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 nmaterials which provide nagnetic
data-storing thin films with optimzed 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
variety of fields to provide thin filmmterial deposition of a precisely
control l ed thickness with an 1r 1 cal 'f"»"- surface, for exanple to coat
seni conduct RRUERERTARGET MATERIAL HOR IMEROVED MAGNETIC 1A j

In the reactive sputtering process, a cathodic sputter target is positioned
in a vacuum chanber partially filled with a chemcally reactive gas
atmsptﬁﬁi&m}i to an electric field to generate a plasma. |ons
W t hin ' ith a surface of the sputter target causing the
sputter target to emt atons fromthe sputter target surface. Mteri al
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magnetic recordi ng nedi a i ncl udes non-magnetic substrate base 101, seed

| ayer 1%3 ARt04, at least one interlayer 105, at
| east ow—m%r 106, and | ubricant layer 108. Data is

stored on magnetic data-storing |layer 106 in discrete domains whieh are
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little cross-tal k 'and a high signal-to- noise rati'o (SNR). Vari ous terials

have beggatieinidondictas an@et id 168 filthsORRaHhccs GPMalA&RIedbldMSmedia. In the

reactive sputtering process, a cathodic sputter target is positioned in a vacuum chamber partially
filled with a chemically reactive gas atmosphere, and is exposed to an electric field to generate a
plasma. Ions within this plasma collide with a surface of the sputter target causing the sputter
target o emit atoms from the sputter target surface. Material which has been sputtered off of the
target chemically reacts with the reactive species in the gas mixn}re to form a chemical

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

10003} 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.



to inprove this grain size reduction and separation, including chromum
(Cr), boron (B) and tantalum (Ta). More recently work has begun to include
dielectric materials, which effectuate the formation of "granular nedia,"
or materials with a granular mcrostructure in which nano- scal e magnetic
grains are encapsulated in an insulating matri x. Despite these enhancenents,
however, conventional materials have been unable to produce a data-storing
thin fil m [P Grainsefinericntand graiorerfaingricrpstrugiralsepatation of rhagoétismakeyials are ge
grain-to-grai.n separation.,to keep up. with th ever jncreasi ng demands of
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desirable to develop materials with small grain sizes and suffici‘ent
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i nfluenced by neighboring grains in the nedium_In particular, it is
desirabl e tatalmdflg Moze reesnthf work hagbgmn toigeludediglectps matenals,wWhigheffpctuter | vel y
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material for reactively sputtering a granular nmediumw th optim zed grain
si ze and grhaiveret, gonyentipnal materialy ave bpan unable fraredupest datasstoring Gdvfilmasithor di ng to one
aspect, the res nt _inventio itz,a utter. target copr%)ots d of a%?
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conposed Of eyflincr@sifFdeflandsdadt\@orglfe. at omi ¢ radi us of |ess than-0.266 nm and
an oxidation potential greater than that of the base netal. -a [0008] The
base netal of the ferromagnetic alloy of the sputter target is iron (Fe),
Co, or any [08%5hés theasfinenengplanaspetisdhinfilm mediagprrosshesabrjisnitsiof magngtic dippdee netal is
Co, and the_f.err j . S, f h d i num (Pt),
or Prer. 1 moaontie ST ARE B o itk i RS Bhes it st

grain-to-grain separation such that each grain is not magnetically influenced by neighboring

grains in the medium. 1In 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.
UMMARY 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 radius of less than 0.266 nm and an oxidation potential greater than that

of the base metal.



and the ferromagnetic alloys is further conposed of Ta or Pt. [0009]
Considering that it is a function of the oxide material in the nmagnetic
recording medium to act as an insulating and anti-nagnetic barrier to
grain-on-grain interactions, the features of the present invention include
that Xt is nore quickly diffused to grain boundaries during sputtering and
is nore easily oxidized than other matrix materials. These features are
further eflﬁ@éfﬂﬁtbéﬁm%eﬁhﬂmﬁﬁmw@Pbﬁﬁ‘hﬂipa‘éﬁfmgebﬁiﬂoe@)-tqt?awaﬂy 18 nm and

an oxidatign ntial gneater than -1.0. V. 0 It.is to be upderstood
that the arueryrapEm R sepiPpsrh g eatmd LR mgie BrvBieisalion:  ar -

