MAGNETI C RECORDI NG MEDI A W TH A SYNTHETI C NUCLEATI ON
LAYER AND METHOD OF MANUFACTURE FI ELD OF THE | NVENTI ON
This Invention relates generally to nagnetic recording
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mediumwi th a synthetic nucleation | ayer and a

magneti c recording | ayer. BACKGROUND OF THE | NVENTI ON
Per pendi cul ar rmagnetic recordi ng nedi a have been

devel oped to provide higher recording density in data
storage devi ces such as dISk drives. A typica

per pendi cul ar magnetic recordlng nedlun1|ncludes a
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defFidt OF THREINYERTIGNgnal - noi se ratio at a given density.
Therefore, a key objective in the design of

endj cul a recor di ng nedi.a i
GBS TeRlen SR e Grh oS pod motpaepay o

reaimetis rbdveding @ediurs witiea syntl‘teltie numm;,\ﬁm lyer petomegnatic teegrding

r1o increase the recording density. In one
approach excessi ve oxygen is added during the
deposition of a CoCrPt or CoCrPt:Si 02 magnetic
rEUCK GROYND @FSTHE INNENTION to suppress the growt h of
the magnetic grains. Wen excessive oxygen i s added

during the deposition or as the oxide conpound, such
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per pendi cul'ar magnetic recording nmediumwith

accept abl e properties and performances. 2
Various attempts have been made to reduce the grain size in the magnetic recording

layer, and to increase the recording densily. In one approach, excessive oxygen is
added during the deposition of a CoCrPt or CoCrPESi0O, 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 SiQ,, in the targat is
introduced, oxide regions form and they prevent the formation of bigger magnetic grains.
However, this approach may also resuit 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 acbeptab[e properties and performances.



Anot her approach has been to reduce the grain size of
the magnetic recording |ayer without significantly
affecting the thernmal stability by tailoring the
Wir289%m88itht e | ayer properties. In this schenRCT/$GRE07/000309
intermedi ate | ayer, which consists of two or nore

el ements, is sputtered in the presence of oxygen, for
exanple, with a RuCr alloy target Wen the target is
sputtered in the presence of oxygen, oxide regions,
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In an enbodi nent of the invention a magnetic recording
medi um conpri ses a substrate, a soft nagnetic

under| ayer over the substrate, a seedl ayer, st
VO 334ter medi ate | ayer over the soft magne‘f‘?11‘53‘;2"07""00309
underl ayer and a nucl eation |ayer over the first
internmedi ate | ayer, the nucleation |ayer may consi st
essentially of hydrogenated carbon or nitrogenated
carbon and is primarily carbon by atom c weight, and a
second or upper internediate |ayer over the nucleation

| ayer and a magnetic record?ng | ayer over the second
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lustrates th struc ure of a magnetic recording
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invention; FIGS. 3A-30 illustrates the case of random
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intermediate layer over the nucleation layer and a magnetic recording layer over the
second intermediate layer, the nucleafion layer provides nucleation sites that determine
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:



FI GS. 5A-5C are TEM i nmages showi ng grain structure
formed in an upper internediate |ayer in accordance an
enbodi ment of the invention; FIG 6 is a graph show ng
woanm/334ze and grain size distribution curverCn$G@07/000309
second internedi ate | ayer according to enbodi nents of
the invention, conpared to those of a conventiona
magneti ¢ recordi ng medium and FIGS. 7A-7B are graphs
showi ng the change of C-axis orientation (A050),
coercivity (-10) and nucleation field(-H0O) upon
insertion of a carbon-based4nucl eation |ayer in
accordance with an enbodi nent of the invention.
Al lystaterthemirstyrent agpagnaticsiesasdiahpedjin imacspraance with an
Gintbotiment df e inventpd] ycrystalline thin filnms, such as
those utilized in recording nedia, are determ ned by
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is increased to decrease the resulting grain size, and
the nucleation sites are arranged uniformy to ensure
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enbodi nent of the invention includes a base structure
12, lower internediate |ayer 14 disposed on the base
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structure 12 includes a substrate 32, and an adhesi on
l&@ﬁﬁﬂ%ﬁDE@%ﬁﬁ%knFagnet'C | ayer 36 and a seed | ayer or
agro rnducing | ayer 38 sequentially formed on a
substrate 32. The lower internediate layer 14 is
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1n 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 uniformiy to ensure that the grain size distribution is narrower. This
also is 1o prevent varying distribution of the size of grains that is observed in the
conventional methods of deposition where nucleation and film growth take place



