WO 02/ 069331 PCT/ KRO2/ 00029 A Di sk-Type Magnetic Storing Device And A

Met hod For Manufacturing The Sanme Technical Field 5 The present invention
i s rel at edotoe/oev3angneti ¢ storage devi ce, which has the ulpCmasgmgodensity
storage capacity. In particular, the present invention is related to a
manuf acturing method of the ultra-high density nagnetic storage device
whi ch includes a media 10 in which an easy axis is forned at a bit cel
which is the mnimumunit for storing information, and the nagnetic

st orage devi cex byi dinergsuravdgidih HRaskH Pl ide H A rekbHodWdNg the

| ast few decades, the technologies related to treating of information have
been inproved drastically. Péupifaciutinedhensiameand nore information not
only in this era, which is so called the information era but also in the
future. Therefore, 20 people will use and need storage devices |ike back-up
tape, hard disk or renovabl e stotaggnéeyiceseiy order to keep, maintain
and store their information. Especially, in order to store |arge anount of
i nf or mat ifon, whi clfliencpeaseststisattitibion efaestelatdchedd 26 fiepgnstarage

device, which_has ultra-high storage .density also_increases .and.
accordingly ?E%rﬁ%?kegev?ggate&%PE hémﬁitr%g%igﬁ?ﬁﬁﬁé%i?ﬁstgFgﬁétHévice
increases. Theorggeesephaticye mel hods: ofuistoringe | ptesanti 9dvedRidhe Using
the magnetic nmedia |like the magnetic tape, the magnetic disk, and the
magnetic drufs AedpsedmtWDe0210BY3BI \ROTIKRIDTD20E phasiagrehaidihbsk type
ragnetic StOégggig$dhgghatggeQ@g¥ége device which includes a media

10 in which an easy axis is formed at a bit cell which is

the minimum wunit for storing information, and the

magnetic storage device by the same method.

Background Of The Art

15 During the last few decades, the technologies

related to treating of information have been improved

drastically. People will need more and more information

not only in this era, which 1is so called the

information era but also in the future. Therefore,

20 people will use and need storage devices like back-up

tape, hard disk or removable storage devices in order

to keep, maintain and store their information.

Esﬁecially, in order to store large amount of

information, which increases steadily, request and need

25 for storage device, which has ultra-high storage

density also increases and accordingly the market

related to the ultra-high density storage device
increases.

The representative methods of storing information

30 are using the magnetic media like the magnetic tape,

the magnetic disk, and the magnetic drum. A system



wi dely used nmet hod anong them A floppy disk driver system (FDD), a hard
di sk driver system (HDD) and a nmagneto-optical disk driver system (MOD)
are t he Swoskhensi usi ng the di sk type magneti c storage ne@ca/KroAmmrg t he

hi gh-density nmagnetic storage device, the hard disk driver system has been
in the center of developnent. The hard di sk uses, so called the

| ongi t udi nal recording nethod' in which?he information 10 is stored by
applying the magnetic field parallel to the surface of the substrate when

the magneticydhid chil bR ¢9RkechaRpcithe dik dgdensunst{at @hemest

structure of the disk type magneti ¢ storage device, which is the
repr esent at iwedelyt hecdardethef, ameongs elkehai dedf WophyT etierlendeiverFi g. la,

hereinafter. The ic di k i n which.a magnetic t ilmis _coated
on the di sk_?%%e‘gzg%ﬂﬁgt'e ?s74 §é n@%% ﬁEl?’Sfat Staef*r%ughgpae arlb aflion axis
7. A magnet i gy heads o Olcal ecai dknNgazndeket rdyitiddg daigbon fhe suptace of
the 20 magnetic disk 1 is installed. The nagnetic head 3 is installed at

the end of anéigacdar ms;ing/vhtbh |C1;lSk:0|ﬁ[5r@@t etegeethe dtodage paedis.that is
installed at, one | c disk 1. The net di sk i ncl udes
a data zone ¥1° ?% fh'rlﬁg‘ dﬁﬁn%rl ti BAITEE 23 rgzcor d éfr?a’ & %gar %hﬁg zone
23 in which Ml@dheﬁcg@ ag 1 vikept sy\B@@ml thds melernopenatimg. cEmtdragagtic head
3 can record or retrieve data on the data zone 21 by controlling the

driving partd@veTpement uct@h@ oharHe weghet iusaH sk,S@hi edlisdonethso of the
mai n componen k syst referrin | b

i Fi
Whi ch i o7t hel ePaLs i Bh, BESET BT RADST bobBorhE! HegFe iSEoERdsin Y,

SectTonar “view ol Fig. la
cut alon@)thfsl%@%rédAkanapplylng the magnetic field parallel to

the surface of the substrate when the magnetic thin

film is <coated on the disk type substrate. The

structure of the disk type magnetic storage device,

which is the representative of the hard disk, is

15 explained with reference to Fig. 1la, hereinafter. The

magnetic disk 1 in which a magnetic thin film is coated

on the disk type substrate is assembled to rotate

around the rotation axis 7. A magnetic head 3 for

recording and retrieving data on the surface of the

20 magnetic disk 1 is installed. The magnetic head 3 1is

installed at the end of a head arm 5, which is

connected to the driving part 9 that is installed at

one end of the magnetic disk 1. The magnetic disk 1

includes a data zone 21 in which the information 1is

25 recorded and a parking zone 23 in which the head 3 is

kept when it is not operating. The magnetic head 3 can

record or retrieve data on the data =zone 21 by
controlling the driving part 9.

