| MPROVED GRAI N STRUCTURE FOR MAGNETI C RECORDI NG MEDI A FI ELD OF THE

| NVENTI ON [01] The present invention relates generally to the field of
sputtering and, nore particularly, relates to refining the grain structure
of magnetic recording nmedia using nucleating oxide-particle doped thin
filmmaterials. DESCRI PTI ON OF THE RELATED ART [02] The process of
sputtering is widely used in a variety of fields to provide thin film

mat eri al deposition of a precisely controlled thickness with an atomcally
snmoot h surface, for exanple to coat sem conductors and/or to formfilmnms on
surfaces of magnetic recording nedia.TIn the sputtering process, a
cathodic sputter target is positioned in a vacuum chanber partially filled
with an inert gas atnosphere, and is exposed to an electric field to
generate a plasma. lons within this plasm collide with a surface of the
sputter target causing the sputter target to emit atons fromthe sputter
target surface. The age dlfference betmeen the cat hodi ¢ sputter target
and an anodi ¢ subst r ate {ED; R RMAONETICI tted atons to
formthe desired filmon the suéﬂﬂé@ strate [ 03] During the
production of conventional magnetic recordlng medi a, |layers of thin filns
‘are sequentially sputtered onto a substrate by nmultiple sputter targets,
wher e eZRIELEDOFITHE INVESEIONs conprised of a different material, resulting
in the deposition of a thinfilm"stack" Figure 1 illustrates a typical
thin filmstack for conventional magnetic recording nmedia. At the base of
t he staﬁé on netlc ubstrate 101, which is typically alum num or

gl ass. eLd r2 un( op;| F@?"cﬁ@ﬁéﬂlbdtq é%rﬁelél yof sputieringonnd;s mdve

shape arghrhil afelddes & rhffin ﬂge Q@P#Bg s typi.cally a
chrom um baseﬁﬁgl | oy, such asgCr M7 rgfn5§ X‘%ﬁ@ B Wfdianusing
i ncl udeél"(‘i}F@“BEOWPm&mdlthmdﬂmmmnﬂerned above under | ayer 104, where

interlayer 105 is cobalt based and slightly nagnetic. Overlayer 106, which
is magnetic and may include two or three separate |ayers, is deposited on

top of IDESCRBYEION OF THERIIHUPEN ART

[02] The process of sputtering is widely used in a variety of fields to provide thin film
matenal deposition of a precisely controlled thickness with an atomically smooth surface, for
example to coat semiconductors and/or to form films on surfaces of magnetic recording
media. In the sputtering process, a cathodic sputter target is positioned in a vacuum chamber
partially filled with an inert gas atmosphere, and is exposedlto an electric field to generate a
plasma. lons within this plasma collide with a surface o:'f the sputter target causing the
sputter target to emit atomns from the sputter target surface. The voltage difference between
the cathodic sputter target and an anodic substrate that is to be coated causes the emifted
atoms to form the desired film on the surface of the substrate,

[03] During the production of conventional magnetic recording media, layers of thin films
are sequentially sputtered onto a substrate by multiple sp&tter targets, where each sputter
target is comprised of a different material, resulting in the d&:position of a thin film “stack.”
Figure 1 illustrates a typical thin film stack for conventional magnetic recording media. At
the base of the stack is non-magnetic substrate 101, whlch 1s typically aluminum or glass.
Seed layer 102, the first deposited layer, typically forces the shape and orientation of the




| ubricant |layer 108 is fornmed over overlayer 106. [04] The anount of data
that can be stored per unit area on a nagnetic recording nmedium is

i nversely proportional to the size of the mcrostructure of the overl ayer,
M crostructure size corresponds to the size of a grain of the thin film
where a grain is a collection of nolecules typically conmprising 20 to 50
atonms. Mcrostructure uniformty, a neasure of the physical segregation of
the grains, also contributes to increased data storage potential. [05] One
known technique for refining the grain size, and consequently i'ncreasing
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descri be technh ues for uci.ng grain, size at the overlayer. by depositing
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parti cl é’hﬁ'gﬂisgémlg@%?ﬂw? & graingy alsp cqntnbutgs to Wereased datasfemgengtentialy educed,
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and increasing data storage potential. Due to complexities in the sputter target manufacturing
process, it is difficult to add oxides to a cast target, since the oxide particles are liberated
from a parent metal during the melting and casting process. An alternate method of

depositing an oxide particle film on a subsfrate to reduce grain size is thereforc quite
desirable.