of crystallographic orientation of the grains.
Thereafter, a synthetic nucleation |ayer 20 is

deposited on the lower internediate | ayer 14.
BOeWPITMt | y, an upper internedi ate | ayer 16PCESGHHTIES00
on the synthetic nucleation |layer 20, at a pressure

hi gher than the pressure used to deposit | ower
internedi ate | ayer 14. The lower internediate |ayer 14
hel ps to i nprove the crystall ographic texture, and the
upper internediate [ayer 16, acting as a tenplate for
separating t he densely packéd grains, helps to obtain
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of soft magnetic underlayers 36. The | ayer 14 di sposed
on the base structure 12, could be magnetic or

non- magnetic layer with an hcp(00.2) or fcc(111)
texture or a derivative of these. According to this



7 substrate 32, and an adhesion |ayer 34, a soft
magnetic | ayer 36 and a seed | ayer 38 sequentially
formed on a substrate 32. The | ower internediate |ayer
W 2p0l0p1t 0 i nprove the crystall ographic texPCRIG20eF 0309
upper internedi ate |layer 16, acting as a tenplate for
separating the densely packed grains, helps to obtain
segregated grain structure in the recording |layer to

i mprove signal to noise ratio fromthe magnetic
recording layer 22. |If the |ower internediate |layer 14
is made of a magnetic or netamagnetic layer, it also
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FI GS. 3A-3D shows two cases of nucleation and growth
mechanisnms in thin fil mdeposition processes. In FIG

3A, which represents the conventional deposition
woaewe3wsl nucleation sites 52 are fornmed raPEGsGYPO7EN0309
the substrate 56. In FIG 38, when further deposition
occurs, the grains 54 fornmed on nucleation sites 52

are of randomsizes. FIG 30 illustrates the case of
nore uniformy and densely arranged 82 nucl eati on

sites 52 according to an enbodi ment of this invention.
In FIG 3D, when further degosition occurs, the grains
54 fornmed on nucl eation sites 52 are of__uni f orm and
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in FIG 56 and 5C The nucl eation |layers of FIG 5B
and 5C are of two different types -1 and Il. The
di fference between type | and type Il is in the
reactive gas used in the sputter deposition of the
carbon | ayer, being for exanple hydrogen and nitrogen,
respectively. It can be noticed that the insertion of
nucl eation |ayer of both types | and 11 helps to
achi eve segregation of grains in the internedi ate
| ayer. To illustrate the effect of the nucleation



10 internediate | ayer 16 deposited w thout nucl eation
| ayer. These results clearly indicate the
ef fectiveness of inserting a nucleation |ayer to
wveawesse grain size and distribution requi perdsémorionnsoo
hi gh-density recording nedia. It will be appreciated
that this technique can be used in severa
applications that require snmall and uniform grains.
FIGS. 7A-7B are graphs show ng the change of C-axis
orientation (6.050), coercivity (Hc) and nucl eation
field (-Hn) upon insertion of a synthetic nucleation
ﬁ%gr in accordance with an enbodi nent of the
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invention have shown that grain sizes
P £19-4Cst andar d devi ati on of 13% were obtalned and
signal to noise ratio inprovenent of about 1.6 dB has
been observed. The enbodi nents of the invention can
help to solve a major problemfor high-density
recordi ng nmedia and can al so be applicable in severa
other fields requiring stringent grain size control.
It will be appreciated that the technol ogy and
appl i cation of enbodi nents of the invention nmay be
applied to different magnetic recordi ng nedi a. For
exanpl e the invention nmay be enbodi ed in magnetic
recording media materials such as CoCrPt, CoPt, FePt,
CoPt 3, Co3Pt, SnCos and the like. Applied in different
magnetic material nedia, it wll be appreciated that