The structure of the magnetic disk, which is one

30 of the main components of the hard disk system is

explained referring to Fig. 1b which is the cross-
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consequently by depositing lubricating material with a
thickness of about 20A on the protection layer 17.
Storing information on the magnetic disk is done
by forming a Dbit cell which is the minimum unit
determined by the magnetic head. In general, a bit cell
has a rectangular shape. The shorter side of the bit
cell 1is parallel to the rotation direction of the
magnetic disk and the longer side of the bit cell is
parallel to with of the track. In general, the longer
side of a bit cell is the width (same with the width of
the track) and the shorter side of the bit cell is the
length. Fig. 2 shows the structure of how bit cell is
composed by the operation of the magnetic head on the
magnetic media (magnetic disk). A magnetic head 3 has
the structure in which a retrieving head 31 and a
recording head 33 are assembled nearby. The retrieving
head 31 is composed of magnetic sensor, which detects
the magnetic resistance. The recording head 33 is an
electromagnet, which is made by winding copper coil 35
at a permalloy core and is a kind of a device producing

magnetic field. Recording information on the magnetic



poles gap (G of the recording head 33 as the electric signal is applied
to the coil 35 of the recording head 33. A bit cell 25 is forned at the
area corrwependizay 5 the nagnetic field at the surface of pCiKRoagoebi ¢ di sk
1 which noves under the recording head 33. The bit cell 25 has a
rectangul ar shape and the length of the bit (Lb) is determned by the

rel ati onship anong the anount of the pdte interval (G of the recording
head 33, the 10 novi ng speed of the magnetic disk 1 and the electric

signal appligdsko,the aBfeCakl cRa. mdhReWhdl R1Qf gbbEcuts! bekWBLr $1
deter i ned by the wi S h (W) of the Bt Lo ResgCEs° PRSI RSt bit
(W) is idempotas gbp t(é widttheofragacking rhede Tdneenthenall elkcamdict udi nal

15 recording, .the size of .the di sk was enl arged, nunbers f di sks were
ncreased ori9Rol di g BBALFEY TRad DS fitidastd $h bRteFeEorAiEPeRsa% he

storage of data. pThe ¢ nmst) eféecki veRihaft ofnd hgseamebhodshbadliag ncrease
the recording density, in other words, increase the 20 nunber of bit cel

per unit far eaheBypagsehgct Hiieloerltodhengduidae the sher mgenespacidiygk s

i ncreased but so, the data.transfer rate.is faster _th ot her hods.
Ther ef ore, _mangarakMHHRiT SECRF or B=aFEePRUSLE BREFng® - mIR Foresoatd
manpower to gdevel-gp & PEWLRSHNQL0GhalR Zhd NEhealdiengthhe st ehaggidensity.

In order to increase the storage density, the size of the nagnetic head
shoul d desi gikg tis bdesemhired By gthe shoasihpshiheamohgetde anguntcel

changes according to the .increase the stora e ensig .ng bers in the
par ent hesi s ggo e3@olﬁﬁe S S engc{)h C?Qt’f%e(‘w Fati9) %T—" a g}’)t E8& 1. For
exanpl e, jar gd-di gk pULRCLHr BhE MRrRITAAUCA NGk PO St MO QALREI33L
PCT/ KR0O2/ 00029 57in which 20-40CGhit/in 2 techniques are applied and in
signal applied to the and coil 35. The width of bit
cell (W,) 1is determined by the width (W,) of the
recording head 33. The width of bit (W,) is identical
to the width of track. In the conventional longitudinal
15 recording, the size of the disk was enlarged, numbers
of disks were increased or recording density was
increased in order to increase the storage of data. The
most effective method of these methods is to increase
the recording density, in other words, increase the
20 number of bit cell per unit area. By using this method
not only the storage capacity is increased but also the
data transfer rate 1s faster than other methods.
Therefore, many disk manufacturers are investigating
much money and manpower to develop a new technology in
25 1increasing the storage density. In oxrder to increase
the storage density, the size of the magnetic head
should designed to be smaller. Fig. 3 shows how the
size of a bit cell changes according to the increase of
the storage density. Numbers in the parenthesis shows
30 the width length ratio (W/L ratio) of a bit cell. For

