MAGNETI C LAYERI NG FOR BI T- PATTERNED MEDI A BACKGROUND
[01] In recent years, significant increases in the
storage capacity of magnetic bit- patterned recording
nmedi a have been achi eved by shrinking the size of each
magnetic bit, thereby increasing the density thereof.
Smal | er magnetic islands are conprised of fewer
magneti c grains and nmay, 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 e a relatively
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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 embodiments, the first magnetic sub-layer overlays the



recording layer; and the first sub-layer of each of
the magnetic islands has a magnetic ani sotropy that
is.greater than that of the second sub-Iayer
According to sone alternate enbodi nents, the first
magneti c sub-layer overlays the 1 continuous third
sub-l ayer of the nmagnetic recording |ayer, and the
third sub-layer overlays the soft magnetic
under -1l ayer of the recording nmediumto form an
interlayer having a structure to hel p produce the
greater anisotropy of the first magnetic sub-I|ayer.
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[08] 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.



according to yet further enbodi nents. DETAI LED
DESCRI PTION [09] The follow ng detail ed description is
exenplary in nature and is not intended to Ilimt the
scope, applicability, or configuration of the
invention in any way. Rather, the follow ng
description provides practical illustrations for
i mpl enenting exenplary enbodi nents, 2 [10] Figure 1
is a plan view of a data storage system 10, which
i ncorporates a nmagnetic recordi ng nmedi um 100 in
accordance with sone.enbodi nents of the present
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[12] According to some embodiments, first magnetic sub-layer 201 has a magnetic

anisotropy that is greater than that of second magnetic sub-layer 202, and third
sub-layer 203 forms an interlayer between first magnetic sub-layer 201 and soft
magnetic under-layer 24, which interlayer has a structure to help produce the
greater magnetic anisotropy of first sub-layer 201. A thickness of continuous
sub-layer 203, as the interlayer, may be between approximately 0.3 nm and
approximately 30 nm. I[f first magnetic sub-layer 201 is comprised of a hexagonal
close-packed (hcp) CoPt, a rare earth Co5, or a multi-layer Co/(Pt, Pd) face-
centered cubic (fcc), third sub-layer 203, as the interlayer, may be at least one of:
a fcc Ni alloy, a hep Co alloy, ahep Ti alloy, a hep Ru alloy, a fec Cu, afec Ag, a
fcc Pt, a fec Au, and a fce Pd .‘l:‘-?i'l'hve embodiment wherein the fcc Ni alloy forms
third sub-layer 203 preferably consists of Ni and at least one of: Cr (up to 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
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[14]

sub-layer 203 forns an interlayer between first
magneti c sub-layer 201 and soft nagnetic under-| ayer
24, which interlayer has a structure to hel p produce
the greater magnetic ani sotropy of first sub-I|ayer
201. A thickness of continuous sub-layer 203, as the
interlayer, nmay be between approximtely 0.3 nm and
approximately 30 nm If first magnetic sub-|ayer 201
is conprised of a hexagonal close-packed (hcp) CoPt
arare earth Co5, or a nulti-layer Co/(Pt, Pd) face-
centered cubic (fcc), third sub-layer 203, as the
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202, overlays the correspondmg 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.

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



connects all magnetic islands 110 of medi um 100, and
has a nmagnetic anisotropy that is |less than that of
second sub-1layer 202 of each of islands 110, to
reduce a denmmgnetization field; and |ikew se for

i slands 210 shown in Figure 3. Figure 3 is a
schemati c section, through a nmagnetic recordi ng nmedi um
200, according to sone alternative enbodi nents.
Figure 3 illustrates a recording |ayer of medi um 200
i ncludi ng magnetic islands 210, wherein each first
sub-layer 201, which has a magnetic ani sotropy