[06) T1.S. Patent Nos. 6,524,724 and 6,620,531 are seen to describe techniques for
reducing grain size at the overlayer by depositing an oxide particle film as a seed layer,
below the underlayer. As depicted in Figure 3, as additional thin film layers are deposited on
an oxide-particle enriched seed layer and the distance -from the seed layer increases, grain
size in the additional layers also increases, and physical segregation between the grains
decreases. Using these oxide particle seeding techniques, grain size at the underlayer may be
reduced, but grain size at the overlayer tends to be markedly larger. Accordingly,
conventional techniques for reducing grain size mazy have a beneficial effect on layers of the
thin film stack adjacent to the seed layer, but the beneficial effect of oxide-doping the seed

layer is mitigated in the overlayers, where grain size is most crucial,




with a dense grain structure at the overlayer, to increase potential data
storage capabilities. In particular, it is desirable to provide a nethod
for sputtering a thin filmstack, where the grain structure is controlled
and made uniformy dense on layers of the thin filmstack above the seed

| ayer. SUVMMARY OF THE | NVENTION [ G8) The anount of data that can be stored
per unit area on magnetic recording nmedia corresponds to the grain density
of the magnetic overlayer. Al though nugleating oxide particles have been
shown to effectively refine the mcrostructure of a thin filmnear the seed
| ayer,
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thin films and the densification of grains at the magnetic overlayer of a magnetic recording
medium. _

[09] According to one aspect, the present invention is a magnetic recording medium. The
magnetic recording medium includes a substrate, and at Jeast a first underlayer formed over
the substrate, where the first underlayer is comprised of a Cr-based alloy, such as CtMo or
CrTi. The magnetic recording medium also includes at Jeast a first interlayer formed over the
first underlayer, where the first interlayer is comprised of a Co-based alloy, and at least a first
overlayer formed over the first interlayer, where the first overlayer is magnetic and is
comprised of a Co-based alloy. At least one of the first underlayer, the first interlayer and/or
the first overlayer are doped with an X-oxide, where X is a metal with an oxidation potential
of less than -0.6 eV. |

[10] The magnetic .rec"ording ﬁacdjum of the present invention includes a refined
microstructure with nucleating oxide sites contained within the thin film stack, where the thin
film is sputtered from oxide-doped sputter target. Grain refinement can be applied to all

layers of the magnetic stack, including any layer or layers of the underlayer, interlayer, -



and/ or overlayer. In each of these cases, nucleation sites can be sputtered
on as a "flash" seed |ayer, which refines thin filnms which are to be :
sputtered above, or the nucleation sites may be contained within the thin
films thenselves. This type of refinenent can be used for - standard

| ongi tadi nal nedia, vertical nedia, and anti-ferromagnetically-coupled
("AFC ) nmedia, increasing storage density in nost instances. [11l] A

| ubricant layer is forned over the fast4 overlayer, where the |ubricant

| ayer is conprised of C or a Cbased alloy. The lubricant |ayer protects
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comprise less than 4 At% X-oxide. One advantage of the present invention is that the

nucleating oxide material need only comprise up to a small atomic percentage of the thin
film, ensuring that physical properties of the thin film metal or alloy are otherwise not
affected. .

[14] X is a metal with a high oxidation potential, selected from the group consisting of Li,
Ng, K, Ca, Sr, Mg, Sc, Y, La, Ti, Zr, V, Nb, and Mn. The overall effect of the dopants and
grain growth stunting is the same for each layer in the stack which contains the nucleating
oxide materials. In the situation where X-oxide doped sputter targets are used to sputter
nuclc_ating oxide materials, the sputter chamber needs no additional oxygen atmosphere,
since the oxide is deposited alongside the parent metal or alloy, forcing grains to nucleate
more teadily and in greater numbers.

[15] According to a second aspect of the present invention, a magnetic recording medium
is manufactured by sputtering at least a first underlayer over a substrate layer, where the first
underlayer is comprised of a Cr-based alloy, and sputtering at least a first interlayer over the
first underlayer, where the first interlayer is comprised of a Co-based alloy, such as CoCrTa



under| ayer is conprised of a Cr-based alloy, and sputtering at |east a
first interlayer over the first underlayer, where the first interlayer is
conprised of a Co based alloy, such as CoCrTa 5 Furthernore, the magnetic
recording nediumis manufactured by sputtering at least a first overlayer
over the first interlayer, where the first overlayer is nmagnetic and is
conprised of a Co-based alloy, such as CoCrPtB. At |east one of the first
under |l ayer, the first interlayer and/gr the first overlayer are doped with
X, where X is a netal with an oxidation potential of |ess than -0.6 eV.
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[17) According to a third aspect of the present invention, a magnetic recording medium is
manufactured by sputtering at least a first underlayer over a substrate, where the first
underlayer is comprised of a Cr-based allt.;y, and sputtering at least a first interlayer over the
first underlayer, where the first interlayer is comprised of a Co-based alloy. Moreover, the
magnetic recording medium is manufactured by sputtering at least a first overlayer over the
first interlayer, where the first overlayer is magnetic and is comprised of a Co-based alloy.
At least one of the first underlayer, the first interlayer and/or the first overlayer are doped
with an X-oxide, where X is a metal with an oxidation potential of less than -0.6 V.