i ndi cates i@fuﬁﬁér@orﬂ@ﬁ&idm, pHRGE EPt), FEREH R S&Bnd\énaﬁ%?nchﬂﬁlteﬂﬁk@ﬁ]etam pexi dation
potential of -2.7 (My) i's greater than that of -2.3 V (Pm. [0011] Xt is
sel ect ed fandthetftrmniagetic alfoys furtbar coBppse@af TaGPt.Ce, Cr, Cs, Dy, Er, Eu, Ga,
&d, Hf Ho, K, La, Li, My, M, Na, Nb, Nd,, Pm Pr, Rb, Sc, Sm Sr, Ta, Th,
Te, Th, Ti Y, .Zn, and .Zr Addi.tionally, .the sputter target material is
conposed o‘m&/%lc@"st‘cﬁ&‘lg'gatdttlﬁﬁf“(‘,“’tf?é‘r"éé'ﬁf”“ ‘HBXIF’@ig”}P $ENEYG TPGORUNE MEdHIM ¢ per cent
X1 100121, 46Ok HHnARuihg ot HEGASE BRAG o hAOnREFRRIacl jeflied 7Rt MEL hOd
for manuf at:turi ng a ghetic ?‘gcélorgﬁngoﬁé@i G%E %hﬁéﬁégt tle%(i:}le% é@ethe step
of reacti vplegensiprenti@rindhgleittint X2 mopy quioklyaléffundd 10 xpaiheboumdafigsduting sphierig gt

conmposed of a ferronmagnetic alloy having a base netal, and X2, a netal

havi ng an ardopinereeasily axidiged thanosher mainix atzg@s. nFhegefgatures ok futherieBectystsdent i al
greater than t of the base _nmetal . J]0013]. According to. a third pect, the
present i nVaRR %ghasiagatﬁmffé 'ésttifigg?@@b‘?‘{ﬁ% Xt “r?ﬁ\‘?&f’f&al geagfenrile and a
data-storing thin filmlayer forned over the substrate. The data-storing
thin -3 filmlayer is conposed of a ferromagnetic alloy having a base

metal, and an oxide of X3, a nmetal having an atom c radius of |ess than
0.266 nm and an oxidation potential greater than that of the base netal.

[0010] It is to be understood that the word “greater,” when referring to “greater oxidation
potential,” indicates a more negative charge, measured in V. For instance, an oxidation

potential of -2.7 V {Mg) is greater than that of -2.3 V (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, 1a, 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 0 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 in the

presence of oxygen a sputter target composed of a ferromagnetic alloy having a base metal, and

X3, a metal having an atomic radius of less than 0.266 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

-2,



100141 X3 is selected fromthe list of Ba, Be, Ca, Cd, Ce, Cr, Cs, Dy, FEr,
Eu, Ga, &, H, Ho, K, La, Li, My, M, Na, Nb, Nd, Pm Pr, Rb, Sc, Sm Sr,
Ta, Th, Te, Th, Ti, V, Zn, and Zr. 100151 To its advantage, the present
invention provides a granular nediumw th an insulating and anti-nmagnetic
barrier to grain-on-grain interactions. If is another feature and advant age
of the (ilmdeydr is corspusedof & ferpmaagneltic alaydmgwitg acbase owtalj angl amsxkideofiiX4 h an

i mproved signal -to-noise, ratio, 100161 In the foll Qquw ng descrjption of the
preferred® Vﬁﬁﬂn,at?‘E?CéP&HéBfleésg’&Hé-ztﬁg N gnd a&’c%ﬁ%ﬁ%ﬂ%ﬂ"n‘@t gf\ﬁi‘tﬁbs t hat
forma p it which is showm by way of illustration a

speci fi cq%%%%lglﬁ{nfgﬁ%b?sg t‘%llizh the invention nmay be practiced. It is to be

understood that other enbodinents may be utilized and changes may be nade

wi t hout dg&arti ng fromthe scope of the «&Pr esent invention. BRIEF
DESCRI PT1 d#1#Xsit-felepirhfromtts listeof BBerfen e 66 CrdyeFafin: (G BLML Bh | i ke

ref erence n nasent espondi t hr hout, Figure |
depicts a H%élﬁd{’ﬁ?hﬁﬁﬂﬁﬁ?éﬁ’ ?‘:Orgtqt%}%,l\‘/aéﬁ@%’rsl%hr ?‘ngg%‘eﬁdcz"r ecordi ng nmedi a;

Figure 2 depicts a sputter target according to one enbodi ment of the present
i nvent i on;[0015] Dwitsselvadthge, B8 peaseht Bientiepprotidds @ ighanvimraicderopiticanamgdlatiigc r oscopi ¢
views of the reactive sputtering of a sputter target to forma nmagnetic
recor di ng g MTRERECORrTEHG SRE-WnBaR iFsHeRent is apetherdeatus: wd adwantagppint i on; - 4
Figure 4 i fl b Ct ¢ REQGess Qfqr lyel.y sputtering a
cpattor t oPyREet R o MBI g RS i Rt B a0
Figure 5 dgpgé.cts a thin filmstack with an enhanced magnetic data-storing
| ayer according to one enbodi ment of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON . . .

{0016} In the following description of the preferred embodiment, reference is made to the

accompanying drawings that form a part thereof, and in which is shown by way of illustration a

specific embodiment in which the invention may be practiced. It 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 DESC ON 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;



[ 00171 The present invention is an enhanced sputter target material which
can be reactively sputtered to formmagnetic data-storing thin filns having
granular media with optim zed grain size and inproved grain-to-grain
separation. (0018] Figure 2 depicts a sputter target according to one

enbodi ment of the present invention. Sputter target 200 is conposed of a
ferromagnetic all oy haying a base netal, and Xj, a netal having an atomc
radius of |ess?t fﬂ’fé?n‘“&aé %@mﬁﬂ‘g%%%é’ﬂféﬁwﬁ’d%%ﬂa@P@ﬁl‘%&etthan t hat
of the bas : e ferromagnetic alloy of the
sputter ta?cggtﬁﬁ?go?Pg?ﬂ@lmg?%gﬁgﬁ%ﬁﬂﬁ@nlg{r ra%)c{r]ragnetlc netal. In one
arrangenent, the base netal is Co, and the ferromagnetic alloy is further
conposed of Ta,Figire 5 depicktFhin filh s@ackseittoacknRink e geett datatshRin fuyer a0k Is Fe
and the ferromagnetic aIons is further conposed of Ta or Pt. [002%

a functi ont®meew ¢ ef thepiesenkipvention- he nmgnetic recor di ng mediumto act as
an insulating and anti-magnetic barrier to grain-on-grain interactions. As
such, the fﬁ‘t’*mgﬂgc%éﬁﬁmﬁr%ﬁ@ﬁ%b%@@wn include that Xr is nore quickly
dlffusedto—g ing and is nore easily oxidized
than other matrix materials. In this regard, the netals of Table | are to
be consi der{eal7pTheprésarm inventinds ahesnBmmcédosputeex ks matedl wbithicebegERtivdlyar nagneti c
medi a. These features are further effectuated when Xr is selected fromthe
metal s of Tawiceedito @mamqﬂg d%taretog:rrgethmé%ms Taving grandlar mediawith eptimized gmin0 /) and
| owest atom.c r |use{ﬁr n;) -5 TABLE | Metals sorted by G eatest

Oxi dati on PE&At " Rrov imﬂaf?g@r‘f‘ RPHOR | onic  El ement Potential . Radi ust
Radius' Li -3.0401 1.52 0.76 Cs -3.026 2.65 1.67 )

[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;, a metal

having an atomic radius 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 feaﬁxres 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 primary 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 radius (< 0.18 nm).



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 -2.868 1.98 1.00 Na -2.71 1.86 1.02 M -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 FEr
-2.3311.76 0.89 Ho -2.33 1.77 0.90 Nd -2.323 1.82 0.98 Sm-2.304 1.80
0.96 Pm-2.31.81 0.97 Dy -2.295 1.77 0.91 Tb -2.28

1.78 0.92 & -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 At

-1.662 1.43 0.54 Ti -1.63 1.46 0.61
TABLE 1

Metals sorted by Greatest Oxidation Potential

Oxidation  Atomic

Tonic
Element Potential’  Radius’ Radius'
Li -3.0401 1.52 0.76
Cs -3.026 2.65 1.67
Rb 298 2.48 1.52
K -2.931 2.31 1.38
Ba 2912 2.22 1.35
Sr -2.899 2.15 1.18
Ca -2.868 1.98 1.00
Na 2.7 1.86 1.02
Mg 2.7 1.61 0.72
La -2.379 1.88 1.03
Y 2372 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 2323 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
Ti -1.63 1.46 0.61
Hf -1.55 1.59 0.7
Zr -1.45 1.60 0.72
Mn -1.185 1.12 0.67
\% -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
*in V
¥ in Angstroms