g théraltssib-layes 208 hahiclofs tbamgeetésxﬂrUb@jrbelhta:Le@prib@OQ the

oBRSepEG paRr i, CEORO B SEEA Aoy JH6TaveE oz WRbrES)y
n@p@rwctm@each inleod ¢hdand rewcmlettm‘ tlernagnitizatiandield Accogting to
e%ﬁ&nswmﬁéntsf l &Far@@ﬁﬁﬁt&&uﬁqﬁéréﬂﬂ ar?@éofmg bod

ave netic anisotro )(N
ith

t Beitchedasuahfthateaasaad autylagen 202 igtgHaceswith ipterlayerizfp.
Fingic? re‘%eﬂeﬁcé‘tosﬁrrg&gﬁt 'it%hétﬂﬁbg ‘PlBtedtthét%r}ni%Eﬁg Ritdrfal 26",

recordi ng nmedi u according to sone tiona

efiGapmple: Similpr guhat which forrss peateative layRr AR igrieternosed between
| §lsHad 4440 of a recording |ayer of medi um 400
configured such that each first rmagnetic sub-|ayer

[15] 26 igusm/@ig w@we&mﬁtmpetrqnaWmeamt@Heemymlénqctmrnéao

S 'am:éralhg td getefﬁ‘ri’hé?fen'w?oﬁln'\é?ﬁ@rIl-'@ur%rS |ﬁt§§¥|%@ésr@d%$neﬂ‘{ neli@isidhd

sub- | ayer which were deScrib i n conjunction

w518 o ErAoEding lagergfraedium §OP cenigured ssioh dhateasb itst MagDetic

shii“ldy@r S0 legs m?&%iyer\’\ﬁb& Bs irSFihR 4Te88@k] Fturther illustrates
enbodi'ment describ precedi ng paragr aph,

o FePMpLS &'réaewr@ée éwérlafyag%(@t beth sverlayigesach Gecondaagnsiic

CQURRfel DA §RF ExtbSdiRd HioAdSid@BskH FFMISAIA% 1018 interface with
demagneti zation field. According to alternate

erfiBAYRERL I9cations éherr ShRIwARh Aerdingto alipatate E@‘?"%‘H@”?@Qn

NRYrahGem&miof ghv@—&yeﬁstm dridato25esonslswitdhet 23R tRfl decond sub-
interfaces with nterla er 204. Wth further

r GIYEF &P iteriaces @’GP dnterl ay?f 24 0ul d be noted t hat
[16] N@coramgad isemariereiréd eBodiments, 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,-orwvisa-versa. It should be noted that the maximum
magnetic anisotropy, of the thickness-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.
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for exanple, simlar to that which forns protective

| ayer 25 is interposed between islands 410. [15]
Figure 5 is a schematic section, through a nmagnetic
recordi ng nmedi um 500, according to yet further

enbodi nents. Figure 5 illustrates each magnetic island
510 of a recording |ayer of nedium 500 configured such
that each first magnetic sub-layer 201 overl ays
interlayer 204, as in Figure 4. Figure 5 further
illustrates continuous third magnetic sub-layer 203

both aoverl ayi each second magnetic _sub-1ayer 202
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According to alternate embodi ments, an arrangenent of
s@BPENdpEcaimB1 and 202 may be swi tched, such that
second sub- |ayer 202 interfaces with interlayer 204.
[16] According to sone preferred enbodi nents, of any
of the configurations described above, in conjunction
wWth Figures 1-5, the greater nagnetic anisotropy of
first sub-layer 201 is constant, while the | ower
magneti ¢ ani sotropy of second sub-layer 202 varies
across a thickness thereof, either froma maxi rum at
a side thereof that interfaces with first sub-I|ayer
201, to a mninum at an opposite side thereof, or
visa-versa. It should be noted that the maxi mum
magneti ¢ ani sotropy, of the thickness-varying
ani sotropy of sub-layer 202, is always |ess than the
magneti ¢ ani sotropy of first sub-layer 201. According
to further enmbodi ments, of any of the configurations
descri bed above, in. conjunction with Figures 1-5, the
magnetic ani sotropy 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. 5 [17] In the foregoing
detail ed .description, enbodi nents of the disclosure
have been



