METHOD FOR MAGNETI C RECORDI NG ON PATTERNED MULTI LEVEL PERPENDI CULAR MEDI A
USI NG THERMAL ASSI STANCE AND FI XED WRI TE CURRENT 5 Rel at ed Applications
This application is related to the follow ng concurrently filed co-pending
applications, all of which are based on a conmon specification: "PATTERNED
MULTI LEVEL PERPENDI CULAR MAGNETI C RECORDI NG MEDI A" (Applicants' Docket
HSJ920030213US1) 10 "MAGNETI C RECORDI NG SYSTEM W TH PATTERNED MULTI LEVEL

PERPENDI OMEAROBEGR MARNERDC WECORDPING 0N PATPERNED NURIIDEVELA US1)
"METHOD _FOR VAGNETI C. RECORDI NG PATTERNED MULTI LEVEL = _PERPEND| CULAR MEDI A

UsI NG VEREAENBIGELAR MERENESING JHERMAL ASHSTANCE ANDJIXII) WRIEH,)

Technical Field This invention rekﬂﬁﬁﬁ.Pgrnagnetic recordi ng nedia and
systens, such as magnetic recording di sk drives, and nore particul ar
to media and systens with patterned 20 perpendi cul ar magnetic recordi ng
medi a. Background of the Invention Patterned nmagnetic recordi ng nedi a have

béen proposed to increase the Mm rragnetlc recordl ng data

st or age, ch a rd. d| rive atterne

e Ll Hip apisaRtis TRl 8 Toobfnd R Bl e op pehdis BAiRORsA, her o

S a(ﬁ‘\ﬁlﬂbl‘?%ﬁﬁltdﬁafﬂﬂﬁ’iﬁ éd?ﬁ@a@i%ﬁ. island or "bit". The single magnetic '
e gra|

domai ns can be a sing or consist of a few strongly coupl ed grains
t hat sw tcffPHmiHﬂEB N HTAEEVELREFRBENDISURAR MAGNERYDRBCQORDINGe. This

nave mil ( IMEDIAR 4Rk SRar TS SpPHBISURY) damai n vell5. U S Patent
thglz(r) Q?hwﬁgﬁch§ §Z§§?W£AO nagnemirfer‘éor gl ® and
PERPENDICULAR MAGNETIC RECORDING” (Applicants’ Docket
HS8J920030214US1)
“METHOD FOR MAGNETIC RECORDING ON PATTERNED MULTILEVEL
PERPENDICULAR MEDIA USING VARIABLE WRITE CURRENT” (Applicants’
15 Docket HSJ920030215US1)

Technical Field
This invention relates to magnetic recording media and systerns, such as magnetic
recording hard disk drives, and more particular to media and systems with patterned
20 perpendicular magnetic recording media.

Backpround of the Invention

Patterned magnetic recording media have been proposed to increase the bit density in
magnetic recording data storage, such as hard disk drives. In pattemed media, the magnetic
25  material is patterned into small isolated blocks or istands such that there is a single magnetic
domain in each island or “bit”. The single magnetic domains can be a single grain or consist of a
few strongly coupled grains that switch magnetic states in concert as a single magnetic volume.
This is in contrast to conventional continuous media wherein a single “bit” may have multiple

magnetic domains separated by domain walls. U.S. Patent 5,820,769 is representative of various
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systens with patterned nedia and their associated chall enges is presented
by R L Wiite et al., "Patterned Media: A Viable Route to 50 Ghit/in2 and
Up for Magnetic Recordi ng?", |EEE Transactions on Magnetics, Vol. 33, No.

1, January 1997, 990-995. 5 Patterned nedia with perpendi cul ar magnetic

ani sotropy have the desirable property that the nagnetic nonents are
oriented either into or out of the plane, which represent the two possible
magnefypeadf paktesicd naslia dd thai nhtkoedsrof fdsricadon. hatdebdiigionVf diagaeid ﬁacérﬂﬁfgml ly
stable and that the nedia show i nproved signal -to-noise ratio (SNR)

conpagysmsovitbpatiemesi reedia apd thedy w&p}atedrémllangqaammeented by Be ki éﬁblt@@taﬂ er ned

per i od el Ml SV pRprcyos GRlital Uy BRALC REcl et BBR™ 1" °

f abr i PadnkaiionsBh MbHe S0 NILIIIN GO HafeR§150R0i994p to 300 Gbl t/in2 have
been denonstr at ed, Iarge area ultra- hi gh density magnetic patterns with

| 6w def ect Pattermesl merdia mnthpempéndiqalarimagnetc snisdtiopydiave the desivhbde pﬂdpertyﬂm of

doscr P PSR momenisre fediod ey 510 of 16 G PRBS. Tk FRASAS: BEABAL t er ned)
magnﬁ%ds%b é e%ﬂﬁ:ldhoﬁ t@?tft%Eﬁ% lr#éoﬂ%%@ttth clsil ”ﬂé&eﬁﬂ)‘%}’&&bl elalld that

eve t|nuous magneti c e nu er of magneti c gralrns, and
hencetht Imdm sjm.l umdvﬁ)s@ml-to-moﬁemute(&NR)tmmﬂamdrmlobanuh ¢oregastermad)d hence
the SNR is degraded. Wat is needed is a _nagnetig¢ recordihg nedia and

syst elpdifatoperes o arhiserptenrd pesdie wih e bitrdeasitnel E{elahafmmamapewwe

:f@gﬁé%k eCOP%%TB{%S @tnuses g.lﬁrl Xe Wl’llgg]gg r%&t}ylféeaf']![mn herm aSSI st ance

to regethddosupporiigtit deditizs bfep & $00 Gbitidnet beeﬂmﬁha&dmﬁgdmwﬂ&ae each
magnetic block or island contains a stack of individual netlc cells.

Each lgh depsityspagnstie paftqras withdew defectymtes and high wfomztx@re il nptravailable; t o

mgnet ¢ agns of BRI R FRAORL el od B PnPRl ol o

i n i tig U.S| PatendBSEBTITR BOLEMIG f@xnﬂmﬁud@xaﬁ]maﬂw MRk Oflhds dhdhob
magneti zat i on magneti c nonent) in one of two dlrectlons (into or out of

tihe pmameﬁsﬂslwb CrvR Flﬁ@tll?be’tqutlﬂm imagnetinifilneg He mugiber obmegnstici
| ndePg R naHenbd e TP AP AL @lick 58 WMhufild vk, didhchi8d BANR is
degraded.

