LOW COUPLI NG OXI DE MEDI A (LCOV) Background [0001] Magnetic discs with
magneti zabl e nedia are used for data storage in nost conputer systens.
Accor di ngwoaotns7denai n t heory, a nmagnetic nmaterial is eocwmuss@doefo1n nunber
of subm croscopic regions called domains. Each donain contains parallel
atom c nonments and i s magnetized to saturation but the directions of
magnet i zation of differentLOMGOUPLINGQXIDE MEDIA, ¥allel. In the
absence of an applied magnetic field, adjacent donalns nay be oriented
random y in any nunber of several dlrectlons called the directions of easy
magneti zati on, which depend on the geonetry of the crystal. The resultant
effect of all these various directi onBarkgnmagnketi zati on may be zero, as is
the case with an unnagneti zed speci nen. When a nmagnetic field is applied,

the donai ns [00¢f] NedfdoMetRAdiddsvikh mAghdtiQatle hREld R8usdd fbh@ataptdgedn fi el d grow
in size at the expense of the others This is called boundary di spl acenent

of the domai 0 r field
causes nor e ?)Srtrg?rﬁg&tggé}}r}get%gst \gégﬁgﬁ‘aﬁf ﬂl‘sgtfﬁggénrl? ﬁ%%? %el@g%&l% gl Field. Wen
the materi al reac the o] t}Pf saturation nag%e{ i zati ng further

domai n gr ovwcﬁ”%’ﬁt t%t Qe OHCTOREIPEASERGS £ 4k 9PRE M ragnet i
field. [0002] The ease of magneti zation or denagnetlzatlon of a magnetic
mat eri al de;f@ﬁtfsnsatretlt%ateﬁ%mamegtsraaémmégne@%ﬂt@ B dnabytdhe the state of
strain, and the direction and strength of the magnetic field. The

magnet i zat i chrecgonsogtmagastifagion of different domains are not necessarily parallel. In the

absence of an applied magnetic field, adjacent domains may be oriented randomly
in any number of several directions, called the directions of easy magnetization,
which depend on the geometry of the crystal. The resultant effect of all these
various directions of magnetization may be zero, as is the case with an
unmagnetized specimen. When a magnetic field is applied, the domains most
nearly parallel to the direction of the applied field grow in size at the expense of
the others. This is called boundary displacement of the domains or domain growth.
A further increase in magnetic field causes more domains to rotate and align
parallel to the applied field. When the material reaches the point of saturation
magnetization, no further domain growth would take place on increasing the
strength of the magnetic field.

[0002] The ease of magnetization or demagnetization of a magnetic material
depends on the crystal structure, grain orientation, the state of strain, and the
direction and strength of the magnetic field. The magnetization is most easily
obtained along an easy axis of magnetization and most difficult along the hard axis

of magnetization. A magnetic material is said to possess a magnetic anisotropy



obt ai ned al ong an easy axis of magnetization and nost difficult along the
hard axis of magnetization. A nmagnetic nmaterial is said to possess a

magnet i ¢ Wo0i280sopywhen easy and hard axes exi st. On theCofusesodessd; a
magnetic material is said to be isotropic when there are no easy or hard
axes. [0003] Many prior art magnetic recording nedia were fabricated with a
| ongi t udi na|W%f&rﬁaﬁsgm<§%4r@ﬁ¥eSﬂ% {Dg,thqw errl}?@gf%’inﬁén‘?’i‘éd‘i""éer\‘ﬁéF%Saf‘g'iﬁ’rtiecat ed

wi th inplane (longitudinal) anisotropy in the magnetic |ayer. Longitudinal
ani sot ropy rieguipiawhen thatgrase ne aasyon hpskaxemg in a direction in a plane
parallel to the surface of the magnetic |ayer. [0004] The demand for higher
capaci ty madneedjc r dtay giriogarmadigacti hreveadaiy, mdtas wersfabitieated with at erest i n
per pendi cul ar recording nmedia; that is, recording nedia with a

per pendi cul gbn@RidsRl EQEutAichNThEBENES t&eol dYEMedi@ St e chtBd WR@NRL | zati on
forming in a direction perpendicular to the surface of the nmagnetic | ayer.

Typi cal 'y, 5&@ fH&iRA1 5&8&?@3 g thElh éheft ‘Parfia ;rf%"?ﬁ@% .nti{%)tl%
pol ycryst al ﬁ)lqne & alﬁ?gy or Bt -oxliqg%nealala f ?JH) -a}r%lc afas in the
polycrystalline filmare ferromagnetic while Cr. or oxi ich .are in the
Pl are noftTHserme el o a Gtk oat abentale bR et Bietmmgnet o
domai ns are attenuated by the non nagnetic areas in between. Summary of the
| nvention [ 0boBRLestE layfsodi ment of this invention relates to a | ow coupling
per pendi cul ar magnetic recording nmedia conprising a magnetic storage |ayer
and at | east[080d | oWhe demarat foo higheneaadipampgnetitc agerdingiedial howéwer,magnet i ¢
storage | ayer

has resulted in interest in perpendicular recording media; that is, recording media

with a perpendicular anisotropy in the magnetic layer resulting in magnetization

forming in a direction perpendicular to the surface of the magnetic layer.

Typically, perpendicular recording media are fabricated with a polycrystalline

CoCr alloy or CoPt-oxide alloy film. Co-rich areas in the polycrystalline film are

ferromagnetic while Cr or oxide rich areas in the film are non-magnetic. Magnetic

interaction between adjacent ferromagnetic domains are attenuated by the non-

magnetic areas in between.

