal-to-noise ratio. [00161 In the
foll owi ng description of the preferred enbodi nent, reference is nade to
the  #5608RAMdRAGHERNE DafrohghetfcOliByhaPRista UaBE R, and e dxieWTiNGNa inStal
shown by way of illustration a specific enbodinent in which the

I nventheng &R Ytoafic Blaatdtiéraf tess tHani062660n1h @nd afl ek dheatpdtbiatial @fdaek than that of
enbodi ments nmay be utilized and changes nmay be nade w t hout departing
from thebseapealof the present invention. BRI EF DESCRI PTI ON OF THE

DRAW NGS Referring now to the drawings in which |ike reference nunbers
represent corresponding parts throughout: Figure 1 depicts a typical
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depicts a sputter target according to one enbodi nent of the present
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views of the reactive sputtering of a sputter target to forma nagnetic
recordi ng medi um accordi ng to one enbodi nent of the present invention; 4
Fi gur el0815lsTe ity pdxaatage the Ryssent inygntipn prvides aLrylaraaedg ayith aynssleingng a
Sputter target according to one enpodi nent . the present invention; and
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sputteraltoarget mat eri al which can be reactively sputtered to form
magnetfé tdata-storing thin filns having granular nmedia with optim zed
grain size and inproved grain-to-grain separation. [0018] Figure 2
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i nvention.
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

Referring now to the drawings in which like reference numbers represent corresponding

parts throughout:
Figure 1 depicts a typical thin film stack for conventional magnetic recording media;
Figure 2 depicts a sputter target according to one embodiment of the present invention;

Figures 3A, 3B and 3C depict both macroscopic and microscopic views of the reactive
sputtering of a sputter target to form a magnetic recording medium according to one embodiment

of the present invention;



Sputter target 200 is conposed of a ferromagnetic alloy having a base
nmetal, and X1, a netal having an atomc dianmeter of less than 0.266 rim
and an oxidation potential greater than that of the base netal. [00191
The base netal of the ferromagnetic alloy of the sputter target is Fe,

Co, or any 5k QRO , e netal
s Co, andF%lF@tggrd;gnagnetl?Hlﬁgoy |sCes F}rft %m%l %gggggofspﬁrtgﬁt%g&
Pt Cr. abddrding BFSEnBJRRBRBTMe prefiait Hﬁ%ﬁu&ﬁtaﬁh Is Fe, and the _
ferromagnetic alloys is further conposed of Ta or Pt. [0020] It is a

function of the oxide material in the magnetic recording nediumto act as
an i nsul atFigige 8depienta thirefiineitack Wik ah enhdnted fraphetiRitagi-&oting Riar Re61JARS -
As such, the features of the present invention include that X1 is nore
qui ckltyoda:érhh&hnhehmfghapmsmmaﬁdms during sputtering and is nore
easi|ly oxidized than other matrix materials. In this regard, the netals
of Table 1 are to be consi dered as pr| mary candi dates for oxides in

ef f ectREE Bd| 1 @doN features are further

ef f ect uat ed when XL is sel ected fromthe nmetal s of Table 1 conbining the
greatest oxidation potential (< -1.0 e and | owest atom c dianeter (<

0. 18 ni¥P17lsTheamesent inypntignsis 8p Fﬂl@dlcﬁfirsl@ htassat netenish whish qapbeseactvely

El enent Oxi dati gn Atom ¢ loni ¢ Pot er;nztl ' Radi usRadi ust _ Li-3.04011.520. 76
Cs- 3. OSmaHtersd fo fprmppagnetig datagtorme thinfilons having erapplasnedia with optimized grain

size and improved grain-to-grain separation.

[0018] Figure 2 depicts a sputter target according to one embodiment of the present invention.
Sputter target 200 is composed of a ferromagnetic alloy having a base metal, and X;, 2 metal

having an atomic diameter of less than 0.266 nm and an oxidation potential greater than that of

the base metal.