[18] According to a fourth aspect, the present invention is a magnetic recording medium.
The magnetic recording medium at least a first underlayer formed over a substrate, where the
first underlayer is corﬁpriéed of a.Cr—_based ailoy, s:uch as CrtMo or CrTi. The magnetic
recording medium also includes at leeist a first interlayer formed over the first underlayer,
where the first interlayer is comprised of a Co-based alloy, and at least a first overlayer

formed over the first interlayer, where the first overlayer is magnetit and is comprised of a



The magnetic recording nmediumat |east a first underlayer formed over a
substrate, where the first underlayer is conprised of a C-based all oy,
such as O M or CTi. The nmagnetic recording nedium also includes at |east
a first interlayer formed over the first underlayer, where the first
interlayer is conprised of a Co-based alloy, and at |least a first
.overlayer forned over the first interlayer, where the first overlayer is
magnetit and is conprised of a 6 Cb-based all oy- At |east one of the first
underl ayer, the first interlayer and/or the Em overlayer are doped with an
X-oxide, where Xis a netal with an oxidation potential of less than -0.6
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| ayer hgs on g%ﬁi n,size; Figure 4 depicts a thin filmstack according to
one asplERArHRE fiRm the scapsofthr pratenbmventonire 5 is a flowchart which
illustrates a nmethod for manufacturing a magnetic recordi ng nmedi um
according to an additional aspect of the present invention; and Figure 6

i 11 ust r BRIEFIMESERIBAONOF THRDRAWINGSt t ering on thin fil mdeposition,
using a sputter target doped with a netal with a high oxidation potenti al
sputtered in an oxygen-rich

Referring mow to the drawings in which like reference numbers Tepresent
corresponding parts throughout:

Figure 1 depicts a typical thin film stack for conventional magnetic recording media;

Figure 2 depicts the effect of conventiohal oxide particle doping of a seed layer on
gram size;

Figure 3 depicts the effect that distance from an oxide particle doped seed layer has
on grain size;

Figure 4 depicts a thin film stack according to one aspect of the present invention;

Figure 5 is a flowchart which illustrates a method for manufacturing a magnetic
recording medium, according to an additional aspect of the present invention; and

Figure 6 illustrates the effect of reactive sputtering on thin film deposition, using a
sputter target doped with a metal with a high oxidation potential sputtered in an oxygen-rich
atmosphere.

DETAILED DESCRIPTION OF THE INVENTION



at nosphere. DETAI LED DESCRI PTION OF THE | NVENTION 7 [20] The present
invention allows for increased data storage of a magnetic recording nedium
by refining the grain size of the overlayer through oxide-particle doping
of layers of the thin film stack which are deposited over a seed |ayer,
[21] F gure 4 depicts a thin filmstack of a magnetic recordi ng nedi um
according to one enbodinent of the present invention. Briefly, the
magneti c recordi ng medi umincludes a substrate, and at |east one

under| ayer forned over the substrate, where the underlayer is conprised of
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structure of  sybsequentl eposited thin film_1Ilayers. Typigally, seed
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the prese I nventi on, l,#]nge'rl ayer, 404 i s tgre | ayers. Underl ayer 404 is
conpr i seRVERAYE S.mREREG Ang 8 comprsed, of 2 fedr @l oAt lepstionedayerfagm the o
furtherﬁmgﬁr' .0g. ] yer ' ggﬂ erl r
404.' Inter gé/’i‘lr’a 40 9i'i)ﬂsﬂglé}l us?rt%%@d&%é&olﬁgoé%gwg,ah%mevg’?%lﬁénwxga% onal
ar r angenwith anioxidation petentflofilass thune 8.6 dj.ers. Interlayer 405 is conpri sed

of a CObFﬂﬁ'bﬁfEd aIAo% such as CoCr Ta, and may al so further conprise an
oxi de. 2 more detall, magnetic recording medivm 400 mcludes substrate 401, which is

typically aluminum or glass. Seed layer 402 is formed over substrate 401, where seed layer

402 forces the shape and orientation of the grain stnucture of subsequently deposited thin film
layers. Typically, seed layer 402 is comprised of NiP or NiAl. In an alternate arrangements
of the present invention, seed layer 402 is omitted.