descri bed. These inplenmentations, as well as others,
are within the scope of the appended clains. 6 W
claim 1. A magnetic recording nmediumconprising: a
non- magneti c substrate; a soft nagnetic under-I|ayer
overlaying the substrate; and a magnetic recording
| ayer conprising a plurality of bit-patterned nmagnetic
i sl ands, each of the plurality of islands overlaying
the soft magnetic under-|ayer and each i sl and
conprising a first magnetic sub-|ayer adjacent a
second magnetic sub- layer, the recording |ayer

We ¢lgimt-her conprising a continuous third nagnetic sub-

1. AldgRbtierceriig18edi@ma? each of the plurality of
I sl ands; mhefggn t he pﬁfg? sub-1ayer of each of the

al’?ﬁ@'r’?@ginét"? gybsHale: of the magnetic recording |ayer has

a@oﬁrﬁﬁa@ﬁéﬂ.&ummbr &réﬂapuhgtthé §ulﬁfr§@t ghd t han a magnetic
ani sotropy of second sub-| ayer of each of the

3 FAgREYS @cpgq'waxer CRAWiEiAG arRigAkY Pf:b'hﬂ?%ﬂ?%ﬁ?g'&ﬁ“ct'ﬂénds

s eaemer By piurAes ighn@aserajing iR SONSEticiupléngyeriand each
ar eat er than a pmagnetic anj sotropy of the contihuous

t flang %%nﬁprlsa\,g@rf'ratfm?wt'crﬁaeﬂ?d@r edJﬁ%% AdeRgNd Rggneticsub-

Thua/err&ﬁé kaébm‘ngslbﬁéméher\@’aﬁfpﬂsuﬁ tah;%nfhdo%% tSitOmbgedic sab-
g%lgf of the netic isl magneti c

ﬁﬂﬁ@d'f‘%% orpgelgash §f %rﬁep"é’éw é’é B@ﬁ'ﬁ? 'ng second
wﬁéh*éui R ¢|fst @ﬁb-ﬁy@hoﬂéachtdﬂ theTRadHRiE G‘slérﬁis%?ﬂﬁa magneT.beecord.ng

claim 2, ein.the conti nuous
lﬁ)’er E]?r‘e? "zﬂgn{evreamm iteat is gregteq hag 4 '59%Wet'8>?P§HHQPY of the
bebwgmlbhay&w each sfultae h%ﬂétldliglaﬁ@& anaf t hedrr?gnet ic
i sl an of netic recordln r an e
oA (o ot Secpn pHE HYEEPCRACIT LIiAg et iiands i
Waesaérithamea maynbtmalmsardplyldf thesathtihwue thiad subllayeragties i C
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.



recording | ayer overlays the first sub-layer of each
of the magnetic islands of the nmagnetic recording
| ayer 7 5. The nmediumof claim1l, wherein the first
sub-1 ayer of each of the nmagnetic islands of the
magneti c recording layer has a saturation
magneti zation |l ess than a saturation nmagnetization of
t he second sub-| ayer of each of the magnetic islands.
6. The medium of claim1l1l, wherein the nagnetic
ani sotropy of the second sub-layer of each of the
plurality of magnetic islands of the nagnetic
5. Theguediainm clainy dr whereindbe fitst sl layer ofteack nbthe rodgnetie islands of
the n%ﬁﬁ&fbdreéﬁrmﬁgqa‘( had a sgw?atmﬁ% eﬂéatﬁb%é@ tﬁa? %Etru?éti'an
hi ckneSs-varyi ng nmagnet | anls
magnetizatiod of the-degged sigf-layacdf eath phibephagnetic tSiandS magneti c
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continuous third sub-layer of the magnetic recording
| ayer overlays the second sub-layer of each of the
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medi um of cl aim 10, wherein the conti nuous interl ayer
9. Themediumgf claimads wherein the second sub-layer of each of the magnefic

