MAGNETI C RECORDI NG SYSTEM W TH PATTERNED MULTI LEVEL PERPENDI CULAR MAGNETI C
RECORDI NG Rel ated Applications 5 This application is related to the

foll owi ng concurrently filed co- pendi ng applications, all of which are
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and $rore par Thisupplicdtionrie bl ftediroths Yollooring voichrmeady fled @8-peR@ing applicationd, all

magnetic_recordi ng nedia. 20 Background of the Invention Patterned magnetic
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LOLHTe T PERPENTIERR AR Mt GAINGYV ARDABLE WR M VRNV (Afpilan °
Docket HS8J920030215USI)

“METHOD FOR MAGNETIC RECORDING ON PATTERNED MULTILEVEL

PERPENDICULAR MEDIA USING THERMAL ASSISTANCE AND FIXED WRITE

CURRENT™ (Applicants’ Docket HSJ920030246US1)

15
T cal Field
This invention relates to magnetic recording media and systems, such as magnetic
recording hard disk drives, and more particular to media and systems with pattemed
perpendicular meagnetic recording media.
20

Background 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 patterned media, the magnetic
material is patterned into small isolated blocks or islands such that there is a single magnetic

. 25 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
types of pattemed media and their methods of fabrication. A description of magnetic recording
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magneti c domai ns separated by domain walls. U S. Patent 5,820,769 is
representative of various types of patterned nedia and their nethods of
fabrication. A description of nagnetic recording -1 systenms with patterned
media and their associated challenges is presented by R L. Wite et al.,
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What is needed is a magnetic recording media and system that takes advantage of both

patterned media and multilevel recording.

D

20 Summary of the Invention
The invention is a magnetic recording system, such as a magnetic recording disk drive,

that uses 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 formed of a material
or set of materials to provide the cell with perpendicular magnetic anisotropy and is a single

. 25 magpetic 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. Therefore the total
magnetization integrated over the different cells per island permits multiple magnetic signal
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25 magnetic domain. Each cell is magnetically decoupled fromthe other
cells inits island by nonmagnetic spacer |ayers. Thus each cell can have
‘a magneti zation (magnetic nonent) in one of two directions (into or out of
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The substrate can be a magnetic recording disk substrate with the islands patterned in concentric
20  tracks or a substrate of the type used in probe-based aray storage systems with the islands
patterned in an X~y pattern of mutually perpendicular rows.

For a fuller understanding of the nature and advantages of the present inv.ention, reference
should be made to the following detailed description taken together with the accompanying
figures,

25
Brief Description of the Drawing
FIG. 1 js a schematic sectional view of the patterned multilevel perpendicular magnetic

recording medium according to the present invention.

FIG. 2 is a magneto-optical Kerr effect (MOKE) hysteresis loop of an unpatterned section

-3




patterned in an x-y pattern of nutually perpendicul ar fows. For a fuller
under st andi ng of the nature and advantages of the present invention,
reference should be made to the followi ng detail ed description taken
together with the acconpanying figures. 25 Brief Description of the
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mul 1¢1 euﬁlpgmgjegmlﬁﬁ@vdqn%ﬁ&a top view of a disk drive enbodi ment of the
mul til evel magnetic recording system showi ng the magnetic islands as dots

on concent ri EI@réisiastop viewhef a disloddvegnbodidtentdf@e huitdevl ﬁﬁ&héﬂ%%w of
one type of %tic force mcroscQpy (MFM probe as an i1 nductive te
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type inductive head shown in
inductive write head for the multilevel magnetic recording system.

15 FIGS. 8(a) and 8(b) show the two different magnetizations of the probe tip of the MFM
probe type inductive head shown in FIG. 7.
FIG. 9 is a view of a scarming probe embodiment of the multilevel magnetic recording
system showing an x-y array of MFM probe inductive write heads and the media substrate with

the magnetic islands arranged as an x-y array, the islands being represented as dots.
20

Detailed Description of the Invention
Patterned Multilevel Perpendicular Magnetic Recording Media

FIG. 1 is a schematic of the pattemed magnetic recording medium according to the
present invention. The medium includes a substrate 12, a multilevel perpendicular magnetic
. 25 recording layer 50, an optional underlayer 14 and optional protective overcoat 16. The recording
layer 50 includes a 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
anisotropy and a spacer layer 30 that separates and magnetically decouples the two magnetic
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FIG 9 is a view of a scanning probe enbodi nent of the nultilevel nagnetic
recording systemshow ng an x-y array of MM probe inductive wite heads
and the nedia substrate with the nagnetic islands arranged as an x-y
array, the islands being represented as dots. 20 Detailed Des ono the
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recor di w&ﬁg tiLon I&%TE% e neti.c islands that%heybﬁ_geparate. The
magneti ¢ I sl arrds g%ﬁhg‘ég % H‘E‘?E‘%‘%‘E@%ﬂ% wahcthe lithogeaphiomaskgandhe
subst r atthen refiwing the fadist Neavk ' Elah'&r | ver 50 oyer the
patterned resist and thg’néﬁdgﬂéﬁi&%@%ﬂ* e rééﬁggﬁﬁ&%%y#e?fgﬁfm%&‘&ﬁ
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layer t ipraseghwolild invdl VOBt fUitineng e taghdtid islands, then depositing alumina to a thickness
greater than that required to fill the spaces 60, and then polishing the alumina with a chemical-
mechanical polish (CMP) process until the magnetic islands were just exposed. This leaves the
alumina in the spaces 60 and the tops of the magnetic islands approximately coplanar.

20 Patterned media may also be fabricated by fon 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 strong
perpendicular magnetic anisotropy of Co/Pt multilayers can be destroyed by ion irradiation

. 25 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. Ion
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
Irradiation,” Science, Vol. 280, June 19, 1998, pp. 1919-922; A, Dietze] et al., “Ion Projection
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then renoving the resist, |eaving the magnetic islands. In both exanples,
the spaces 60 in the regions between the islands are voids that may be

filled with nonmagnetic material, such as 15 alum na or spin-on glass. A
substantially planar surface topography can then be formed. The process

woul d i L : ! | : A oA
to a thic n%@%ﬁég%gawmtgregygé%’to ??T‘f’iy?ﬁemng%gﬁgé’lggg s’gjr’]dé‘q%en
pol i shiNeg 5} Septeben 2002y 1952-0 08411108 Patems 6331 (384 apd bj38R,50TMP) process

until the magnetic islands were just exposed. This |eaves the_ alunina in
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of magnetic material that does not affect the perpendicul ar ‘ﬁrrg%net I C
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T aci SRR BRI e 2 Btttk RIS Al By R 85 agharin in the
at er | g dieio 5 DG CARON B B ngnctigBlateshé wofiows o spaces bet ween the

magneti ¢ i sl ands of non-irradiated [Pt multilayers. lon irradiation
met hods of fAitidildati ng patterned nagnetic recording nedia are described in

thg foll ovv:%gor ferences: C. Chappert, et al., "Planar Patterned Magnetic
vedPa oot ai ’BE lon" Irradiation," Science, Vol. 280, June 19, 1998, pp.
1919-922; Ac:[ppgjzel et al., "lon Projection Data Structuring for

Patterning of Magnetic Media", LEEE Transactions on Magnetics, Vol. 38,
No. 5, Sept dnij@;0J2002, pp. 1952-1954; U.S. Patents 6,331,364 and 6, 383, 597.

