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Various attempts have been made to reduce the grain size in the magnetic recording
layer, and to increase the recording density. In one approach, excessive oxygen is
added during the deposition of a CoCrPt or CoCrPt:SiO, magnetic recording layer, in
order to suppress the growth of the magnetic grains. When excessive oxygen is added
during the deposition or as the oxide compound, such as SiO,, in the target is
introduced, oxide regions form and they prevent the formation of bigger magnetic grains.
However, this approach may also result in oxygen getting into the magnetic grains.
When this happens, the anisotropy constant of the magnetic grains is also reduced,
which leads to the formation of superparamagnetic grains. In the magnetic recording
layer, superparamagnetic grains are detrimental to the magnetic recording, hence are
undesirable. This approach is therefore unable to provide a perpendicular magnetic
recording medium with acceptable properties and performances.
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In accordance with an aspect of the invention, a magnetic recording medium, comprises
a base structure, a nucleation layer over the base structure, wherein the nucleation layer
is primarily carbon by atomic weight, and a magnetic recording layer over the nucleation
layer, wherein the nucleation layer provides nucleation sites that determine a grain size
and a grain size distribution of magnetic grains in the magnetic recording layer.

In embodiments the nucleation layer is carbon based and provides nucleation sites that
determine a grain size and a grain size distribution of magnetic grains in the magnetic
recording layer. The nucleation layer can contact the magnetic recording layer, or

alternatively, the nucleation layer can be spaced from the magnetic recording layer and
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a grain size and a grain size distribution of the second intermediate layer which
determines the size and distribution of magnetic grains in the magnetic recording layer,
and the magnetic recording layer provides perpendicular magnetic recording for a disk
drive.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that embodiments of the invention may be fully and more clearly understood by
way of non-limitative examples, the following description is taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions, and in which:
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DETAILED DESCRIPTION

Grain size and grain size distribution in polycrystalline thin films, such as those utilized in
recording media, are determined by the number and the arrangement of nucleation sites.
In an embodiment of the invention, in view of conventional methods, the number of
nucleation sites is increased to decrease the resulting grain size, and the nucleation
sites are arranged uniformly to ensure that the grain size distribution is narrower. This
also is to prevent varying distribution of the size of grains that is observed in the
conventional methods of deposition where nucleation and film growth take place
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the recording layer 22.

The synthetic nucleation layer is deposited for a nominal thickness ranging from a
quarter to two monolayers of material. Several materials or elements may be candidates
for the nucleation layer, such as for example any one or combinations of C, Ta, W, Ru,
Pt, Pd, Nb, Mo, Re, Os, Ir and the like. Additional element and/or elements may be
included in the nucleation layer. For example, additional elements may be gasses such
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Referring to FIG. 1, in another embodiment, the perpendicular magnetic recording
medium 10 includes a base structure 12, which may consist of amorphous or crystalline
or a combination of soft magnetic underlayers 36. The layer 14 disposed on the base
structure 12, could be magnetic or non-magnetic layer with an hep(00.2) or foc(111)
texture or a derivative of these. According to this embodiment, a synthetic nucleation
layer 20 is disposed on the lower intermediate layer 14, and a magnetic recording layer
22 could be disposed directly on synthetic nucleation layer 20 or on another intermediate
layer 16 which is disposed on nucleation layer 20. Base structure 12 includes a
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the like. The upper internedi ate | ayer nmay be
In an embodiment, the recording layer 22 is an alloy of two or more elements such as for
example Co, Cr, Pt, B, Ta, Pd, Sm, Fe, Ni and the like. The recording layer may have
an oxide based grain boundary to separate the grains from each other. The oxide based
grain boundary may be obtained from one or more elements such as for example Si, Cr,
Ta, Ti, Al, Mg and the like. The recording layer may be coated with a protective layer or
a cover layer 42 such as for example carbon, nitrogenated carbon, hydrogenated
carbon, silicon nitride and the like to improve resistance to corrosion. The recording