Summary of the Invention

[0005] One embodiment of this invention relates to a low-coupling
perpendicular magnetic recording media comprising a magnetic storage layer and
at least one low saturation magnetization layer, wherein the magnetic storage layer
has a saturation magnetization between about 400-900 emu/cm’ and the at least
one low saturation magnetization layer has a saturation magnetization below that

of the magnetic storage layer.



has a saturation magnetization between about 400-900 emu/cn8 and the at

| east one | ow saturation magnetization |ayer has a saturation nmagneti zation
bel ow t havoabiwdserimagneti ¢ storage | ayer. Brief Descri pt ipom/uskoolessis awi ngs
[ 0006] The present invention will be better understood by reference to the
Detai |l ed Description of the Invention when taken together with the attached
drawi ngs, wherein: [0007] F|gUEELiQ§ﬂ§%§2£Qﬁﬁ#J%1¥!¥%cord|ng medi um
according to one enbodi nent of the invention. [OOOSgyFlgure 2 shows a
magneti c red80@lng whepiessicsntdpmyili be beiter haderstnpdy nferenesftotthee | nvent i on.
[ 0009] Figure 3 shows a nmagnetic recording nmedi umaccording to a third
enbodi ment dbethiteel Depeapi oot th¢ GOEOfiorFvhen mkén laethsr witirdgretaclioedr ecor di ng
medi um according to a fourth enbodi nent of the invention. [0011] Figure 5
iIlustrates dvpnings Gidr@nsi mul ations denonstrating inproved recording
properties of an enbodi ment of the invention. Detailed Description of the
Preferred Enfgghymen especification
and cl ai ns, rTPﬁe ]SI ng upgl%@ﬁsﬁl}ﬁg&&ﬁ%d&g%hﬁﬁjwéﬁﬁg %{e(;% ur al

ref erences unle %ﬂ ﬁgnte clearly di ctates ot herw se. [0013] The

i nvent ors hé%@’ vk "a weak uniform direct exchange coupling

bet ween magnetic grains in perpendicul ar recordi ng nedia provides
[0008] Figure 2 shows a magnetic recording mediunt according to another

embodiment of the invention.

[0009] Figure 3 shows a magnetic recording medium according to a third
embodiment of the invention.

[0010] Figure 4 shows a magnetic recording medium according to a fourth
embodiment of the invention.

[0011] Figure 5 illustrates Monte Carlo simulations demonstrating improved

recording properties of an embodiment of the invention.

Detailed Description of the Preferred Embodiments of the Invention

2 29

[0012] As used in the specification and claims, the singular forms “a”, “an

and “the” include plural references unless the context clearly dictates otherwise.
[0013] The inventors have discovered that a weak uniform direct exchange
coupling between magnetic grains in perpendicular recording media provides
improved performance. The inventors have further discovered that weak uniform
direct exchange coupling between the magnetic grains may be produced by adding
a low saturation magnetization magnetic layer(s) in the perpendicular media

structure. The inventors have additionally discovered that the strength of the direct



i nproved performance. The inventors have further discovered that weak

uni form di rect exchange coupling between the magnetic grains nay be
produced W9 2atdisngia | ow saturation nagneti zati on rmagnePCE/Usagoenes)si n t he
per pendi cul ar nedia structure. The inventors have additionally discovered

that the strength of the directex nge cqupling.can be contrqlled by
varying sat (ARG Cﬁlﬁdw&qaagﬁcaw“ﬁ@)bwwq%s fi@t maghetization @6@9] An
enbodi nent of this invention relates to a | ow coupling perpendicul ar
magnet i ¢ r edbe tiageetiedalies conprising at | east one | ow saturation

magneti zation | ayer, wherein the at |east one | ow saturation nagnetization
| ayer has a [86t4]r at Aarentbagitednt oéthiomvbel onwelaGl te aldverBupling015] Anot her
enbodi ment of the invention relates to a nmethod of naking a | ow coupling

per pendi cul gferpBaaRAlak trabRERS @EAHinIBAL R EQRRIHIS NdeLBRSIoH Atiratbradhesi on
| ayer on a substrate, depositing a soft underlayer, depositing an non

magnetic intgy n%%(%tfon?f%%?,%ﬁér&g.tﬁe .al?ttlé’z[sﬁ&?e l'ogvys%{ﬁatfcﬁ%%ﬁﬁﬁ?&fom%e? | ow

saturation ma Izati magneti c layer, wherein e east one | ow
saturation netization |ayer. h a saturation magneti zati on bel ow 600
emu/ cnB. [Og%g]as W&%ﬁgﬁna@%%@in%ﬁao&&@he@q%Wenti on relates to a nethod
conpri sing obtaini ng{na storage nedi a having at |east one |ayer with a

saturation B8kt zanphs sebefimgtioofdhemysntion felages 79 a mpedhad Jiagkingid ant ages

of this invention will becone readily apparent to those skilled in this art

from t he follbewionglinepapénsiicudirseagnpti¢ meordivigemedia combysiag depastinigen of

preferred enbodi nents of this invention are shown and described, to
adhesion layer on a substrate, depositing a soft underlayer, depositing an non-
magnetic interlayer, depositing a storage layer; and depositing a low saturation
magnetization magnetic layer, wherein the at least one low saturation
magnetization layer has a saturation magnetization below 600 emu/cm’.
[0016] Another embodiment of the invention relates to a method comprising
obtaining a storage media having at least one layer with a saturation magnetization
below 600 emu/cm’.
[0017] Additional advantages of this invention will become readily apparent to
those skilled in this art from the following detailed description, wherein only a
selection of preferred embodiments of this invention are shown and described, to
illustrate the best modes contemplated for carrying out this invention. As will be
realized, this invention may comprise other and different embodiments, and its
details are capable of modifications in various obvious respects, all without

departing from this invention. Accordingly, the drawings and description are to be

regarded as illustrative in nature and not as restrictive.



