MAGNETI C LAYERI NG FOR BI T- PATTERNED STACK BACKGROUND [ 1] In recent years,
significant increases in the storage capacity of magnetic bit-patterned
recordi ng medi a have been achi eved by shrinking the size of each magnetic
bit, thereby increasing the density thereof. Snaller nagnetic islands are
conprised of fewer magnetic grains and may, thus, be nore susceptible to
random heat or shock-induced changes in orientation. One way to inprove the
stability of each down-sized magnetic bit, or island, is to enploy a
relatively high anisotropy nagnetic material. Yet, higher anisotropy can
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i nformation in, each bit. Investigators have | ooked into graded ani sotropy
nmedia as a neans to balance stability and witing efficiency. The present
di scl osure pertains to altemative designs of nagnetic recording |layers for
magnetic bit-patterned recording nedia, which enploy graded anisotropy to
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SUMMARY

[02] A magnetic recording layer of a magnetic recording medium includes a plurality
of bit-patterned magnetic islands, wherein each of the plurality of islands overlay
a soft magnetic under-layer. Each of the magnetic islands includes a first
magnetic sub-layer adjacent a second magnetic sub-layer, and the magnetic
recording layer further includes a continuous third sub-layer, which extends
between and connects each of the plurality of islands. According to some
embodiments, the continuous third sub-layer of the magnetic recording layer is
magnetic and has a magnetic anisotropy that is less than a magnetic anisotropy
of the second sub-layer of each of the magnetic islands of the magnetic
recording layer; and the first sub-layer of each of the magnetic islands has a
magnetic anisotropy that is.greater than that of the second sub-layer. According
to some alternate embodimeﬁts, the first magnetic sub-layer overlays the



BRI EF DESCRI PTI ON OF THE DRAW NGS [3] The foll owi ng drawi ngs are
illustrative of particular enbodi nents of the disclosure and therefore do
‘not limt the scope of the invention. The drawi ngs are not to scale (unless
so stated) andire intended for use in conjunction with the explanations in
the follow ng detail ed description. Enbodi nents of the disclosure wll

herei nafter be described in conjunction with the appended draw ngs, wherein
| i ke nunerals denote like elenents. [4] Figure 1 is a plan view of a data
storage system which incorporates a magnetic recording nediumin
accordance with sone enbodi nents of the present disclosure. [5] Figure 2 is
a schematic section through a portion of the systemshown in Figure 1,
accor di ng t costiweug tHirldiubdayes of fhelmagngtic eecdrdisg mysr hedriite third sghi-layer, t hr ough
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section, rngiggl% ic recording medium according to yet further
enbodi nent s A‘faﬁ[:%gg%sm PTI ON

BRIEF DESCRIPTION OF THE DRAWINGS

[03] The following drawings are iilustrative of particular embodiments of the disclosure
and therefore do not limit the scope of the invention. The drawings are not to
scale (unless so stated) andare intended for use in conjunction with the
explanations in the following detailed description. Embodiments of the disclosure
will hereinafter be described in conjunction with the appended drawings, wherein
like numerals denote like elements.

[04] Figure 1 is a plan view of a data storage system, which incorporates a magnetic
recording medium in accordance with some embodiments of the present
disclosure.

[05] Figure 2 is a schematic section through a portion of the system shown in Figure
1, according to some embodiments.

[06] Figure 3 is a schematic section, through a magnetic recording medium,
according to some alternative embodiments.

[07] Figure 4 is a schematic section, through a magnetic recording medium,
according to some additional embodiments.

[08] Figure 5 is a schematic section; through a magnetic recording medium,
according to yet further embodiments.

DETAILED DESCRIPTION

[09] The following detailed description is exemplary in nature and is not intended to
limit the scope, applicability, or configuration of the invention in any way. Rather,
the following description provides practical illustrations for implementing
exemplary embodiments.