As shown by e.representative letters A B, .C_ D and the arrows in.jhe

col o in P T NSt Bh G maghel By, it A mors Bpenelc Rt eaoSiiblog ach
i sl and Thgasd FBRRK signaf MtegrAePEne thidy ifferént MiHgnetd BEdrs Bived HisEROPYifféRht ON
(magnetic nmonent) I n each rmagnetic cell. Each magnetic State in the

t wd5 | apignabieielsl wibioh cauf bensed for magnetioseconding.c Fherssording densify istbudineregsade or
wor d. :bf a’éhe celd.s in the lower layer 20 are selected as the first bit in
t he by ¥ 3JACRPTE and magneti zation in the up direction is considered a O,

then the magRekkgerith@itffon2h agfetfOthlPRER 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
between the center of the pillars was 300 nm. The pillars were formed by lithographically
20  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
multilayers. The composition of the film was as follows:

C(40A) / PA(10A) / [Co(3.3A)/Pd(8.3A)]s/ PA(50A) / [Co(2.5A)/Pd(6.5A)]10/ PA(20A) / Si0»
25
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
layer 40, and the 5 nm thick Pd layer is the spacer layer 30. The strength of the magnetic
anisotropy and coerctvity of the magnetic layers can be easily altered by changing the Co and Pd
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A (1,1] 10 B: [0,1] C [0,0] D: [1,0] FIG | is depicted with two
magnetic | ayers, but 3 or nore magnetic | ayers am possible. The total
readback signal integrated over the n different nagnetic |ayers gives rise
to 21 different 15 signal |evels, which can be used for nagnetic

recordi ng'gicmcaacs.ehmhiﬁ stpchienalt bFthie Jayers makifg U MREE 20050 and g@% 8%0 &%8 o
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was 300 m. The piﬂ ars were Tﬂgrrre@eg\? i Hdr%%&q%ﬂf@ﬁlﬂ' dhe;mpgenticiprepesties
SiC2 fil of thoishenls are ot Affestotd by HRtRapnBHE nédérist iiihe wiathds YR %@%ﬂﬁéﬁ{lﬁﬁs

I'C

Co/ P |tilayers separated by a 5 nmthick Pd | ayer to naghe
decoupl e: ﬁ@’ﬁ‘ﬁﬁéﬂgﬂ lsﬁ’éﬂbr mul tilayers. The conposition of the filmwas

as follows: / A/ Pd(8.3 A , .| Pd(50, & /
S AR A et A R
the | omecéi netic.layer 20, the nmultilayer of %ﬁ‘? gél _ Gl gm!tﬁ@'eﬁﬁber
magnet i bappligd fighls, assbownin A1G.12. cRo Buhfirmythat agretie ipacesn theoigh 30
ayers capebubiat dBu ek ten G 1S pehdficTRert enmesaible.toinex oops were dso
deposi oIt Q the reatons b L enenas iR ot itk FRL i ThGeRes e
of Si 2. mépqp Mggbbmmlphel}ndtgmw asfa snperpositiay of thehghtetesis®fiwo t he
el ands ARt ngad el P02 1o ibine ek b a2 s VPG A M gmalsionen ¢ her o
are thuglovar teyef) Has b 60ERivith of BPyitORindtely 350 W%md the [Co(3.3A)/Pd(8.3A)] multilayer
(upper layer) has a coercivity of approximately 700 Oe.
15 A magnetic recording experiment was also performed on this island array structure, The
structure was fixed on a x-y stage, controlled by piezoelectric drivers with a resolution of less
than 2 nm, and scanned at low velocity (approximately 5 um/s) while in physical contact with the
recording head. A conventional longitudinal recording giant magnetoresistive (GMR) read/write
head was used with write and read head widths of about 240 nm and 180 nm, respectively. The
20 structure was first dc magnetized in an external perpendicular field of 20 kOe. 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
the poles were used to change the magnetization of the perpendicularly magnetized cells in the
. 25  islands.

In contrast to writing on conventional continuous media, where the bits can be written
everywhere on the medium, writing on patterned media requires the synchronization of the
Square wave write pattern with the island pattern, The island locations can be easily retrieved
from the readback signal of the dc-erased magnetized islands, where the minima indicate the
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Magnet o-optical Kerr effect (MXE) hysteresis neasurenents on a continuous
unpatterned section of this structure revealed the distinct swtching of
each Co/Pd multilayer at different applied fields, as shown in FIG 2. To
confirmt hat magnetic interaction through magnetostatic coupling between
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e

| ongi tudj_nal..inductiyv head generates a wite f tween its poles

t hat |s% {} f gﬁgcﬁhne of the nedia, in this experlrrent t he

per pendi cul aThe eXHPRAERH fle d fr t es were used to

change tt;g mgﬂetﬁtlon o?ut%ﬁgsc%%@r? i fwﬁgifaﬂ GF‘?@Wthe 25

i s| andsmegwcwhene emgmttdcdlgmpiﬂvﬁ&i&ﬁlaﬁﬂﬁ &Rﬂ%é&%ﬂ d&?{iﬁ] t he
go y erne%&

where on the nmedium witin

bits ca ever
require %M‘?ma offtt rawltilayers may alsocbeused. ﬂhcimrepﬁﬁrtﬁrsm;ovmnja t he

Irzalagggck Si gnal op?ﬁ%tﬁ(fg e'rdﬂgﬁ%J ré%ng%@?M@Xf&@“%ng;he

I ndi catI&rpmdlcu}amn@neﬂnemmpaces separating the islands, as shown by the
top signal |,PhFIG 3. The read head
¢ magnetic cells can be formed of a granular polycrystalline cobalt-chromium (CoCr)

alloy grown on a special growth-enhancing sublayer that induces the crystalline C-axis to be
perpendicular to the plane of the layer, so that the layer has strong perpendicular
20 magnetocrystalline anisotropy. Materials that may be used as the growth-enhancing sublayer for

the CoCr granular layer include Ti, TiCr, C, NiAl, Si0, 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
perpendicular magnetic anisotropy, such as CoSm, TbF e, TbFeCo, and GdFe alloys.