What is needed is a magnetic recording media and system that takes advantage of both
patterned media and mulfilevel recording.
20
Summarv of the Invention
The invention is a method for magnetic recording that uses a fixed write current with
thermal assistance to record on a patterned perpendicular magnetic recording medium where each
magnetic block or island contains a stack of individual magnetic cells. Each cell in an island is
25  formed of a material or set of materials to provide the cell with perpendicular magnetic
anisotropy and is a single magnetic domain. Each cell is magnetically decoupled from the other
cells in its island by nonmagnetic spacer layers. Thus each cell can have a magnetization
(magnetic moment) in one of two directions (into or out of the plane of the layer making up the
cell), and this magnetization is independent of the magnetization of the other cells in its island.
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-2 Therefore the total nagnetization integrated over the different cells
per island permts nultiple magnetic signal levels or states to be
recorded in each magnetic island. Because each cell in each island is a
single magnetic domain, there is no increase in noise due to the nultiple
magnetic levels. The nunber n of magnetic cells stacked in the islands
give rise to 2" different readback 5 signal |evels. The recordi ng density

IS t hyBereftfé BRS6G! t2365:0 (ntPratéd ovdrkhe ERehent Bbils oﬁfea gﬂ@d&ﬁg@@ ngi?elzﬁ?l@ _

magnetic coercivity different fromthe coercivity s in
i ts i slagnetic sigmal hevglsatristatasdd be recardeden eadhtmagmefib island. [Becausesgok celi &t ¢achs
swi tched), . I nductive wite head capahle of witing wi,th multiple

by ;
writels “ﬁﬁ%%ﬁlgigleéaewwde@aw thegs is noipEIGasgitn goise gpe tothe Rpultinlesnagnetioy | ¢ e

field phd ' f Lk L. hl r; 0 A only
some. 57BN THE Aphb flof ot el Sl T MEIhAORVE e REZ SRl sl T Y
j st sipnaldevety, eDicadcordilg denbity fshieus istrandd biarhéitersi PHVof a wite field
greater than the coercivity of the highest coercivity cell wites all of

the cells Each el ingsindslend Insca magnebe iceerciaity differentfiren theecoartivity of thetother

t her mal ' b {.nduct i ' dwith afixed wit t -
that BYSIT SR LIRRT e mERek et ool il (RS e resRptisatons e Phetuy 1 ¢ e
fiel din%&%%@%hpﬁéﬁ%@%&ﬂﬁp%ﬁ%‘eﬁﬁ LANRITiE RBReAYVI LY cell -

Application of the same wite freld but"wth thermal assistance will wite
al |t providing s differettanagnetinwritdificld h Applitutivniof @i write diehbgreater thanabsestreivity| ose

b oviot 9LV S of ECHels Do R B Foerpafinn ad s wher ks prgebet Bsa lsted
Subst £dfsGn e i!ftah&g.s 9@?}1‘9&%@‘13&%‘%@ e t}%fc‘foﬁflcﬁ\gwﬁfcttﬁ@%}%tc

properties of s and that does not adverse f1ng to the
cel | scoer@vity bell emibestalldfahe eellshie the istagd cThemagwaticdielis cahi alko Belhsitteatwathni t h
the islands patterned jn concentric, tracks or a substrate of the type used
in pr'ilsenﬂéégaaa%@y% Pty mthﬁﬂewwf'@rﬁﬁeﬁmtgma%t %@t%wﬁéﬁonlﬁaan X-y
pat t eg; (BETH YR p b r . . errHs %ﬁgp*,g he
nat urgelﬂgl%gn%vant agegagf %g%%soéﬁ%vﬁ{@%%ﬁa@eren%ggl shou gtBgi:ﬂr#ade
tid t hiheflowtraoergvitietsl. | egplidatian ofthe sumé akienfisld bat ith thérinal hisdstavewiflanyi ng

25 figures, Brigef scription of the Drawi ng ~
Srite all the ceﬁs inDt%c c1;:41;:11'1% thatq:ave had Sleir tempergture raised to close to their Curie

temperature because the coercivity of those cells will be below the write field.

The magnetic islands are spaced apart on the substrate by voids or material that does not
affect the magnetic properties of the cells and that does not adversely affect writing to the celis.
20  The substrate can be a magnetic recording disk substrate with the islands patterned in concentric
tracks or a substrate of the type used in probe-based array storage systems with the islands
patterned in an x-y pattem of mutually perpendicular rows.
For a fuller understanding of the nature and advantages of the present invention, reference
should be made to the following detailed description taken together with the accompanying
25  figures.

Brief Description of the Drawing
FIG. 1 is a schematic sectional view of the patterned multilevel perpendicular magnetic

recording medium according to the present invention.
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FIG 1 is a schematic sectional view of the patterned nmultil evel

per pendi cul ar magnetic recording nedium according to the present
invention. -3 FIG 2 is a nagneto-optical Kerr effect (MO E) hysteresis

| oop of an unpatterned section of the magnetic recordi ng medi um show ng
schematic representations of the four possible magnetization |evels
(labeled as A, B, C, and D) of the cells in a magnetic.island. FIG 3 is a

readback siFyBat isof mupeetp-abied e éfftct (MORE) HBiRisabsSof ﬂ{h@ﬂ?&%ﬁ é%&%nt he
ern (m e),

5 sanple (top) and after applying a square wave wite pat and

showi A§ths @@ﬁéﬁ@rqoerdimmeng showing S@Telr;tatie reprdentatigneod thaﬁmr}ﬁ)ssible

} [ ..FIG 4 |s ' [
PR BB AP s 3 Fostieedoc h ou
) oy TR AR RS e NP Bl A B 1 o

multilevel nmedia. FIG 5 1s a schematic i1llustr
i fducsample (op) andnaftat applyingansquite vedveoriteqatibin (hddls), ki ShAhSa sthéh® t he
f our differtﬁ@t gpt%net'zation levels in a magnetic island of "the patterned
mul t i TeRUEsentatien of the cell mpgnetizationsoarresppnsting:lacthe keadbackesignab Gutittomnt  of t he

mul til evel i ' : ' t he. netic¢ i,sl ands as dots
on concent ﬂ%{g{?};é&gg@%@% ﬂ%@ﬁ% ﬁ%}h%lggﬁan%hé" I?H?%‘“g ‘%‘ét&qe@%&]m?ﬁ v of
one t fome differem giagnictizAtiondevels rasgRyic (Mmd ofhe hatdtedRultisve H@dﬁii ve wite
head for the multilevel nagnetic recording system FIGS. 8(a) and 8(b) show

the two di F¥&rdaf srbgnetic Hustaiing the methed in wihéck anpindtctivieoviieeap withant y pe
. ; nt ! 4 A i
O oo eI feadd s o fole ditertpl BaPoghrgontlsula T € okt ivod of

ar r aythopaftérivbdprmbiievéldh&liave wite heads and the nmedia substrate with 20

the magnetic islands arranged as an x-y array, the islands being
r epr esent Bl $ igaitap vigst of 4 disk drvesmbedimentsf thislltiteee nagnetiCrichating d

Mul ti : i . tig Recording.Medi,a EL.G 1 i.s a_. schematic of
the parE) HeyRERR Rlic HR b SolS R St Hha1G of B et Bilecont
i nvent i on. FIthe isadi¢tBnanviewdTona typeliT ik aphetid RremiBbid | gl ar
magnetic . recordi@&q I gﬁ/er 50, ant}gjgt i onal under| ayer%ﬁfmh@ﬁrﬁﬁﬁp
drot dBdnciverite heed forghe myltilevel magnetiy recording system.
FIGS. 8(a) and 8(b) show the two different magnetizations of the probe tip of the MEM
probe type inductive head shown in FIG. 7.