[0019] The base metal of the ferromagnetic alloy of the sputter target is Fe, Co, or any other
ferromagnetic metal. In one arrangement, the base metal is Co, and the ferromagnetic alloy is
further composed of Ta, Pt, or PtCr. In a second arrangement, the base metal is Fe, and the

ferromagnetic alloys is further composed of Ta or Pt.

[0020] It is a function of the oxide material in the magnetic recording medium to act as an
insulating and anti-magnetic barrier to grain-on-grain interactions. As such, the feafures of the
present invention include that X, is more quickly diffused to grain boundaries during sputtering
and is more easily oxidized than other matrix materials. In this regard, the metals of Table 1 are
to be considered as pnmary candidates for oxides in effective granular magnetic media. These
features are further effectuated when X is selected from the metals of Table 1 combining the

greatest oxidation potential (< -1.0 V) and lowest atomic diameter (< 0.18 nm).



Sr- 2.
La- 2.
Er-2
Pm 2.
Sc- 2.
Al -1.
Wh- 1.

8992. 151. 18 Ca- 2. 8681.981. 00 Na-2. 711.861. 02 My-2.71.610. 72 ..
3791. 881. 03 Y-2.3721. 800.90 Pr-2.3531. 830.99 Ce-2.3361. 721. 02

. 3311. 760. 89 Ho-2.331.770.90 Nd-2.3231.820.98 Sm 2. 3041. 800. 96

31.810.97 Dy-2.2951.770.91 Th-2.281. 780.92 Cd-2.2791. 800. 94

0771.640. 75 Eu-1.9912. 040. 95 91. 790. 94 Be-1.8471. 140. 27
6621. 430. 54 Tiz

- . 600. 72
1851. 120. 67 V- 1. 13étaB48rt&F by Greatest Oxidation Potential
Oxidation Atfomic Tonic
Element PotentiallL  Radius’ Radius'
Li -3.0401 1.52 0.76
Cs -3.026 2.65 1.67
Rb -2.98 2.48 1.52 .
K -2.931 2.31 1.38
Ba -2.912 2.22 1.35
Sr -2.899 2.15 1.18
Ca -2.8608 1.98 1.00
Na -2.71 1.86 1.02
Mg -2.7 1.61 0.72
La -2.379 1.88 1.03
Y -2.372 1.80 0.90
Pr -2.353 1.83 0.99
Ce -2.336 1.72 1.02
Er -2.331 1.76 0.89
Ho -2.33 1.77 0.90
Nd -2.323 1.82 0.98
Sm -2.304 1.80 0.96
Pm 2.3 1.81 0.97
Dy -2.295 1.77 0.91
Tb -2.28 1.78 0.92
Gd -2.279 1.80 0.94 -
Sc -2.077 1.64 0.75
Eu -1.991 2.04 0.95
Th -1.899 1.79 0.94
Be -1.847 1.14 0.27
Al -1.662 1.43 0.54
T -1.63 1.46 0.61
Hf -1.55 1.59 0.71
Zr -1.45 1.60 0.72
Mn -1.185 1.12 0.67
A% -1.175 1.34 0.54
Te -1.143 1.60 0.56-0.97
Nb -1.099 1.46 0.64
Zn -0.7618 1.39 0.74
Cr -0.744 1.25 0.55
Ta 0.6 1.46 0.64
Ga -0.539 1.35 0.62
Cd -0.403 1.51 0.95
*1in eV
1 in Angstroms



Te-1.1431. 600. 56-0. 97 Nb-1.0991. 460. 64 Zn-0.76181. 390. 74 Cr-0.7441. 250. 55
Ta-0.61. 460. 64 Ga-0.5391. 350. 62 Cd-0.4031.510.95 * in eV in Angstrons -6
[ 00211 Additionally, the sputter target material is conposed of nore than
O atom c percent and less than fifteen atom c percent X1. 100221 Fi gures
3A, 3B and 3C depict the reactive sputtering of a sputter target to form

a nmagoeiijcadReaiatlyhe Bplicd farad Geutetal & dothRel M6 tHRND akinit bercBiesant