illustrate the best nodes contenplated for carrying out this invention. As
W ll be realized, this invention nay conprise other and different

enbodi mrerwe,20emd7ills details are capabl e of nodifi cati oRETIUS2002/06505

obvi ous respects, all w thout departing fromthis invention. Accordingly,
the drawi ngs and description are to_be regarded as illustrative in nature
and not as restrictive. EXAMPLES [0 §ﬁ3$£ﬂ—§anples described in this

di scl osure were fabricated with DC magnetron sputtering exce t car bon
filnms. Exand0@l8at aAéleﬂmméqsrdasqrrbgdnm@w@@nh@wqme@ffa@mﬁain@éh 6upl i ng by
reactive sputtering are explained herein. [0019] Figure 1 illustrates a
first prefermasmheaobeglitreng exdept bebomtilnint | Exampldiéath dewmcstiatingitheper pendi cul ar
magneti c recording nmedia 10 of this enbodi nent includes a substrate 11, an

adhesi on | aygfuctidn o@e%hfaﬁ% 9flné BY Rlacivd spafte@PD4R QQ?l%inle@lﬂ@rreinlAf, a
non- magnetic interl ayer a | ow-coupling magnetic layer 16, a storage

| ayer 17, car I t der
| ayer 13, HGOEﬂDrpﬁg rQHg@%ﬁﬁﬁ}%Jﬁﬁ@ﬁ%%ﬁ%%ﬁé@é@ﬁgﬁlﬁ%@ﬁ%ﬁ%gﬁ&g TIHE’?he
Iomcoupling magnet er,. the storage |la and carbon

br ot ecti ve. diuresbl T s Des PR AVE) b br ofDEmb el or e
materials faor the optional adhesjion |ayer 12 include aIons cont ai ni ng one
or nore of Gﬁcuﬂﬁsasﬂkﬁfﬁﬁ&lﬂanaﬁﬁé“@ﬂd?%%7ﬂéﬁéﬁ@§”&ﬁrﬂﬁé”§§b§ﬂrate 1 1 and
the material selected for the soft underlay er 13 and is within the skil

of one of oraderphqusdkyelr [14j anarhmagnetic imedfyar db) alowt-bmiptihg olagests layert he
adhesion |l ayer is about 1-400 nm More preferably, the thickness is about
2-20 nm 16, a storage layer 17, and a carbon protective overcoat. Optionally, the soft

under layer 13, the amorphous layer 14, the non-magnetic interlayer 15, the low-
coupling magnetic layer 16, the storage layer 17, and the carbon protective
overcoat 18 may comprise multiple layers.

[0020] Preferred materials for the optional adhesion layer 12 include alloys
containing one or more of Cr, Ni, Ta, and Ti. The choice depends on the substrate
11 and the material selected for the soft underlayer 13 and is within the skill of
one of ordinary skill in the art. Preferably, the thickness of the adhesion layer
is about 1-400 nm. More preferably, the thickness is about 2-20 nm.

[0021] Preferred materials for the soft underlayer 13 include alloys of at
least one of Fe and Co with one or more elements selected from Ni, B, P, Si,
C, Zr, Nb, Hf, Ta, Al, Si, Cu, Ag, Au. Preferably, the thickness of the soft
underlayer 13 is about 10-400 nm. More preferably, the thickness is about 20-100
nm.

[0022] The amorphous layer 14 is optional. Preferred materials for the

amorphous layer 14 include elements and alloys comprising Ta, Ti, Ni, Cr,



[0021] Preferred materials for the soft underlay er 13 include alloys of at
| east one of Fe and Co with one or nore elenents selected fromN, B, P,
Si, C ZrwoNbivasfi11Ta, A, Si, Cu, Ag, Au. Preferably, wrha/usheoknsss of the
soft underl ayer 13 i s about 10-400 nm More preferably, the thickness is

about 20-100 nm 2] The anprph 14 is optional erred
materials fd® e a r!jhmp@%p@? for W%&F&%f‘éeélﬂlea@ﬁ SAAPIQPS- og’éheaonpr. si ng
Ta, Ti, Ni, C,Zr, Nb, and P, in conpositions for which these alloys are
anor phous. curh@nrreérreatermbdnﬁluﬂeranmrshquﬁcﬂetm@lagﬁmcpmwaﬂ%W@mﬁgm

materials consisting of F e with one or nore el enments sel ected from Co, B,
P, Si, C, ZrEe Wah dif,or hagreAllem&its s€ecteAdromiith, By.P, Si,iC,| ZioNbe HfpTef er r ed
materials include TixCr 10 O X and TaxCr 10o-X, where (30 < x < 60).

Preferably, Aheitdi ctdassAaf Shﬂ%tlﬁs’r"%féf&%&ﬁmhﬁﬁﬁlrs iddude B, @AM afdt 10 nm  More
preferably the thickness i s abo 2-4 nm [0023] The crystall ographic

structure OfTahb?lopo%vHE?Q?e LG k%b?rb?é’feﬁiblfﬁhg?ﬁ?@%i:mhregﬁl hous

crystal | ographic structu of the’storage 1'ayer exa if the

t I h .al th I d ked
(hep) st ructBre 146%%%?&‘39@&&4036 pirfen ey Rintkhotafs RN GE Y ace. cent or od
cubic (fee) %lt hof Cu Pd, or their all oys.

Pref erably, i Ekﬁé@gtagpgrﬁgﬁlg lswurﬁéﬁﬁ@’cfi%l m%‘t@‘ﬁm&‘&iéﬁlayﬂ?l? anges from
about 0.2 nmto about 40 nm More preferably, the thickness i s about 1-20
nm Al t er natdepeids ontthecrysral logapdi¢ siriatver dfahestorearmyei hel ide a hexagonal
cl osed packed (hep) layer of Ru, Re, H, Ti, Zr, or their alloys. O her hep
| ayers that gxayple, if the storage layer 17 is made of a Co-rich alloy with a hexagonal

closed packed (hcp) structure, the non-magnetic interlayer 15 may include a

face-centered cubic (fcc) layer of Cu, Ag, Au, Ir, Ni, Pt, Pd, or their alloys.