FIG. 9 is a view of a scanning probe embodiment of the multilevel magnetic recording
system showing an x-y array of MFM probe inductive write heads and the media substrate with
20  the magnetic istands arranged as an x-y array, the islands being represented as dots.

Detailed Description of the Invention

Patterned Multilevel Perpendicular Magneti¢ Recording Media
FIG. 1 is a schematic of the patterned magnetic recording medium according to the

25  present invention. The medium includes a substrate 12, a multilevel perpendicular magnetic

| recording layer 50, an optional underlayer 14 and optional protective overcoat 16. The recording
layer 50 includes 2 plurality of islands, such as representative islands 52, 54, 56, 58, spaced-apart
by spaces 60. Each island is formed of a first layer 20 of magnetic material with perpendicular
magnetic anisotropy, a second layer 40 of magnetic material with perpendicular magnetic
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| ayer 50 includes a plurality of islands, such as representative islands
52, 54, 56, 58, spaced-apart by spaces 60. Each island is forned of a
first layer 20 of magnetic material w th perpendicular nagnetic

ani sotropy, a second |ayer 40 of magnetic material w th perpendi cul ar
magnetic -4 anisotropy and a spacer |ayer 30 that separates and
magneti cal |y decouples the two magnetic |ayers 20, 40 in each island. Each

i sl andnisetropyandoa spactd laparSl) thatgegirites asd maghetichlly ddcolfies theltwo gxed
magneilcalﬁl ﬂgcou led cells, such as cells 22, 32 in island g’é ach cell
is a PR 4D 4Ha Resh islapdnEach iglaad isthyep andtilewr] fragnetitislantiveith atdédst iwo i t S

i sl f 5 .cells, j t i_slands by th
rag; o ke EPTERARY dechfla i et Bl o BT sl ana SDeleneen 1 he
magnemagnetsd dordsinand ivgedartayedi feth i islimfa@gﬂ EF:G,(T% ' t ma
begforrredeot fefurlorraénee?i c%ter!t%&g%%%ggthe te?%% %%?‘f\%ﬁd @&m d
a

dver 88 sellafn ather ishads by theiregiensdetiicted ssspadestéict i on from t he magneti c
islands th . TIh tic island be f d by first
| 1 hogr aphTPSFPgPen 2D AERRE g remp AN prtbe megnelicindt sndgire Apienllydomadi ng
up reePhchniggneaY eia ' . . ving .the
resi sté, I eav!ﬂcg tlhéi%é?g?lﬁ?ﬁ}%@ﬂ%ﬁég%gg?\%@%aﬁ pﬁ&é"@gﬁ%mﬂg"qﬂil ands
can b@ogsootedvarsely affect thesigma recording hed detseion Fronk tHeGmahekie skt liger 50
on the _substrate, Iitho] raphi cally ¢ atterning the re%%]rdi %sg}ﬁfaggﬁek}t, t chi ng
Che. r SRR T% Bpgnicrauronive frimedlor fishibosanhicalls phrtcraion heswbwiaig ¢ he
BBl SHepds i 3 | G h ST S:.the .spaces 60 in
t he 15@33?%&28 %)argtgﬁeen {8 op feeprinty reéo\r}’a}i%géh%tﬂ%?’g%g‘s&éaﬂ?mc@mmg
nonnetwaesis, leaviagitad magnetic idandsalAlwinmaively, theintegbtiolskeds cdh B&RTERALYA! | Y
pl anag rface t g raphy can then be formed. The process would involve
first FEHFR%W”FB ﬁ?&gﬁ&%@swm@mmmﬁm@m lithogeaphicallyt hi ckness
gr eat e&-ﬁ]ﬁﬁ ehl%hnrﬁ ' M . 0 nd.t hen.pol i shing the
al um%ﬁwit t]{a C emﬁ%‘gkﬁ%@ﬂgﬁﬂgﬁ%ﬂwm@ﬁ%g@mq'F‘a? &%agnetic
i s| anthen weneving tie resipto teading The mafreaicasiaidse ® Bothl etHinpies] the $B0GPHe60 and

bléye to&,} of the magnetic islands approxi mately copl anar. atterned nedi a
Jceonp beresnithcyislagds,greivendsithat spayche @ied witfowepmagnetic mateyiahisueh a¢ he

PP, lphit e A St AL Bl 4R BeRLARE B bR P ARY, T °
mat erpratess wanldineslvedirstafbfmidl thdagiticREatisC thed depRanat demlaaB e thicksesef t he
g negtrlcgtml‘ la:? &da% i'ﬁqﬁ?r[:d %‘3( i%lrlmﬂlaceépa};cgeﬁO? Eugci) 31%11 polishing the alumina with a chemical- |

mechanical polish (CMP) process until the magnetic islands were just exposed. This leaves the
20  alumina in the spaces 60 and the tops of the magnetic islands approximately coplanar.

Patterned media may also be fabricated by ion irradiation through a mask to alter the

properties of the irradiated regions. In one example of the patterned media ion irradiation

fabrication process, the spaces are formed of magnetic material that does not affect the

perpendicular magnetic properties of the magnetic islands. For example, the stron g
25  perpendicular magnetic anisotropy of Co/Pt multilayers can be destroyed by ion irradiation

through holes in a mask to create regions of magnetic material with in-plane magnetization that

serve as the spaces between the magnetic islands of non-irradiated Co/Pt multilayers. Ton

irradiation methods of fabricating patterned magnetic recording media are described in the

following references: C. Chappert, et al., "Planar Patterned Magnetic Media Obtained by Ion
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25 perpendi cul ar magnetic anisotropy of Co/Pt multilayers can be destroyed
by ion irradiation through holes in a nmask to create regions of magnetic

material with in-plane rmagneti zation that serve as the spaces between the
magnetic islands of non-irradiated Co/Pt multilayers. lon irradiation

met hods of fabricating patterned nmagnetic recording nmedia are described in
the followng references: C Chappert, et al., "Planar Patterned Magnetic
Medi alrGighiationd dSchapce,oviol. 80,dunad 9,0998, 15cilBhR-622;VAL Di@sé et dLyritord Projdctio’, pp.