i nvention. [00231 In nore detail, Figure 3A depicts a macroscopic view of
sput t elesstharcfifiednentorBitterdent Khe sputtering process, sputter target 200 is
positioned in sputtering chanber 310, which is partially filled with
both an inert -gas and oxygen. Sputter target 200 is exposed to an

el ect r {0822} Bigdres 3A, 3R @nd 8 Ctdepicy the regsbive emitteting efie spitter pdrgetria f@h6a | ons

w thin plasma 316 collide with a surface of sputter target 200 causing
mol ecumegnetic repor@ing meding penerding tosancfeathodipnens plitheqresent gaentz@o0. Some  of
the material which has been ejected off of sputter target 200 chem cally
reacts with oxygen in_ plasm 316 to form oxide nolecules. A difference

i n vol {4833l Bengesaletally igues 34 depists axnerreseapicyigys of spudtenng champhea 319.hin the

emtted nolecules to formthg esired thin film 314 on #ﬁ}eﬁ/v&grface of

subst r SPEIeTRE PropERPBUET gt 24Bishopitoped 1p W@?‘H&éﬂ‘@’% chyls pestiatly

target 200 dur,i t he above- descri he ut Lng process. . Af.t
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ﬁ;v}c ﬁé rcgﬁ?egtﬁg tgﬁscsp%!:ileg o g?é%éra?enﬁas%a ffﬂi %8%{5! \%isthi%zp asmid 316 (:n:))lii?oxleI Wit gl?rtf'c?cle of
sputter target 200 causing molecules to be emitted from the surface of sputter target 200. Some
of the material which has been ejected off of sputter target 200 chemically reacts with oxygen in
plasma 316 to form oxide molecules. A difference in voitage between sputter target 200 and

substrate 312 causes the emitted molecules to form the desired thin film 314 on the surface of

substrate 312.

{0024} Figure 3B depicts a microscopic view of sputter target 200 during the above-described
sputtering process. At the molecular level, sputter target 200 is seen to be composed of
molecules of ferromagnetic’ alloy 323 and X; molecules 324, where X, is a metal having an
atomic diameter of less than 0.266 nm and an oxidation potentiai greater than that of the base
metal. Surface 322 of sputter target 200 is bombarded by energetic ions 325 of the sputtering gas
species of the plasma, such that molecules from sputter target 200 are ejected from surface 322.
X, molecules 324 which are gjected react with oxygen molecules 326 in the plasma to form
oxide groups 328, which, together with ejected ferromagnetic alloy molecules 327, are notin a
state of thermodynamic equilibrium. Accordingly, these molecules will tend to condense back

into the solid phase upon colliding with any surface in the sputtering chamber.

[0025) Figure 3C depicts a microscopic view of substrate 312. Surface 332 of substrate 312 is

coated with the ejected molecules from sputter target 200, which have condensed to form
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atom c dianeter of |less than 0.266 nm and an oxi dati on potential greater
than that of the base netal. Surface 322 of sputter target 200 is
bonbar ded by energetic ions 325 of the sputtering gas species of the

pl asma, such that nolecules fromsputter target 200 are ejected from
surface 322. X2 nol ecul es 324 which are ejected react with oxygen
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with ejected ferromagnetic alloy nol ecul es 327, are not in a state of
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condense back into the solid phase upon colliding with any surface in
t he spetrdrignetic masmial thet@O2miprévige) tie stEnatlaphoiks raiorvf ticomageiic ratdoslingf
substrate 312. Surface 332 of substrate 312 is coated with the ejected
nol ecwheBurfir om sputter target 200, which have condensed to form?7

di screte grains 334 of ferromagnetic material and matrix 336 of. oxi de
groups. Matrix 336 of oxide groups acts as an insulating and

ant i - @2t s tbhe nndarstoed that Biguresiddn $Bband e aregrad idrawis4cale, and are merely
ferromagnetic material, thereby inproving the signal-to-noise ratio of
t he mesimplified sepreserdatings oﬁﬁmfaafureﬁggﬂw@prwm igvewidge under st ood t hat
Figures 3A, 3B, and 3C are not drawn to scale, and are nerely sinplified
representations of the fea of the Pres nt invention. [00271 In

t
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begins. In step 420, a sputter target is provided, and is disposed
i id t i h I t t . .of..
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contai ned, and in which Both sputter targets and substrates can be
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i nside of the sputtering chanber. The substrate is positioned so as to
accunulchtmber it Bivacdui ¢hathbier gwhith agpactive plasghaean be sontainsd, 3ihé fn Whidh both

sputter targets and substrates can be disposed.