Preferably, the thickness of this non-magnetic interlayer 15 ranges from about 0.2

nm to about 40 nm. More preferably, the thickness is about 1-20 nm.

Alternatively, the non-magnetic interlayer 15 may include a hexagonal closed

packed (hcp) layer of Ru, Re, Hf, Ti, Zr, or their alloys. Other hcp layers that may

be used include Co and CoCr alloys. Optional additives to CoCr include Ta, B,

Pt, Nb, Ru, Zr, and oxide materials. To use CoCr, the concentration of Cr and

other alloying elements is chosen so that the alloy is non-magnetic and has an

hep crystal structure. To use Co-containing alloys the concentration of Cr

and other alloying elements is chosen so that the alloy is non-magnetic and has

an hep crystal structure. Preferably, the thickness of the hep layer(s) ranges

from about 0.2 nm to 40 nm. More preferably, the thickness is about 1-20 nm.

[0024] The storage layer 17 may comprise one layer or any number of layers of

magnetic material. Preferred materials for the storage layer 17 include Co with



b e used include Co and CoCr alloys. Optional additives t o CoCr include
Ta, B, Pt, Nb, Ru, Zr, and oxide materials. To use CoCr, the concentration
of Cr andwotzhsrosalihoyi ng el ements i s chosen so that theCaluse§o9io6ss1s

non- magneti ¢ and has an hep crystal structure. To use Co-containing alloys
the concentration of Cr and other alloyin I nts i s chosen so that the
alloy i s noWerPagHEE FIEMaRg sHigsicd o "yt B CarWytiouRa, ey Nbera fy, the
t hi ckness of the hep |ayer(s) ranges fromabout 0.2 nmto 40 nm Mre

pref erabl y, @pieonafycirreersmpresoxadesuefl elementssucl] @0d4T1, PaeAlsCory &b ayer 17
may conprise one |ayer or any nunber of |ayers of magnetic material.
Preferred maVgrTaMg of @n mdyeal sd oy prgeenkt aythe stbragenalend@. Ceefovablgothe or nore

el enents selected fromPt, C, Ta, B, Cu, W M, Ru, NI, Nb, Zr, Hf.

Optional ly, siesdlay&oresexdwiesm Stolt @RS osiHehe. aBrefirablyl the 4bntrélled O, Co,
Nb, My, Ta,W or Zn may also be present in the storage [ayer 17.

Preferably, a&.ﬂ%g;ﬁ%e ‘% ?%ﬁd'e@)&‘?rml%r' S MbihdYi iﬁ?é%z%ak%? @H‘P&B&Wee-

Pref erably, e con ed at ndsphere 1 ncludes e or conbi nation

of these gasses wth react{v as _conponepnt such as . _The storage | ayer
77ty be-oranoRporsl S Sharif SOr R B s BrgEORY SHFBY cal Ly | ow
tenperatures are used for fabricating nmagnetic |ayers sputtered in

control | ed demBYBHESese IAVHIHE- E@%ﬁ%?%ﬁ%nwawﬂ,s aggrusekdorand .

Al ternatively, the storage |ayer 17 may be grown at el evated tenperatures,

i .e. above 40bri¢atin@rmedgneabllayery srritietasviatcodtrobedhamatspheres mchidygier t han 420 K
and bel ow 600 K. [0025] In the present enbodi nent, the | ow coupling

magneti c | ayeinblfatichslofeat Kfl Dehneen. narerirgnetl ] theistdregd layar1 7kbayabel t he

storage layer 17. In this
grown at elevated temperatures, i.e. above 400 K. Preferably, the elevated
temperature is higher than 420 K and below 600 K.
[0025] In the present embodiment, the low-coupling magnetic layer 16 is
located between non-magnetic interlayer 15 and the storage layer 17. In this
embodiment, the crystallographic structure of the low-coupling magnetic layer 16
may be adjusted to improve the crystallographic growth of the storage layer 17.
For example, for a storage layer(s) 17 with an hcp crystallographic structure, a
low-coupling magnetic layer(s) 16 may be selected to have an hcp or fcc
crystallographic structure, or it may be amorphous. Preferred materials for the
low-coupling magnetic layer 16 include at least one of Fe, Co, Ni with one or
more elements selected from Cr, Pt, Ta, B, Ru, Cu, Ag, Au, W, Mo, Nb, Zr, Hf, Ti,
Zn, and Re. Preferably, the low-coupling magnetic layer 16 has a lower Mg than
the Mg of the storage layer 17 to obtain weak direct exchange coupling. The

storage layer 17 preferably has a Mg of approximately 400-900 emu/cm’. The low-

coupling magnetic layer 16 preferably has a Mg less than or equal to about 600



enbodi nent, the crystallographic structure of the | ow coupling magnetic
| ayer 16 nay be adjusted to inprove the crystallographic growh of the
st or age |agen10l0d711For exanpl e, for a storage |ayer(s) 1PCEUskooancdsep

crystal |l ographic structure, a | ow coupling nagnetic |ayer(s) 16 may be

selected to have an hep o tallographlc structure, or it may be
anor phous. FIE{eP Momrs%f%?@f qSﬁéhaincswea%&P ﬁb@tﬁé rapicer’t Byed 16

i nclude at | east one of Fe, Co, N| with one or nore glenments selected from
Cr, Pt, Ta, mpreRucfeably, M, is fgss thap ovsqualibo atmut S¢emurim’. Passibia dtorege
Preferably, the | ow coupling magnetic |layer 16 has a |lower Ms than the M
of the st ordggerlldsew-cbpling mbgetin lweako domeiabti @sal@nge boourphotngnitdhe
storage layer 17 preferably has a Ms of approximately 400-900 emu/cn8. The