H -1.551.59 0.71 Zr -1.45 1.60 0.72 WM -1.185 1.12 0.67 V -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 * in V1t in Angstrons -6 100211 Additionally, the sputter target
material is conposed of nore than O atom c percent and less than fifteen

atom c pe t, Xi. 0221 FEi s 3A,.. and .3C depict. the reactive
sputteri ng&gﬂ ﬁégééuﬁﬂ%‘B'é%e £ %’%‘gﬁgén o) ?lﬁ]g,g)mpﬁ%e&r?g OE?% cooa&?ﬁlﬁﬁerf‘@h?nﬁi m

accor di ng |&omanehennesicerentof,. t he present invention. 10023] In nore detail,
Figure 3A depicts a macroscopic view of sputtering chanber 310. In the
sputtering process, sputter target 200 is positioned in sputtering chanber
310, whicﬂﬂmlYjatrrﬁﬁ%ﬂﬁ?m$¢ﬁ@@ttbpfwtbietswﬁmgqf@ﬁplg@swmquom‘gaen. Sput t er
target 200 is exposed tq.an electric field to _excite.the,gas species to
gener at e JPaRRTHE r%g%}ﬂgpbeﬂglrr{,ﬁcfﬂ&ﬂg {91088 FrRbodiment of the RigseRliiRYentions 1 f ace of
sputter target 200 causing nolecules to be emtted fromthe surface of

sputter t qhﬂz@! IRGe dRNRiguRf3 Al deBici B nfblostbpithienbf Bk afber 8 R on Bfel Of
sputter target 200 chemcally reacts with oxygenin plasm 316 to form
oxi de nol egpulteting proceds, kfutectarget 200 ispoiitiage insaitwesg ciambet B 0, widdkdepar@dy and
filled with both an inert-gas and oxygen. Sputter target 200 is exposed to an electric field to
excite the gas species to generate plasma 316. Ions within plasma 316 collide with a surface 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 voltage 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 radius of less than 0.266 nm and an oxidation potential 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 ejected react with oxygen molecules 326 in the plasma to form
oxide groups 328, which, together with ¢jected 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



substrate 312 causes the emtted nolecules to formthe desired thin film 314
on the surface of substrate 312. 10024] Figure 3B depicts a mcroscopic
view of sputter target 200 during the above-described sputtering process.
At the nolecular |evel, sputter target 200 is seen to be conposed of

nol ecul es of ferromagnetic alloy 323 and X2 nol ecul es 324, where X2 is a
nmetal having an atom c_radius of |ess than 0.266 nm and an oxidation

pot ent i al dscesterarsins 334 af fememagpsticmaterialand matrix 336 of oxide groues. Murixg}369hut t er

target 200_J . oy 25 of the utterin speci es
of the pl a%xﬁ‘;e,gpo ggéé%{stq %gai}lgér{r%al%ggéﬁ%}sm ?1 2 %‘%ﬁé%agrt‘etrg’rmiegrc tgljoélf g%ﬁﬁ“ﬁ"éﬂsgé‘?‘gﬁt ed from
sur face 32fmonfagnéRinRerbetheRBAmMIvER tiRIsRnajteasiettatietdhe riﬂighéiic@éékfﬁﬁx% mol ecul es
326 in the plasma to form oxide groups 328, which, together with ejected

f err omagnemediumal | oy nol ecul es 327, are not in a state of thernodynanic
equilibrium Accordingly, these nolecules will tend to condense back into

the solid .upon col Lidi.ng..w th a S ace jpn the sputtering chanber.
100251 Fi gﬂdﬁg‘?@ﬁ‘ E&’eﬁi“&%?m&gﬁ‘]‘ag?‘&é‘%%&' gﬁ\ﬁ“g#é“i" bl eyt G séieaans sregiefeli o 330 of
substrate mliﬁeﬂmp;gmgnmﬁﬁ}fuﬁgesqugﬁ?ﬁegmm{,&ggﬁ'es fromsputter target 200,
whi ch have condensed to form-7 discrete grains 334 of ferromagnetic
material and matri x 336 of oxide groups. Matrix 336 of oxide groups acts as
an i nsul at i[#37laldigune 4, flrechau 40 illusirates the steps of reactivalytspustesngrsputeetarggrai ns 334
of ferro netic.nmaterial, thereby jnproving the sjgnal-to-noise ratio of

t he magnem% %%EWW&’“ fiﬂ"lm %%ﬂ'égpq que F@g‘fdéf“??édt}ﬁfdg?sﬂté‘ﬁ’ampﬁat Fi gur es
3A, 3B, and 3C are not drawn to scale, and are nerely sinplified

represent atmmgm@.fer 102 thle @Rchbs 88ziRT 1 S 400, a3MMer tafp¥E0hroPRed, 2AGLdidotad Figure
4, flowchart 400 illustrates the steps of reactively sputtering a sputter
target to idsqjeefn sputieringichanibiet. rifhg sputter target meximposed obaofesiomagnétio aboyehaeinpadi ment
of the present invention. 100281 In step 410, the process begins. In step
420, a sputter target is provided, and is disposed

base metal. The sputter target is further composed of X3, a metal having an atomic radius

of less than 0.266 nm and an oxidation potential greater than that of the base metal. The
sputtering chamber is a vacuum chamber in which a reactive plasma can be contained,

and in which 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, is 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 material of the sputter target is 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 ¢jected