.25 The magnetic cells can also be formed of chemically ordered CoPt, CoPd, FePt, FePd,
CoPt; or CoPd;. 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 called CuAu
materials). They are known for their high magnetocrystalline anisotropy and magnetic moment.
The c-axis of the L1, phase is the easy axis of magnetization and is oriented perpendicular to the
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wi dt h of about 180 nm enables the signal to be read back from an i ndivi dual
island in the array. In this experinental exanple, a horizontal wite head
was used with a fixed wite current of 40 mA. Even though a fixed wite
current was used, by proper timng of the wite pulses it was 5 possible

t o appl ysubfteaté.r ek btk na mto an and
so t hat S(IJInIpét tﬂragg?:lglﬁlnév%ﬂtﬁat hgl IovveEa %Ih;(:hl‘\gl ry %@ﬁ%ﬁ%@?ﬁ }lj‘g
magnet i 2h¢ @mﬂlc‘@mttlmulhlayms; thefse 1dyers hawe vﬁ-ypubﬁ@ﬁex?&di&iﬂir Ao trBByi mum
fringing flelg’h\étG?d%%l i e ulted in swtching the rrag@etlzatlons of both
cells in an i ﬁsf Pt layerapaierial in thesxample desexibedabeve,o be
wWitten dssentihil afPAGHIA t,ne read

wavef or m genergt od by & 1%?@%1?ﬁg t em}g\/lgn?be] %ﬁr% satﬁ%cepfﬁ%h%s‘?:ga‘fﬁﬁw
_rl)_ﬁttér ngnagagtie eells-n Titshndmmmhm?ymemwe;maqg,ml ?ﬂ?mi &leg(\uﬁp tg.

e expey r esc above were for a multilevel maghetic
recordi néﬁgﬁ’?ﬁ%ﬂﬁ g P‘Fﬁftil‘?ﬁg'ﬁ s W t h perpendi cul ar magnetic
ani sot r opy bhl%i/ er.s. Co/ ti.l, ayers
may al so bewﬁggd T%e m@lrea t%r{e I's aF@gﬁﬁ&‘ﬂ?F‘@@q’&ﬁ%‘%B‘?’ ?51‘“5’1[
types ofa "soffhengeeticalippatimegblomnderlayesis afien atadusi the Sebstraf! beRbAN 'ﬂﬂﬁnagnc?o

c ani sotropy. The magnetic cells can be forne

di. cul
O anal 2] 56 PR 1 et Bah O e A AR e e pyie et inpependinal o

groq\gh% ﬂﬁg he stallne Caxis

perpendicular to t %?‘ane%tus%ﬂg#gg%rst&srg% ﬁf‘H’é""g? Y5 Aty not

per pendibe neeossap. ngmmm}stﬂmﬂdmmtmm&wﬁ%ﬂunm ﬂicﬁ:d%'?ﬁi:erﬂ?f\dle used

as the rm%?@r@:cm i;g!fi‘%er for the CoCr granudl ar |ayer

Ti Cr, e c where Cr is about 35-40 atom c percent. The

magnetlc cells can also be formed any of the known anmor phous material s that

exhi bi t perpend| cuI ar rragnetlc ani sotropy such as CoSm TbFe, ThFeCo, and
I0gs : el ? em cally ordered

CoPy CoPd, Fﬁgt erPd CoPt3 or CoPP3. Chem calTy-ordersd al | oys of CoPt,
5 Fopt | of (Echillusirates themangen in Whighihc daductie Bvite headr1Q0aeceds eich of the

t et r agofsr poésibie anQeﬁc%tQ@i £h xﬂgﬁﬁﬁc nﬁgned’l{a%nsg %l s?t?glg 1;131'91 r%g%léhc 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
generate bi-directional write pulses with at least two different current levels, I) and I,. The write

20 current generates a generally perpendicular magnetic field from the write pole 105 that returns
back to the return pole 107. In the preferred embodiment of 2 two-layer medium, the lower

magnetic layer 20 has a higher coercivity than the upper magnetic layer 40, Current level I
generates a magnetic write field greater than the coercivity of the lower layer 20. Thus, as shown
in FIG. 4(a) a positive I; changes the magnetization direction in both layers 20, 40 and generates

. 25 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 pulse generates a magnetic
write field greater than the coercivity of the upper layer 40 but less than the coercivity of the
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materials). They are known for their high nmagnetocrystalline anisotropy and
magneti c nonment. The c-axis of the L10 phase is the easy axis of

magneti zation and is oriented perpendicular to the substrate, thus naking
the material suitable for perpendicul ar magnetic recording nedia. Like the

Co/ Pt an / ltilayers, these |ayers have very strong perpendicul ar

ani sot rogo)y.%? \’&% gb'&a%ﬁéﬁﬁ?éan%a?%%&me uppgrdayardOds switched. Shailetyne! e

descri be e@mwmegg@&? |3 R, i er i can be used,

pr ovi dedgi_t i's thick eﬂffdé‘ﬁ“‘%’o SPASOe ﬁiﬁg&tsﬁ%%%giﬁbtaﬁWWW@m

i sl ands #ith akaljenfilo il thy “pesitive?ldirdcticiiis apgliedAtls SHotnRH FiGE4 )<am|s§§si‘ﬁ%1

ot her maﬁrléé&gl s, t hat be used for_the spacer layer. In @e'rpen I cul ar?

magneti c Pﬂlﬁﬁﬁaﬁgﬂ?%ﬂmﬁﬁﬁlc Write figld greaferhen thercocrsindiyns theopper l4yend0 bul

"sof t5' nREwBhh R do¥rddAfyERR lig40f ten used on, the substrate

beneat h the magnetic Iayeréﬁ)ﬁ%%géoél?t%??wﬁﬁa% the;ypner faves 40 i

from t heswitched A substautiat difarencelin cpetivay Bt beeid Ehelfla sRE0 By arssg&rﬁlli p@}l

syst ens t e ring heads for reading and witing, a s underl ay
L o4EF S Rey

not be 'I")}Le £Rsh jsamdtchechwhen Gedy pulstisepplied. tHiewees tthe

under | ay@erdivitik | l FeTalN, FeN CoEeB and CoZrNb. Mhod for
Recor di Qﬁ?m(-)ﬁ t %ﬂ%ié\lﬁfg\}}gﬁéﬁlh%mgm VR dgseor \ﬂﬁ qasraayify efithe lowericell only

i |1 ust r atligbtly preatenthaathé eoerdiviehot the ui i rds ea

of tpe fo ossi.bl e magneticylgtat ggﬁ??ghf%%ﬁ%jﬁgs%r%%ﬁé@r%%ﬁmtép
si ndPe dbRficiently fardom theupser e Fon examplebyi spproppiatamhdiion bbthe Akerh.@g s has
a coil saurce 104. The urrent source 104 is
Dart of reralana 30 &8 16w flhlet b 57 flteERowed to faTieh lewariitericidthen Sumsinpey
to gendayer 80 iwhenithesk pulzead applied.e pul ses with at least two different

current levels, 11 and 12. The wite 20 current generates a generally
per pendi cul ar magnetic field fromthe wite pole 105 that returns back to

the ret WianePl enmodi f a I medi um the
| ower nAQGNET | AVET 2 S B ALY LhL e A e =LAEL Slanesanmxed Motcet i ¢

| ayéd 4@un@orrent level |, generates a magnetic wite field greater than

t he coercivi of .the lower layer 20. Thus, as shown in FIG 4(a) a

posi tive 11 cHanyBiistrates thegnumeriarwivoh altheenallpassisrediadintiveyaits hesl 16 and

gener at fords each of the four possible magnetic states in a magnetic island having two single domain
magnetic cells. The head 100’ is a petpendicular head and has a coil 102 connected to a current
source 104 that provides a fixed write current I,. The current source 104 is part of the writc