[0029] In step 430, a substrate is provided, and is disposed inside of the sputtering chamber. The
substrate is positioned so as to accumulate a thin film during the sputtering process. In step 440,
the gaseous atmosphere, comprising both a non-reactive gas species and oxygen, 1s introduced

into the sputtering chamber to form a partial vacuum.

[0030] In step 450, the gas species in the sputtering chamber are excited to create a plasma. The
gas species are excited by applying a voltage difference between the substrate and the sputter
target. In step 460, the matenal of the sputter target 1s deposited as a granular medium onto the
substrate. This deposition is the result of the sputter target being bombarded by energetic ions of
the sputtering gas species in the plasma, such that molecules from the sputter target are ejected

from its surface. Molecules of X; which are ejected react with the oxygen molecules in the



t he gaseous atnosphere, conprising both a non-reactive gas species and
oxygen, is introduced into the sputtering chanber to forma parti al
vacuum [00301 In step 450, the gas species in the sputtering chanber are
excited to create a plasma. The gas species are excited by applying a
voltage difference between the substrate and the sputter target. In step
460, ?[h@mm eirirPdxi@d glohifs. SRethitBdse LRI oS 268 BRSjEREH AS]eBulgs an@kar nmedi um
onto the substrate. This deposition is the result of the sputter target
bei ng fhesthamdte allyy, arend @b h Staissfih@odifenis Rttty afd s 1S pesifas ténd thhe

pl asma, such that nolecules fromthe sputter target are ejected fromits
sur f acenddubt bkl in® théir ¥didyhasth uperecadiidiog sathrapgctrfude i thexgputtesigechamber.

nol ecules in the 8 plasma to form oxi de groups. Both these oxide groups
and t Féhespbsttaby bemgsucH @ surfdce therefdre accommgates 4 thim il pf therdesinest matenal st at e
of thernpdynam c equilibrium and will therefore tend to condense back

i nto tdveing thepsputiepheprocesson step Hi/Qlithgpiaiceds termnales:-f ace in the sputtering
chanmber. The substrate, being such a surface, therefore accunul ates a
thin filmof the desired material . dyring the sputtering process. In step
470, th983Y HignseS deppts adhiachiom gackon vhieh the mepgpely; datastonng layer hashesr ack i n
whi ch t he. netic data-storing.layer has been reactive]y spujtered in
the pricaghe Wtsrfgig%ﬂwwe%ngep&%)ée@ By gapulies st cqmpesedPfan rahrnssd
conposi tion.accordi.ng to one, en od% t of the present invention. [00321
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substrate base 501, seed | ayer 502, at |east one underlayer 504, at
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ot 9] ) S5y e A0 LR S gBOE  Rpere,
recor dispg seé’ﬂaﬂgﬁ‘ﬁé}?? 1kast 6f y&'508 ﬁtQE:Iasﬁgl‘?%iﬁ?éﬂa?gZédg?M%Isf&mg thin §im

f erromagneti c aving a base” netal, n ox is

a net a!laﬁ@?@é}@n@lhb@fc@ﬁfilﬁ%éi”%@fmé d9th-st@ig thitalinP1a g6 08BnaRskndfc re@¥idiat | on
potential greater than that of the base netal. In an alternate

ar.r angei@iim S00 g @inpdsed O fefioRthghBiil Aoy >BO fefarh edldpBiinddBase metal,
under | ayer 504, interlayer 505 and/or |ubricant ayer 508. [00331
Consi deant g okidatof ¥, whera Xalinameatal hating e amamid diamdtarafdtssitimnt 266 aed he
recordi ng nmedi um

oxidation potential greater than that of the base metal. In an alternate arrangement, magnetic

recording medium 500 omits seed layer 502, underlayer 504, interlayer 505 and/or lubricant

layer 508.