I owcoupl i ng tFEEILIG0C 9b@¥EY, 5H6/5pT £5023 IO bY0/MSS aMO0/&s than or equal to
about 600enu/cn8 More preferably Ms is less than or equal to about 300

emu/cnB. Ev re @B@ft(g(ftﬁ{?gtga rmyy?rd\}gﬁﬁs l%mugfln%ﬂél‘?{a%&l%é%?é%lgﬁg

enu/ cnB. Po e st or a coupli ng

conbinations na e not, limted.to: 600/ 900/ 60Q 0/ 50,

950/ 350,  G00PaaEnarGoH AoB PR e e SrbBe Prais e OBt Ry e

| ow coupl i ng perpendi cul ar magnetic recording nedia 10 of this enbodlnent

i s the car bdhichpess @E&hexﬁérb@wr%%ttvemewwel&ma&w%%ms#mg e thelepiggsl
protective overcoat 18 may vary according to the desired Iife and

durabi lity difeahédiebditooithe hyv-perpimgdiecnendiculamgngtdte reerdnginmgiartdi a 10.
[0027] Figure 2 illustrates a second preferred enbodi nent of the invention.
The | ow coufbozn] peFRerd? dlisaitesRedRhil proferedal ahbuglimediod tiRneéntiohi S

enbodi ment i ncludes a substrate 11, an adhesion layer 12, a soft under

llayer 13, anrhe low-coupling perpendicular magnetic recording media 20 of this embodiment
includes a substrate 11, an adhesion layer 12, a soft under layer 13, an
amorphous layer 14, an non-magnetic interlayer 15, a storage layer 17, a low-
coupling magnetic layer 16, and a carbon protective overcoat. That is, in contrast
to the first embodiment, the low-coupling magnetic layer 16 is between the storage
layer 17 and the carbon protective overcoat. Further, as in the first embodiment,
the soft under layer 13, the amorphous layer 14, the non-magnetic interlayer 15,
the storage layer 17, the low-coupling magnetic layer 16, and the carbon protective
overcoat 18 may include multiple layers.
[0028] Figure 3 illustrates a third preferred embodiment of the invention. The
low-coupling perpendicular magnetic recording media 30 of this embodiment
includes a substrate 11, an adhesion layer 12, a soft under layer 13, an
amorphous layer 14, an non-magnetic interlayer 15, a first low-coupling magnetic

layer 16a, a storage layer 17, a second low-coupling magnetic layer 16b, and a

carbon protective overcoat. In contrast to the first embodiment, the low-coupling



anor phous | ayer 14, an non-nagnetic interlayer 15, a storage layer 17, a

| omcoupl i ng nagnetic |ayer 16, and a carbon protective overcoat. That is,
in contra®02w/ashalfirst enmbodi nent, the | ow coupling megmatse@loesses 16 i s
bet ween the storage |ayer 17 and the carbon protective overcoat. Further,
as in the first enpodipent, the soft under |ayer 13, &%' anor phous | ayer
14, the non-TRESEE (e Ht EQMRIV®? 2h6ast aé’?@rt%é‘fq sepaat %Y "tqﬁf‘és‘i% coupl i ng
magnetic | ayer 16, and the carbon protective overcoat 18 nmay incl ude

mul tipl e | ayéorage ppe2d] Huirger eheFofl vnderiaeed3 atherinraipprusiaer éd therbodi nent
of the invention. The | ow coupling perpendi cul ar magnetic recordi ng nedi a
30 of this emvhadagretit intatdyedes the Stsbkiw-aduplihd magnetidiagsi 16a, thayeragk2, a soft
under layer 13, an anorphous |ayer 14, an non-magnetic interlayer 15, a

first | ow cquplriingtheBeal ilGwlcayfiinglffance Hyef 8AL ah@MRIcatbbn pRots&iend
| ow- coupling nmagnetic | ayer 16b, and a carbon protective overcoat. In

contrast to(£?§x$£f§ﬁmfpggg%gﬁgﬁ%¥q£$WJOMFcouplingnagnetic | ayer 16

conprises at least two e separated by at | east one storage

| ayer 17. F ﬂﬁr, he sof nder L.ayer 1 he. anor pho | ayer 1 t he
non magnet i dOPAfer 1 E{Eous  abusRREh P o el BB Rl R e Ay o el8a, ¢ he
storage | ayer 17, the second Iom#coupli&%fnagnetic | ayer 16h, and the
carbon pr ot devrepapbRapependictiar fadgnetic resadlinginedip P@ of dyeebodipenio] Fi gure 4
illustrates a fourth preferred enbodi nent of the invention. The
| ow coupl i ngngedegearmdibsurhtr 1 Inagraethesion éemrdi2ng seofidideddaysfr t3hias enbodi ment
i ncludes a substrate 11, an adhesion |ayer 12, a soft under |ayer 13, an
anor phous | ayedrpAdus 1@fer N enagRabgretic iiteddyay &5, allow-cubbig tapfpdticigydiagnet i ¢
| ayer
16, a first storage layer 17a, a second storage layer 17b, and a carbon protective
overcoat. In contrast to the first embodiment, the storage layer 17 comprises at
least two layers that are separated by at least one low-coupling magnetic layer 16.
Further, the soft underlayer 13, the amorphous layer 14, the non-magnetic
interlayer 15, the first low-coupling magnetic layer 16, the first storage layer 17a,

the second storage layer 17b, and the carbon protective overcoat 18 may include

multiple layers.