20 driver circuitry that also includes switching circuitry to generate bi-directional write pulses with
plus or minus current levels, Iy, The head 100 also includes an electrically resistive heater 103
located between the write 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
magnetic islands on the medium_ U.S. Patent 6,493,183 describes an inductive write head for
. 25 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-laycr medium, the lower magnetic
layer 20 has a higher coercivity than the upper magnetic layer 40. Current level Iy generates a
magnetic write field greater than the coercivity of the upper layer 40 but less than the coercivity
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25 the. A state. Simlarly, as shown in FIG 4(b), a negative Il wite pulse
changes the magnetization direction in both |ayers 20, 40 and generates
the C state. To generate the D state, the island nust first be in the A
state, after which a second current pulse with a value of 12 in the

"negat i vef thellaves {ayon20.s Thapwithelt tecrmahasitdnge Fbfs hedfef ) 03, Ul yPthB $9RL b RbA

wite field greater than the“coercivity

current FJ'Ese enerates a mag etic, _
of the u%“ ¢ CLSyR uPReY 1ayer 40 384 bejswitcherkby-the mAgueto write ficld. Howicomrcwhémleat 20

so only j | | r. | 40 is,sw fched,

Simlar |’§?ﬁ'€lga gg??\del?’g‘?le {ﬁe é‘géqt%% %ﬁ#@%ﬁ%ﬁh&hﬂw %@‘Sirﬁs?‘h@“@ to
state, aht@urivkenaperatusosfithe feptoimapnst dibeial Mithdlohvey ﬁg@ﬁz@fwh}& telindddhe
"positive" directjon is applied, as shown in FIG 4(d). This positive 12
curr ént m‘etmfﬁ%? tomess TayendQ tnchalew the writerfield genprated by carnemt 1. [Fhus omrshbwhrt Y

of the t t.han the.coercivit f {he_ |l ower |ayer 20
so onl yqp%gén%(g'xg? ?S;}g}'%r?ngpl'tt SedBB%?“’P&?%?“%@%}Eﬂy@ﬁﬁ%m@uw LQdchagges al
di f f er erthemiapneétization dirécticheh BERNave i %,Aﬂx@ onl vy the
upper cell iaﬁnthe magnetic isl ana iszqs%gﬁgﬁégn enﬂ%r@ﬁ% m%’??ﬁ%‘ﬂled.
However inEHa- S(8b amerativei lo swirent phlse imoombination witha heatipulsd fRaN heferRI3)chEhgse
or the Lviiy,.of .the | ower, cell I lightly greater than the

coer Ci vﬁ?%ﬁlgw‘#%éu%%'ﬁc%g@ I“I'\Aﬁ?tﬁ‘fw ﬁgd%sé"a genraatptbe € state; Targeneratel thobr

cel 1010 state, $hi Kiat ; . | b .
appropri ate §ellsect ?‘2%* gﬁ?ﬁﬁ?ﬁﬁ%ﬁf’sﬁﬁ h@ﬁ%& agéll‘ﬁ{ﬁ&%trﬁgﬁlgﬁmlqdo%r

| ayer 4@Ghewn in BIS. $gdo Fhis negativerdy chrrentpriseygehérate b elagmbtiewritd eld RR@ter thamy er

20 when gt he 12 pul is appli M ad,.f Recording on the Miultil ével Medi a
usi ng Tﬁ%"r??ﬂg‘ ?i‘?‘&ﬁ%’“ﬁﬁﬁ” g&?@ﬁ'%%tﬁeﬁﬂuﬁ%af@qﬂpmr yen 2080t ondy 8 t he

manner inhonbBlizfioR I . I | Ndwet i ' d 400 .regords
each of the four ng?i‘ﬁgll\r%gﬁ@tl?%:‘gg?ﬂgtaés%?#ﬂr%@’%g%%{%a?e#gﬁ@ ﬂ’&\}glﬁ‘@fptvm
singl e awsstifirst bertgthe (T stateciftes whidhea pesitivellp Qurrérft palse & dpplied, a4 sRBswhfad and
has g Cﬁhdieﬁa)z annect.ed to a current source 104 that provides a fixed
wril? c | This pesitive lo,cmpat pUsgScaeratya aimagnatic write §¢lé gwater thamthelr | ver

i te pol ety oIS ppRTlay il it Mot i b IR T nsa a0

i ncl udenagnetization of thelupperlegdr 20y evicchati e siBtantial difference in coercivity between
the magnetic layers assures that only the upper cell in the magnetic island is switched when the I,
pulse 15 applied. However, the coercivities in the two cells in an island can be very close or the

20 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 cell. For example, by
appropriate selection of the thickness of the spacer layer 30, the lower layer 40 will be exposed to
amuch lower write field than the upper layer 20 when the I, pulse is applied. As one example of
this embodiment, the lower layer can be formed of a 6 [Co(dA)/Pd(] 0A)] multilayer and have a
. 25 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

pulse of a few milliwatts will increase the temperature of both layers by approximately 40 X,
which will reduce the coercivity of the lower layer to approximately 1000 Oe.

-11-



| ocated between the wite pole 105 and the return pole 107. The heater 103
Is connected to <circuitry for applying current pul ses that enable the
heater 103 to generate heat pulses to the nmagnetic islands on the nmedium
U S. Patent 6,493,183 describes an inductive wite head for 25 generating

the magnetic Wiihbagl FIEG.G showsahdRate ol %&k@%&ﬂ?ﬁ?i%@?ﬁ%ﬁ may

current 1Q g&nerat es a generally perpendi cular magne

write poPleo belpaatedion either side pEapole.oAlso the hedterrmayise fbrﬂa@c?asbﬂ‘téf‘ﬁe%ﬂi;ﬁgr ed
enbodi ne 2 o | r di .the | f gnetic _layer 20 has a higher
Coerci Vi %gﬁﬁ%@t%@m&‘ phe™s @ﬁ’ﬁ'@% o P"&Q‘éggﬁ S%W%PP’FW@h 20Q3/0@21dPhAdsina
magnet i cwhichtoasd prtiongds i] fdpad | M) upper..l.ayer 40 but
| ess than the ?:o]gr Ci Vi t% %ﬂ of tﬁﬂﬁg%keﬁcﬁjalé?rs@@e%' \?&D?%JPR’X&FEIFW