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.



bet ween approximately 0.3 nmand 30 nm 8 12. The

medi um of claim 10, wherein the continuous interlayer

conprises at |least one of: a face-centered cubic Ni

al | oy, a hexagonal cl ose-packed Co all oy, a hexagonal

cl ose-packed Ti alloy, a hexagonal cl ose-packed Ru

all oy, 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. 13. The nedi um

of claim 10, wherein the continuous interlayer
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13. Ehet@ﬂ@umgvfﬁ ind Bnwheremdhe eentindgesintstlayerccopniises ptlgagione

of: Mg'ijqkjyéfpe@gﬁ@ uAI'b%dS(ffF(G”d sub-1 ayer of each of the

magneti'c | sl ands overlays the corresponding first
sub-1 ayer of each of the nmagnetic islands, and the

14. AHa@het'ﬁPrkécorldﬁ\\é%e&um%%ngﬁ the magnetic islands
overl ays cont i nuous thlrd sub-layer of the

al”@ﬁ'éﬁ‘%ﬂ”ﬁ@c $‘§3$é’?teand has a nmagnetic anisotropy that is

agbﬁﬂ{a@hew@memyega@énagmg% SMsfrafeyad the second
sub-1l ayer of each etic |sI ands; and the

a MAINPHRIERGSrding IRYRrSamprisipe @ Rivality of/ait-pafieraed Magpeficdsiards,

uRden rsla%)d%‘f tﬁéb|u:@r.tmom|add§foeéﬂla%wtns ¥t Rfhghetid Urder-vdyer
to help produce the greater ‘magneti c ani sotropy

of
f ,apgleaﬁlﬁ@wgpnsdn%@ ELSF g\)agpehc sub-layer adjacent a second magnetic sub-
layer, the recording layer further comprising 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, wherejh the continuous third sub-layer has a thickness

between approximately 0.3 nm ahd"‘3b.'nm.



15. The nmedi um of claim 14, wherein the continuous

third sub-layer has a thickness between approxi mately

0.3 nmand 30 nm 9 16. The medi um of cl ai m 14,

wherein the continuous third sub-|ayer conprises at

| east one of: a face-centered cubic N alloy, a

hexagonal cl ose-packed Co all oy, a hexagona

cl ose-packed Ti alloy, a hexagonal cl ose-packed Ru

all oy, 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 nedi um
16. Tée negdiiimol glainnihé vdiemein e cantinuousdbisd sik-layesedmprispe at least

0 i e Rk
one ogngﬂée;%ﬁte‘i‘%q E@ﬁxéklrr%l La] ﬂ%)];aglxﬁg clég%?;ac ﬁ&o@ll%.ﬁe . gonal
closefpacised Tighoy.a/gxagonal @lﬂse@ackqdeRwatheauf@cer@ﬂmra@ cubje Cu, a
face- éJFﬁer@E‘QGGE IAg, & réé'nLége& AW P aade-ScHtated g Au and a fage-
netizatidh [es an- a satuUration magnetization o

Cente!‘ ubiclBthd sub- | ayer of each of the magnetic islands.

19. The nmedi um of claim 14, wherein the nmagnetic

ani sotropy of the second sub-layer of each of the

17. Tiheurediurn ! eleinradridiareinitke eondisuais third suilpver ¢mprises at least
oneoﬁ.q\ﬁ%(?]dd;(g@,f qq,ovg[]Ap%.‘oa@Le meda t hi ckness of the

second sub-Tayer ium of claim 19,
wherei n the thickness-varyi ng nagneti c ani sotropy of