[0030] Figure 5 illustrates Monte Carlo simulations demonstrating improved
recording properties of an embodiment of the invention having a thick low-
coupling magnetic layer of hep crystallographic structure with Mg=50 emu/cm’
located between a non-magnetic interlayer 15 and a storage layer 17. In
particular, the Monte Carlo simulations illustrated in Figure 5 show that
optimal recording properties of perpendicular media can be achieved for

media with very low and uniform direct exchange coupling (A*), wherein A*

comprises a value of A* = (0.05 = 0.03) *10°'" J/m (Fig.5). Such a low
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16, a first storage |ayer 17a, a second storage |layer 17b, and a carbon
protective overcoat. In contrast to the first enbodi nent, the storage | ayer
17 conpriwe=xorkosraast two | ayers that are separated by a&CTIuSa@w/06ees

| ow- coupl ing magnetic | ayer 16. Further, the soft underlayer 13, the

anor phous | ayer 14, the non-magnetic interlayer 15 the first | ow.coupling
magnet i c | ay@fue gf dirggt pichapes SHRIS Teapks Frop I sh &P RERTSHE SABPRAEN ayer
17b, and the_carbon protective overcoat 18 may include nultiple |ayers.

[ 0030] Fi gurfédn® havingdewitsesrvbon eragactisatsdmin aringesoideawin SOreamy/sg < npr oved
recording properties of an enbodi nent of the invention having a thick

| owcoupl i ng Magiéiend/ay e sofimphapng forsthalsimglragpins induideicd gragnwizeh Ms =50
enu/ cnB | ocat ed between a non-magnetic interlayer 15 and a storage | ayer

17. I'n partidgthedsion @ PRtE1 GRhée /MRS tidrosibucdi®@ohdprisids € 5 show
that optinmal recording properties of perpendicular nmedia can be achieved

for nmedia wth v i L cg;gg i *), Wherein
A* conpri se gl nvsg%é/u%étg}lgd%gﬂ {H%-r%ﬁg{ g%&"ef%?g'@%gﬁ M (Fi Igtgl.o H%f.(g%hé%}ch a
| owal ue of dir change,cqupling results fromost .sputtered Co-all oy
Ui T, RO SO aR g G RAgRGE T P TGHTOPR STt obt Fibout 50
emu/cc < Ms <300 enu/cc. Assunptions for the sinulations include: a grain
si ze di sper -0h wherghy osthe ayeragh apigotepyyfigldsefrgra@s camprisingsihe ieedig e
conprising a grain size defined by an average grain diameter (D) and a
vari ati on ofangraians shezganddril dedi abpn &f sheamd sotdopdefreldt padhlig&@d)depsignoSot r opy
di spersion GHA/H ~ 0.02, where HA is the average anisotropy field of grains
conpri sing tIgormEdi.aApproximate values of op/D and opa/Ha can be experimentally
obtained by microscopy techniques such as TEM and SEM, and magnetometry
techniques such as Berger’s method and AC transverse susceptibility

respectively. Linear density is simply related to the length of each bit that is

controlled by the recording process.

[0031] Similar model result trends to those shown for the
specified model calculation parameters are obtained for a range of
values of the model calculation parameters. Based on the results of the
simulations, the inventors have determined that an additional low magnetization
magnetic layer(s) 16 in perpendicular media structure provides lower exchange
coupling between magnetic layers and grains in perpendicular media, which will
significantly improve the performance. By varying Mg of the low magnetization
magnetic layer 16, the strength of direct exchange coupling in perpendicular
recording media can be controlled. Simulations demonstrate that the
location of the low magnetization magnetic layer 16 can be between the non-

magnetic interlayer 15 and the storage layer 17, or between the storage
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and GHA is the standard deviation of the anisotropy field; and |inear
density of 1270 kfci. Approximte values of G D and GHA/ HA can be

experi merweal2ow/shtiai ned by m croscopy techni ques such a®CTHS@ade£EN] and
magnet onetry techni ques such as Berger's nmethod and AC transverse
susceptibility respectively. Linear density is sinply.related to the | ength
of each bit e¥ei!] eEHiR 145 P%@rwwlﬁ%%@%i%gzbﬁe&%g@? a[téegq‘y Si il ar
nmodel result trends to those shown for the specified nodel calculation
par amet er s anagngbraionagpgnetic kyealfgmapbelatated bgiwedeomptiatenddp @ul at i on
paranmeters. Based on the results of the sinulations, the inventors have
det er m ned tgiatalian oddthirageoongbrsl Idwermgliet dnzlat 1boghomagindtigorel Ayer (s) 16 in
per pendi cul ar nedi a structure provides | ower exchange coupling between

magneti c | aygisrmande! Bidiow MagRiiPARA rﬁ&%n@ﬁc e B macehpméd 4 plattin} ficantly
i nprove the performance. By varying Ms of the | ow nmagneti zati on nmagnetic

| ayer 16, t r i Lec o] i i di r
recordi ng ne #g&ggﬁgggm@é%g{%ﬁ[%§ﬁ§§?ﬁ3ﬁ§¥§bﬁ§J%gﬁgkg%fgﬁﬁg?hgﬁﬂ?ﬂe

| ocation of the |ow net i zat,i on netLc lLayer 16 can bet ween t he non
magnet o i nehieg OISRt e GERIEE  dpe Sorade B et ne

st oragel ayer 17 and the carbon protective overcoat 18. Alternatively, the

| ow magnet i 2EVesN Wﬁ@ﬁ@ﬁg%lqmyﬁ ang theagarhen prtested HereRédSor adj acent to a
plurality of storage layers 17, e.g., 17a and 17b shown in Figure 4 .

Al t er nat i velRreferhdy] My ofdgwenignatizasion meagneticday ayléris1éwnay. bdopri se a
plurality of |ow magnetization |ayers, such as |layers 16a, 16b shown in

Fi gure 3, whiboht 600 emu/cm’ to provide low exchange coupling. More preferably, Mg is

below about 300 emu/cm’. Even more preferably, Mg is below about 50 emu/cm”.
The implementations described above and other implementations are within the

scope of the following claims.
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can be | ocated between the interlayer 15 and the storage |layer 17 and

bet ween the storage layer 17 and the carbon protective overcoat 18.