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



inside of a sputtering chanber. The sputter target is conposed of a
ferromagnetic all oy having a base netal. The sputter target is further
conposed of X2, a nmetal having an atomic radius of |less than 0.266 run and
an oxidation potential greater than that of the base netal. The sputtering
chanber is a vacuum chanber in which a reactive plasma can be contai ned,

and in which both sputter targets and substrates can be dis osed. 100291 In
step 430, MaswaBdemyxicigzoups A EF“’éiﬁ%F?@sH}dé?fdé@&dm%@Fﬁ@% ¢t he sputtering

chamber. The . SHhSGH Sﬁeha 1p9§ﬁtuﬁf8§'rqod§rﬁmﬂ§e RibAGE! ﬁerefo.te*aénﬁtf' | m during

the sputtering proce I'n ste € gaseous at nosphere conpri sing

both a noncohdagitaticing dRirspleihes: upsickoliding Bith anySsuifite linaﬂuq:ﬁdenni; Blathbéhe
sputtering chanber to forma partial vacuum 100301 In step 450, the gas
speci es i nThersubsypieitbeiag $%baéﬁﬁﬁh&ef€&f@%‘4@dt¢mﬁbﬂ? efdheadesired materid. The gas

speci es ar i appl yin | t ference between the substrate
and t he spﬁltfwéﬁ’°5le“§F‘a{8tPf ‘%’f b}geﬁ%Z%ghepf ?FEP‘@?FSaI of the sputter target is
deposited as a granular nmediumonto the substrate. This deposition is the

result of ]dom]slllgﬁr&@Heﬁoﬁ@ﬂﬁ]ﬁlhﬁktﬂanbﬁﬁfﬁlﬁﬂléiﬁldﬁbﬁcc&w&ﬁn?,ﬂ@eﬂlﬁi&e@f the
sputtering gas species in the plasm, such that nolecules fromthe sputter

target are r@fte/emmxtteﬂeﬂ e presenog of exyecn byl smten target gpmixBed wfiag tnhanced ej ect ed

react with the axygen.no] ecul e sma tag form oxide groups. Both
t hese oxi dé‘"@?"&}ﬁ S1ging e°“8]°‘8 "[dg‘éfnifg%?@{ﬂs‘é%m&?“ U%he ferromagnetic all oy,

are not in a state of thernmodynamc equilibrium and will therefore tend to

condense b3eds2) Minfdrd deQil] magbtictedoRiniinddRAIH00 Rl @ind@ mabretic ABMrafelbbdeace in the
sputtering chanber. The substrate, being such a surface, therefore

accunul at es‘ioé, spddulavminRmt Istst phrcindesiaier S8¢, Adeastrong Interlayer Wﬁgda‘thsors}alﬂm fimi ng
rocess. term nates,. 10031)° Fi gure, icts a thin

1I‘O il m st ack ?‘{bﬁ ﬁﬁg‘ﬁgﬁfsﬁ’(‘i&?‘ﬁ%?‘@?'? B §inp ﬁ%%a%%gﬂﬁﬁ '“P@E@t ively

sputtered Ilaecﬁdaﬁsd@&se&%ss%defaeﬁ&g@aedm@, P bRk E@Jﬂ% hiRHgRBaRtheRd, an

enhanced conposition according to one enbodlnen of the present invention.
10032) In nore detail, magnetic recordi ng nedi um 500 i ncl udes non-nmagneti c

zﬁgsf F]?éra?)g;g Ipxglgéfxga\%gerg%r ﬁ et%eH h%l}n% %{on?ur:] ?acfi'l?s St les%%ﬁe;n 05 %16 gt |east

and an oxidation potential greater than that of the base metal. In an alternative
arrangement, magnetic recording medium 500 omits seed layer 502, underlayer 504,

interlayer 505 and/or lubricant layer 508.