1919-922; A Dietzel et al., ‘lon Projection Direct Structuring for

Pat t e&’ﬁ‘ﬁﬁﬁ!‘“%éf Pattqrpprepf Magoetic g*eé‘fﬁs a&iﬁ%ﬁféﬂf@ﬁcwg Radfegneticn| Vol 3,

No. 5 : L . ; ; 64 and 6, 383, 597.
As shlgv?m%’é%ﬁ% T ég@%é@ﬁ? %?%1\?2?1,-;{_? ?ggaéc&g ﬁésﬁ%ﬁﬁﬁ%ﬁéﬁs’rﬁg%ﬂrom in the

cel I s i n FAGshdwbby lies Rpresenthited lefi@rs 3\, B, €, Thgiiahe arrb @Y &) the@ells i Es 1i N each
I sl and, each nmagnetic state depending on the direction of magnetization

( Pagnherearginus pogsible madmetinleyslstor stagas|in eaqhrislandsegrle magneticatate dppending on

t wo- | s ermhod of . Fl . Lepresent s.,a two-bit byte or
wor d. Fiepon ot sileiZhi (hagh ool 8 BadBEGRAR P Rl mpind ety ¢ 11
the biHeqwaMa)® tfhbadindR 8N BIG.ZPédnGRud B feResentBd &4 4 864-bRByicorcatdl gahed a o,
then the magnetic states are as follows: 10 A [1,1] BY [0,1] C [0,0]

D: [ 1, edlls iwths lower lnayersdf) aresclectied As thedimstehjhistthe biteye rord sad magmetizatiorein the
magneti ¢. | ayer.s are, possjble. .15 The.total readback signal integrated over
t he nu@ﬁﬁt@’)gm C?Pé&?gﬁ%hﬁth%#?‘ﬁ?%c#?éwggﬁw*:ferent si gnal levels,
W ch can p@[ﬂﬂed for magnetic recording. The recording density is thus
increased by’ a factor of 2t"'J. For experinmentation, a magnetic thin film
was sputteB: Hebosited at roomtenperature onto an hexagonal array of Si 2
pillars wiéh a dianeter of 150 nm and a height of 80 nm The spacing 20
bet ween the WPk er of the pillars was 300 nm The pillars were forned by
l'ithograp '_cgllb patterning a Si02 filmformed on a Si substrate. The
structure had’t perpendi cular Co/Pd nmultilayers separated by a 5 nor,

thick Pd | Bierl is depiatpdatiticawd magmatialpless, b3 upmere maghdieueyers are possible.
15  The total readback signal integrated over the n different magnetic layers gives rise to 2" diffcrent

signal levels, which can be used for magnetic recording. The recording density is thus increased
by a factor of 22,
For experimentation, a magnetic thin film was sputter-deposited at room temperature onto
an hexagonal array of SiO; pillars with a diameter of 150 nm and a height of 80 nm. The spacing
20  between the center of the pillars was 300 nm. The pillars were formed by lithographically
patterning a SiO; film formed on a Si substrate. The structure had two perpendicular Co/Pd
multilayers separated by a 5 nm thick Pd layer to magnetically decouple the upper and lower

multilaycrs. The composition of the film was as follows:
25  C(40A)/ Pa(10A)/ [Co(3.3A)/Pd(8-3A)]s/ PA(50A) / [Co(2.5A)/Pd(6.5A)])10/ PA(20A) / SiO,
Comparing this experimental structure to the schematic of FIG. 1, the multilayer of 10
Co/Pd pairs is the lower magnetic layer 20, the multilayer of 6 Co/Pd pairs is the upper magnetic

Jayer 40, and the 5 nm thick Pd layer is the spacer layer 30. The strength of the magnetic
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multilaycrs. The conposition of the filmwas as follows: 25 C(40A) / Pd(lI
Q) / [Co(3.3A)/Pd(8.3A)]6/ Pd(50A) | [Co(2.5A)/Pd(6.5A)]10/ Pd(20A) / Si02
Conparing this experinmental structure to the schematic of FIG 1, the

mul tilayer of 10 Co/Pd pairs is the |ower magnetic |ayer 20, the

mul tilayer of 6 Co/Pd pairs is the upper magnetic 1 aver 40, and the 5 nm
thick Pd |l ayer is the spacer | ayer 30. The strength of the nmagnetic -6

ani soRRISPYORIANdSoerciTIt @ W@magn@lcfiﬁmr@mbq eppidy slteradmbbehmmg the Qmaadé’d by

ol ey P st g S HRIRTGS melipiaoiin £ St e Goinge ol donciien

"t T eNghs Hhe reRioh Br @i@%h&eﬁif%ﬁ}%cﬁlé&hngﬁez%ﬂ&s%f% nggwgvﬁ@{ro%é&g@&ﬁ% °f the

depth of these layers relative to t ticis
pi | | adspthiol éresmlpyersirelativoiwethe nm&mr‘slahﬂmon sipasfdise pitlersNiie nedgnesé prbpbrties he

net|§] H’QP%{?I al he trenches and there are thus voids between the
magnef’f gt Nﬂgﬂ#ﬁ*ﬁf’d tthe magpeticmaerigldn theyrpehesang: thereare thwe ¥eids enent s
on a %ﬂﬂgﬁgl&%ned section of this structure reveal ed the

di sti nct sWwtc each Co/Pd nultilayer at different applied fields,
as shown i Mdghao-cqmcibmeaﬁhammm Hpdredis mchdtir@hans bR A chhnmieps 10

magnet ostatic coupl between the two magnetic |ayers was negligible,

m nor VREASEE P@Qﬂ%f 35ﬁﬁ’&%@f@@“@dﬁi@@éﬁ%n@mﬁb@f@bh@omdewmlw atno

b At Rhef et s B 45 Eﬂéf%&?ﬁfé%%ﬁf@%@tﬁ%'tﬁwﬁzﬁ“a“ -

| TOlepafagRdbst lifig badiRkes thdtwe & TayRROME:
[ Co( 2. 5R) 1 Pa(6, DAL TS Tl e L ayar PR a e e Akible) fainor loo opg wers also

appr oRieasred gp @@r@e ﬁmctourbimg ﬁei(l,amtxya ﬁﬂﬂé@oﬁ@f}:&lphﬁgtwésa&and. l'Bhtéruﬁ)pteﬂhe
| h t tely 700 et di
exoer PRSP aes tinhe R tareliod o bsiparaition oLBF Buvteress ofps
str UCIddEﬁe:ﬂBﬁt ﬁhg&feﬁ e, FIG. Stafsa%hoﬁé?ﬂiaf fle! [EG(PS(APPQH A ﬁﬁtrﬁﬁlﬁla%ﬂ vers

with a resolution of I'ess than nm and scanned velocit
(appr GQWF@@W)hﬁ‘S @magsuwmﬁ @pmme 350 Ogand tet[Go(3-BANRI(S. SA)jg)mdluiyehead

| di di t t t G\R
AT HPRELID8) nt et Bt el ORI 2R | o oot w ot he of about 240 nm
and 180 NnnA mesEe tésRdiNg elpRimaEi hus%a%ﬁnéddr?&uﬂ%laﬁagﬂg&b@@&ufenme

ext ernal perpendicul ar flel d of 20 kCc. "The recordi ng was t hen
al i gnemcsae Jas dixed ontalrey stoges, cohtroligiint piczaetdesinidrivesd with agksadutomfdessi onal

than 2 nm, and scanned at low velocity (approximately 5 um/s) while in physical contact with the