[9] The follow ng detailed description is exenplary in nature and is not
intended to limt the scope, applicability, or configuration of the
invention in any way. Rather, the foll ow ng description provides practi cal
illustrations for inplenmenting exenplary enbodinents. [10] Figure 1 is a
pl an view of a data storage system 10, which incorporates a nmagnetic
recordi ng medium 100 i n accordance with sone enbodi nents of the present

di sclosure. Figure 1 illustrates system 10 further including a magnetic
read/ wite head 120, for exanple, as is known to those skilled in the art,
that includes an inductive witing elenent 12, which is shown, in Figure 2,
generating a magnetic field Hfor recording. [11] Figure 2 is a schematic
sect i on[t0}r diggine 4 |$)a|ptanomevobf sgist’aesmré@a systerord) \mg)crb mcsmmeatwbodl ment s.
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third sub-layer 203 preferably consists of Ni and at least one of: Cr (upto 25
at. %), Mo (up to 12 at. %), W (up to 12 at. %), Ir (up to 100 at. %), Ru (up to 30
at. %), Re (up to 15 at. %), Fe (up to 60 at. %), and Co (up to 100 at. %). The



antiferromagnetic sub-layer in conbination with a ferromagnetic sub-I|ayer

[ 13] According to sone enbodi nents, continuous third sub-layer 203 is
.magnetic, connects all nmagnetic islands 110 of nedium 100, and has a
magneti c ani sotropy that is |l ess than that of second sub-|ayer 202 of each
of islands 110, to reduce a demagneti zation field; and |ikew se for islands
210 shown in Figure 3. Figure 3 is a schematic section, through a nmagnetic
recordi ng medi um 200, according to sone alternative enbodi nents. Figure 3
illustrates a recording |ayer of nedium 200 includi n4' magnetic islands 210,
wherein each first sub-layer 201, which has a nmagnetic ani sotropy greater
than that of each second sub-l|ayer 202, overlays the correspondi ng second
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Accordi ng t Qf 3 single layer, anti-ferromagnetically coupled magnetic sub-layers, or a an
antiferromagnetic sub-layer in combination with a ferromagnetic sub-layer.

[13] According to some embodiments, continuous third sub-layer 203 is magnetic,
connects all magnetic islands 110 of medium 100, and has a magnetic
anisotropy that is less than that of second sub-layer 202 of each of islands 110,
to reduce a demagnetization field; and likewise for islands 210 shown in Figure 3.
Figure 3 is a schematic sect'ién,'through a magnetic recording medium 200,
according to some alternative embodiments. Figure 3 illustrates a recording
layer of medium 200 including?'eﬁmagn'etic islands 210, wherein each first sub-layer
201, which has a magnétic anisotropy 'greater than that of each second sub-layer
202, overlays the corres'ponding second sub-layer 202, which overlays
continuous third sub-layer 203. It should be noted that, throughout the detailed
description, for each embodiment, first magnetic sub-layer 201 should be
considered to have a higher magnetic anisotropy than that of second magnetic
sub-layer 202.

[14] Figure 4 is a schematic section, through a magnetic recording medium 400,
according to some additional embodiments. Figure 4 illustrates each magnetic
island 410 of a recording layer of medium 400 configured such that each first
magnetic sub-layer 201 overlays an interlayer 204, which may be formed similar
to any of the interlayer embodiments of third sub-layer 203, which were

described in conjunction with Figure 2. Figure 4 further illustrates continuous



al ternate enbodi nents, an arrangenent of sub-layers 201 and 202 may be

swi tched, such that second sub-layer 202 interfaces with interlayer 204.
Wth further reference to Figure 4, it should be noted that non-magnetic
material 26', for exanple, simlar to that which forns protective |ayer 26
is interposed between islands 410. [15] Figure 5 is a schematic section,

t hrough a magnetic recordi ng nedi um 500, according to yet further

enbodi ments. Figure 5 illustrates each magnetic island 510 of a recording
| ayer of nmedi um 500 configured such that each first magnetic sub-layer 201
overlays interlayer 204, as in Figure 4. Figure 5 further illustrates

continuous third magnetic sub-layer 203 both overlaying each second
magnet i ¢ subhifcasudrlager20sndhiek isthdinmagnatioambodimeetddscabed wltaeds 510 to
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interlayer at locations therebetween. According to alternate embodiments, an
arrangement of sub-layers 201 and 202 may be switched, such that second sub-
layer 202 interfaces with interlayer 204,