[0033) Considering that it is a function of the oxide material in tl;ae magnetic recording medium
to act as an insulating and anti-magnetic barrier to grain-on-grain interactions, features of the
present invention include that X; is more quickly diffused to grain boundaries during sputtering
and is more easily oxidized than other matrix materials. In this regard, the metals of Table 2 are
to be considered as primary candidates for oxides in effective granular magnetic media. These
features are further effectuated when X3 1s selected from the metals combiming the lowest atomic

diameter (< 0.18 nm) and greatest oxidation potential (< -1.0 eV).



to act as an insulating and anti-magnetic barrier to grain-on-grain
interactions, features of the present invention include that X3 is nore

and is nore
matrix materials. In this regard, the netals

to be considered asTpBiBRry candi dates for oxides in

ef fectuated when X3 is seylels

S sprted nest ddemicRadivghi ni ng t he | owest
atomc dianeter (< 0.18 nn) g rgate

B {0 Xi dat i rHcpotentlal (< -1.0
eV). 9 TABLE 2 Metals sorted (}_ mic Radj us El enment Oxi dati on
Atomic lonic Potent 2P| uj%&&‘ﬁx hgﬁ,ﬂsm W7 Be-1.8471.140. 27
Cr-0.7441. 250.55 V- Ma&751. 340-h385a- 0. 5B92. 350. 62.6Zh- 0. 76181. 390. 74

Ti-1.631. 460. 61 Nb- 180991. 460.5447Ta- 0. 61.1460. 64 @h0. 4031. 510. 95
Li - 3. 04011. 520. 76 Hfegl. 551. 5900 744 Zr - 1. $54. 600. 72 55

qui ckly diffused to grain boundaries during sputtering
easily oxidized than other
of Table 2 are

'_'U

v -1.175 1.34 0.54
Ga -0.539 1.35 0.62
Zn -0.7618 1.39 0.74
Ti -1.63 1.46 0.61
Nb -1.099 1.46 0.64
Ta -0.6 1.46 0.64
Cd -0.403 1.51 0.95
Li -3.0401 1.52 0.76
Hf -1.55 1.59 0.71
ir -1.45 1.60 0.72
Te -1.143 1.60 0.56-0.97
Mg -2.7 1.61 0.72
Sc -2.077 1.64 0.75
Ce -2.336 1.72 1.02
Er -2.331 1.76 0.89
Ho -2.33 1.77 0.90
Dy 2295 1.77 0.91
Tb -2.28 1.78 0.92
Th -1.899 1.79 -0:94
Sm -2.304 1.80 0.96
Gd -2.279 1.80 0.94
Pm -23 1.81 0.97
Nd -2.323 1.82 0.98
Pr -2.353 1.83 0.99
Na 2.1 1.86 1.02
La -2.379 1.88 1.03
Ca -2.868 1.98 1.00
Eu -1.991 2.04 0.95
Sr -2.899 2.15 1.18
Ba -2.912 222 1.35
K -2.931 2.31 1.38
Rb -2.98 2.48 1.52
Cs -3.026 2.65 1.67
*ineV

t in Angstroms
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Te-1.1431. 600. 56-0.97 My-2.71.610.72 Sc-2.0771.640.75 Ce-2.3361.721. 02
Er-2.3311. 760. 89 Ho-2.331.770.90 Dy-2.2951. 770.91 Th-2.281. 780. 92
Th-1.8991. 790. 94 Sm 2. 3041. 800. 96 Gd-2.2791. 800. 94 Pm 2. 31. 810. 97

Nd- 2. 3231. 820. 98 Pr-2. 3531. 830. 99 Na-2.711.861. 02 La-2.3791. 881.03
Ca-2.8681. 981. 00 Eu-1.9912. 040. 95 Sr-2.8992. 151. 18 Ba-2.9122. 221. 35

K-2. 9%84]313;&&%%115}& a'negfﬁggn%ﬁé- r&grdg?g' %e@i%ﬁ‘?is@gﬁnpgged*ofin%r@\dﬁnd :ﬁo@iﬂgﬁéréé?ﬁm

-10
and less than fifteen atomic percent Xs.
[0035} The invention has been described with particular illustrative embodiments. It is to be
understood that the invention is not limited to the above-described embodiments and that various
changes and modifications may be made by those of ordinary skill in the art without departing

from the spirit and scope of the invention.