Pr ef er ablwo 2My/8f11low nagneti zati on magnetic | ayer 16 i ®Clrawzomoess1Hel ow
about 600 enu/cm 3 to provide | ow exchange coupling. More preferably, Ms is
bel ow about 300 epu/cnB. Even nore preferably, Ms is bel ow about 50

emu/ cnB. The i npl S{E ¥escri bed above and ot her inplenentations are
within the scope of the following clains.Wat is clainmed is: 1. A

| ow- coupl i ngl-per p‘éhdwgmrdmgrmgmgicular seendicrigeargda aneslohgomisitg a magnetic
storage |l ayer; and at | east one | ow saturation nagnetization |ayer, wherein
t he magneti c st oragegiety etordpgdaygersaidur at i on nmagneti zati on bet ween about
400-900 eru/cnB and the at | east one | ow saturation nagnetization |ayer has

a saturation magngldageddcabwReluemohhdenefizatibe d@gnet i c storage layer. 2 .
The | ow coupl i ng perpendi cul ar magnetic recording nedia of claim1 further

conprising: a Su%l{ér&h%e Iﬂ%gx}e%@%tor%%qafeqfhﬁs y@ﬂ\ﬁlj’a{igﬁf ﬁ{ag%ﬁfzaiigt?ﬁ \gﬁ&?

non- magnet ic inter ayer; a eas e storage layer; a car

protective over caglon i INE LoMSaHRL: M RS BRISLSH L AL ARIRS fi5.figgor di ng

a saturation magnetization below that of the magnetic storage layer.

2. The low-coupling perpendicular magnetic recording media of claim 1
further comprising:

a substrate;

at least one soft underlayer;

at least one non-magnetic interlayer;

at least one storage layer; and

a carbon protective overcoat.

3. The low-coupling perpendicular magnetic recording media of claim 2,
further comprising an adhesion layer selected from a group of materials including

Cr, Ni, Ta, Ti, and alloys thereof.

4. The low-coupling perpendicular magnetic recording media of claim 2,
wherein the at least one soft underlayer comprises at least one of Fe and Co with
one or more elements selected from Ni, B, P, Si, C, Zr, Nb, Hf, Ta, Al, Si,

Cu, Ag, Au.
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further conprising an adhesion |ayer selected froma group of materials
including C, N, Ta, Ti, and alloys thereof. 4 . The | ow coupling

per pendi cwbaniomagnet i ¢ recordi ng nedia of claim 2, wherecmush@atssh®ast one
soft underl ayer conprises at |east one of Fe and Co with one or nore

el enents selected fromN, B, P, Si, C Zr, Nb, H, Ta, A, S, Cu, Ag,
Au.5 . The | ow coupling perpendi cul ar nagnetic recording nedia of claim 2,
further conprising at |east one anorphous |ayer, wherein the at |east one
anor phous | a@yer covegdewvswesplengpespensiicutar reddneyyerecordpg wedig ofglain2, Ni, Cr,
Zr, Nb, and P, or an anorphous ferronmagnetic material conprising Fe with
one or nor e fafthérenglrigimgnt kasteine atredpous aykeh evigran thecd ikabstsdneng of Co, B, P,
Si, C Zr, No, Hf, Ta, A, Cu, Ag, and Au. 6 . The | ow coupling

per pendi cul gy tdyer EEGPH s REnEAL an®hil6) /ot grisinBerL£im, Nhecatzr! east one
non- magneti c interl ayer conprises an fee |ayer selected fromthe group

consi sting q‘tlb C&h’d Py aﬁ‘lémol'lghouyk‘%rrﬁaigngtgc %IQ riglI c!ogr%{pg'is%{é%ﬁe\%th one or The

| ow coupl i ng per pendl cul'ar ‘'magneti c recordi ng ne claim 2, wherein the

at | east one_non-.magnetic inter er, conpri ses an p % el. g%e ed from
The oroup_ cORURST Mot eid B oy 0Rp eoBRdRa B BY¥ Sirbraofer cor
with one or nore of the elenents selected fromthe group consisting Ta, B,
Pt, Nb, Ru,Iﬁhaazﬁh(@aAgTﬁéi$%Mfcoupling per pendi cul ar magnetic recordi ng
media of claim2, wherein the at | east one storage | ayer conprises a
magnetic | ayer selected fromthe

6. The low-coupling perpendicular magnetic recording media of claim 2,

wherein the at least one non-magnetic interlayer comprises an fcc layer selected

from the group consisting of Cu, Ag, Au, Ir, Ni, Pt, Pd and alloys thereof.

7. The low-coupling perpendicular magnetic recording media of claim 2,
wherein the at least one non-magnetic interlayer comprises an hcp layer selected
from the group consisting of Co, Ru, Re, Hf, Ti, Zr and alloys thereof or CoCr with
one or more of the elements selected from the group consisting Ta, B, Pt, Nb, Ru,

and Zr.

8. The low-coupling perpendicular magnetic recording media of claim 2,
wherein the at least one storage layer comprises a magnetic layer selected from the
group consisting of Co with one or more elements selected from the group

consisting of Pt, Cr, Ta, B, Cu, W, Mo, Ru, Ni, Nb, Zr, Hf.
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group consisting of Co with one or nore elenents selected fromthe group
consisting of Pt, C, Ta, B, Cu, W M, Ru, Ni, Nb, Zr, H .9 . The

| ow couplwogopaspamdi cul ar magneti c recordi ng nedi a of eCaiuse®9/0o4ses ei n t he
at | east one storage | ayer conprises one or nore oxides selected from group
consisting of oxigdes of Si, Ti, Zr, A, C, Co, Np, angd Zn. 10. The