[16] According to some preferred embodiments, of any of the configurations
described above, in conjunction with Figures 1-5, the greater magnetic
anisotropy of first sub-layer 201 is constant, while the lower magnetic anisotropy
of second sub-layer 202 varies across a thickness thereof, either from a
maximum, at a side thereof that interfaces with first sub-layer 201, to a minimum
at an opposite side thereof, or.visa-versa. It should be noted that the maximum
magnetic anisotropy, of the thiékness-‘varying anisotropy of sub-layer 202, is
always less than the magnetic anisotropy of first sub-layer 201. According to
further embodiments, of any of the configurations described above, in
conjunction with Figures 1-5, the magnetic anisotropy of both sub-layers 201,
202 is constant across a thickness thereof, and a saturation magnetization of first
sub-layer 201 is less than that of second sub-layer 202.



a non-magnetic substrate; a soft magnetic under-|ayer overlaying the
substrate; and a magnetic recording |layer conprising a plurality of
‘bit-patterned magnetic islands, each of the plurality of islands overlaying
the soft magnetic under-layer and each island conprising a first nagnetic
sub-1l ayer adjacent a second magnetic sub-layer, the recording |ayer further
conprising a continuous third magnetic sub-layer extending to connect each
of the plurality of islands; wherein the first sub-layer of each of the
magnetic islands of the magnetic recording |layer has a nmagnetic ani sotropy
that is greater than a nmagnetic anisotropy of the second sub-|ayer of each
of the magnetic islands; and the magnetic ani sotropy of the second

sub- | ay&H71ofIn thedaregpingiletaiied seseriptips | emhpdiments pttheafisciasare havedgaBt i c

ani sot r opy Qfes&rlﬂ‘f:'edc @r%bé' W@m&ﬂ'aﬁ%é HOWeYE 'bth%is RewRE B dopk &f fedi Ng
layer. 2. The mediumof claim1, wherein the first sub-layer of each of
t he nagnet|@PP§W3ﬁH§m6F t he nagnetlc recordi ng | ayer overlays the
correspondi ng second sub-|ayer of each of the magnetic islands. 3. The
medi um of claim2, wherein the continuous third sub-layer of the magnetic
recordi ng | ayer extends between the second sub-|ayer of each of the
magnetic islands of the nagnetic recording |ayer and the soft magnetic
under-1layer. 4. The nmedium of claim2, wherein the continuous third
sub-layer of the magnetic recording |ayer overlays the first sub-I|ayer of
each of the magnetic islands of the magnetic recording | ayer.



5. The mediumof claim1l, wherein the first sub-layer of each of the
magnheti c islands of the nagnetic recording |ayer has a saturation

.magneti zation |l ess than a saturation magnetization of the second sub-I|ayer
of each of the magnetic islands. 6. The nmediumof claim1, wherein the
magneti c ani sotropy of the second sub-layer of each of the plurality of
magneti c islands of the nagnetic recording |ayer varies across a thickness
of the second sub-layer. 7. The medium of claim®6, wherein the

t hi ckness-varyi ng magneti c ani sotropy of the second sub-layer of each of
the plurality of magnetic islands is at a nmaxi mum at |east at an interface
wi th the corresponding first sub-layer of each of the nagnetic islands. 8.
The medW@f@im:icl ai m 6, wherein the thickness-varying magnetic ani sotropy of

the seceng ,ﬁ%—elti@ygcror@ﬁq %ﬁmp%orﬁé}%{-rﬁ'; urality of magnetic islands is at a