[23] Underlayer 404 is formed over seed layer 402, or over substrate 401 if seed layer 402
is omitted. Although underlayer 404 is depicted as one layer, in an alternate aspect of the
present invention underlayer 404 is three layers. Underlayer 404 is comprised of a
chromium-based alloy, such as CtMo or CrTi, and may also further comprise an oxide.

(24] Interlayer 405 is formed over underlayer 404.' Interlayer 405 is illustrated as one
layer, however in an additional arrangement, interlayer 405 is three layers. Interlayer 405 is
comprised of a cobalt-based alloy such as CoCrTa, and may also further comprise an oxide.
Interlayer 406 is slightly magnetic. .

[25] Overlayer 406 i;', formed over interlayer 405. ‘In Figure 4, overlayer 406 is shown as
one layer. In a further additional aspect of the present invention, overlayer 405 is thres

layers. Overlayer 406 is comprised of a cobalt-based alloy such as CoCrPtB, and may also
farther compnse an oxide.



Interlayer 406 is slightly magnetic. [25] Overlayer 406 is formed over

i ntérlayer 405. '"In Figure 4, overlayer 406 is shown as one layer. In a
further additional aspect of the present invention, overlayer 405 is three

| ayers. Overlayer 406 is conprised of a cobalt-based alloy such as CoCrPtB,
and may also further conprise an oxide. 8 [26] Carbon |ubricant |ayer 408
Is. formed over overlayer 406, where the lubricant |ayer is conprised of C
or a C -based alloy. Carbon lubricant l,ayer 408 protects overlayer 406 from
damage caused by physical contact betm&%n a read-wite head (not depicted)
and overlayer 408 itself. In an alternate aspect of the present invention,

car bon (26 i &arbon baeant deyer 408 trformedioveroryrlayer 486, swhase thel luhricant tayer is
under | ayer 40 LAt er| ayer ang/.or. erl ayer i oped, wi n

S ox! e Sotprel of E.oFd Gobiked it Casbin fhRET Yer 08 arotecty S¥eeioatt 4088
with a Qagh dsedi aP&d [ ¥ ' Lt ] tial
of less thaﬁe-o. 6 éwv}lpﬁ'rﬁ%se %}gﬁﬁﬁeﬂ%% “?ﬂﬁﬁiﬁgﬂo?ﬁ[ﬁ‘%ﬂ%% ow h
by depodi8iitsglfanlmoain ddtenatreaspectcofotiisi prasent tievention, datbem tubtivadti layerBI08 is
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- within a thin film. By oxide-doping thin film layers above the seed layer, the beneficial

effect of grain growth stunting is not lirited to layers which are adjacent to an oxide-doped

seed layer.

[28] Table 1 lists several examples of stable and commercially available metals with a

high affinity for oxidation. Table 1 is notian exhaustive list, but one of ordinary skill in the

art would understand that metals having similar characteristics as those described below may

also qualify as metals with a high affinity for oxidation.

Table 1
Oxidation
Element | potential (E*/V)
Li(toLi) -1.96
Na (to Na") -2.71
K (to -2.931
Ca (to Cg -2.868
St (to SI™) -2.899
Mg (to 2372
Mg
Sc {to S¢’ -2.077
Y(toY 2372
La (to La™) -2.379
Ti (to Ti*) -1.630
Zr (to Zr'*) -1.45
V{to V) -1.175




Kto-2.931 Ca (to Ca-2.868 Sr (to S-2.899 My (to -2.372 Mt) Sc to Sc-2.077
Y (to Y-2.372 Lato 14 -2.379 Tito Ti-1.630 Zr to Zr-1.45 V (to V-1.175 9
Nb (to Nb-1.099 Mh(to -1.185 W t [29] The magnetic recordi ng nedi um '

i ncl udes a dense grain structure with nucleating oxide sites contained
within the thin filmstack above the seed' |ayer, where the thin filmis
sputtered from oxi de-duped sputter target. Crain refinenment can be applied

to all layers of the magnetic stack, igncluding any |ayer or |ayers of the
underl ayer, interlayer, and/or overlayer. In each of these cases,

nucl eati on sites can be spystered-gas—=a "f'9 st*—seed | ayer, which
refines thin filns which ar 0 or the nucleation sites

may be contained within tHe ﬂﬂﬂﬁofilns t rdrdel ves.| This type of refinement
can be used for standard IondeJainJI nedia, vertiical nmedia, and AFC
medi a, increasing storage density in nbst instances. [30] The
above-described thin filnms are- deposited on substrate 401 utilizing
sputtering