example, hard disk manufacturers are producing products



their | aboratories technol ogies to achieve 40- 100&hit/in2 are under

devel opnent. Reducing the size of the head is a difficult 5 technol ogy
accor di ngwoewnbes3cont enporary technol ogy. There are severall/KRa®e?s why

t he head size cannot be reduced easily. First, the increasing the data
rate in proportion to linear density may be beyond our electronics
capability, though we do increase it as 210 fast as technology permts.
Second, the RPM (revolution per mnute) also has to increase for the high

technol ogy prodygtish ThoSsb@kes/iwe dabBnighsprahl egppwEge.anthi £, an
i nductive read back signal decreases with scaling, and el ectronics noise
i ncreases Wwithe’s barrlwxiior s t hdtealhw Isicyires - t $onoi eehfisvN) r4fio

decr eases rapj . W th scaling if jnductive heads are to be used for

r eadi ng. Fo?ﬂ#&gﬁgg%y?egfgtP&%efwﬁfveﬁggagPtfhe scaling laws are nore

conpl ex, but tendregucdiavor thR i fcieasimgkyneOVREaindust iaveqgheadsuas size is
20 decreased. Fourth, The fourth reason is that the construction of

thi n-fil m heteshisl dgw EaFarding t kogrbphy cont appatee et ReERNEAPIYI-mi t s.
Therefore we_, do not choose to scale all, di

e Vieral regasons whdI QSiO%%igi%§ec§gﬂgtr%%e' this
has led to tHetesPaR & hédds YuEhe28S

ichare arger-in sonme di'mensi ons

than sinple seahéd@ wayhdy . havespr odueed ncihissitiplaid ofa0h s68ki Ag has
produced heat-dissipation problems in the heads and in the electronics,
as wel | as ippareediorit&cheddnasy i cileneies. PRVt hPa hePdY’RAnce¥rbet ween

comonents S IREL00ta 0o aRend B LERLILY, e IB SMBABLES VRS

6 transmcssi past i 8 eéErBbIogFhpelmst st easeandwhihlh ®PMl (revolution
per minute) also has to increase for the high
technology products. This makes the data rate problem
worse. Third, an inductive read back signal decreases
with scaling, and electronics noise increases with

15 bandwidth, so that the signal-to-noise (S/N) ratio
decreases rapidly with scaling if inductive heads are

to be used for reading. For magneto-resistive (MR)
heads, the scaling laws are more complex, but tend to
favor MR increasingly over inductive heads as size 1is

20 decreased. Fourth, The fourth reason 1is that the
construction of thin-film Theads is limited by
lithography and by the mechanical limits. Therefore we

do not choose to scale all dimensions at the same rate.
this has led to the design of heads which are much

25 larger 1in some dimensions than simple scaling would
have produced. This violation of scaling has produced
heat-dissipation problems in the heads and in the
electronics, as well as impaired write head
efficiencies. Fifth, the distances between components

30 have not decreased as rapidly as the data rates have

increased, leading to problems with electrical



ultimately cause very fundanental problens, is that the materials are not
unchanged under the scaling process; we are reaching physical dinmensions
and sw t cWpDrg/o6d3aes 5 in the head and nedi a at which el ectciraato2ant9
magnetic properties are different than they were at | ower speeds and at
macroscopi ¢ sizes. W are al so approaching a reginme in which the spacing
bet ween head and di sk becomes smal| endugh that air bearings and

| ubrication 10 substantially fromtheir present behavior, and where

surface roughpgssmeannsh-benscalked s8rl el bREAUSLddoni SWARRHORSRINY
atom c di nensions. (Reference -'The Future O Magnetic Data Storage

Technol ogy' 'ul BMndteRgscaubevekoy. fvofamant b, pBohhgm200@sbyhBLAthEhonpson
J.S. 15 Best). The.problens that ,m ght, occur at, the int of increasing
Uhe storage ERHEF {5  RagEebaeh IBRATERS (5 0Th | ShpoR AL RECEFEFRG o & he
anal ysi s on {he;basi-s8a0hinghentaseanchementhenpr abhemak chiegeasiag t he

recording 20 density occurs due to the physical limts of magnetic disk
bef ore fdci ngnt hbepheblPemdofmedicucithgvitheh seecotricaheahdathagTied gy obl ens

of the magnetic disk in__ingreasing, t recordi ng_densi wi || _be explai ned
hereinafter.pﬁpﬁﬁﬁﬁé??cafﬁi l???ﬁ$mﬁiEﬁaPs%§SHeW§Fezé%fg%WEFnEEﬁ&%%:
material andaMli Gt | fathesBBbicPatz€. Whe dApgnalise diskréAMminges
poly-crystal material. The poly-crystal magnetic thin film conprises snall
single crystrapival |ed 'vgrisgh' thef apbringel PetWpenavieeade anghi [Gitk of

toring data, it has to.include at |east. 500 30.grains, hf.the size of bit
Cel| 19 rodURBHTTR GPBA ECHer e THo STor A0ec aBs: (bR AR Ragnet |

di sk, thg) WO;0R40698341PCT/#RIR/ 00029 r&dee: Obehleighai Naed sankas to be
decreased so that at
surface roughness cannot be scaled smaller because it

is approaching atomic dimensions. (Reference ““The

Future Of Magnetic Data Storage Technology'' IBM J. Res.