mnimumat | east at an Tntertrace w the corresponding first sub-I|ayer of
each of t R&onggagnetie spkstegtkls. 9. The nedium of claim 1, wherein the second

b | Yer oo RdbeRl uhdin BRIBGLAS Sha il Ug Ranet ¢ [ ecording | ayer
overl ays the correspondi n I rst 'sub-Tayer of each of the magnetic islands.
10. The mednagnet¢ redoxding @yengnsmprsising a pleratityref bitpetiernedimagnstibislangsr of t he
magneti ¢ rechioRthe! AYiSfity O¥ RlhAY SvdriX5ing &R BGk magnetic under-layer and each
island comprising a first maénetic sub-layer adjacent a second magnetic sub-
layer, the recording layer further comprising a continuous third magnetic sub-
layer extending to connect each of the plurality of islands;
wherein the first sub-layer of each of the magnetic islands of the magnetic recording
layer has a magnetic anisotropy that is greater than a magnetic anisotropy of the
second sub-layer of each of the magnetic islands; and
the magnetic anisotropy of the second sub-layer of each of the magnetic islands is
greater than a magnetic anisotropy of the continuous third sub-layer of the
magnetic recording layer.

2. The medium of claim 1, wherein the first sub-layer of each of the magnetic islands of
the magnetic recording layer overlays the corresponding second sub-layer of each of
the magnetic islands. ' o

3. The medium of claim 2, wherein the continuous third sub-layer of the magnetic
recording layer extends between the second sub-layer of each of the magnetic islands

of the magnetic recording layer and the soft magnetic under-layer.

4. The medium of claim 2, wherein the continuous third sub-layer of the magnetic
recording layer overlays the first sub-layer of each of the magnetic islands of the
magnetic recording layer.



sub-1l ayer of each of the nmagnetic islands of the magnetic recording |ayer;
and the recording |layer further conprises a continuous interlayer extending
.between the first sub-layer of each of the magnetic islands of the magnetic
recording layer and the soft nmagnetic under-layer. 11. The nedium of claim
10, wherein the continuous interlayer has a thickness between approxi mately
0.3 nmand 30 nm 12. The medi um of claim 10, wherein the continuous

i nterlayer conprises at |east one of: a face-centered cubic N alloy, a
hexagonal cl ose-packed Co all oy, a hexagonal cl ose-packed Ti alloy, a
hexagonal cl ose-packed Ru alloy, a face-centered cubic Cu, a face-centered
cubic Ag, a face-centered cubic Pt, a face-centered cubic Au and a

f ace- cemt Eheenhediubi of dim 1, WBerelhtherfiestisubalayfer of edaim of the magnadicrisiamds afont i nuous

interl %K%éz;%@f?é }eﬁgl%ir?gtla{/eeﬁ%g aoéy?urgf(idn Mg&etmn IE?SQhaNaQ’atMn and CrRu.

magnetization of the second sub-layer of each of the magnetic islands.

6. The medium of claim 1, wherein the magnetic anisotropy of the second sub-layer of
each of the plurality of magnetic islands of the magnetic recording layer varies across a
thickness of the second sub-layer.

7. The medium of claim 6, wherein the thickness-varying magnetic anisotropy of the
second sub-layer of each of the pIu"faIity of magnetic islands is at a maximum at least at
an interface with the corresponding first sub-layer of each of the magnetic islands.

8. The medium of claim 6, wherein the thickness-varying magnetic anisotropy of the
second sub-layer of each of the plurality of magnetic islands is at a minimum at least at
an interface with the corresponding first sub-layer of each of the magnetic islands.

9. The medium of claim 1, wherein the second sub-layer of each of the magnetic
islands of the magnetic recording layer overlays the corresponding first sub-layer of
each of the magnetic islands.

10. The medium of claim 9, wherein;
the continuous third sub-layer of the magnetic recording layer overlays the second
sub-layer of each of the magnetic islands of the magnetic recording layer; and
the recording layer further comprises a continuous interlayer extending between the
first sub-layer of each of the magnetic islands of the magnetic recording layer
and the soft magnetic under-layer.