layer 22 and the protective layer 42 may be coated with a lubricant material 44 such as



sputtered in the presence of a reactive gas such as
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C, Pt, B, Ta, Pd, Sm Fe, 8Ni and the |like. The
recording | ayer may have an oxide based grain boundary
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the protective |ayer 42 may be coated with a | ubricant
mat eri al 44 such asPFPE to i nprove wear resistance.
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smafd el shanheFeneent i onal deposition processes,

nucl eation sites 52 are forned randomy on the

substrate 56. In FIG 3B, when further deposition
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nucl eation site formation. a er shown in

intgrmediate daygr inpmediptglyesfter rﬂee?m| %Q -e Hoyryer, dye to'a competition

between the atomic binding energy, the atom-substrate bonding energy, the kinetic

energy of the atoms from the deposition, and the thermal energy from the substrate
temperature, the material of the nucleation layer 20 moves around and forms clusters 58
within a short time after deposition 62. The clusters 58 of atoms from the material of the
nucleation layer 20 act as the synthetic nucleation sites 52, as shown in FIG. 3C. When
the upper intermediate layer 16 is deposited on base structure in FIG. 4B, intermediate
layer grains 54 in the range of 5-6 nm with a grain boundary 54 are formed as shown 64
in FIG. 4C.



shovvn in FIG 1-2. On the lower internediate |ayer 14
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significance of the nucleation layer 20. It is clear
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in FIG 5B and 5C. The nucl eatj on | ayers of FIG 5B

empboginigrts,of the present Inyentiog, gmpared to one curve 72 of the upper

intermediate layer 16 of a conventional magnetic recording medium without nucleation
layer. The magnetic recording media from which the grain size curves of intermediate
layer of curve 72 as shown in FIG. 6 is not in accordance with an embodiment of the
invention, and is provided only for illustrating the significance of the nucleation layer 20.
Curve 74 is for 0.24nm nucleation layer, curve 76 is for 0.18nm nucleation layer, and
curve 78 is for 0.08nm nucleation layer in accordance with embodiments of the
invention. It can be noticed that, with the introduction of nucleation layer, the mean grain
size is reduced by about 1 nm to below 6 nm and the grain size distribution also

narrows. The distribution is also reduced to about 13 % in the case of upper intermediate

layer 16 deposited on nucleation layer 20, as compared to about 15% for upper



types - | and Il. The difference between type | and
type Il is in the reactive gas used in the s
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and Il helps to achieve segregation of grains in the
internediate layer. To illustrate the effect of the
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shrinks, the magne’nc anlsotropy energy KyV also reduces which will lead to thermal

stability issues. For other recording media, materials with higher K, can be used to
circumvent this problem. This problem can also be avoided by using different media
structures, such as by stacking a small-grain layer below a slightly bigger grain layer or
by using capping layers. These results indicate that the introduction of nucleation layer
is an effective way to reduce the grain size and distribution, without significantly

sacrificing the other properties.
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It wll be appreciated that the technol ogy and
|ication of enbodi nents of the invention ¥
WO%@E 384 t o different magnetic recording medi B¢ @8?007/000309
exanpl e the invention may be enbodied in magnetic
recording nedia materials such as CoCrPt, CoPt, FePt,
CoPt 3, Co3Pt, SnCo5 and the like. Applied in different
magnetic material nedia, it will be appreciated that
different grain dianmeters may be achi eved. For exanple
in other recording nedia sdzh as, CoCrPt nedia with
5-6 nmgrain dianeters, CoPt nedia with 4-5 nmgrain
CLAIM®eters, FePt nmedia with 3-4 nmgrain diameters,
CoPt3 nmedia with 4-5 nmgrain dianeters Co3Pt nedi a
with 4-5 nmgrajin dianeters, and SnCo5 nedia with 3-4
1 nm §magrels r&%%’?'@ﬂé“‘%ﬂl‘@ GEBREINGihi | e t he desired
t hi gkags&ructrd;n the range of 10-20 nm The enbodi nents
of the invention used to obtajn these grain
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conprising: a base structure; a nucleation |ayer over