PR it r iy e o

i s appli aesg&jf'%tegﬁﬂ%ﬁ F{ﬁf’@%lgﬁ?ﬁﬁ}gg&eﬁuchaga laser thatrdiesctsta Jight sgiot i thelmedinm,

| ayer 2O0progided tisekaf LBt e of .the ferromagnetic
mat er | aIOPrib_n the | O\A/eir’ﬂ?ﬁ?/ﬂefmﬁg, E\I\ﬁl c%?ce%ﬁgﬁ%cﬁu%z? Eﬁw{%‘@ﬂng | ower
| ayer 20desirede¢llshave teimmagnetizations geitetiedt ed by current |o. Thus, as shown

in FIG 5(a) ]Ea)[?ogsitive To current pulse in conbination wth a heat pul se
from heater 105 OHSARRVIcy ol a vieLmbodiment of thei rovltilevebmegnetiayesosding, 40

° 1_ T ” | 5 1 .

i oy SySioREack i HB rescr Meffion, TAPAHAD has 3 hohing of b 712 ek gemporisne

magnet i Zatdcomtati230and anirive nivbrfor AN AT RO mukfled) ShagREES &E&ﬁix{élﬁskcz 4 e To
e, a

generat e,t.h ‘&Péo state, the island must first be I'n the A sta ter
whi ch a %ﬂbﬁ‘t straje may be any puitable substzgip) suclias the glashomaluinimith- Gaaghésinm Thi s

ti . . ' ite field t th
e conr ey Sivsfales B4R SHIUALE TR ATRAR b siiarbe 70 Bateh yoieg ool motes

| over | dy€MpPdtarp aconhtyr tHaehas i aird 284 and & i
SWi tlghed. Si 'Iarlz%to generate the B stat et?é?ﬁoedﬁ?g a‘r:l %russh?s%ibs'st be in

the 1€ s 3O 224 14 heathiuspensiqsossernbly 2P Qinslides atsugpohsion D21 tipphasashe cad Shown
el d oroaiRd®h meciibriiubl i 2 {4 FRl B R2d S08 Se wirbortestonmn « he
Icoer ci viattychefl to the dthesend lofiyesperdiorsZ2 10 MTHe rhiltetiT RURRAL P18 bi 9&]{‘22 4\ REE
Y E o il SRS tisclr racks S18. A the ok 214 rotsen e maowermcat of actussos 230
allows the head 100 on the trailing end of head carrier 222 to access different data tracks 218 on
20  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
lo 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”
25  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
perpendicular head with a write pole and a return pole. Another type of inductive write head for

use in the present invention is based on a magnetic-force-microscopy (MFM) probe comprising a
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the magnetic | ayers assures that only the upper cell in the magnetic island
Is switched when the To pulse is applied. However, the coercivities in the
two cells in an island can be very close or the 20 coercivity of the | ower

cell onlé ali h‘tﬁ% greater than the coercivity of the upper cell if the
media i g@ ag@nemgier-shasp magnetictip it ﬂlscmﬁlévieﬁéxﬁmd)uetygeo}‘pmtpp?,e iﬂ
t hi of the

spacer 1 Ssebdn TS Paling 7 Y00 200 hiBinghin in}1ck oGS e  side seetbtmal viewrofithe o
f11eld ¢ ryaobé 500 staming iymbeoas 20 by Bekiie PP §e RSaR T TN

of this enbodinent, the | ower "I ayer can or e

mul ti | ayfPolesd4RaAR andam induativeeoil ¥ 1 bf Theopsibxi Twidpales M) 342 aredbindd it Per
| ayers c of Co(2.5A)/ Pd(5A)]. nultilayer and have a

coer o v?%a?p%ﬁ@%g?‘ﬁ%ﬁﬁs??hgw&,&! Ve ythe mang f disk duiveothird HingA
w | gerififitti®e dvritd Iy ' hs ' 00 . A heat _

pul segof a fe?v m | Igﬁt“?‘sﬁuvﬁhlttlﬁe F‘?\lg%gj é“‘f‘ﬁg?@ﬁ{rﬁ’@@%@%ﬂ% eﬁﬁf’ﬁa FeRentiona)
appr oxi iitkedbyive@indearing isideruiTht poles 34¢, MBarespaced i ﬁn&ﬁaﬁg@ﬁ\@ ?Wsr to
appr oxi rmtel 0 . <11 Although FIG 5 shows the heater 3 | Bcated

bet ween tegx%egl]sg@’i , Weﬁgﬁtﬁ&“ #rygke throygh meighythe coid 30h paisthieThesi de
of a polsectiofed endst . t af,.th oil of a

| ongi tugi nal w‘i?eéfﬁggg(?lggl @?sc#f%%’%@%%?% eot?%l}lé.‘ FLEHITERE BASSESt | on
20030 008x90lgoil 31, aubagrktic i ipindubatin thé yillend Bignee i RSpehBiasd i
leads tg th hf@tgr .1n addition, the heater 5 does not need to be an

el ectri cHi Fi'°§“r 20, 367 st pmagonyentional lopgituding) thin filn industiee writoheadi 14 pidbg
associ atipd20i whi ' ot ) Js a aser,.that directs a

| i ght spgt to Fﬁgh@rrfgé% gérlln% provi t‘i‘%’?tﬁg‘d%@? eﬁoi?%éé‘?cf’rsﬂg "HEQFF&WEIMNe
field cé#hcansaat yGthi the end swfaee ofithe gah 314,@xtands hom meshdﬁ&rtﬁéﬁ&.h%é%&i;@i r
magnet i at3'8 s.switched. EIG 6.is a top view of a disk drive enbodinent of
the mul ﬁ? | gvg‘?s Wyﬁﬁi’g{’% PEFIAG 339 whichiizin contast with gne of theabesamdig

I NVENt | f9imed 1o aGid . J}QHEI 0 . 212 t.hat su rts. an
actuator 230 and g%%%t&rﬁg?o?lfor é@l?% .‘ﬁ%ﬁﬁﬁ%”ﬁﬁ?‘f‘wa%ﬁ%{;me@shape’

r ecor di Bt ithi askaad shape Thre vargti s an hltemiaties toahe ySie/straenié depitted ﬁpﬁlg.sluﬁﬁtéoﬂt e,
such as_th | ass .or al ym num nagnesj um (AL My) substrates used ih
convent I'8% §F g‘fﬁ‘%ﬂ?dd? p%ﬁgal RongArouRdgrobetp A2 threprabe bodye3 10y ot theot or

cantilever 350 provided these structures are formed of material that allows the magnetic field
generated by the coil to be directed to the magnetic probe tip 320. This type of MFM probe is
20 described in U.S. Patent 5,436,448, In any such amrangement using an MFM probe as the
inductive write head, the coil receives 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 I; or I,.
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
. 25 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.
In the disk drive embodiment of the present invention with the MFM probe as the
inductive write head, the cantilever 350 with probe tip 320 is attached to the actuator arm 234
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(VCM rotary actuator that has a rigid arm 234 and rotates about pivot 232
as shown by 15 arrow 224. A head-suspension assenbly 220 includes a
suspensi on 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

ot her en@Igf 55 USHAR& tig | nds, 215 on di sk 214 are

arrangegg;i Ubifqdiigl I &paceg g}wqﬁ%@gﬂob% besediinskdisk driveisat es,

t he nov Fmbegf InAE BuBatemt 5809, 710 | HowFevieh @hd ofil1 t railin nd of
AT pde bt Todleive i

head car i erEZZ%.to access different data trac caddlso he
recor di g B MHtileyel yaagnetic eeprdingria ascquming probe isystets, Alfeandifig Proby!