11. The medium of claim 10, wherein the continuous interlayer has a thickness
between approximately 0.3 nm and 30 nm.



14 A magnetic recordi ng medi um conprising: a non-magnetic substrate; a soft
magneti ¢ under-1ayer overlaying the substrate; and a magnetic recording
.layer conprising a plurality of bit-patterned nagnetic islands, each island
of the plurality of. islands overlaying the soft nagnetic under-I|ayer and
each conprising a first magnetic sub-layer adjacent a second magnetic

sub-l ayer, the recording layer further conprising a continuous third
sub- 1l ayer extendi ng between to connect each of the plurality of islands;
wherein the second sub-layer of each of the nmagnetic islands overlays the
corresponding first sub-layer of each of the magnetic islands, and the
first sub-layer of each of the magnetic islands overlays the continuous
third sid-Thymediom ¢ffelaimel@owtiersq thayentiraods mlayenwumsies ahleastoaneopy t hat

b f h of
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13. The medium of claim 10, wherein the continuous interlayer comprises at least one
of: MgO, CoO, FeO, NiO, RuAl and CrRu.

14. A magnetic recording medium comprising:

a non-magnetic substrate;

a soft magnetic under-layer overlaying the substrate; and

a magnetic recording layer comprising a plurality of bit-patterned magnetic islands,
each island of the plurality of. islahds overléying the soft magnetic under-layer
and each comprising a first magnetic sub -layer adjacent a second magnetic sub-
layer, the recording layer further comprlsmg a continuous third sub-layer
extending between to connect each of the plurality of islands;

wherein the second sub-layer of each of the magnetic islands overlays the
corresponding first sub-layer of each of the magnetic islands, and the first sub-
layer of each of the magnetic islands overlays the continuous third sub-layer of
the recording layer and has a magnetic anisotropy that is greater than a magnetic
anisotropy of the second sub-layer of each of the magnetic islands; and

the continuous third sub-layer overlays the soft magnetic under-layer to form an
interlayer having a structure to help to produce the greater magnetic anisotropy
of first magnetic sub-layer.

15. The medium of claim 14, wherein the continuous third sub-layer has a thickness
between approximately 0.3 nm and 30 nm.



16. The medi um of claim 14, wherein the continuous third sub-Iayer
conprises at |east one of: a face-centered cubic NI alloy, a hexagonal

.cl ose-packed Co all oy, a hexagonal cl ose-packed Ti alloy, a hexagonal

cl ose-packed Ru alloy, a face-centered cubic Cu, a face-centered cubic Ag,
a face-centered cubic Pt, a face-centered cubic Au and a face-centered
cubic Pd. 17. The nedium of claim 14, wherein the continuous third

sub-1l ayer conprises at |east one of: MO, CoO, FeO, N O RuAl and CrRu.
18. The medi um of claim 14, wherein the first sub-layer of each of the
magnetic islands of the magnetic recording |ayer has a saturation

magneti zation | ess than a saturation magneti zation of the second sub-I| ayer
of eachiéofTHehreedmgreficlaimiig] whetein thd Bontiflneusrthitd wob-ddyec camprises,at Wdast ei n t he

magneti c_ani ropy.of the second _sub-|ayer of eac f_the yral ity of
magnet i %ne?ch %ﬁ%%e-g‘%'nt?rﬁg CH@&%@?F@" Fi’@@%‘?%gdf’%?@g\?gr(ﬁ’e%‘fo&? 5%’%3g§n%|hi ckness
of the deseopatked i dllyea hexdydnalldieseredkediRafalloy, ai fatd-8entatedroabic Glha

t hi ckn - j eti.c ani sotropy. t - each of
the. magass La P BRI wife S el s Pt 4 Em BB SHRATYRLe Bsef eepondi ng
first sentdregeubioPdeach of the magnetic islands. 21. The medium of claim
19, wherein the thickness-varying magnetic ani sotropy of the second

sub-layer of each of the nagnetic islands is |east at a m ninmum at an
i nterfatie Themedibm of afaire dgpwhenein the centinsiobs thirdsubddyee acinpadestatdeastignet i ¢

| andsyne o260 ACBBIRED! fid, R Shig,&RA um compr i sing:

18. The medium of claim 14, wherein the first sub-layer of each of the magnetic islands
of the magnetic recording layer has a saturation magnetization less than a saturation
magnetization of the second sub-layer of each of the magnetic islands.