10033} Considering that it is a function of the oxide material in t}lue 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 X; is selected from the metals combining the lowest atomic

radius (< 0.18 nm) and greatest oxidation potential (<-1.0 V).



| ayer 506, and lubricant |ayer 508. The data-storing thin filmlayer 506 on
magneti c recording nedium500 is conposed of a ferromagnetic alloy, the

ferromagnetic all oy having abase netal, and an oxi de of X3, where X3 is a
nmetal having an atom c radius of

| ess than 0.266 nm and an oxidation
potential greater than that of the base netal. In an alternative
arrangenent, nmagnetic recordi ng nedium 500 omts seed |ayer 502, underl ayer
504,

interlayer 505 and/or |ubric 1N

f I]ﬂer 508. 100331 Considering that it
is a function of t i di ng medium to act
as an insul ating and antNetkosetkd &yldwesEAtdnslc Badiug- On-grai n interacti ons,
features of the present invention include that X3 is nore quickly diffused
to grain boundaries during s@mdﬁmlpg Adomig s nolomieasi |y oxi di zed than
other matrix materifement n t fRotentiabar d Radhs' et aRadias! Table 2 are to be
consi dered as pri WWHWWr anul ar magnetic
medi a. These feat s are furt ar ef f ectuat ed 19

X3 is selected fromthe
metal s conbi ning t H8€l owest atdMc

r adi s (< O.Q§7nr’r) and great est
oxi dation potentialCf< -1.0 V0.744ABLE 4.2kt al s sB56ed by Lowest Atomic
Radi us

Oxi dati on AWom c | onid.178l enmentl.®bt ent i al’¥4Radi ust Radi ust ©h
-1.185 1.12 0.67 Bga-1.847 10ls590.27 135-0. 7440%225 0.55 V -1.175 1.34
0.54 & -0.539 1.35,0.62 Zn_ 618 1 0.74 jqs -1.63 1.46 0.61 Nb
21.099 1.46 0.64 2n 0518 .39 074

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
Zr -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 -2.295 1.77 0.91
Tb 2.28 1.78 0.92
Th -1.899 1.79 . 094
Sm -2.304 1.80 0.96
Gd -2.279 1.80 0.94
Pm 2.3 1.81 0.97
Nd -2.323 1.82 0.98
Pr -2.353 1.83 0.99
Na 2N 1.86 1.02
La -2.379 1.88 1.03
Ca -2.868 1.98 1.00
Fu -1.991 2.04 0.95
Sr -2.899 215 1.18
Ba -2.912 2.22 1.35
K 2931 2.31 1.38
Rb -2.98 2.48 1.52
Cs -3.026 2.65 1.67
*in V

t in Angstroms

~lo-



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 zr
-2.077 1.
0.90 Dy
-2.304 1.
0.98 Pr
-2.868 1.
1.35

-1.45 1.60 0.72 Te -1.143 1.60 0.56-0.97 M -2.7 1.61 0.72 Sc
64 0.75 Cc -2.336 1.72 1.02 FEr -2.331 1.76 0.89 Ho -2.33 1.77
-2.295 1.77 0.91 |b -2.28 1.78 0.92 Th -1.899 1.79 .094 Sm

80 0.96 Gd -2.279 1.80 0.94 Pm-2.3 1.81 0.97 Nd -2.323 1.82
-2.353 1.83 0.99 Na -2.71 1.86 1.02 La -2.379 1.88 1.03 Ca

08 1[0084) AdditiohalB? the Ma@retio r@brdingmedRAinBi8 8oBpcked df ride thaa 0-anidRr2n? 2

and less than fifieen atomic percent X;.

{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 -



K-2.931 2.31 1.38 Rb -2.98 2.48 1.52 Cs -3.026 2.65 1.67 *in V1t in
Angstrons J00341 Additionally, the nagnetic recording nmediumis 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 nents.
It is to be wunderstood that the invention is not Iimted to the

above- WaIAT iDL AdMEDIISrENt s and t hat various changes and nodifications may
be made by those of ordinary skill in the art without departing fromthe
spirit and scope of the invention. -11 WHAT IS CLAIMED I'S: 1. A sputter
target conprised of: a ferromagnetic alloy, the ferromagnetic all oy

conpri si ng b basaA spettaxitargeinmbmpxised wherein X1 is a netal selected fromthe
group consisting of Al, Ba, Be, Ca, Ce, Cs, Dy, Er, Eu, &d, Ho, K, La, Li,
My, Na, Nd, Pm ®ferrormgnetig alBy, tiederramagietic aNoyermphising 2 bask regials pd  t ar get
according to Claim1l, wherein said base netal is Co. 3. A sputter target
accordi ng to O aXmvehereineids s meidl gelpeted frmgthegmp@pnssytmanftgleBa, Bok® i ses
Ta. 4. A sputter target according to aim2, wherein said ferromagnetic

al | oy €er¢sdy, Epditgids He, K Lad.i, MesNac NdrPmdligRD, Sme 8t dibnde+Th, o andig,
wherein said ferromagnetic alloy further conprises Cr. 6. A sputter target

according to Caim1, wherein said bgse netal is Fe. )
d ﬁ) A sputter target accord?ng to Ca]alm , wherein sald%ase metal is Co.