| Fr . ! B sOerh s
mention AWKk £ e dia requires the synchroni zation of
the u FbsrtthE " Vil B e MM HASC triae Fropbbe: St iyHtem B0 | o
r econdi nbrassaztions srhifaghers, VOE 39895 L hfarl oGk ok the witing is
described. i n published appli cat3_ i’on ?S%%@%@%ﬁg?%w @E‘"Qﬁ?@#%éﬂﬂwm a
magnet i ‘P@E‘E%&‘?Chgmﬁﬂﬂiﬁmlim &high the dataiingpeofdedbi heatRig tREroBY tiHE RS LdAle bie
patternggly %cs&ﬁagﬁ%& edgilune 12, 2003 and assigned to ?ﬁe sane
assi gnee a?itﬂhe pr esent apgﬁ'c CiSGHIRg P s ambedipentef the mubtilevel semmitic
record trémerding sydters Acobiding 16 1He prevedEin L.on orgi t udi_nal .

i nductive w.ite Qead, anldgt he jprﬁ%uctiggl%?iy%zﬂmp#c gmuttileyatmagnetic 4
per pendf&8 thisas desarbed viith respioteto RIGUI BndleRided Rlelbiraty 61 84

i ndygt | viR Maddefic BERG f4§ se,i hﬁi@present invention i s based on a
magneti c-f orce- m crosc %ka{R/f—sM“I&E)r ebRPBedIS AR Xay amrey ofmutually perpendibular
nanonet eswsshathe sibdies 400, U7 | r,.end. e e. of MFM probe
is described i rf U. S. 4P(‘)gt eﬂ? %B%%%@$%€fg§{ﬁ%®s{%8m%q‘“g}@ 1‘%2.0“%)’2?0#@0&

si de seCfiaFaycf MEM tyme nrobe tips 6lewith Gssabiatdngnt|BrerPd PER 55N

0 canti [ o, 0 as a pair o ol es s sg dan
t Rl Bfnd HEGRLI 0Dy, NP O has 2 b PPa saacoh 4R 526

i nductive col i aky PAtve to ane amlrer in thehoy directions by ik

convent xypsehnrer! Thed | | : hs.well kngwn jn. the manufacture
of eldé'sk drive thin f%@%ﬁ?‘ﬁb Eidfsd wifibory 2 §€ction O fhectatel jeband #rray g pol es
ar

or #kesses arii therislandsrig the deationa Multiplex dkivas MUSOSe 0083 YfodWknear | NO
sl ider. Qolle€0§4%!- g‘%ﬁ are aced apart by a nonnaghetic gap 4. The
pol es 31% 545 151055 qfixered o, wbe mdivigedtly. t hr ough which the coil 311
passes. The Tisaschhing frobe 4GOI i ndi re_shown in end view as
has. 311.bV\hen currgﬁﬁ paggségﬁd%bgﬁ’hﬂm}@a%dnegfcteﬁmﬁ&QVWasananayof
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
20  the manner of a conventional MFM system.

While the present invention has been particularly shown and described with reference to
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 froma the spirit and scope of the invention.

Accordingly, the disclosed invention is to be consjdered merely as illustrative and limited in
scope only as specified in the appended claims.

25
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10 through coil 311, a magnetic field is induced in the yoke and magnetic
flux is generated between the poles 340, 342 just as in a conventional

| ongitudinal thin filminductive wite head. A probe tip 320, which is
formed in cgntact wth at | east one of the poles 340 or 342 and preferably
also in coﬁﬂﬁ@ﬂsﬁkpﬂﬂiﬁé 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 15 forned of a nagnetic

material. The prbbe tAm&gdtic secohitigsyitertadthpiikifg 9eneral |y conical shape,

but its actual shape can vary. As an alternative to the yoke structure

depi cted i n Fl G afultibc] afichetid Yo in _a. helical manper around
probe tip 320, the probe bggy 310,%#%%@‘%@%%%%#%5%‘%? Hplyraliveet
structures { f.materdal that allows the nmagnetic field generated
by the coi @tﬁgedb@‘g irﬂ%@tﬂ‘d ‘“ﬁ”d’dﬁ RB ‘?Fa%‘ﬁ?é‘if 3te, s3plpislandicomprising BhlesstitwpataskedFM
probe is 20 described in U S Patent 5,436,448. In any such arrangenent
usi ng an NERAERTHE gelits cachecell g ar island heirig separetd fronh thestiidr cEIECRI 4GSla A E £t

It or 12 frhorr]the wite driver, which causes probe tip 320 to be

magnet i zed haxingreemagmetic momentbtiented fri lebfIwh ﬂés‘i‘te%, ' ﬁ'ﬁs% he val ue
of 11 or 12. Wen the current direction is ?gmtche tetﬁldrﬂgl%g gjlgoi |, the
direction Qlerpeadictlar 7othi Qabsthtet BSq Probe tip is reversed. These two
magneti zati on directions are shown schematically in 25 FIGS. 8(a)-8(b).

These two possi l.zatlan directions and two possible magnetic field
val ues enabl e t%@d&%@@%@%@ %@5&8@%°@F§ﬁ@ﬁ(l@fﬂﬁﬂ@mpmeﬁeﬁMHen
in the nmagnetic.i sl a%%? in the sane manner as described with respect to
FIG 4. | nEERaly By W@rﬁﬁé@ﬁmatgfﬂwh@q&eh@mblawmmﬁng\mh the MFM
probe as the inductive wite head, the cantilever 350 with probe tip 320

i s att ache@rigRiationofthe wment of oncx@ll in 48 il4ndGvitR)ut sﬂi&liﬁffhe?(—féﬂtaﬁ%n gﬂﬁéat or
es ed |

t hat enables the MFM probe to be used in a disk drive iS cri n u.sS.

Pat ent 5, 8fivonieh®s oftthe\bMer cellk RethyiNjapaobe type of inductive wite head al so
permts nmultilevel magnetic recording in a scanning probe system A

scanni ng probe systemis described in "MIIipede-A MEMS- Based

Scanni ng- Probe Dat a- St orage Systent, |EEE 5 Transactions on Magnetics, Vol.

39, No. 2, MarcB 200%he pystedB8f Qditn 1 itther bbehbiRAEE curm¥iit S8k Soupled o the coil
and capable of generating current in two directions.