19. The medium of claim 14, wherein the magnetic anisotropy of the second sub-layer
of each of the plurality of magnetic islands of the magnetic recording layer varies across

a thickness of the second sub-layer.-

20. The medium of claim 19, whérei.'n the thiCknéss-varying magnetic anisotropy of the
second sub-layer of each of the magnetié islands is at a maximum at an interface with

the corresponding first sub-layer of each of the magnetic islands.
21. The medium of claim 19, wherein the thickness-varying magnetic anisotropy of the

second sub-layer of each of the magnetic islands is least at a minimum at an interface

with the corresponding first sub-layer of each of the magnetic islands.
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a non-magnetic substrate; a soft magnetic under-|ayer overlaying the
substrate; and a magnetic recording |layer conprising a plurality of
.bit-patterned nagnetic islands, each of the plurality of islands overlaying
the soft magnetic under-layer and each island conprising a first nagnetic
sub-1layer overlaid by a second magnetic sub-layer, the recording |ayer
further conprising a continuous interlayer, extending between the first
sub-1l ayer of each of the nagnetic islands, and a continuous third magnetic
sub-1l ayer, extending to connect each of the plurality of islands and

overl aying the second sub-layer of each of the nmagnetic islands; wherein
the first sub-layer of each of the nmagnetic islands of the nmagnetic
recor di 2y A magneticarecardiragnedium camipsisingopy that is greater than a nagnetic

ani sotrop ) ub-1 ayer of each of the magnetic islands; and the
magneti c éﬁ?&é%ﬁgggﬁg?rﬁge'second sub-l ayer of each of the magnetic islands

of the magrseﬁirr!}agnet'um)muem@p)/eaywlavmgitlmsmstratesgaadt hi ckness of the second
e K e g e .
of cl ai m 22 eaghef bepluraldy vhiskkdeseriaying itheysoftiyagrdtic undesleyerang esicht he
o mum at 195 e st haelic et oty B0 S shforlTpatitete 687 o o
ea_ch of the Iam_grtbe 're::o'rcﬁrhgalagler. fyrtlzer.compeisingai aomtimfous|irteriay2?, exténdingi n t he
the. pl ur ai 1 et RSB b pERLATECR Y 8 mddhus RERPS, AL EIo&, FITe Tace
wi t h t he corthissmpaguiticgubilayer, estendirmyte confiect aath affthé hliratiygofaslands aidands.
overlaying the second sub-layer of each of the magnetic islands;
wherein the first sub-layer of each of the magnetic islands of the magnetic recording
layer has a magnetic anisotropy that is greater than a magnetic anisotropy of the
second sub-layer of each of the magnetic islands; and
the magnetic anisotropy of the second sub-layer of each of the magnetic islands of
the magnetic recording layer varies across a thickness of the second sub-layer
and is always greater than a magnetic anisotropy of the continuous third sub-

layer of the magnetic recording layer.

23. The medium of claim 22, wherein the thickness-varying magnetic anisotropy of the
second sub-layer of each of the plurality of magnetic islands is at a maximum at least at

an interface with the corresponding first sub-layer of each of the magnetic islands.
24. The medium of claim 22, wherein the thickness-varying magnetic anisotropy of the

second sub-layer of each of the 'plunality:of magnetic islands is at a minimum at least at

an interface with the corresponding first sub-layer of each of the magnetic islands.
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