I

recording head. A conventional longitudinal recording giant magnetoresistive (GMR) read/write
20  head was used with write and read head widths of about 240 nm and 180 nm, respectively. The
structure was first dc magnetized in an external perpendicular field of 20 kQe. The recording
head was then aligned parallel to the rows of magnetic islands, Although a conventional
longitudinal inductive write head generates a write field between its poles that is generally in the
plane of the media, in this experiment the perpendicular components of the fringing field from
25  the poles were used to change the magnetization of the perpendicularly magnetized cells in the
istands.
In contrast to writing on conventional contimous media, where the bits can be written
everywhere on the medium, writing on patterned media requires the synchronization of the
square wave writc pattern with the island pattern. The istand locations can be easily retrieved
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| ongi tudi nal inductive wite head generates a wite field between its poles
that is generally in the plane of the nedia, in this experinent the

per pendi cul ar conponents of the fringing field from 25 the poles were used
to change the magnetization of the perpendicularly magnetized cells in the
i slands. In contrast to witing on conventional continuous nmedia, where the
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t he nhggmetization dévels (\M,chd,m_r pendi cul ar magnetic ani sotropy were nultilayers
of 15 alternating Co/ ayers. Co/Pt multilayers may al so be used. The

i nvent i on Ths experimentpl wsultsdeseriipdaboie wemst fhea nufileselohagmetaedcosdingcor di ng

mat er | a4 yct ures that ovi de,. per pendi cul ar nmagneti c api sotropy.

The  Taclip Fbcth WA hrRhe AT} with P Been s ronyay sera muliasers of
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Icu

that induces the crystalline Caxis fo be 20 perpen ar tot pl ane of
t he REpigable with pther fypheof mpgneticascosding npteyd pemiditnxtuacs that provide

perpendicular magnetic anisotropy.

The magnetic cells can be formed of a granular polyerystalline cobalt-chromium (CoCr)
alloy grown on a special growth-enhancing sublayer that induces the crystalline C-axis to be
20 perpendicular to the plane of the layer, so that the layer has strong perpendicular
magnetocrystalline anisotropy. Materials that may be used as the growth-enhancing sublayer for
the CoCr granular layer include Ti, TiCr, C, NiAl, 8iO, and CoCr, where Cr is about 35-40
atomic percent.
The magnetic cells can also be formed any of the known amorphous materials that exhibit
25  perpendicular magnetic anisotropy, such as CoSm, TbFe, TbFeCo, and GdFe alloys.
The magnetic celis can also be formed of chemically ordered CoPt, CoPd, FePt, FePd,
CoPt; or CoPds. Chemically-ordered alloys of CoPt, CoPd, FePt or FePd, in their bulk form, are
known as face~centered tetragonal (FCT) L1, -ordered phase materials (also calied CuAu
materials). They are known for their high magnetocrystalline anisotropy and magnetic moment.
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magnet os crystalline anisotropy- Materials that nmay be used as the

gr om h- enhanci ng subl ayer for the CoCr granular layer include Ti, TiC, C,
Ni Al, SiQ2 and CoCr, where O is about 35-40 atom c percent. The nagnetic
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read/ wite pol e head. |n perpendicular inagnetic recor at use
ri ng TRagEbic renording syrteranthatiietringtheads fortadingand wryjtng, wwgftmaderldyer pagassary.

Al o erlal s, & h ar. ui.tabl e for, the soft under] r.l.nclude N Fe,
Fenl ¢ BecRishfyy o)t Bt o Sulab R for the soR BpdmIYFLIC R NOFERGISin ( he
Mul t iFeTebl, FeNEdbPeBIGhADToXeNt.abl e. Wite Current IF 1G 4 illustrates the
manneT in which the inductive wite head 100 records each of the four
possi bl e magneticstates. in a magnetic island having two single dornain
INQlL oS Bl BecordCa o GAI e | 5,2 perpend cul ag,_head and has a coil 102

connect ettt oot Pe R L ynlducys )] SING yadane vatelarenb, js part of the
write driviag, aiillGimatdsythé Ridhnetis WhidBCthd SRR cEVE ‘E%l?ﬂd%b?é’&&dfs éa@hﬁ%’th%e”er ate
bi -dirvctional wite pulses with at |east two di

A > i erent current levels, 11
and ffour pospiblegnpgnetic states in a magnetic island having two single domain magnetic cells. The

head 100 is a perpendicular head and has a coil 102 connected to a current source 104. The
current source 104 is part of the write driver circuitry that also includes switching circuitry to
20 generate bi-directional write pulses with at least two different current levels, I; and I,. The write

current generates a generally perpendicular magnetic field from the write pole 105 that retums
back to the retun pole 107. In the preferred embodiment of a two-layer medium, the lower
magnetic layer 20 has a higher coercivity than the upper magnetic layer 40. Current level J;
generates a magnetic write field greater than the coercivity of the lower layer 20. Thus, as shown
25  in FIG. 4(a) a positive I; changes the mﬁgnetization direction in both layers 20, 40 and generates

the A state. Similarly, as shown in FIG. 4(b), a negative I, write pulse changes the magnetization
direction in both layers 20, 40 and generates the C state. To generate the D state, the island must
first be in the A state, after which a second current pulse with a value of I in the “negative”

direction is applied, as shown in FIG. 4(c). This negative I current puise generates a magnetic
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current generates a generally perpendicular nmagnetic field fromthe wite
pole 105 that returns back to the return pole 107. In the preferred

enbodi mrent of a two-layer nmedium the |ower nagnetic |layer 20 has a hi gher
coercivity than the upper rnagnetic |ayer 40. Current |level 11 generates a
magnetic wite field greater than the coercivity of the |ower |ayer 20.
Thus, as shown 25 in FIG 4(a) a positive 11 changes the magneti zati on
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shown_in FIG 4( a negative |, wite pul se cbanges the nagnetization

di r eclavss 19ver %Q)smomlam magnetizaiorelonke heruppeslayerdtias switched. myledurtat e t he