3. The system of claim 2 wherein the current source is capable of generating

current in two directions and with at least two different values in each direction.

4, The system of claim 1 wherein the head is a longitudinal head having fringe
fields oriented generally perpendicularly to the substrate.

5. The system of claim 1 wherein the head is a perpendicular head.

6. The system of claim 1 wherein the head is a cantilever probe having a probe
tip, the probe tip being formed of magnetic material.
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a thernonechani cal systemin which the data is recorded by heating the
probe tips to cause pits in a polyneric storage nedium The scanni ng probe
enbodi ment of the multilevel magnetic recording systemaccording to the
present invention is showmn in FIG 9. The nultilevel nagnetic recording
medi um 400 is as described with respect to FIG 1 and includes the
substrate 401 ang 10 EIEE magneti c islands 402. The islands 402 are arranged
as an x-y array 4@f nu Isjrstemelfpbhﬂ'afmitﬁércoﬁ@f\ﬁing .ate 401. The
substrate 401 is supported on a platform 402" of %@%@%ﬁ%@?smﬁ ray
of MFM type probe tips 410 with associated cantilevers 411 is fabricated on

a chip 420. Thegchip ],Sggg ' 00 .are nmpvable relative to one
another in the x-y di ;ﬂég? ons°E§‘g{“ﬁz“’A‘3mﬂ&e vehpadshasacwrite pilearids
associ at ed wheseinothe heatersie dédatsdt ﬂjacéﬁtﬁthéﬁ'ﬁ?ép(ﬂg_l and array and 15 addresses

only the islands in that section. Miltiplex drivers (MJX) 430, 432 allow
wite currents 1,,12 to be delivered to each MFM probe individually. The

scannin robe syste | bed ;aboye.and depicted in FIG 9 has an arra

of pr ogeg. Home?/('er, ﬁ.ﬁeg%é@’ﬁﬂgﬂﬂmpf%‘g% E!l Vehwrbsmombsaﬁmmmy
system accahdhe@eﬁieldda%d_uéhﬂéeﬁ%eﬁ&wgdlg_on is also possible with only a
single probe in cooperation with an Xyz scanner, in 20 the manner of a
conventional MFM system Wile the present invention has been particularly
shown and descrifped Wit h reference jo the preferred enbodi ments, it wll
be under st ood byllbt?ho\geﬁcsm%ecﬂ?’lmt wherein the heater-ip po glectrically esistivehéaterm and
detail may be nade wi thout departing fromthe spirit and scope of the

i nvention. 25 Accordingly, the disclosed invention is to be considered

merely as illustllati vEhecsystemiofictaim 1iwhe:einapes;atdnyisalsdiﬂmw&#h&ﬂwhﬂﬁni a
appended C'r@ﬂafﬁedi#lg\?}-{%% S ﬂealglgjg Is: 1. A magnetic recordi ng Sys e
conprising a tadle disl a0 ﬁ?ﬁﬁ’ﬁé dslends srepmangad on the substrate i gaermllycbaéenaic
and a pl ur afacksy of spaced-apart magnetic islands on the substrate, each

i sland conprising at |east two stacked nagnetic cells, each cell in an
I sl and being separated fromthe other cells in its island and

12.  The system of claim 8 further comprising an actuator coupled to the head for
moving the head across the tracks.

13.  The system of claim 9 wherein the head is a magnetic force microscopy probe

having a cantilever and a probe tip at one end of the cantilever, and wherein the other end of
the cantilever is attached to the actuator.

14, The system of claim 1 wherein the system is a scanning probe systern and
wherein the islands are arranged on the substrate in an X-y array and the head is a cantilever

probe having a probe tip, the probe tip being formed of magnetic material, the probe tip and
array of islands being movable relative to one another in x and y directions.
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havi ng a magnetic nonment oriented in one of two opposite directions
substantially perpendicular to the substrate; and an inductive wite head
i ncluding an electrical coil for generating nagnetic fields generally
perpendicularly to the substrate, the head being capable of switching the

orientation of tHe norBhetsystemosfelainl 11 wheraih théishimds i b dre B
orientation of the nopents of the other pellssi n tﬁial?lgﬁggéyﬁg.@}%&%
system of ATERY,FFqHang apsg ﬁ%‘ﬂpmlﬂgﬂ&ll%‘%lﬂreﬁcamﬂnmcpmbeuphddpmbebﬁﬁ%CoiI
and capabl gqgfciA&N /5 R : kn two directions. 3, The systemof claim
2 wherein the ggrren@%%ﬂ‘?ﬁg&cﬁgﬂtgﬁ%%ﬁ%@r@eﬁﬁﬂ&ﬁquﬁ%‘E’ﬁyr o beipgvo

di recti ons mambld telutizt td e@sdnothe inlk bh@y Aftbctits ues in each direction. 4. The

systemof claim1l wherein the head is a | ongitudinal head having fringe
fields oriented generally perpendicularly to the substrate. 5. The system

of claim1 whergign t gag i -perpendi cul ar . head. 6. The system of claim
| wherein the head igﬂ]aerl‘ an |q%g\%é‘$lelp&ﬁg§mmﬁbm§ includes a layes of npgmpgnstie ti p
bei ng f or mmbteral betweehitie stidked célls for déparating Mk @Y§t em of claim 2 further

conprising a heater for heating an island. 8. The systemof claim7 wherein

the inductive head has a wite pole and wherein the heater is |ocated
adj acent the wijge p ) The, system af clajm_7 wherein the inductive
head has two poIIZ's a(r?gi%vs\)!é%io%dﬁg ‘ﬁ@%&r‘h‘?@aﬂé&ﬁ?éﬁ%mwm@m

pol es. 10. The systemof claim7 wherein the heater is an electrically

resistive heater. 11. The systemof claim1l wherein the systemis a disk
drive and the nd#i umThs system of laizh13 vetiestin thersdbsthuts Bipattbhed ifib @

of
arranged op: . i eneral |y, copceptric tracks. 12. The system
of claim 8{*urtﬂieélr ii%ﬁg&ﬁ%ﬁs%gﬁﬂe i Eﬂﬁtﬂﬁed to the head for
I19.  The system of claim 1 wherein the islands are spaced apart by spacing

material formed on the substrate between the islands and having substantially no
perpendicular magnetic anisotropy.

20.  The system of claim 19 wherein the spacing material is nonmagnetic.

21.  The system of claim 1 wherein there are only two cells in each island.

22.  The system of claim 1 wherein each cell is a multilayer of alternating layers
of a first material selected from the group consisting of Co and Fe and a second material
selected from the group consisting of Pt and Pd, said multilayer having magnetic anisotropy

substantially perpendicular to the substrate.