Develop. Vol. 44 No. 3 May 2000 by D.A. Thompson J.S.
15 Best).

The problems that might occur at the point of
increasing the storage density have been looked at to
this point. According to the analysis on the basis of
the researches, the problem of increasing the recording

20 density occurs due to the physical limits of magnetic
disk before facing the problems of reducing the size of
the head. The problems of the magnetic disk in
increasing the recording density will be explained
hereinafter. A magnetic thin film which is made of

25 ferro-magnetic material and which is the main part of
the magnetic disk comprises poly-crystal material. The
poly-crystal magnetic thin film comprises small single
crystal called ‘“grain'. If a bit cell can have the
ability of storing data, it has to include at least 500

30 grains. If the size of bit cell is reduced, in order to

increase the storage density of the magnetic disk, the



| east 500 grains are included in the bit cell. In order to achieve
ultra-high density storage a magnetic thin filmincluding smaller size
grai ns hawotoe/obs3i ncl uded. 5 However, if the grain gets smwalthero2bm2bhe size
of about 8nm they |oose strength anong the neighboring grains and the
magneti c energy would be | ess than the thernal stability energy and as a
result the magnetic energy is lost, the’data is lost. This phenonenon is
call ed 10 Super-paramagnetic limts' which exists when increasing the

recordi ng de§§héYOfTh&‘fqe| igBdiPfaide nakOEBUG NSt tan ALLOELI PHALO Jkhe
super-paramagnetic limts is calculated as about 40Ghit/in2 at the

conventlonaI1EQag|EadlgahlnecerdlmgChEdhddlnBehed@st t&lilhe Igr @rderar e

gathered to conprise a bit ha is not_ clear rect ul ar

dhape S0 t hatot REDEURIASETT ST CORBE L e BFFY 08T iheREOORER L RESHA ¢ si ze
is big the ambhouausubou ngd@mélci@gs Nole oG BNYhd Of tyepee ikt udely .t he bit
size gets snaller, the anbi guous boundary 20 becones the reason for noise

when r et ri evilpgevhae, dafatheAggélnwﬁéhStﬁ@aﬁééﬁrﬁpn@hdeﬁSK?yOﬁsatW@ﬁeased,
the small bits a&g. ned t ose to such_a case,

recorded dat 8*Cha ?% F 568§ h %o %?lﬂal% %Eéﬂgbﬁfaégﬁ and

el ectromagneshg exehang@etd® flee(‘z%;yVW&ﬂd nbd UESEE PhinCehks tnkeednol ogi es
for ultra-high storage density have been devel oped and published in order

to overcone thebipibpl ensrey 8hé esndeheisoAsl theomagaeiddi gnergvt e early
2001, the super:paranmag et c l.i m n b L30 € tended to 100G bt/i by
usi ng Anti FePPbha §%$IC a%%ud1|n% iFC3$accor |ng "T0 'The % annou&ée%%nt of

IBM In MO 02éQ§8§3éaE§Eﬁé§R@2A@0029lu&ﬂcshe AFGht eahnol ©@gyst & he eeryenti onal
magnetic thin film
increasing the recording density. The 1limit of the

storage density according to the super-paramagnetic
limits .is calculated as about 40Gbit/in®* at the
conventional longitudinal recording method. Besides,
15 the grains are gathered to comprise a bit, the shape of
bit is not clear rectangular shape so that the boundary
is also not clearly defined. When the bit size is big
the ambiguous boundary does not have any influence but
if the bit size gets smaller, the ambiguous boundary
20 becomes the reason for noise when retrieving the data.
Also, when the recording density 1is increased, the
small bits are designed to be close to one another. In
such a case, recorded data changes due to the exchange
coupling between bit cell and electromagnetic exchange
25 force which influence bit cells.