(29] The magnetic recording medium includes a dense grain structure with nucleating
oxide sites contained within the thin film stack above the seed layer, where the thin film is
sputtered from oxide-doped sputter target. Grain refinement can be applied to all layers of
the magnetic stack, including any layer or layers of the underlayer, interlayer, and/or
overlayer. In each of these cases, nucleation sites can be sputtered on as a “flash™ seed layer,
which refines thin films which are 1o be sputtered above, or the nucleation sites may be
contained within the thin films themselves. This type of refinement can be used for standard
longitudinal media, vertical media, and AFC media, increasing storage density in most
instances.
[30] The above-described thin films are deposited on substrate 401 utilizing sputtering
processes recognized by those skilled in the material science art, using X-oxide doped sputter
targets. Powder metallurgy is used to create these X-oxide doped sputter target, to avoid the
problems relating to the liberation of oxygen from a parent metal during melting or casting.
Using powder metallurgy, a mass of powder is formed into a shape or *“can,” then
consolidated to form inter-particle metallurgical bonds. In more detail, elemental powders,
including an X-oxide powder, are mixed to produce a homogeneous blehd, the powders are
encapsulated in a metal container, and the container is out-gassed to avoid contamination of
the materials by any residual gas. A hot isostatic pressing (HIP) occurs on the container, in
which heat and isostatic pressure are applied on the vessel to consolidate the powder, tuming
loose powder into a densified matter known as 2 “HIP’ed can.” The HIP'ed can is.then
machined, to create multiple X-oxide doped targets, which are then spuﬁcred. _
{31] During sputtering, the ox)}gel_l molecules are temporarily liberated from X, and
remain within the vacutum chamber. When X deposits as a thin film on the substrate, the
liberated oxygen molecules are attracted to X due to the high oxidation potential, and the X-
oxide is reformed on the surface of the thin film. In the situation where X-oxide doped



processes recogni zed by those skilled in the material science art, using
“X-oxi de doped sputter targets. Powder netallurgy is used to create these X
- oxi de doped sputter target, to avoid the problens relating to the

| i berati on of oxygen froma parent netal during nelting or casting- Using
powder: netal l urgy, a mass of powder is forned into a shape or "can," then
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and the grain growth stunting is the same for each layer in the stack which contains the
nucleating oxide materials.
[34] Grain growth is reduced because of the large numbers of small grams, constraining
swelling of each individual grain to under 60A. Furthermore, nucleating oxide materjals
have been shown to improve the signal-to-noise ratio (“SNR™) of magnetic alloys as a result
of better grain isolation, due to oxide particles coating the grain surfaces.
[35] Figure 5 is a flowchart which illustrates a method for manufacturing a2 magnetic
recording medium, according to a second aspect of the present invention. Briefly, a magnetic
. recording medium is manufactured by sputtering at least one underlayer over a substrate
laycr, where the underlayer is comprised of a Cr-based alloy, and by sputtering at least one
interlayer over the underlayer, where the interlayer 1s comprised of a Co-based alloy.
Furthermore, the magnetic recording medium is manufactured by sputtering at least one
overlayer over the interlayer, where the overlayer is comprised of a Co-based alloy. At least

layer from the underlayer, the interlayer and/or. the overlayer are doped with X, where X is a



grains and retard grain growth, while other alloys will require |arger
-quantities of dopant to achieve the sane effect. The underl ayer,

i nterlayer and/ or overlayer or |ayers which are doped with X-oxide
conprise less than 4 At% X-oxi de. The overall effect of the dopants and
the grain growth stunting is the same for each layer in the stack which
contains the nucleating oxide materials. [343 Grain growh is reduced
because of the | arge nunbers of small gpjains, constraining swelling of
each individual grain to under 60k Furthernore, nucleating oxide materials
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sputtered, and the process continues to step

desired, ;,a seed |l ayer.is, not
5504. [ 39FP9 H‘%r?ﬂ@)téﬁw&ﬂ yndedayer tssputicisd éstep 580Beed | ayer, where the
under | ay £18]1COMPhd miore &ﬁlﬁyers are to be deposited (step $505), an interlayer is sputtered (step

5506). The interlayer is cobalt-based, and slightly magnetic. Since thin film stacks typically
include two interlayers, after the interlayer is deposited it is determined whether to deposit an
additional interlayer (step §507). If another interlayer is to be deposited, an additional
interlayer 1s sputtered (step S506).

[39]1 K no more interlayers are to be deposited, a’overlayer is sputtered (step S509).
Typically, two or three of the cobalt-based overlayers are sputtered for each magnetic
recording medium. If another overlayer is to be deposited (step S510), the additional
overlayer is sputtered (step $509). Otherwise, it is determined whether a lubricant layer
should be deposited (step S511),

[40]  If alubricant layer is desired, the lubricant layer is sputtered (step S512). A Iubricant
layer is formed over the first overlayer, where the lubricant layer is comprised of C or a C-
based alloy. The ]ubricaﬁt'layer protects the overlayer from damage caused by physical
contact between a read-write had and the overlayer itself, which may be spinning at
thousands of rotations per minute. If no lubricant layer is desired, of if a lubricant layer has
already been deposited, the process ends (step $514).