18, ThRSnediGh R a9 | AYkEin Ue ﬁr@féhbolgz\%rpﬁ egfaﬂgﬁhé tdghkfdidRinds

is at a maxi rum'at an interface h )
of thecppgnealis serArdind faypshassa patiepjien megnetizakionfess anmertuiation

magn‘eﬁiéﬁq of thelsecOE st AV B fYack bﬁh@rﬂa%ne%‘ RIS, the

hi ckness-varyi ng magneti c ani sotropy of the second
sub | ayer of each of the magnetic islands is |east at

19. T@le%éﬁltﬁm@f%m@% '\Mﬁeﬁélﬁf‘fﬁ@mapﬁétlﬁ drikdtrepy Bﬁtﬁagegddﬁi‘}sub -layer
first sub-layer of each he magnetic i sl ands.

of eaghpof the phalty Planagnede iflang's b theumegnalip recsrding layer varles across
a thicRAEksBRENLLdcBng Y0-IayF ©;

20. The medium of claim 19, whére'i"n the thiCknéss-varying magnetic anisotropy of the
second sub-layer of each of the maghetic 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.

: 10.



a soft magnetic under-|layer overlaying the substrate;
and a magnetic recording |ayer conprising a plurality
of bit-patterned magnetic islands, each of the
plurality of islands overlaying the soft magnetic
under -l ayer and each. island conprising a first
magneti ¢ sub-1l ayer overlaid by a second nagneti c sub-
| ayer, the recording layer further conprising a
continuous interlayer, extending between the first
sub-1l ayer of each of the magnetic islands, and a
continuous third magnetic sub-Iayer, extendlng to
22. Acmagestic reeeingmeadim spmpEsing'y of i sl ands and

ﬁyﬁm i & tgecond sub-1| ayer of each of the
@ a?l)ﬁctrl?ss 2 wherein the first sub-layer of each

a §‘P ﬂﬁ@nﬁﬁgﬁ@?r @YE@@ﬂlwn@)fhet%SV@tgn@Id c recording
a h%)éﬁétl%éoﬁldﬁwtcbﬁpﬁ&hiQtp'idm)fy 5M£pat§rr%oeﬁ5§fset.e f@ého@

magnetl ¢ anl sotro second sub-1 ayer each

opatTel thegluealiycof lslarsdmerlaw thessofteppanetie ua@#@w 8p¢ each
Ofslatn'a ﬁﬁ)?l@fﬂg aHe rh?g}ﬁ%'hc Qlib- %gélho\ﬁefrlaP 4T8EHRH Infagnetic sub-

i sl an %netlc re |ng er varil es across
alayar. éh@n@f,grdmg layes Turghes semplising awentinugHe) interlaypgytending

gﬁsﬁ{?%h tﬁmet ﬁ:b”ﬁﬁ{r%tf a5 RO . H¥tu9i§lah@§ a‘?le%tdo'ﬁHRdb%s

sub- ayer (0] magnet | recor

THirdrrapnetic sub-ayar, mzdlnmﬁ@‘mﬁzct erRchtdf twm@ggf ﬁhr\qig and
nBGé]’%Mnﬁ tﬁé‘bé&tnﬁ%mﬁ l&VerBh@achScﬁWﬁaﬁr\’é?lc i§&ds; of each

plurality of magnetic 1slandS i's at a maximum
Wa@reméa% firsh sub-tayer oftaach gt heupagneti @la@sﬁ PEtIRRANGYC FecoEding

ne!bge} RYEA nfd n@tﬁt’-&hu&ftr\%er W@&téﬁh‘aﬁ laaRsknetié 4nisdfidpy of the

um of claim 2 hi ckness-varyi ng
eeRadisibzayes of eaghyof dhe magneticdglands: 30®- | ayer of each

thefméd?@t.@bhr&atlrédyyof &e é@:@ﬂ@%b&ldy& é\‘fléir‘éh o trtmagriEtie isiBHds of
l'east at an interface with the corresponding first

SUI? NAGRATIC SRCAEHBS IAYPT YaHIeS RAEATE @ tE'Cl“Eqsﬁr%lg‘e spgond 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 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.
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