Technologies for ultra-high storage density have
been developed and published in order to overcome the
problems of the conventional storage media. In the
early 2001, the super-paramagnetic limit can Dbe

30 extended to 100Gibt/in® by using Anti Ferromagnetic

Coupling (AFC) according to the announcement of IBM. In



is divided into a first magnetic thin filmand a second nmagnetic thin

film 3 atomc |layer of Ruthenium which is a rare earth materi al
i nserted wetoamess3t he first 5 and second magnetic thin fil mCTIKRRMD&®ICaSE,
even if the size of grain is reduced to 4nmon the second magnetic thin
is formed on top, the super- paramagnetic limts do not occur
so that ultra-high storage device is achieved. 10 The perpendicul ar
recordi ng systemand the patterned nedia systemare other ways of
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patterned media system are other ways of achieving
ultra-high étorage device. In perpendicular recording
system, a bit cell, which has the magnetic axis
perpendicular to the surface of the magnetic disk, is
formed. This method can increase the storage density 2
to 4 times compared to the longitudinal method however;
it 1is not popular among manufacturers. The reason is
because the technologies to customize the perpendicular
method are not developed. The recording head used in
the 1longitudinal method 1is not applicable to the
perpendicular method so a recording head, which has
single pole, is required. However, this single head has
difficulties for <customizing and there are some
problems in re-recording and removing the re-recorded
data. For the perpendicular method, the magnetic thin
film has to be thicker than that of the longitudinal
method for more than 10,000 times. If the magnetic thin
film gets thicker, the size of grains get bigger so it
is very difficult to make the magnetic thin film thick
in order to achieve high density storage.

The patterned media has been introduced by the US

PRFTSF nBaY hETi 5° haS™ %R i nt roduced by the US WD 02/ 069331
PCT/ KRO2{(00029 9 1Rat enpsrpefEbcdibrand-ducl4bingh5, sybteh arendlei gned by

APt e pePpERtCcul ar

film



IBM In this method, a domain (or grain) which is the basic unit having
magneti c characteristic is conposed as one bit. Each of bits is arranged
on the nowoOS2megpaeti ¢ substrate with a certain di stance. Poa/Kpatb@ ned
medi a conprises of single bit as a single domain is a nmethod, which can
achieve the maximumlimt in which the recording density can be extended.
In theory, the super-paramagnetic |imit9 does not occur, as 10 the bits are
thermally stable even if the size of the bit is reduced to 1/n conpared to

the | ongitudppal,: ethedcl Biwhigly oge bit748, nypupher,,f G alRsq Ege
magnetic thin filmacéording to this nethod is thermally stable and the
signal to noIBE.rahi amiss medrhodls goddmannt Heruldrmea-hi grhid@nsi sy theat us. | f
this method is used. at |east 4000 bfs/in recordLn%_density can b

achi eved andb%§l?h@nﬁéndy?ﬁéﬁﬁowaé9eﬁé9eF§6§ﬁﬁﬁﬁﬁiStﬁ%s??n?OPBESngng

density is achieyabl ¢;cThepreasonr fred hiig pakienged rwdi areot nbging
popular in the 20 market is because manufacturing cost is too high.
Di scl osure oha¢meenti osubséralteectwidfh t he presgstin nvéhstiamcés t 8hpr ovi de

a storage device with ultra-high recordi density. . 25 Anot her. obj ect of
the inventi o f LT Oepr ARG aCHERRLETE Stor ARBIUSY IS whEh il ErAIAEgh

density oveggamifngikhg hiphbda, ofinkeAgbbHdLpak et had, muhkik@m Yskig the
| ongi tudi nal nethod. Yet anther object of the invention is to provide a
manuf act uri ngnnettioth ofth80 storugendeviarsiity wiiach ke megitetridedeasynaxis i s

f d basi i1 of ding for the.r tic st WO 02/.069331
PCT/ KR02I 000985 dBUF CEUREE RO- BN EPHCht G HERE) £7°8: Br o8 CEHpAC AEy.

Still angt hegnobpeel Qfrd hend AYLENLY OB 41514 OcPEAVII@E the size of the
bit is reduced to 1/n compared to the longitudinal
method in which one bit is n number of grains. The
magnetic thin film according to this method is
thermally stable and the signal to noise ration is very

15 good in the ultra-high density status. If this method
is used at least 400Gibts/in? recording density can be
achieved and as the nano-technology develops terra
bits/in® recording density is achievable. The reason
for this patterned media not being popular in the

20 market is because manufacturing cost is too high.

Disclosure of Invention

The object of the present invention is to provide

a storage device with ultra-high recording density.

25 Another object of the invention 1is to provide a
magnetic storage device with ultra-high density
overcoming the limits of 1longitudinal method, while
using the longitudinal method. Yet anther object of the
invention 1s to provide a manufacturing method of

30 storage device in which a magnetic easy axis is formed

per basic unit of recording for the magnetic storage



manuf acturing nethod of a storage nedia in which exchange coupling and

el ectromagneti c exchange force at 5 the neighboring bit cells are mnim zed
or elim mapadoed3ser the ultra-high density storage capabi | IPCI/KR@oq@pesent
invention first presents a magnetic nedia in which an easy axis is forned
according to selected one direction between an angular direction and 10 a
radius direction in the polar coordinatéosysten1of the di sk type nagnetic
medi a. Second, the present invention presents a magnetic nmedia in which

there are tawveasy BXisngf diffgrengndi aeﬁg&@g i BrbbegBei ghpaeiing . areas,
so the exchange coupling and el ectromagnetic 15 exchange force areée

m ni m zed orStllhi parederTivnegctt e Ppresenvenpient ilen ? esepvida magnetic
storing device %ncludiqg amn?gn ticfnedia i ch has gasy axiswhrah is
formed in palarterctd-abY| Bt 8Re ki s?of St86FdFnal8?*8ystBm WALE

det erm nes thecRpesat LenpIEh§odnaf el bet 20magg8et ECegtRhhRE dBYiLeeand a
magneti c head which can record and retrieve data on the nagnetic nedi a.