- based all oy, such as CrM or CM (step S504). Since thin filmstacks often
contain up to three underlayers, after the underlayer is sputtered it is
deci ded whet her an additional wunderlayer should or should not be deposited
(step S505). If another underlayer is to be deposited, an additional
under | ayer is sputtered (step S504). [38] If no nore underl ayers are to be
deposited (step S505), an interlayer is sputtered (step S506). The
interlayer is cobalt-based, and slightﬂﬁ magnetic. Since thin film stacks
typically include two interlayers, after the interlayer is deposited it is
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43]  As depicted in Figure 6, one or more metals with high oxidation potential, such as
those listed in Table 1, are included in the parent alloy or metal as dopants, in levels of iOU
Ppm up to several atomic percent. These zheta]s are transformed upon sputtering into a fine-
grained oxide form using either ambient, latent oxygen found naturally in small quantities in
the sputter chamber, or with controlled amounts of oxygen released into the chamber. The
use of Jatent chamber oxygen or added oxygen will be determined by the type of dopant
used, with more easily oxidized metals such as St or Ca requiring less oxygen to react.
[44]) Layers which are not X-doped may be sputtered using conventional, non-reactive
sputtering techniques.
[45] Metals with 2 high affinity for oxidation or with high oxidation potentials effectuate
the stunting of grain growth by depositing an oxide-doped nucleation site within a thin film.
By oxide-doping thin fitm layers above the seed layer, -t.he beneficial effect of grain growth
stunting is not limited to layers which are adjacent to an oxide-doped seed layer. Because of

these advantages, grain grown is reduced becatise of the high density of grains, constraining
swelling of each individual grain to under 60A.



target comprising a metal with a high affinity for oxidation is sputtered
into "a fine-grained oxide in a thin film using either anbient, |atent
oxygen found naturally in the sputter chanber, or with controlled anmounts
of oxygen released into the chanber. The resulting deposited thin film has
a refined grain size, enabled by the presence of fine oxide particles
within the thin film Based on limtatijans relating to nelting and casting
technol ogy which make it very difficult to dope alloys with fine oxide
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[46] At [483st Acoerdivp/tera thirdtdegect beiel t inWeiRion) b $hdgh b!ﬁ‘c.rr }n@

over | ayer ?}.ch | éﬂPed W|th X- oxi conpri ses Iess than 4 Al oxXi de
In a furPHBYE 'F’é‘rd:w tenng @f | eaﬂwm@alw@aeﬁa ohstrate, wheraphocomisilayérig of
Li, Na, &mﬁ%eﬂ%f a'B:baskd alloy, 8 sphitterfle at’leaone mgerlayer over the underlayer,

where the mterlaycr. is comprised of a Co-based alloy. Moreover, the magnetic recording

medium is manufactured by sputtering at least one overlayer over the interlayer, where the
overlayer is comprised of a Co-based alloy. At least one layer of the underlayer, the
mterlayer and/or the overlayer are doped with an X-oxide, where X is a metal with an
oxidation potential of less than -0.6 eV.

[49] A lubricant layer is formed over the first overlayer, where the lubricant layer is
comprised of C or a C-based alloy. A seed layer is formed between the substrate and the first
underlayer. The at least one of the first underlayer, the first interlayer and/or the first
overlayer comprise less than 4 At% X-oxide. The overall effect of the dopants and grain
growth stunting is the same for each layer in the stack which contains the mucleating oxide
materials.

[50] X is selected from the group consisting of Li, Na, K, Ca, Sr, Mg, S¢, Y,La, Ti, Zr, V,
Nb, and Mn. These metals effectuate the stunting of grain growth by depositing an oxide-
doped nucleation site within = thin film. By oxide-doping thin film layers above the seed



[47] The overall result of this nmethod is a refinenment of grain sizes,"
enabl ed by the presence of very small nucleating oxide particles, either
on the surface of the substrate in a seed |layer, or within the parent film
itself, containing reactively-fornmed oxide particles. In the case of Cr
under | ayer filns deposited on a reactively-sputtered, X-doped Cr seed
| ayer, the columar grains are markedlely refined. If the thin filmis
X-doped, including the reactant insid % he parent film the grain
structure may be ipproved, with the added benefit of inproved grain
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[51 ] According to a fourth aspect, the present invention is a magnetic
recordi ng medium The magnetic recordi ng nediumincludes at |least a first
under | ayer forned over a substrate, where the first underlayer is
conprised of a Cr-based alloy; such as M orCrTi- The nmagnetic recording
medi um al so includes at least a first interlayer formed over the first
under| ayer, where the' first interlayensd s conprised of a Co-based all oy,
and at least a fast overlayer forned over the first interlayer, where the
Fnt overlayer is magnetic and is conprised of a Co-based alloy. At |east
one of the fiWHADIS L AANED 1$-he : G st interlayer and/or the first