12 daim 1. A magnetic recording nmedium conprising:
a base structure; a nucleation |ayer over the base
structure; and a magnetic recording | ayer over
woeosssdent i on | ayer, wherein the nucl eati onPCH$E2007/§0309
configured to induce an arrangenent of nucl eation
sites having a uniformty and a density, the
arrangenent determining a grain size and a grain size
di stribution of nagnetic grains in the magnetic
recording layer. 2. The magnetic recordi ng nmedi um
according toclaiml mhereim!the base structure
nprises a substrate. %%netlc recor di ng

né&P'UPﬁfﬁ%'é slvgn F'@Sc?/"a?ﬁwbﬁtwﬁﬂbﬁf Rispipg elpeieon migr P?S’BP%r e
C OTEM) s s af Wpphditsraicdiateiidyersals chdhgetiorecoraiyng mediadavihdre

S Htp&etaiia{ ISyers and of a magnetic recording media without a nucleation layer.
Specifically, TEM images 68,69 (FIG. 5B and 5C} of upper intermediate layers of
magnetic recording medium residing on a nucleation layer 20 as discussed and shown in
FIG. 1-3 In accordance with an embodiment of the invention, with a TEM image 66 (FIG.
5A) of an upper intermediate layer of a magnetic recording medium where the a
nucleation layer 1s absent from the magnetic recording medium. The magnetic racording
medium from which the TEM image 66 of intermediate layer is shown in FIG. BA is not in
accordance with an embodiment of the invention, and is provided only for iilustrating the
significance of the nucleation layer 20. It is clear that the Images of samples 68 and 69
in FIG. 5B and 5C prepared with nucleation layer 20 show well-separated grains. The
average grain size is smaller in the case of films with synthetic nucleation layer 20, as
shown in FIG. 5B and 5C. The nucleation layers of FIG. 5B and 5C are of two different
types -l and Il. The difference between type § and fype Il is in the reactive gas used in
the sputter deposition of the carbon layer, being for example hydrogen and nitrogen,
respectively. it can be noticed that the insertion of nucleation layer of both types | and |
helps to achieve segregation of grains in the intermediate layer.

To Hustrate the effect of the nucleation layer, grain size was estimated by measuring the
distance between the grain centers. FIG. € is a graph 70 showing grain size and grain
size distribution curves 74, 78, 78 of the upper intermediate layer 16 according o
embodiments of the present invention, compared fo 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 noticad 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
{ayer 16 deposited on nucleation layer 20, as compared o about 15% for upper



4. The magnetic recordi ng nmedium according to claim1l
wherein the base structure conprises a substrate, an
adhesi on | ayer over the substrate and a soft nmagnetic
wodemwasser over the substrate. 5. The magneRGRSG2007/000309
recordi ng nmedi um according to claim4 wherein the base
structure further conprises a growth inducing |ayer
over the soft underlayer. 6. The magnetic recording
medi um according to claim4 or 5, wherein the soft
magneti ¢ underl ayer conprises one or a conbination of
several crystalline or nonctystalline | ayers
conprising of one or nore elenents selected fromthe
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antiferromagnetically coupled synthetically and nay be
pi nned by on nore of antiferromagnet
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e B R PR b P TR S RISt
amelsuied Toonieg full wigth at half maximum {(Aeyg) of rocking curves using X«Ray
Diffraction (XRD). 1t can be noticed that with the introduction of type I} nucleation layer,
AB5, increases by about 0.6°, which indicates a slight deterioration in the texture. With
type | nucleation layer, the increase, is about 0.4°. However, this increase is not
significant in affecting the performance of the media and may be overcome by using
other methods that help improve the orientation. Indeed, measurements recorded
indicated that the media with nucleation layer possess a signal to noise ratio significantly
larger by about 1.5 dB than the media without the nucleation layers, which points

towards the potential effectiveness of the proposed technigue.