The net héd fiore magdbhopyingg bl thegnbt § c aredimi nigdagsadi oy eéipiasesd

invention copprises steps of . formng a ferro-magnetic. thin filmby
depositing 2 ﬁaf%?i%#%gﬁiﬁég?xé%é%l%# ?ﬁ9%ﬁé§tﬁéﬁéﬁﬁi¥%¥é and treating

the magnetic thinhd pusser annhvemtheam £inAet ugragenfer td amgaanegsdeh as He,
Ne, Ar, Xe, Kr or N2+ 2+ in order to forma nmagnetic easy axis on the
magneti ¢ thimediamisr ¥BAERolAhmGAREYI cR¥har dét efPETEE I WIrdidhetioc thin

(1L, e, ek YL gy BB S PLELE sl Sehy 2" LaOLR:Uetpegh HOKEY
an extermal gagaeting dJditesk Wi hihhenagpelae dodrdlieh t200gpssemt o f
>, 000gauss the disk type magnetic media. Second, the present
invention presents a magnetic media in which there are
two easy axis of different direction in the neighboring
areas, so the exchange coupling and electromagnetic
15 exchange force are minimized or eliminated. Third, the
present invention presents a magnetic storing device
including a magnetic media which has easy axis that is
formed in parallel to at least one axis of coordinate
system which determines the operation method of the
20 magnetic storing device and a magnetic head which can
record and retrieve data on the magnetic media.

The method for manufacturing a magnetic media
according to present invention comprises steps of
forming a ferro-magnetic thin £film by depositing

25 materials 1like Co, Ni or Fe on the substrate and
treating the magnetic thin film wusing an ion beam
including inertia gas such as He, Ne, Ar, Xe, Kr or N,’
0, in order to form a magnetic easy axis on the
magnetic thin film or control magnetic characteristic

30 of magnetic thin film. The energy of the ion beam is

preferable to wvariable between 40KeV and 120KeV.



is supplied on the magnetic thin filmin parallel of perpendicular to the
surface. 5 One magnetic storing device according to the present invention
conpri seswaommgiaeti c nedia including bit cell, which has patr/Kragbo2one
magneti c easy axis. Another magnetic storing device according to the
present invention conprises a magnetic nedia including 10 two bit cel
groups in which each group has the indiVidual easy axis having the
different direction. The magnetic nedia of the storing device according to

the present ppvendi@drdnclivdesrarapgpeti audh nahi ldpQfrnahi ghgskryeture is
in neta-stable state distinguished 15 with the natural stable state by
treating thefhbgmerich thennmaghatisi AjeldnobeafPgFThesnepasSstabbeussate is

that th | f.th t tti t, t f.th ' ial i
| ager 3%t hate { FEPGLdhTe S athe THTETIG o Rbr ol el art RAM B { Pom

anneal i ng mjégkgghé@@gpgrN@ﬁv&mbcgﬁwgggéywthin instance tine of 10-1310-11
seconds by bonbardi ng of the ion beam and quenching wthin very instance

tine | es$ than 100nE s@eendsicTheroringe ARYACE c agemrALog | $oenkheged up
Lo 35%55% _Furtheropre, the elestrons of the, 3d;orblt, Jwhieh 25,

determi nes tHeSTErT ofBYRBEM e mSCEPFArSEr hateIare <1 6Rdt 2 &8°bY488p! yi ng
an external pagnetile,fiwlith duakngrameadd Ngnls ind@riedi Heesdy Theref. ore, the
magneti c momentum and the coercivity, the properties of the magnetic

mat eri al carAbetheer casedchhl sECOoFANGas\WR0 i 2L 1D t he waheed
direction. The inventor o

contents in Qﬁ?%%?66§§§TDL&9%EE%5¥%%%%% %gg% §%¢§§|%n§§$g§ﬁ§ZPﬁgﬁ eVqune

87, Nunbgy 6rwki ahit S ceubl ighadhd n AUgusiidi h.ea@0l'group has the
individual easy axis having the different direction.