3. A sputter target according to Claim 2, wherein said ferromagnetic alloy further

comprises Ta.

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.

9. A sputter target according to Claim 1, wherein X, is a metal selected from the
group consisting of Be, Ce, Cs, Dy, Er, Eu, Gd, Ho, K, La, Li, Na, Nd, Pm, Pr, Rb, Sm, Sr, Tb,
Te, Thand Y.

-12-



7. A sputter target according to Claim®6, wherein said ferromagnetic all oy
further conprises Ta. 8. A sputter target according to Caim6, wherein
said ferromagnetic alloy further conprises Pt. 9. A sputter target
according to Claim1l, wherein X1 is a netal selected fromthe group
consistingof Be, Ce, GCs, Dy, Er, Eu, Gd, Ho, K, La, Li, Na, Nd, Pm Pr, Rb,
Sm Sr, Te, Th and Y -12 10 A sputter target accordi ng to Clalml
wher ei n x1 18 seAsputter tﬁ%ﬁ%ﬁ@l@ewa%én\yh@@mgl igselppted flom thy graup, Ho, L,

Th, Te and Th A _sputt a according to Caima1l, wherelnthe
sputteFoﬂséﬁt‘QEPf%n%‘i"iI})E%rrﬁ?’eL‘ {rﬁ’:tf: f‘bm c percent and |less than 15 atonic
percent Xj. 12. A net hod for manufacturing a nagnetic recordi ng nmedi um
conpri si ng e ste act | put utte in an

2 mospher o EE ﬁsﬁD P S apsERore TR fevhBEintnf Sttt bt A E88hrRrels or a

ferro conpri 5| ng a base metal; and
X2, wh %t‘{t ééhh%‘}de]les F‘gﬁg@%{; ger%%lhgygroup consi sting of Be, Ce Cs,
Dy, FEr, Eu, Gd Ho, K, La, Li, Na, Nd, Pm Pr, Rb Sm Sr, Th, Te, Th and

Y. 13. A megaeti g eagn TRl iy SATBIRAGin? NS, colEkElAnoakgl | aver

is conprise erronmag oy, rro gne oy “conprising a
base ng;al, and an oxide of X3, wherein X3 is a netal selected fromthe
group consisting of Be, Cd, Ce, Cs, Dy, Er, Eu, Ga, Gd, Ho, K, La, Li, Na,

Nd, Pm Pr, RO, RG:tiwdl spiitterihfa spitter tiget\n aR BfnoSphere comprising oxygen,
wherein the sputter target is comprised of
a ferromagnetic alloy, the ferromagnetic alloy comprising a base metal; and
X,, wherein X is a metal selected from the group consisting of Be, Ce, Cs, Dy,

Er, Eu, Gd, Ho, K, La, Li, Na, Nd, Pm, Pr, Rb, Sm, Sr, Tb, Te, Thand Y.

13. A magnetic recording medium, comprising:
a layer, wherein said layer is comprised of:
a ferromagnetic alloy, the ferromagnetic alloy comprising a base metal; and
an oxide of X3, wherein X3 is a metal selected from the group consisting of Be,
Cd, Ce, Cs, Dy, Er, Eu, Ga, Gd, Ho, K, La, Li, Na, Nd, Pm, Pr, Rb, Sc, Sm, Sr, Tb, Te, Th, V
and Y.

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.

-13 -



14. A nmedium according to Claim13, wherein said base netal is Co. 15. A
medi um according to Caim 14, wherein said ferromagnetic alloy further
conprises Ta. 16. A medium according to Claim 14, wherein said ferromagnetic
alloy further conprises Pt. -13 17. A nedium according to Claim 16, wherein
said ferromagnetic alloy further corrpri ses Cr. 18. A nedi um accor ding to

Cl aim 13, rein .d base netal . .19, A.ppdi um accor 0 CI ai m 18,
sherei n sai T er RoMaLHTR APCPdIRS Chaif e photein i Bitommenctonlton Hh,

accor déon EI aim 18, wherein said ferromagnetic all oy furt her corrpri ses
Ta. 21: frm accor di ng to A aim13, wherein X3 is selected fromthe

group consisting of Be, Ce, Cs, Dy, Er, Eu, &, Ho, K, La, Li, Na, Nd, Pm

Pr, Rb, Sm,gr, e'II ?dT%]ftrI&rdltn%qg CYa1rn2123 ﬁe@%ﬂ%&%ﬁﬁ%@iiggﬁt o Caimls,

Whereln X3 1S s group ~’consisting o Dy, Er, Ho, Li,
Th, Te and Th. 23. A nmedium accordl ng to C aim13, wherein the medi um