overl ayer are doped wth an X- OXIde where X is a netal with an oxidation
potentW of less than -0.6 eV. [52] The invention has been described with
particular illustrative enbodinments. It is to be wunderstood that the
invention is hot |Amdgneti¢ recoliingheditng @6mptifiag: enmbodi nents and t hat
various changes and nodifications may be nade by those of ordinary skill in
the art w thout d%ﬁ'!hs%f?ﬁg fromthe spi r|t and scope of the invention. -1s

Substrate: at |east 5o ORe HhURIGE Romne on o b sbFte, Bldn sduint o n

sai d fi nstderluydds taypmised of e OibasaRsIRE 2 Cr based al oy, at Ieast a first
interlayer fornmed over said first underlayer, wherein said first
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or me in sai irst overlayer is
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wi th an X-oxi de, and wherein X |s a netal wth an oxid
| ess t ha®VerlYy IEceBprssd of@ Gesbased alloymgnet i ¢ recordi ng medi um accordi ng to
Claim1l, further

Cﬂrﬁgreinsﬁtnlgast one of said first underiayer, said first mterlaycr and/or said

first overlayer are doped with an X-oxide, and wherein X is a metal with an oxidation
potential of less than -0.6 Electron Volts.

2. A magnetic recording medium according to Claim 1, further comprising:
a lubricant layer formed over said frst overlayer, said lubricant layer
comprised of C or a C-based alloy.

3. A magnetic recording medivm according to Claim 1, further comprising:

a seed layer formed between said substrate and said first underlayer.

4. A magnetic recording medium according to Claim 1, wherein the at least one

of said first underlayer, said first interlayer and/or said first overlayer comprise less than 4
At% X-oxide

5. A magnetic recording medium according to Claim 1, wherein X is selected
from the group consisting of Li, Na, K, Ca,.S1, Mg, Sc, Y, La, Ti, Zr, V, Nb, and Mn.



a lubricant layer formed over said first overlayer, said |ubricant |ayeér
conprised of C or a C-based alloy. 3. A magnetic recordi ng nedi um accordi ng
to Claim1, further conprising: a seed |layer formed between said substrate
and said first underlayer. 4. A nmagnetic recording nmediumaccording to
Claim1, wherein the at | east one of said first underlayer, said first
interlayer and/or said first overlayer _gpnprise less than 4 At % X-oxide 5.
A magnetic recording nediumaccording to Claiml, wherein X is selected
fromthe group consi sti.ng pf Li . K, Ca,'-Sr . SC, ., La, Ti, Zr, V,
b, and M- B 6. el RpofRTHIIRECR ARG osRge Fiedkinn Gomomsioedt un
conpri si {6 steps of sputtering at least a first underl ayer over a
substrate 1 ayer, wherein the first wunderlayer is conprised of a Cr-based
al l oy; sputtering sputiesagtatdedst adfirst wmderliyeyarvepuesnbstiate {ayes twhenels the fiest,

wherein th lrst inter er. | s copprised of a Co-based all oy, and
sputteri Hﬁ&é yF’e’ﬁé’FanF#@/a éVtﬁsFé?ﬁghover the first interlayer, wherein
the first overlay § S- i f: - . L. at least one
of the first under ?g%%ngméﬁfgfﬁi%’?ﬁ%é?ﬁ?#@ﬁ%ﬁﬁdﬁﬁ{ﬁ&ﬂam&}& %’é‘?er
ar e dopethtevlayer ¥ compeised af ACosbased@lost ad t h an oxi dati on potential of |ess

than -0.6 Electron Volts, and wherein the at |east one of'#he first
under | ayer, the fi SBYRsTIREAt leastp faplopsriayercover ithes firsh igenlaypn rwhereintbe firstvel y

Sputter egv%ﬁpgoghﬁﬁ%ﬁ%@g%%hf A method for manufacturing a

magnetic recording b daim6, further conprising the

steps of sputteri nguisregatldagtysie offthé Hfst SHlGIyal the SRERRerier Idd/ci the first

under | ay g\rréﬂayer are doped with X,

wherein X is a metal with an oxidation potential of less than -0.6 Electron
Volts, and
wherein the at least one of ‘the first underlayer, the first mterlayer and/or the

first overlayer are reactively sputtered in the presence of oxygen.