The magnetic media of the storing device according to

the present invention includes a magnetic thin film of
which structure is in meta-stable state distinguished

15 with the natural stable state by treating the magnetic
thin film using ion beam. The meta-stable state is that

the wvolume of the atom lattice structure of the
magnetic material is lager 3% than the stable state.
This meta-stable state can get from annealing with

20 10°710* Kelvin degrees within instance time of 1077107
seconds by bombarding of the ion beam and gquenching
within very instance time less than 10! seconds. Then,

the magnetic momentum is enlarged up to 35%755%.
Furthermore, the electrons of the 3d orbit, which

25 determines the ferromagnetic material or not, are
'localized by supplying an external magnetic field
during annealing wusing ion beam. Therefore, the
magnetic momentum and the coercivity, the properties of

the magnetic material can be increased and set an easy

30 axis along to the wanted direction. The inventor of

this patent application introduces these contents in



BRI EF DESCRI PTION OF DRAWNGS 5 Fig. la is a plane view

show ng t he general

structure of the hard disk systemrepresented the nmagnetic storing

devi ces. WD@2/064331i s a cross-sectional view show ng the

@EMARI2/0802p UCt Ur €

of the magnetic nedia (magnetic disk) 10 used in the hard disk system
Fig. 2 is perspective view showi ng the 1pperational structure of the
storing nedia and head of the conventional hard disk system Fig. 3 shows

t he changes of the hit cell size 15 according to the recording density.
Figs. 4a and AW S oREVERY h&@HLEE Smaiffii& of T ngNUPRET mégridtieh dit§k havi ng

magnetic ea i i 4 Ehcide e ccording to the
Fi gs. 5a, 5?{“%%}%?6%95 anoétthe’r%
magneti ¢ di sk havi ng easy axes of which the directions

present invention.

method for 20 manufacturing the

on t he nei ghboring

tracks are set in different_directions according to the present

invention. Fig 7 shows one &X&EM PHiCRtENAGN Qfa

G%he 25 usage of the

stencil mask for gqgufaggyr'%g 4 hey1 JTRONELicG, dissls AAY Ngneasy.axes1of which
on

the directions he nei ghboring tracks are set in-di

ferent directions

accordi ng tsthicsturwendfi ortheFi gnarl skhowk omgsktagnereprstentadg delece 30

including a magnetjc di sk havjng easy axes of which the

directions on the

nei ghbor i ng TR @rd-Fet™] PB4 069331 PCT/ KR02/ 00029 13 di f f erent
directions and Tghg | crhiead Sel Wil GaRtienadesy gogd dHwiRCopdeng or
e

retrieving data on magneti ¢ nedia according to the

present invention.

general structure of the magnetic media (magnetic disk)

10 used in the hard disk system.

Fig. 2 is perspective view showing the

operational structure of the storing media and head of

the conventional hard disk system.

Fig. 3 shows the changes of the bit cell size

15 according to the recording density.

Figs. 4a and 4b show one method for manufacturing

the magnetic disk having magnetic easy

axis using

stencil mask according to the present invention.

Figs. 5a, 5b, 6a and 6b show another

method for

20 manufacturing the magnetic disk having easy axes of

which the directions on the neighboring tracks are set

in different directions according to the present

invention.

Fig 7 shows one example of stencil mask and the

25 usage of the stencil mask for manufacturing the

magnetic disk having easy axes of which the directions

on the neighboring tracks are set in different
directions according to this invention.
Fig. 8 shows one magnetic storing device

30 including a magnetic disk having easy axes of which the

directions on the neighboring tracks are set 1in



Figs. 9a, 9b, |10a and 10b show yet another method 5 for manufacturing the
magneti ¢ di sk havi ng easy axes of which the directions on the nei ghboring
bit cell swaroe/nesat in different directions. Fig. 11 shows PoTKRoeg2Ist at e
of the patterned mnedia according to the conventional nethod. 1.0 Fig. 12
shows bit array state of the magnetic nedia having easy axes of which the
directions on the neighboring bit cell1d3are set in different directions
according to the present invention. Fig. 13 shows another nagnetic storing

device 15 idct e &g a3 MBOREL biss hsd MNaYhOPi 8aBY¥a@X88t OfhWBhChahhBe
directions on the neighboring bit cells are set in different directions

and magnet i cd¢eignedt WF chreaprdeng dest gnedtibeviegor dBhg opnrethieevi ng

data on the magnetic disk accordi ng to t,he present .invention. 20 BEST MODE
foR ARl N TR RIS darall Jbean. 2D PEST o
enbodi nent, we W Igigexpleai n dhe 10@gned | copreshaw i pet ughsgnbit meehbs havi ng

easy axis of 25 which direction forned along to the angul ar direction of
t he pol a cobedi maref 8ysueind Thiee Fingonahl ¢ sdashl havingi easghaweAgothe

rethod for RIMACLUE LLhe sk Lypen RAnetiG TR 3 haviog gegpetic easy

. . ?h ﬁ .
axi s accordin 0] e present 1T nventron a Cross-séectional

30 view cuttisg ahongrtordhe direcBidhsof the Fig 4a. Prepare a substrate
111 of di sk shape and WO 02/ 069331 PCT/ KR0O2/ 00029 14 including glass or
Al /My. By depositifig-a hht &hcals bhel garay Gt tRE stbst PAEESINEd form a

under layer | 113, BY.deRositloo A 5LO:PANEH GrdBISEi @l such as

10 Fig. 12 shows bit array state of the magnetic
media having easy axes of which the directions on the
neighboring bit cells are set in different directions
according to the present invention.