cur r obiopty e 6" ) Sha st it LB R W L Bbad lrEeh B e
shownwjidh aRJaﬁe AL thd ApSsithRY Hite¥Fonlid a?ﬁﬁédi‘@ﬁ sk SR KIEN B! ThiPpotheRg) | c -

wite field greater than the coercivi of the upper layer 40 but |ess than
t e cgmrent pulsy gerferatbea njagossic watedteld Qrestnr thainythe treercimigy of ﬂlz:amp:!rlapdr 46rtuy t he

upper r .40 is.s . Si,m | enerate the B state, e island
ot 1655 G0 g sasTar Rty o BF fee 1ier 80 s iine FGgRe Rafen o @‘ﬁt"F’Bﬁﬂlé}é“" it a

val uegpf JhBGn ngE]F d. -
Thi s %\gls‘fh'!telaveAnslz 5 %ﬁ?ﬁgﬁd%um?g%% rat‘{tvaémgﬂﬁglg%getﬂ It ésq?dc:} ﬁlry %’% er
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the | ower, Jayer 20 so on]y the nagnetizatjon of the upper | ayer 40 is
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slightly greater t han the coercivity of e upper _cell if the nedia is

desi gtheapacsr layst 39, tke Joxge tayeetd wilj be exposed fachmiugh Jayyer yrithiielrothap the-unper | .
ggr e moewhg?/%lggﬁggé %ﬁh | ection of the thickness of the spacer |ayer

Iovver e exposed to a nmuch lower wite field than the
upper |ayer 20 when the 12 pulse is applied. 15 Method for Recording on

t he I\/Ultllevel I\/tedla usr ng Thermal Assrstance and Fi xed Wlte Current FI G
U-Z difeER ecnrding o il edia hai d Assistange padiBixed Wriler i t e head
100' rds each of the f our possr bIe magnetrc stat es in a magnetrc

i sla ing two single domain magnetic cells. The head 100" is a

per pendi CUFRG. S@iastrAsthB AfandeCia iwhidiV 2 tHeARIPE h@thtéPinduSive Wihte head 1007
records each of the four possible magnetic states in a magnetic island having two single domain
magnetic cells. The head 100° is a perpendicular head and has a coil 102 connected to a current

20  source 104 that provides a fixed write current I;. The current source 104 is part of the write
driver circuitry that also includes switching circuitry to generate bi-directional write pulses with
plus or minus current levels, Ip. The head 100’ also includes an electrically resistive heater 103
located between the writc pole 105 and the return pole 107. The heater 103 is connected to
circuitry for applying current pulses that enable the heater 103 to generate heat pulses to the

25  magnetic islands on the medium. U.S. Patent 6,493,183 describes an inductive write head for
generating the magnetic write field and a heater for heating the media. The write current I
generates a generally perpendicular magnetic field from the write pole 105 that returns back to
the return pole 107. In the preferred embodiment of a two-layer mediummn, the lower magnetic
layer 20 has a higher coercivity than the upper magnetic layer 40. Current level I, generates a
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20 source 104 that provides a fixed wite current |o. The current source
104 is part of the wite driver circuitry that also includes swtching
circuitry to generate bi-directional wite pulses with plus or mnus
current levels, lo. The head 100" also includes an electrically resistive
heater 103 |ocated between the wite pole 105 and the return pole 107. The
heater 103 is connected to circuitry for applying current pul ses that

enabl maphaticheritedficld fRated thparthe adezcipdf thu ippér layer MG uR FessrgAekd Socéilignds on
the medium U.S. Patent 6,'493,183 describes an inductive wite head for
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Simlarly, as showmm in FIG 5(b), a negative lo current pulse in

combi #hevmoie BiG: A(c) Thismegamerdo rriment mulse @enerates & magpetic wote frld grgtsthanat i on

di recgi. L.h.-ho eper . T, e e the
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current pulse generates a nmagnetic wite field greater than the coercivity

oS t hugtfrst be imthe Catatp, after Fpasitivedo ewreant pylse js appliethcas|shown i ayer 20 so
only ( |.Zakl O f 1.h pper [.40.185. -SW ed jmhlarly, to
gener g{&é 51(@29%5% P%sﬁtt&’e it?’ ﬁgnlcéstl pg'}\% %aﬁ%gﬁ%gpg?c %‘é@mﬁ&? Ilééea&f“?t‘ag %% after
whi cheaergl ey bf the upPe:ua @0 g |88 thial tPek@0lity 85ths e layer 26lsGonbf@g. This
positive lo current pulse generates a magnetic wite field greater than the-
coer ciuggnspization plthg wpper lpysy &P inswitched) dssibsteatialidiiderenes iajcperojvibrbetween ower
| ayerﬂl%?nfg%egg l%%sures that only the upper cell in the magnetic island is switched when the Iy
20  pulseis applied. However, the coercivities in the two cells in an island can be very close or the
coercivity of the lower cell only slightly greater than the coercivity of the upper cell if the media
is designed so that the lower cell is sufficiently far from the upper ccll. For example, by
appropriate selection of the thickness of the spacer layer 30, the lower layer 40 will be exposed 10
a much lower write field than the upper layer 20 when the 1, pulse is applied. As one example of
25  this embodiment, the lower layer can be formed of a 6 [Co(4A)/Pd(10A)] multilayer and have a
coercivity of approximately 3000 Oe, and the upper layer can be formed of a 6
[Co(2.5A)/Pd(5A)] multilayer and have a coercivity of approximately 2000 Oe. A fixed write

current pulse of 10 mA will generate a magnetic write field of approximately 3000 Oe. A heat
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magneti zati on of the upper layer 40 is swtched. A substantial difference
In coercivity between the nagnetic |ayers assures that only the upper cel
in the magnetic island is switched when the o 20 pulse is applied.
However, the coercivities in the two cells in an isldnd can be very close
or the coercivity of the lower cell only slightly greater than the
coercivity of the upper cell if the nedia 1is designed so that the | ower
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nmay  ajsooiated wide tiednhanive nritehemd siehak adasepthat diftcoa liphespoent the madjine
formed as_part of the coil of a5 Ipngltudl nal wite head, as described in

publ i §Fedded the heatpulse and freimpagnetin wxto Beldean be lgealizedito agmre ghat 28ty ther t i ons

ofsth Il . ' ads to the heater. In addition, the
hL%t erﬁmqgegéfﬁﬁh%%n@%ﬁ%ﬁjeﬁgéﬁeﬁ%*ﬁcaI ly resistive heater and nmay be a
separate clrpaE®is an@P vibw BF4 likk deisé embadif@ny\bf e thiftileRelufiignétic edotdingead,

such as a laser that directs a |ight spot to the nmedium_ provided the heat
pul sesysim apeording i thepregent nventiond Thgsirive 200 bas 2 hewsingorkase 242 thabsumporty t he