23.  The system of claim 1 wherein each cell is formed of a ferromagnetic
material coruprising one or more of Co, Ni, Fe and alloys thereof.
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novi ng the head across the tracks. 13. The systemof claim9 wherein the
head is a magnetic force m croscopy probe having a cantilever and a probe
tip at one end of the cantilever, and wherein the other end of the
cantilever is attached to the actuator. 14. The systemof claim 1l wherein

the systemis a ggannt L ATe rejpR. the i slapds are arranged
on the substrate in ag?g?gégl?fsg?%g t he exa%ﬁicglés %’QHF‘# P’lé%gﬁ"‘mﬂﬂﬁw havi ng
a probe ti Wmmmgmﬁmmmmwmw&mgﬁﬁ%s&% probe tip
and array % %ﬁl’lds bei n mgva]bl e relative to one another 1n x¥and y
directions. : Wm% CSUBStHALe 1 wherein the islands in the x-y
array are grouped into array sections and further conprising a plurality
of cantil ever p;é)ﬁtées,’gﬁach probe being associated with an array section
and each probe i t Theasysteni of dlaint24 aereBCdach Bl R Td@i/ e dve to
one anot her_ikn x an directions. 16. The systemﬁcﬂaﬂg al n%?&\?ﬁear%%%each

I sl and i ncl cg ‘of nonmagnetic naterial between the stacked cells
for separating the cells. 17. The systemof claim| wherein the islands are
spaced apart byazvoi ds. 18. The system of claim 17 wherein the substrate is
patterned into &6pl urBhe systety of cditn 29 wh j e‘?,ﬂﬁ ISl f or ned
on the pillars., ,19. Th gg{/tstem of clai n??ﬂv\%%@gﬁ}r??t e F@Egﬁ@gﬁ%ﬁéﬁgﬁ'ﬁ%a
apart by s/faFA Sdﬁﬁ‘?@%i"m the groupcronpistingoRTibTICraCeNbel BEB Rrid o (s WRABRTHRd

havi ng subg ' QS;F Lcular netic anisotropy. 20. The system
of claim 19 ejr%dnyttoﬁ'gcgpac ﬁg&“’nﬁéﬁisaﬁ%??- nonmagnetic. 21. The system of

claiml wherein there are only two cells in each island. 22. The system of
claiml1 wherein _each cell is a multilayer of alternating layers of a first

material sel ect &d- f r dbesheenyof glain drshestin e crl] Tosesitd ﬂ'r@s@@ﬂataiﬁ%ﬁ'lﬂfnd
mat eri al gﬂetf L rqQup,copsi sting of Pt and Pd, said nultilayer
havi ng n’agﬁggt i@{é{a ni g{)%‘a% ﬁ'ea(%crpthan Hlemagn ¢ coercivity of the other cells in its island.

28.  The system of claim 1 further comprising an underlayer on the substrate
beneath the islands.

29.  The system of claim 28 wherein the underlayer is a soft magnetically

permeable underlayer of material selected from the group consisting of NiFe, FeAlSi,
FeTaN, FeN, CoFeB and CoZrNb.

-18-




substantially perpendicular to the substrate. 23. The systemof claiml

wherein each cell is forned of a ferromagnetic material conprising one or
nore of Co, Ni, Fe and alloys thereof. -17 24. The system of claim 23
wherein each cell is forned of a ferromagnetic material conprising an

alloy of Co and Cr having a magnetocrystal line anisotropy substantially
perpendi cul ar to the substrate. 25. The system of claim 24 wherein each

cell is formed d30-ect&mmeﬁcgﬁc@ﬁiﬁgdi@ﬁhﬁ%&é}ﬂpﬁéﬁ%ﬁyer- 26_ The system of
claim 25 wherein the growm h enhanci ng sublayer is Tormed of a nmaterial

sel ected from t hemgites) btid feBSkdfHe diil cold C, _NA, SO and CoCr,

where Cr is about 35-40 a!taoént’\&f: percgan*mR%aﬁ%ﬁ“bmePlWW?ﬁe

syst em of bl ahatiBi &R tne cel b, cl osest to the substrate in each island

has a magnglll c c%)er méﬁ’tegcbsﬁ]aé’gfg?ﬂ? Strate, caslyisland compeisingt tepstaivotstaeked her

cells inits i sl_agg 28. The systemof claim| further conprising an

under | ayer BEHS Wﬁd%@“ammﬁﬂﬂﬂbmgﬁd&leﬁﬁ@wﬁkéﬂﬁmfwgli&m
0

28 wherein the underlayer is a soft nagnetically perneabl e underlayer

mat eri al sd$laed having amaphaticgnomenteRizaicdtih Be 6f W Fhosi i TaN. .FeN,
CoFeB and CoZrNb. -ie 30. A magnetic recording di s}%ﬁ%@@g&’%@?’géﬂ%ﬂﬁh

il evel pasngcic eS0T S OB Lo A Rl LY
ai d at | o SRR Eilyer EHRGL phef Bl Hiiofandy 4R havi ng 5 madnet o moment |
Che Substrat o, EhaERYe BREShsnd iestwdios suplseirisalsoiioepmitiatiogobonbsd SES
having a generally perpendicularly to the substrate, the head being capable of switching the

orientation of the moment of one cell in an istand without switching the orientation of the

momcnts of the other cells in that island.

31.  The disk drive of claim 30 further comprising a current source coupled to the
coil and capable of generating current in two directions.

32.  The disk drive of claim 31 wherein the current source is capable of generating
current in two directions and with at least two different values in each direction.

33.  Thedisk drive of claim 30 wherein the head is a longitudinal head having
fringe fields oriented generally perpendicularly to the substrate,

34.  The disk drive of claim 30 wherein the head is a perpendicular head.

35.  The disk drive of claim 30 further comprising a heater for heating an island,




coercivity greater than the other cells in the islands; and an inductive
write head including an electrical coil for generating magnetic fields
generally perpendicularly to the substrate, the head bei ng capabl e of

swi tching the orientation of the nmonment of one cell in an island w thout

swi tching the onkent o} of fhe.other cells in that
i sland. 31. Thesgi sk r| %*‘}eqﬂ?g}mmgg% él?' 188'!‘&15 |§Wf§£a<f%w}°é?ﬂ? %%rce
coupl ed t o whafein tiRileai®nit 166dt&bad aceht BERGIt&bblRg current in two directions.

32. The disk drive of claim 31 wherein the current source is capabl e of
generating current in two directions and wth at least two different

e 2 ongi tudi ndl" heddenis e SRS THerts thrindndud oe e poles 8
perpendicuugﬁﬁmlgghbagrﬁqaéﬁaﬁﬁamméﬂﬁwIWQPgh§k drive of cIa|n130 mhereln
the head is a perpendicular head. 35. The disk drive of claim30 further

conprising a heater for heating an island. -19 36. The disk drive of claim
35 wherein the inductive head has a wite pole and wherein the heater is

| ocat ed adj acent the wite pole. 37. The disk drive of clain135 wherein the
inductive head Bgs t Whe ARKWive B¢ claith 85 WHerdif) the HeateP|s d glyaeen the
two poles. 38. The disk drive O?ca alm 35 erein e eater gagn

el ectri cal hyateresi stive heater. -20