FIG. 7B shows the change in the coercivity (H.) and nucleation field (-H,) upon inserting
the type Il nucleation layer. It can be noticed that the coercivity and nucleation field
decrease slightly, partly due to the reduction in grain size. As the magnetic grain size
shrinks, the magnetic anisotropy energy KuV 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.



internedi ate | ayer contacts and is sandw ched between

the nucleation |ayer and the base structure. to. The

magneti ¢ recordi ng medi um according claim9, wherein

VRedEtl i nt ernedi ate layer is ruthenium BRAL/SGHE/000309

magneti c recordi ng medi um according to claim?9,

wherein the lower internediate |layer is selected from

a group consisting of Ru, &, Co, Cu, Re, GCs, N, Jr

and alloys thereof. 12. The nmagnetic recordi ng nmedi um

according to any one of the preceding clains, wherein

the nucl eation | ayer contactts the magnetic recording
yer. 13. The magnetic recordin nedlug%acc

a%?e%?éedd‘ﬁc’?ﬂ'é“ IVECBRRY e FeaprRaalAe? B0 frasine i firis s
ndeploast-taln Brgirienl datmbtairee svith thd reodpediatsl oltbe inoamtion Hade
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prec wher ei e nucl eatl on

caSiaspido é@gferﬁth iy emgnt piabeugendR bas keap pRsRrved. 1 e The
n&ﬂﬁﬁﬁﬂ&tsf&ﬁﬁﬁrﬂrbﬁtﬁm l&&dhélmo%ﬁlﬁ@é ehanﬁ pﬂbﬁlel&ﬂ()f h@h&}eﬁé‘ltyt he

PR B o} ik PR AP Har I sS4 SRR Rl Bt svingon

r greioside pgptieedi um accordi ng to any one of the precedi ng
cl ai ms, wherein the nucleation |ayer consists

eﬁaﬁ rl]nfa appreél atgg that t%;e e enrg otgye gndca%plbcap jon of embodiments of the
invention may be applied to different magnetic recording media. For example the -
invention may be embodied in magnetic recording media materials such as CoCrPt,
CoPt, FePt, CoPis, CosPt, 8mCos and the like. Applied in different magnetic material
media, it will be appreciated that different grain diameters may be achieved. For
example in other recording media such as, CoCrPt media with 5-6 nm grain diameters,
CoPt media with 4-5 nm grain diameters, FePt media with 3-4 nm grain diameters,
CoPt; media with 4-5 nm grain diameters CosPt media with 4-5 nm grain diameters, and
SmCos media with 3-4 nm grain diameters are needed while the desired thickness is in
the range of 10-20 nm. The embodiments of the invention may be used to obtain these
grain sizes with a standard deviation of 15%.

While embodiments of the invention have been described and fllustrated, it will be
understood by those skilled in the technology concerned that many variations or
modifications in details of design or construction may be made without departing from
the present invention.



17. The magnetic recordi ng nedi um according to any one
of the preceding clains, wherein the nucleation |ayer
conprises of a material selected fromthe group
consisting of Ta, W C, Re, Nb, My, Gs, Jr, Pt, Pd and
Ru. 18. The nagnetic recording nedia according to any
one of the preceding clains, wherein the nucleation
| ayer conprises a material ¥hat is a gas selected from
ciie group consisting of hydrogen gas, nitrogen gas,
and oxygen gas. 19. The magnetic recordi ng nmedi um
according to any one of the preceding clains, wherein
1. t heAmsghetiatdcading aediumcamprisisgs a material that is a
met glsalfaked fromthe group consisting of C, Ti,
Zr, M, Zn, , Ag, . Au, In, and Al. 20. The magnetic
recBPW%&WFﬁWg‘EPW&W%m?;&H ny one of cl ai rrsgl- 12,
wher miagnetibeecordiog badriova theapdeation g érswierai th padetjemliares &
corffidhB@ induédan aFRGedXRANG hhdeakiBf Gleslhd¥thg AREiHNIAGKDY dth g, the
\Méllercgém the nucl eation