compri ses gy, Rdfedhur A6 hgRS CHAAL1 S Whelipid RaRridinBliomldy BRRGeN X3 24

A sputter target accordi ng to a| m 1, "wherein ected from
t he ieppgisting of Al, Be, Ce, Dy, Er, Ho, Li, My, Tb, Te, Th, and Zr.
25. A rre Ium according to Caim13, wherein X3 is selected fromthe group

consisting of Be, Cd, Ce, Dy, Er, G, Ho, Li, Sc, Th, Te, Th, and V. 26. A

sputter tarpet CAMNiNBAc&drding to Claim 18, wherein said ferromagnetic alloy further

comprises Ta.

21. A medium according to Claim 13, wherein Xj is selected from the group
consisting of Be, Ce, Cs, Dy, Er, Eu, Gd, Ho, K, La, Li, Na, Nd, Pm, Pr, Rb, Sm, Sr, Tb, Te, Th,
and Y.

22. A medium according to Claim 13, wherein X} is selected from the group

consisting of Be, Ce, Dy, Er, Ho, Li, Tb, Te and Th.

23. A medium according to Claim 13, wherein the medium comprises more than 0

atomic percent and less than 15 atomic percent Xj.

24. A sputter target according to Claim 1, wherein X, is a metal selected from the

group consisting of Al, Be, Ce, Dy, Er, Ho, Li, Mg, Tb, Te, Th, and Zr.

25. A medium according to Claim 13, wherein X; is selected from the group

consisting of Be, Cd, Ce, Dy, Er, Ga, Ho, Li, Sc, Tb, Te, Th, and V.

26. A sputter target comprised of:
a ferromagnetic alloy, the ferromagnetic alloy comprising Fe; and

X, wherein X, is a metal selected from the group consisting of Al, Ba, Be, Ca,

-14-



a ferromagnetic alloy, the ferromagnetic alloy conprising Fe; and X1,

wherein X, is a netal selected fromthe group consisting of Al, Ba, Be, Ca,

-14 Cd, Ce, GCs, Dy, Er, Eu, Ga, Gd, Hf, Ho, K, La, Li, My, Na, No, Nd, Pm

Pr, Ro, Sc, Sm Sr, Th, Te, Th, Ti, V, Y, and Zr. 27. A nethod for

manuf acturing a magneti c recordi ng rredi um conprising the step of:

reacti veléﬂas uttering a sputter tar in an atnosphere conpri si ngSt oxygen,
T

wher ei fdi pBYt B EFaG d,i B, Etons QaeId Mg, Blas Wby Neeltmelt, Rbabe.dym, NrhEd,

ferro tlc‘alloy rrprlsmg Fe; and X2, wherein X2 is a netal selected
fromt n’g’%@bp e < ng of , Ba, Be, Ca Cd, Ce, Cs, Dy, Er Eu, Ga,
&d, Hf, Ho, K, La Li, M, Na Nb, Nd, Pm Pr, Rb, Sc, Sm Sr, Te, Th,

b o o3P 2o CTIRE oS it a@%@a%ﬁﬁ‘%b&?%ﬁ@ns&' et i ¢

alloy ¢ rrpr|5| ng Fe; and an oxide of X3, wherein X3 is a netal having an
atom c radius of less than 0.266 nm and an oxi dati on potential greater than

et o SR BERGE e 0 Bl SRR )
Te he%}gm t@é wﬁ.gr ta@%@con&@-me%f Na, Nb, Nd, Pm Pr, Ro, Sc, Sm ©Sr, Th
a ferromagnetic alloy, the ferromagnetic alloy comprising Fe; and
X5, wherein X3 is a metal selected from the group consisting of Al, Ba, Be, Ca,
Cd, Ce, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho, K, La, Li, Mg, Na, Nb, Nd, Pm, Pr, Rb, Sc, Sm, Sr, Tb,
Te, Th, Ti, V, Y, and Zr.

28. A magnetic recording medium, comprising:
a layer, wherein said layer is comprised of:
a ferromagnetic alloy, the ferromagnetic alloy comprising Fe; and
an oxide of X3, wherein X3 is a metal having an atomic radius of less than 0,266

nm and an oxidation potential greater than that of Fe.

29. A medium according to Claim 28, wherein X3 is a metal selected from the group
consisting of Al, Ba, Be, Ca, Cd, Ce, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho, K, La, Li, Mg, Na, Nb, Nd,
Pm, Pr, Rb, Sc, Sm, Sr, Tb, Te, Th, Ti, V, Y, and Zr.
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