10 desired ce have .t hei net. i “Swtched., FlG.. 6 . Vi ew
of & B eRuaB 030 afby frieRplos REkE R AR gRichc e i A 214 Bt
accor diskQ®14Qubstitdmes BE ny suiblel stBstratd) Budll ds\Be glASs SodumiliPhlshipbestimbase 212
that supports an actuator 230 and a drive notor for rotating the

md ti (AIMg) substates wserd dr cortenonnl disk Brives. THhe actater 230/msybe a vaice col pisdorany
cubst FLEND RSt iiet HathEAatell =i 287 bl et MRITREREATE M PO be
voi ce aﬁ@wlzzapmphead@ﬁ%énsfoataaﬁanay Ro@iRiuded dkudpafision DR Diitht Baddredhdand
rot at es about pivot 232 as shown b
attached to the end of actuator arm 234 and a head carrier 222, such as an air-bearing slider,
attached to the other end of suspension 221. The magnetic islands 215 on disk 214 are arranged
20  inradially-spaced circular tracks 218. As the disk 214 rotates, the movement of actuator 230
allows the head 100 on the trailing end of head carrier 222 to access different data tracks 218 on
disk 214 for the recording of multilevel data in the magnetic islands 215. As previously
mentioned, the writing on patterned media requires the synchronization of the write pulses with
the island pattern. A patterned media magnetic recording system that uses the magnetic islands
25  to clock the writing is described in published application US20030107833A1 titled “Patterned
media magnetic recording disk drive with timing of write pulses by sensing the patterned media™
published June 12, 2003 and assigned to the same assignee as the present application.

The inductive write head used to record the signal shown in FIG. 3 was a conventional

longitudinal inductive write head, and the inductive write head depicted in FIG. 4is a
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~arrow 224. A head-suspension assenbly 220 includes a suspension 221 that
has one end attached to the end of actuator arm 234 and a head carrier
222, such as an air-bearing slider, attached to the other end of
suspensi on 221. The magnetic |slands 215 on di sk 214 are arranged 20 in
radi al | y-spaced circul ar tracks 218. As the disk 214 rotates, the novenent
of actuator 230 allows the head 100 on the trailing end of head carrier

222 tnerawii@;iardmaﬂ@riﬁmwdﬁml@ pad & seternpodn Adetber tgpelof indudthe writedread iy of
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wite pole and a return pole. Another type of inductive wite head for use
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probe 30 showi’ ng the probe body 310 attached™to cantilever 350. "The e probe

body ®ttonggendspg mewdfwmdeou@mmemmdadm Weheroiirred passé@he coi |

311 | 0, 342 lith
¢ oo DTt e s o % abord ShlrekEBuf Broghet Qi ety sep
i ndUCﬁhb‘p@ldmkmeBmaﬁsaslxﬁa\&Bhﬁéﬁtibﬁﬂ 1680 tudBROtHP A ivhRtilobREneR. L Brobe

traili ngzend of conventional disk dbrive air-bearing slider. The pol es

340, tm %rv@udwd‘eunquqonwt wth@nlcagmmoﬁﬂyam@mo ct(4Zhaed pwfasbtyzwao 342

35, B BRRREE b B i grR Ll Rt Bt B e Pbeapla BRFPO881 hen

cCur r ey 3PRBAS mhh@%hfaeew sxééizz ﬁhﬁﬁ%ﬁ%é&tefc& Gilltﬁoln ofi}fégﬁaj? dnid i he yoke

and magnetic flux is generated between the poles 34 ust as in a
conv efermodaf 2 magpetiarateeial. t’lﬁlerprbbd tmp Bimmcshowa aphatieg hgenkrally pomibs shigep 320,
whi ¢ for in cont act, wi t | eas e of the pale or 342 and
pref 2\; )}cg{lgﬁsgl . Asan ternahve to tLe y&(c structure dgplcteg é?G 7, the coil

may be wrapped in a helical manner around probe tip 320, the probe body 310, or the

20  cantilever 350 provided these structures are formed of material that allows the magnetic field
generated by the coil 1o be directed to the magnetic probe tip 320. This type of MFM probe is
described in U.S. Patent 5,436,448 In any such arrangement using an MFM probe as the
inductive write head, the coil reccives current I; or I; from the write driver, which causes probe
tip 320 to be magnetized in one direction with a field strength determined by the value of |, or L.

25 When the current direction is switched through the coil, the direction of magnetization of the
probe tip is reversed. These two magnetization directions are shown schematically in
FIGS. 8(a)-8(b). These two possible magnetization directions and two possible magnetic field
values enable the four possible magnetic states (A, B, C, D) to be written in the magnetic islands

in the same manner as described with respect to FIG. 4.
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15 in contact with the end surface of the gap 314, extends fromthe ends of
the poles. The probe tip 320 has at | east one surface or side 322 which is
in contact with one of the poles and is forned of a nagnetic material. The
probe tip 320 is shown as having a generally conical shape, but its actual
shape can vary. As an alternative to the yoke structure depicted in FIG 7,
the coil may be wapped in a helical nmanner around probe tip 320, the

probe bodyln3heé diskdrive endodinsent iof theqresgsinperdiondeith theddBEMsprobe hsithes ar e

o e eSS R ASh S B B 1
descrippgdsy Msbhtir Jﬁf‘f %ﬁtﬁﬁﬁ%&le&t llli‘ig MMVIPHEPe R BARYE 'ﬁ?ﬁ'ﬁis?%ii%g ign MFM

probe as t’he 1nd ve wite head, coi |l” receives curren or 12 from
t he widstribedrin &8, Paubntch8EkTide Howolre the MFNS Dootieayeofindueivie Aatte hsad gieo
direction with a field strength determ ned by the value of It or 12. 25
Wien Remmits mpulilsvelanagnetic serording i} 3 $93RBIng RFONGSIStERe A seaningipEoks yystem isn of

magneg | l1qN «Rk: A0 <18 e melhZat i on

i oA Miiife- ALAMS I Ro} SobBHERG0e DIISSEHSARIE IS Oliiie
MegNelruhddiRs 6k MEnkais Vald ol We. PaaichRe0ITapeRiets I'HedMuighedes sptahlie the
four possible nagnetic states (A, B, C, D) to be witten in the nmagnetic

i s| areigermemechanicahtysteominewhigh thidats isiveeprdadtty heatipg the probetiy tosauselgitsl n t he
di sk drive enbodiment qgf th resent inventiagn w.th the M probe as the
nduc P ARTRF SRR mehet-C ThE PGB paks i sl e Blbleyed Bge e 1t o
tilge aekitainysysem 3drdingtoGhe PrescrAilei@n faREWRin BIG URLPe hiiRfler AlsRstid he
MFM probe to"be used in a disk drive is described in U 'S, Patent