2.t heTP@ﬁl%gr%tiE‘r‘&éo‘rﬁlﬁg m@@@r[n%iceorﬁins td]éiéihele\%é?é‘inlﬂ?é’t%se skucture

primarily carbon by atom c weight; and a magnetic
COpBEES diHgStd§er over the nucleation layer, wherein the
nucl eation |ayer provides nucleation sites that
determne rain size and a grain size distribution
3. of ?%B%H‘éﬁ"‘eé'c poordiad 'i"ﬁg't“ﬁé‘cﬁ%@%@ﬁq caimeheirindhe %ﬁﬁérstr ugture
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wherein the base structure conprises a substrate. 3.
The magnetic recordi ng nmedium according to claiml
4. whefee maphadichesedisg maditimrascadmp ito dais ‘bwisarbisttiicabasestritiure

corﬂBris%g %%B&thé,%eé'dhgéﬁa{ Ia%}%vglutpéglﬂﬁirgt‘e and a soft magnetic

underlayer over the substrate.

5. The magnetic recording medium according to claim 4 wherein the base structure

further comprises a growth inducing layer over the soft underlayer.

6. The magnetic recording medium according to claim 4 or 5, wherein the soft
magnetic underlayer comprises a combination of one or several crystalline or non-
crystalline layers comprising of one or more elements selected from the group consisting
of Fe, Co, Ni, B, Ta, Zr, Nb, Si, Ti, Ru, Cu, Pt, Pd and Cr.

7. The magnetic recording medium according to any one of claims 4 to 5, wherein
the soft magnetic underlayer comprises a combination of one or several layers
antiferromagnetically coupled synthetically and may be pinned by one or more of
antiferromagnetic material selected from the group consisting of IrMn, FeMn, NiO,
IrMnCr, and Ptivin.



4 The magnetic recording nediumaccording to claim1l
erein the base structure conprises a substrate
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under| ayer over the substrate. 5. The magnetic
recordi ng nmedi um according to claim4 wherein the base
structure further conprises a growh inducing | ayer
over the soft underlayer. 6. The nmagnetic recording
medi um according to claim4 or 5, wherein the soft
magneti ¢ underl ayer conpri $®&s a conbi nati on of one or
several crystalline or non crystalline |layers
conprising of one or nore elenents selected fromthe
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consisting of Ta, W Ti, In, Ag, Cu or alloys thereof.
9. The nmgnetic recordi ng medi um accordi ng to any
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13.  The magnetic recording medium according to any one of the preceding claims,

wherein the nucleation layer comprises hydrogenated carbon.

14. The magnetic recording medium according to any one of the preceding claims,

wherein the nucleation layer consists essentially of hydrogenated carbon.

15.  The magnetic recording medium according to any one of the preceding claims,
wherein the nucleation layer comprises nitrogenated carbon.

16.  The magnetic recording medium according to any one of the preceding claims,

wherein the nucleation layer consists essentially of nitrogenated carbon.



13. The magnetic recordi ng nedi um according to any one
of the preceding clains, wherein the nucleation ‘yer
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recordi ng nmedi um according to any one of the preceding

cl ai ms, wherein the nucleation |ayer consists

essentially of hydrogenated carbon. 15. The magnetic

recordi ng medi um according to any one of the preceding

cl ai ms, wherein the nucleation |ayer conprises

ni trogenated carbon. 16. Thé magnetic recordi ng nmedi um

according to any one of the preceding clains, wherein
17t heTheimhgagtic secordiyemedivmsicearding dosanytang lof Wecprecedmg claims,
thl‘thﬂQ ‘ﬁﬂé}&&%n wepsmn&%?s J#zemg@%%ueetea ﬁemrtﬂé Bdu mgg&agmg

ding to any one o precedi ng cl ai ns, rein
OfTﬁhéNrﬁbd?Qaah A Payjeft &ﬁ'rﬁﬁ‘ﬂl@es of a material selected
fromthe group consisting of Ta, W C, Re No, Mo, OGs,
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23.  The magnetic recording medium according to any one of the preceding claims,
wherein the magnetic recording layer includes cobalt and platinum.