{o any one .of cl ains 1-d12 . A th
ArTpIRCIApT ARRTTRPE 2 BRINHAE PULERAT 8F CAFBON. O Mg n the
magregia eecprding 8@y di ng medi um according to any one of the

precedi ng cl ains, wherein the nmagnetic recording | ayer
2. 1 S @Thepaghberedrdind aliys habiding o ddilnmwher2. thellaee stmetast | C
co&ﬁ%%adéu%@d! um according to any one of the preceding

cl al ms erein the magnetic recording | ayer includes

cobalt and. platjnum. 24. The netic r rdin
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conpprepsei subdithte widgnetlhasion Eyerrodérike subsyiate. i s an al | oy of
two or nore elenents selected fromthe group
4. CONSh&hhgastbeotding iGEdiunPhecom@ing T@slailld wh&i@in thebaaddrublure

comprises a substrate, an adhesion layer over the substrate 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 one or a combination of several crystalline or noncrystalline layers
comprising of one or more elements selected from the group consisting of Fe, Co, Ni, B, Ta, Zr,
Nb, 8i, 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 one or 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
PtMn.

8. The magnetic recording medium according claim 5, wherein the growth inducing layer is

selected from a group consisting of Ta, Ni, W, Ti, In, Ag, Cu or alloys thereof.

0. The magnetic recording medium according to any preceding claim further comprising a

lower intermediate layer, the nucleation layer is spaced from the base structure, and the lower



25. The magnetic recordi ng nedi um according to any of
the preceding clains, wherein the magnetic recording
| ayer conprises an oxi de based grain boundary to
separate the grains, the oxide based grain boundary
obtai ned fromone or nore elenents selected fromthe
group consisting of Si, C, Ta, Ti, A, and My. 26.
The nagnetic recordi ng medii¥m according to any of the
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ove € ‘magne recor otec
strycgiper coati ng the magnetic recordlng Iayer to prevent
corrosion, the protective layer conprising a nateri al
10.S el Ehd reggnéticosootdies raedbunpaccarimi shinng whéreipaliddower intermediate layer
is idmbi;@genat ed carbon, hydrogenated carbon, silicon
n|tr| e. 27. The nagnetic recording nediunraccording

one, of t recedin
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wherein the grain size has a nean in the range of 4.5
12.1 0 Dhdmipibtic ré@rdidd8ediag frbiding FMO bk df thelppaédiig claims, wherein

26, wherein the grain
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recordlng medi um according to a of th ecedi, ng.
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recording medi um according to any one of claims 1 -29,
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16. The magnetic recording medium according to any one of the preceding claims, wherein

the nucleation layer consists essentially of nitrogenated carbon.

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

18. The magnetic recording media according to any one of the preceding claims, wherein the
nucleation layer comprises a material that is a gas selected from the group consisting of hydrogen

gas, nitrogen gas, and oxygen gas.

19. The magnetic recording medium according to any one of the preceding claims, wherein
the nucleation layer comprises a material that is a metal selected from the group consisting of Cr,
Ti, Zr, Mn, Zn, Cu, Ag, Au, In, and Al

20. The magnetic recording medium according to any one of claims 1-12, wherein the

nucleation layer consists of hydrogenated carbon.

21. The magnetic recording medium according to any one of claims 1-12, wherein the

nucleation layer consists of nitrogenated carbon.



15 33. The magnetic recordi ng nmedi um according to any
one of the preceding clains, wherein the magnetic
recording nmedia is a disk and provi des perpendi cul ar
magneti c recording for a disk drive. 34. The nmagnetic
recordi ng nmedi um according to any one of the preceding
clains further conprising an upper internediate |ayer,
the nucleation layer is spa@bd fromthe magnetic

22 r ec% %%F%cagcordlﬁggrg%dgu mﬁ to an&%nen?gneﬁ) de%edl%c? ms, wherein
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recording layer. 35. The magnetic recordi ng nmedi um
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ing to clarm 34, wherein the upper internediate
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colsRHAIY CONB, 1Bf B, ¢h P4/ &in, 34 a3bwi. Wherei n the upper
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oxidelbdsebgraia bodndye bbtawed frdrh endya seresdlampbtsiselesteddruah the group

consisting of 8i, Cr, Ta, Ti, Al, and Mg,

26. The magnetic recording medium according to any of the preceding claims further
comprising a protective layer above the magnetic recording layer, the protective layer coating the
magnetic recording layer to prevent corrosion, the protective layer comprising a material selected

from the group consisting of carbon, nitrogenated carbon, hydrogenated carbon, silicon nitride.