5, 804eqardingHinedivimr400ti as desktibedbwish respect ¢6 FlGhduartd imeludes the stlestmitead B cand
permts nultil.evel fic rec ing in scannin rpbe system A
Ccanrhhgrppetssiapts A7 Che bf Fikere Amanast 5 o as ke TR wabE perpendicular
Scan %ﬁa@ ‘ZcBVtH@E‘uHQ&&@ 404 O TG Quid k401, is hﬁ%n’éﬂ I%fg Zﬁg "tfcﬂﬁﬂm%gﬂgfsbﬁﬁmnv‘)' :

39, . 2, March 2003, pp.938-945. The "M I| systemis
t her nomrarrbaof MM tyretpeobe tipsli0ohith associated cargilewrnd etk fblyridatak omg chipad2fr obe

dithoa e AP0 Rn Treshin Aol Sre Rkl R B ot mmathy 18 fiebh e GRS 0 t he
DI S5 01 cLARA TR doth BRI bitoFied ith 1P o Slichl PYBL BRI fray 0T i

in
medi um 400 1s as described with respect 1o Fl G[1 1 and includes’t
substaddresses@nlythe islatds indliptsedtioni Multiglex 4aRersTVMIIX 3 430)d32 Alldwawmtear r anged

as an KedtsH, 1% 1 acllverd 1o LaB SN RRR ok bitfividuanly.

The scanning probe system described above and depicted in FIG. 9 has an array of

20  probes. However, the scanning probe multilevel magnetic recording system according to the
present invention is also possible with only a single probe in cooperation with an Xyz scanner, in

the manner of a conventional MFM system.

While the present invention has been particularly shown and described with reference to
25  the preferred embodiments, it will be understood by those skilled in the art that various changes
in form and detail may be made without departing from the spirit and scope of the invention.
Accordingly, the disclosed invention is to be considered merely as illustrative and limited in
scope only as specified in the appended claims.
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rows on the substrate 401. The substrate 401 is supported on a platform 402
of an xyz scanner. An array of MFM type probe tips 410 with associ ated
cantilevers 411 is fabricated on a chip 420. 15 The chip 420 and nedi um 400
are novable relative to one another in the x-y directions by the xyz
scanner. Thus each probe is associated with only a section of the total
island array and addresses only the islands in that section. Miltiplex

dri ver s Whibkis oldiimeddi8?2 al |l ow wite <currents |1, 12 to be delivered to each
MFM probe individually. The scanni ng probe system descri bed above and
depicted in FIG 9 has an array of 20 probes. However, the scanning probe
mul til evel magnetic recording systemaccording to the present invention is
al so possible with,aonl si_pal robe ,in _co ration with Zi-Scanner,
in the rrann(ealr of %%ﬁ%‘gﬁw 5&“@5&?@&“@%‘ e]eW?PBafﬂ%glﬁﬁgg%ﬁfdnﬁ%venti on
has been particularly shown and described with reference to the preferred
enbodi mapediumicomprisinghe under st ood by those skilled in the art that various
changes in formand detail may be nmade w thout departing fromthe spirit
and scope of proedinpemapmiic rededianp diediiing hatibg agubstacsad 4 plweddityofh is to be
considered nmerely as illustrative and imted in scope only as specified

N the apRGRAASGGhAeRe isﬁf’as\éhﬁﬁggéd%n%@kﬁﬂ’sﬂa%?éach is] %@gﬁnpé 2 1ehst 96 4 NG

mul tipl e mag S on a nmagnetic recording ned um I'si ng:
providin netic recording nmedi.um having a . substrate and a plurality of
B haced: dased TagHEtS wF 61 hAOHmARLEHG SEAGH i HObNE o & 1B RS Pl i
conprising at |east two stacked ryag;:tj c cells and a nonmagnetic spacer

| ayer b an ishand bring e sisglermagnetic flomaindaMingsonagretic smoment grignted imgne
singl e magneti c domai n having a magnetic nonent oriented in one of two

opposi t efdws eppositesdirectichssubstahtiallypefpraditntm ko thetsabdtiate, shidcdl dogest tohke cel |
cl osest to the substrate in each of the islands having a coercivity

great er ghiamed Beesh e theiSlahds t}]ﬂewﬁgwcaéaﬁ?@eaépmax iuti@?ﬂler GMsiis bR dadds;

magnetic field greater than t coercivity of the cell farthest fromthe

substrate to g eh,d 1eicfihh S Ak 58k & iFe BENGL cScrRE e B calffaflnd L hes!
from the substrate to switch the orientation of the magnetic moment of said farthest cell in
that island without switching the orientation of the magnetic moment of the cell closest to
the substrate in that island; and

applying to an island said magnetic field while heating that island to switch the

orientations of the magnetic moments of all the cells in that island.
2. The method of claim 1 wherein providing the magnetic recording medium

comprises providing a magnetic recording disk having the magnetic islands arranged on the

substrate in generally concentric tracks.
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that island without switching the orientation of the magnetic nonent of the
cell closest to the substrate in that island; and applying to an island
said magnetic field while heating that island to switch the orientations
of the magnetic nonments of all the cells in that island. 2. The method of
claim1 wherein providing the magnetic recordi ng nedium conprises

provi ding a magnetic recordi ng di sk having the magnetic islands arranged on

h b i j ks. . h clal
Fur ther conpr Fsi ng 10F avta g JHEL TRk biRgRogemydbFal QR SnE el i g

the magnetic field conprises applying a wite_current in one of two

di r ect i ot whereineanpbying Bigan ¢ SFld comymises aPplyiag @ wiriic gigentfin ppgot two
directions. 4. The nethod of claim3 wherein the head is a | ongitudinal
i nduct i véirsetioheto thertly generalecnidimagngetit fielddn ohe ofivgndiréctiohs.el d conpri ses
applying a fringe field oriented generally perpendicularly to the
substrate. 5. The nethod of claim3 wherein the head is a perpendicul ar
inductive wite head and wherein applying the magnetic field conprises

applying a field orjented gener.al) perpendi cul arly to the sybstrate. 6.
The method of %cl ai mﬂmmmdg?f?ﬁ%@aﬁhawt chesdiial @igldmwmfg an
electrically resistive heater adjacent the inductive wite head and

appl yi ngheaideand whea¢in applying the magheticfesid eomprises applying a fringe field oriented

generally perpendicularly to the substrate.

5. The method of claim 3 wherein the head is a perpendicular inductive write
head and wherein applying the magnetic ficld comprises applying a ficld oriented generally

perpendicularly to the substrate.
6. The method of claim 1 wherein heating the island comprises providing an

clectrically resistive heater adjacent the inductive write head and applying electrical current

to the heater,
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