-11 -



100341 Additionally, the magnetic recording nediumis conposed of nore
than 0 atom c percent and less than fifteen atom c percent X3. [0035]
The invention has been described with particular illustrative
enbodi ments. It is to be wunderstood that the invention is not limted to
t he abg ybodi nents and that various changes and
modi f ReabToRs TRy - Be-Fade by those of ordinary skill in the art w thout
departing fromthe spirit and scope of the invention. WHAT IS CLAI MED
IS: 1. A sp UttePf%ﬁ& nﬁ%gaﬂﬁ]%ﬁ a ferromagnetic alloy, the

y C

ferromagnetic a Isin Base metal ; and X1, wherein X1 is a

metal having an a%{?ﬁﬂﬁgﬂh@'ﬂﬁ&f&h fen{)ﬁﬁﬁnétﬂadi\og cg%ngﬁg%ms@ﬁetap)&heat 1on

potential greater thanthat e base 2. A sputter target
according to O afMyhereMR[ Rian&al KhvildSsh ABhRY dlhl%et@Pef 1333 tharP 00646 R dndlaget
according to Claim?2, wherein said ferromagnetic alloy further conprises
Ta. 4ox&laﬁ@ﬂbbﬁﬁtlilég&élﬁértﬁaﬁpmﬁmﬂiﬂebﬁeﬂlmlm 2, wherein said ferromagnetic
alloy further conprises Pt. 5. A sputter target according to Caim4,
wherein said ferromagnetic alloy further conprises Cr. 6. A sputter
target accd.di ngA sputfer sdrgethccorimpes Tlami | viirsedn pxt bhseirmetblas Cb. A sputter
target according to Claim6, wherein said ferromagnetic alloy further
conprises Ta. 8. A sputter target according to Claim®6, wherein said
ferromagnetd.c al Asputtartargetraccordmgrtd $3emrE, wigrein said ferr@nagnatigelloyafuctberdi ng
to Caiml, wherein X1 is a netal selected fromthe group consisting of
Al , aCO!E?iﬂseﬁﬂa Cd, Ce, O, Cs, Dy, Er, EBu, G, &d, H, Ho, K La, Li,
My, Mh, Na, Nb, Nd Pm Pr Rb Sc, Sm Sr, Ta, Th, Te, Th, Ti, V, Y,
Zn, and Zr. '

4, A sputter target according to Claim 2, wherein said ferromagnetic alloy further
comprises Pt.
5. A sputter target according to Claim 4, wherein said ferromagnetic alloy further

comprises Cr.
6. A sputter target according to Claim 1, wherein said base metal is Fe.

7. A sputter target according to Claim 6, wherein said ferromagnetic alloy further

comprises Ta.

8. A sputter target according to Claim 6, wherein said ferromagnetic alloy further
comprises Pt. '
S. A sputter target according to Claim 1, wherein X, is a metal selected from the

group consisting of Al, Ba, Be, Ca, Cd, Ce, Cr, Cs, Dy, Er, By, Ga, Gd, Hf, Ho, K, La, Li, Mg,
Mn, Na, Nb, Nd, Pm, Pr, Rb, Sc, Sm, Sr, Ta, Tb, Te, Th, Ti, V, Y, Zn, and Zr.

10. A sputter target according to Claim 1, wherein X, has an atomic radius of less

than 0.18 nm.