| ow- coupl i ng”- per pelfdPYTACHPIIRGBFTBE IO & RASHF S kit ie %’?dlepgplmr@?a wherein the
at | east one | ow saturation magnetization nagnetic |ayer conprises at |east
one of Fe, Guhergn thg atipashorssorage lpeiecomipsivenere eemers @ddés wheatete gr oup
consisting of Cr, Pt, Ta, B, Ru, Cu, Ag, Au, W M, Nb, Zr, H, Ti, Zn, and
Re. 11. The frawgtoyptomistipngrofendies wif &i, Tipgnetlj Cr, Coc dbdMeandedi. a of cl ai m 2,
wherein the | ow saturati on magneti zati on nmagnetic |ayer is |ocated between
the at | east one non-nagnetic interlayer and the at | east one storage

| ayer. 12. The | ow coupling perpendicul ar magnetic recording nmedia of claim

2, wherein the | i i | : i I ocat ed
’ 1 | OheIBWHodpliR 1&3h fid llafin b
bet ween t he at |ea§t8§3%@§§é£P%?§?ﬁ%%§ ﬁ#§@%§3%§§'6§8%@§§F38 overcoat. 13.
The | ow coupl,n er pendj cul ar etic recording nedia of claim2,
compri si ng AVSFLierk s Bhertiaon rsleonirdteis by PnipisHet
non-magnetic interlayer and the at | east one | ow saturation nagnetization
magnetic | ayedst oagef ke, Lo VsV 96 Qraere slemsntsprstadenn thee2raep | east | ow
saturation magnetization nmagnetic |ayer and the carbon protective
over coat . 14 cphestingefdoupt, iTagB piw.dandic duaW,Mgmeh.iZ, Heéclor dnrgdRedi a of
claim2, conprising a first |ow saturati on nmagneti zati on magnetic | ayer
| ocat ed between the at | east one non-nmagnetic interlayer and the at | east
one storage |ayer and a second

11. The low-coupling perpendicular magnetic recording media of claim 2,

wherein the low saturation magnetization magnetic layer is located between the at

least one non-magnetic interlayer and the at least one storage layer.

12. The low-coupling perpendicular magnetic recording media of claim 2,
wherein the low saturation magnetization magnetic layer is located between the at

least storage layer and the carbon protective overcoat.

13. The low-coupling perpendicular magnetic recording media of claim 2,
comprising a first storage layer located between the at least one non-magnetic
interlayer and the at least one low saturation magnetization magnetic layer, and a
second storage layer located between the at least low saturation magnetization

magnetic layer and the carbon protective overcoat.
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| ow saturation nmagnetization magnetic |ayer |ocated between the at |east
storage | ayer and the carbon protective overcoat. 15. The | ow coupling
per pendi cwbaniwagret i ¢ recordi ng nmedia of claim 2, wher @Cm/ush@9loow1s
saturation magnetization nmagnetic |ayer has a magnetizati on bel ow 300
emu/cnB. 16. The | ow coupljng perpendi cul ar magnetic recordi ng_nedi a of
claim 2. whedei n MROVFRURLALP ?@W@@é@?ﬁ&lﬁ&%@%%@ﬁ@ﬁ iOEdPa@%f has a
magneti zati on bel ow 50 emu/cn8. 17. A nmethod of making a | ow coupling
per pendi cul sompaigingta ferstlepatirstpnrpagneticaippmagnate lageplosited bejwaernsdet
under| ayer; depositing an non-nmagnetic interlayer; depositing a nagnetic
st or age | ayeit jeastnshedepasignetigimerl agyer aalthe at lieasn onagoeice tater and arsgoed i C

| ayer, wherein the magnetic storage |ayer has a saturation nagnetization

bet ween aboubw4QRrAR BIBKeE R oA MhohBEc 1aQYY 18aksH Bdtiveéh MBANRhdtaRfdgen | ayer
has a saturation magnetization below that of the nmagnetic storage |ayer. 18.

The met hod =Y C L.si ng depositing an anorphous | ayer on
Jayef Bl ey HHOREL SRR 12, 7 turs Vi ’

the soft un e claim17, further conprising
depositing a second | ow saturation magnetizati on nagnetic |ayer. 20. A
met hod conpri si ng:

15. The low-coupling perpendicular magnetic recording media of claim 2,
wherein the low saturation magnetization magnetic layer has a magnetization

below 300 emu/cm®.

16. The low-coupling perpendicular magnetic recording media of claim 2,
wherein the low saturation magnetization magnetic layer has a magnetization

below 50 emu/cm’.

17. A method of making a low-coupling perpendicular magnetic recording media
comprising:

depositing a soft underlayer;

depositing an non-magnetic interlayer;

depositing a magnetic storage layer; and

depositing a low saturation magnetization magnetic layer, wherein the
magnetic storage layer has a saturation magnetization between about 400-900
emu/cm’ and the low saturation magnetization layer has a saturation magnetization

below that of the magnetic storage layer.
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obtaining a storage nedia having a nmagnetic storage |layer with a saturation
magneti zati on between about 400-900 enmu/cnB8 and at | east one | ow saturation
magnet i zawoenid/@gyan with a saturati on magneti zati on bel @@Tiusatoobsctihe
magnetic storage layer. 2 1. The nethod of claim 20, wherein the magnetic
storage | ayer has_a saturation netizatiaon equal .to or above 600 emu/cnB
and the at léast Bifansib eéﬁlaﬁhﬁgﬁﬂbﬁégﬁ@pﬂ%ag%swsrtgggeafn ALPBOUSZANSF at i on

magneti zati on equal to or bel ow 300 emu/cnB.
on the soft underlayer.

19. The method of claim 17, further comprising depositing a second low

saturation magnetization magnetic layer.

20. A method comprising:

obtaining a storage media having a magnetic storage layer with a saturation
magnetization between about 400-900 emu/cm’ and at least one low saturation
magnetization layer with a saturation magnetization below that of the magnetic

storage layer.

21. The method of claim 20, wherein the magnetic storage layer has a
saturation magnetization equal to or above 600 emu/cm’ and the at least one low
saturation magnetization layer has a saturation magnetization equal to or below

300 emu/cm’.
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