24, The magnetic recording medium according to any one of the preceding claims,
wherein the magnetic recording layer is an alloy of two or more elements selected from
the group consisting of Co, Cr, Pt, B, Ta, Pd, Sm, Fe and Ni.

25. The magnetic recording medium according to any of the preceding claims,
wherein the magnetic recording layer comprises an oxide based grain boundary to
separate the grains, the oxide based grain boundary obtained from one or more
elements selected from the group consisting of Si, Cr, Ta, Ti, Al, and Mg.
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the grain size distribution has a standard deviation in the range of 8 to 15%.

32, The magnetic recording medium according to any one of claims 1-26, wherein
the grain size has a mean of less than 6 nm, and the grain size distribution has a

standard deviation of less than 0.8 nm.

33. The magnetic recording medium according to any one of the preceding claims,
wherein the magnetic recording media is a disk and provides perpendicular magnetic
recording for a disk drive.

34, The magnetic recording medium according to any one of the preceding claims
further comprising an upper intermediate layer, the nucleation layer is spaced from the
magnetic recording layer and the upper intermediate layer contacts the nucleation layer
and is sandwiched between the nucleation layer and the magnetic recording layer.
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nucl eation layer is spaced fromthe nmagnetic_recordi noq)
WOFW@?S“%d t he upper internediate | ayer cont abt Y SEHE /000309
nucl eation |layer and is sandw ched between the
nucl eation | ayer and the magnetic recording | ayer. 35.
The magnetic recordi ng nedi um accordi ng cl ai m 34,
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distribution of magnetic grains in the magnetic recording layer.

39.  The method according to claim 38, wherein the nucleation layer contacts the

magnetic recording layer.

40.  The method according to claim 38 or 39, wherein the nucleation layer comprises
of a material selected from the group consisting of Ta, W, C, Re, Nb, Mo, Os, Ir, Pt, Pd
and Ru.

41.  The method according to any one of claims 38-40, wherein the nucleation layer
comprises a material that is a gas selected from the group consisting of hydrogen gas,

nitrogen gas, and oxygen gas.



Zn, CulAg, Au, In, and Al. 43. The nmethod according to
any one of clainms 38-42, wherein the nucleation |ayer
‘Voa%ﬁﬂ??%bs hydr ogenat ed carbon. 44. The met hobCT/8G2007/000309

according to any one of clainms 38-43, wherein the

nucl eati on | ayer conprises nitrogenated carbon. 45.
The nmet hod according to any one of clains 38-44,
wherein the nucl eation |ayer is spaced fromthe
magnetic recording |ayer, and an upper internediate

| ayer contacts and is sandwfched between the

nucl eation | ayer and the magnetic recording |ayer. 46.
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45.  The method according to any one of claims 38-44, wherein the nucleation layer is
spaced from the magnetic recording layer, and an upper intermediate layer contacts and

is sandwiched between the nucleation layer and the magnetic recording layer.

46. The method according to claim 45, wherein the upper intermediate layer

comprises ruthenium.

47. The method according to claim 45 or 46, wherein the upper intermediate layer is

selected from a group consisting of Ru, Cr, Co, Cu, Re, Os, and alloys thereof.

48.  The method according to any one of claims 45-46, wherein the upper
intermediate layer is sputtered in the presence of a reactive gas selected from the group
consisting of oxygen, nitrogen and hydrogen.

49.  The method according to any one of claims 38-48, wherein the grain size has a
mean in the range of 4.5t0 7.5 nm and the grain size distribution has a standard
deviation in the range of 8 to 15%.