-12 -



10. A sputter target according to Caim1l, wherein Xt has an atomc
radius of less than 0.18 nm -12 11. A sputter target according to Claim
1, wherein the sputter target conprises nore than 0 atom c percent and
less than 15 atomi c percent X1. 12. A method for manufacturing a magneti C

recordi ng dium conprisin e st eact utterin utter
targer 15 BRC ot sepRanarest e e GRipLheamdhe frten o Comaisd aier 1o
conpri,se f aferr net | o the f rorragnetlc all oy conprising a
base h@f’gﬁorﬁ’r‘f@eﬁnp%ﬁ‘hm}(gg Pté’}/rg %ﬂt%{t‘avi ng an atonic di aneter of

| ess than 0.266 nm and an oxidation potential greater than that of the

base metal 1513 AAnIRIASH Gal REALALL I EHI T ORI Ok e

conpri si ng: -storin orne over e su
wher eijp. sai d data storing thin fllntlayer is conprised of a
ferronagnetlc alloy, the ferromagnetic alloy conprising a base netal; and

an oxide of X3, rufgualRpferie AspiRbAlurddpit] i ABsH AN HHIRSS | ess

than 0.266 run and an oxidation potential greater than t the base

et al .wHdlein fheBditel thaetRIBhipdiséPoll ai m 13, wherein said base netal is Co.
15. A nedi umclaaécordl ng to Claim14, wherein said ferromagnetic all oy

further conpri seRmdmagddlic onembwéﬁcaﬁa:g%m amo)t@bn@rmxig d¥ase Wiedleard sai d
ferromagnetic alloy further conprises Pt. A medi um according to

d ai m 16, wher eiXy,, sdietkih &, iOnaEE having bh amnﬁudtahfctemﬁmaﬁ {ima$.266.nnl 8nd h
medi um according to Caim 13, wherein said base netal is Fe.
oxidation potential greater than that of the base metal.
13. A magnetic recording medium sputtered on a substrate, comprising:
a data-storing thin film layer formed over the substrate, wherein said data-storing
thin film layer is comprised of:
a ferromagnetic alloy, the ferromagnetic alloy comprising a base metal; and
an oxide of X3, wherein X, is a metal having an atomic diameter of less than

0.266 nm and an oxidation potential greater than that of the base metal.
14. A medium according to Claim 13, wherein said base metal is Co.

15. A medium according to Claim 14, wherein said ferromagnetic alloy further

comprises Ta.

16. A medium according to Claim 14, wherein said ferromagnetic alloy further
comprises Pt.
17. A medium according to Claim 16, wherein said ferromagnetic alloy further

comprises Cr.

18. A medium according to Claim 13, wherein said base metal is Fe.

-13 -



-13 19. A nedium according to Caim18, wherein said ferromagnetic all oy
further conprises Pt. 20. A nedium according to Caim 18, wherein said
ferromagnetic alloy further conprises Ta. 21. A medium according to
Claim13, wherein X3 is selected fromthe group consisting of Ba, Be,

Ca, Cd, Ce, Cr, .Cs,.Dy, FEr,.. Eu, . , Hf .. Ho, K La, Li, . Na,
N, N, PO AN ackfplingto C%,m %,wheée,m?w,d feiromgneg AR 25 A
medi um accorgjng to Caim 13, wherein X3 has an atom ¢ radi us of |ess
than G§°HBU§H 23, A medium according to O aim 13, wherein the medium
conprises nore than O atom c percent and | ess than 15 atom c percent X3

- 14 20. A medium according to Claim 18, wherein said ferromagnetic alloy further

comprises Ta.

21. A medium according to Claim 13, wherein X3 is selected from the group
consisting of Ba, Be, Ca, Cd, Ce, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho, K, La, Li, Mg, Mn, Na,
Nb, Nd, Pm, Pr, Rb, S¢, Sm, Sr, Ta, Tb, Te, Th, T1, V, Zn, and Zr.

22. A medium according to Claim 13, wherein X; has an atomic radius of less than

0.18 nm.

23. A medium according to Claim 13, wherein the medium comprises more than Q

atomic percent and less than 15 atomic percent X;
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