7 A method for manufacturing a magnetic recording medium according to
Clamm 6, further comprising the steps of:

spuftering a seed layer on the substrate, under the first underlayer.

8. A method for manufacturing a magnetic recording medium according to
Claim 6, wherein the at least one of the first underlayer, the first interlayer and/or the first
overlayer comprise less than 4 At% X.

o. A method for manufactunng 2 magnetic recording medium according to

Claim 6, wherein X is selected from the group consisting of Li, Na, K, Ca, Sr,Mg, Sc, Y, La,
Ti, Zr, V, Nb, and Mn. '

10. A method for manufacturing a magnetic recording medium, comprising the
steps of:.



8. A nethod for manufacturing a magnetic recordi ng nmedi umaccording to-
Caim6, wherein the at | east one of the first underlayer, the first
interlayer and/or the first overlayer conprise less than 4 At% X. 9. A
met hod for manufactunng a magnetic recordi ng nmedi um according to C aim6,
wherein X is selected fromthe group consisting of Li, Na, K Ca, Sr, M,
Sc, Y, La, Ti, Zr, V, Nb, and Wh. 10. fenethod for manufacturing a
magneti c recordi ng medi um conprising the steps of -17 sputtering at | east
a first underl ayer . st at wherein the firs under | ayer is
corprised of a Cr- Sgl\s{tg%m;l %ﬁ??ugﬁu&%r"l“ﬁ[?ﬁﬁl’“l QYL a Supstrale, Whesin Hhyee firstyer
the firstndeiliges BYompribPoRl Or-biRdhilbpt interlayer is conprised of a
Co-based alloy; and sputtering at least a first overlayer over the first

i nterlayer, wher ei Fpuliering atdeast o fiestlintedayéroveptherfirstghdeflayer Gih&reimatle &0y
wherein one of .the first derl ayer, the first interlayer and/or
the fi rs?’tteljcl)%ﬁsa@?g?prﬁgogﬂgé‘d’aﬁﬂﬂ% oxi de, and wherein X is a netal

wi th an oxidation ®Hreodt 104st al iS5 - ron.Volts, 11- A nethod
for manufacturing gpﬁmag etic T ecor d?‘?’\%ﬁ Brd?‘ff?n%@%dﬁﬁﬂ%& wherein the dirst
further everfayesismgmphised oEpCodfasaiulloypring a seed | ayer on the substrate.
12. A nmethod for manufagcturing a nmagnetic recordi ng medi um according to

O ai m 10, wherein CHETSP 2t ieasiiongpd thy hrstamderfayer, theifirst interiayet hed/éri ths first

i nterl aygy e J: I conpyi.se | ess .than 4 At' % X-oxide
B. A nethod for ﬁa&r?% %&%‘%‘n}é'%éﬁﬁh%dg\%}lﬁm 3ty et amAxidatisn griegtialof
d ai m 10]esstiBmeD6 Blectsors¥bhet ed fromthe group consisting of Li, Na, K Ca,
Sr, My, Sc, Y. La, Ti, Zr, V, Nb, and M.

1l. A method for manufacturing a magnetic recording medivm according to
Claim 10, further comprising the steps of:

sputtering a seed layer on the substrate.

12. A method for manufacturing  magnetic recording medium according to

Claim 10, wherein the at least one of the first underlayer, the first mnterlayer and/or the frst
overlayer comprise less than 4 At% X-oxide

13. A method for maxlmfacmring & magnetic recording medium according to

Claim 10, wherein X is selected from the group consisting of Li, Na, K, Ca, Sr, Mg, S, Y,
La, T, Zr, V, Nb, and Mn.

14. A magnetic recording medium, comprising:

at least a first underlayer formed over a substrate, wherein said first
underlayer is comprised of a Cr-based alloy,

at least a first interlayer formed. over said first underlayer, wherein said first
interlayer is comprised of a Co-based alioy: and

at least a first overlayer formed vver said first interlayer, wherein said first
overlayer is comprised of a Co-based alloy,



. 14. A magnetic recording nmedium conprising: at least a first underl ayer
formed over a substrate, wherein said first underlayer is conprised of a
Cr-based alloy; at least a first interlayer fornmed. over said first

under| ayer, wherein said first interlayer is conprised of a Co based
alloy. and at least a first overlayer forned over said first interlayer,
wherein said first overlayer is conprigged of a Co-based alloy, -18 wherein
at | east one of said-first underlayer, said first interlayer and/or said

first overlayer ar i.th an X-oxide, and wherejn X.is a netal with an
oxi dation potenti g’lh io:% gtegfﬂt %05@%@%@?&%&%@& .%ISt interlayer and/or said
first overlayer are doped with an X-oxide, and wherein X is a metal with an oxidation

potential of less than -0.6 Electron Volts.