27, The magnetic recording medium according to any one of the preceding claims, wherein

the grain size has a mean of less than 6 nm.

28. The magnetic recording medium according to any one of claims 1-26, wherein the grain

size has a mean in the range of 4.5 to 5.5 nm.

29, The magnetic recording medium according to any one of claims 1-26, wherein the grain

size has a mean of about 5.0 nm.

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

the grain size distribution has a standard deviation of less than 15%.

31 The magnetic recording medium according to any one of claims 1 -29, wherein the grain

size distribution has a standard deviation in the range of 8 {0 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.



sputtering a magnetic recording | ayer over the

nucl eation | ayer, wherein the nucleation |layer is

controlled during the depositing to induce an

arrangenment of nucleation sites that have a uniformty

and a density, the arrangenent determning a grain

size and a grain size distribution of nagnetic grains

in the magnetic recording |#yer. 39. The nethod

zacc
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driv@yer conprises of a material selected fromthe group

consisting of Ta, W C, Re, Nb, My, Gs, Ir, Pt, Pd and
34. Ru. Thé]ﬂﬁ I{‘@reé@&Mecﬁiﬂﬁ Qércgr'dﬁﬁ t(g :Qly%ﬂé/ o I'&Edlﬁé @dlmfurther

38-4 W%ereln tg u atlgg er cong{g %
°°‘H%Rsél}g|35 PPRE, JYerrgdigte Eﬂg BPUEERG FrEbi e Pyl masnetic
recouliregileyer ang tefuphgrdntogrediatpdeer qontarts femudention layrd awkiy spadwiched
betd@én the ﬂ&leaﬁ&ﬂaﬁ?iﬂﬂ% &[cﬂ‘bd&%ﬁ@aﬁf‘y one of clains

38-41 , wherein the nucleation |ayer conprises a
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38-42, wherein the nucleation |ayer conprises
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b gprlses ni trogenat ed carbon
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nucl eation |ayer is spaced fromthe magnetic recording
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38. A method of making a magnetic recording medium, comprising:

providing a base structure;

depositing a nueleation layer over the base structure; and

sputtering a magnetic recording layer over the nucleation layer, wherein the nucleation
layer is controlled during the depositing to induce an arrangement of nucleation sites that have a
uniformity and a density, the arrangement determining a grain size and a grain size 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.

42. The method according to any one of claims 38-41, wherein the nucleation layer
comprises a rmaterial that is a metal selected from the group consisting of Cr, Ti, Zr, Mn, Zn, Cu1
Ag, Au, In, and Al



46. The nethod according to claim45, wherein the

upper internedi ate | ayer conprises ruthenium 47. The

nmet hod according to claim45 or 46, wherein the upper

internedi ate layer is selected froma group consisting

of Ru, G, Co, Cu, Re, Gs, and alloys thereof. 48.

The met hod according to any one of clains 45-46,

wherein the upper internmedi¥te |layer is sputtered in
43. E:Oﬁ'gllps ﬁlﬁog%cag QCLD o%%agnte O{(l?%l%:is g nar%grteﬁ(%hef r{uglg;t{OESaygr;cﬁHanes
hydregedesl cathenr di ng to any one of clainms 38-48, wherein

the grain size has a nean in the range of 4.5 to 7.5
44.nm Ardndrhel ;gtoading Biameordiobdaimbpd-iH whiraia tie sitlanibaiaer comprises

nitSEah kQod. N the range of 8 to 15%

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 4.5 to 7.5 nm and the grain size distribution has a standard deviation in the range of
8 to 15%.