Fig. 13 shows another magnetic storing device

15 including a magnetic disk having easy axes of which the
directions on the neighboring bit cells are set in
different directions and magnetic head set which can be
designed for recording or retrieving data on the
magnetic disk according to the present invention.

20

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiment 1
In this preferred embodiment, we will explain the
magnetic media including bit cells having easy axis of

25 which direction formed along to the angular direction
of the polar coordinate system. The Fig. 4a is a plane
view showing the method for manufacturing the disk type
magnetic media having magnetic easy axis according to
the present invention. The Fig 4b is a cross-sectional

30 view cutting along to the line B-B' of the Fig 4a.

Prepare a substrate 111 of disk shape and



CoPt, CoPtCr, CoPtCrTa, FePt or FePtCr, forma magnetic 5 |ayer 115.
Therefore, a magnetic disk 101 can be mnufactured. The magnetic |ayer 115
conpri seswa odaste31 zone 121 in which digitized data can be PsTKRrd/00@ad a
par ki ng zone 123 in which the head is kept when it is not operating. In
the data zone 121 a series of tracks 10 122 are arrayed with the sane
center point, and on each tracks 122, d*series of data bits (not show ng
in figures) are arrayed linearly. Set the magnetic disk 101 in a vacuum

chanber of {Qc1vackymdeegLesr Th@/mggneﬁjép dipdeik0hesan baatat-ake 15 to
the center point of the disk. As shown in Fig. 4a, prepare a stencil mask
151. It is pief¢brdbhe Chatont hdie ssplsofatdeldfendiormeskunddri dapegger than

that of th tic,disk 101, The_stencil nmsk 151 has slit t
aperture 157-Whi chYopATPSoNE- Bar & ofSTHe MgHe1 e Bk 201101 hr figh it

It is preferabbe, thabrthe epetture, 16drchas Fenger, skdemok whigeBtrsicze is
bi gger than the radius of the nmagnetic disk 101 and shorter side of which

size is%imérertolihe bfherefryged. la imagnedsicl dittrat 10Re cginzebef t he
shorter side is accordance.with the sumof 2 s or hundred f_bit cel
|l ength for trﬂaenufraa%ﬁlfra%?m F#ge NEeds efar‘ %]gothﬁlgs Ta&t the s%mggltatens or

hundreds of bbkecanibeart naatad, d8si©ngednibthi BanNMe SErdB tahd a
macroscopi c view part in macroscopic view. It is preferable that the
aperture 157paxkiey &PBRg RS 30 tWelelh relkei bR ifereRfedfR f ibmithe

center of magnetic_disk 101 _in,th Ql coordi nat e 069331
PCT/ KR02/ 000%9" ﬁgeﬁﬁlrc%ﬂ%r' népe:chiet %lag:ap?z(ra e gjb%jie %hg?E%%%i g;fo}]é\glag%ert ure
can be forned;al 9ng terhheddiviert the 8hmd80etegrepofinem ahbiecaenten of

magnetic disk 101 for the efficiency of

tracks 122, a series of data bits (not showing in

figures) are arrayed linearly.
Set the magnetic disk 101 in a vacuum chamber of
10”7 vacuum degrees. The magnetic disk 101 can be rotate
15 to the center point of the disk. As shown in Fig. 4a,
prepare a stencil mask 151. It is preferable that the
size of the stencil mask 151 is bigger than that of the
magnetic disk 101. The stencil mask 151 has slit type
aperture 157 which open some part of the magnetic disk
20 101 through it. It is preferable that the aperture 157
has longer side of which size is bigger than the radius
of the magnetic disk 101 and shorter side of which size
ig similar to the bit length. It is possible that the
size of the shorter side is accordance with the sum of
25 tens or hundreds of Dbit «cell 1length for the
manufacturing needs. The reason is that the sum of tens
or hundreds of bit can be treated, as one unit line not
arc part in macroscopic view part in macroscopic view.
It is preferable that the aperture 157 is set along to
30 the direction of zero degree from the center of

magnetic disk 101 in the polar coordinate system.



production yields. 5 Wth holding the stencil mask 151, rotate the
magnetic disk 101 with constant velocity. According to the user's needs,
one met howowanedsal sel ect ed bet ween constant angul ar vel o®CIHKRN@OEONSt ant
| inear velocity. At the sane tinme of rotation, an ion beam 161 incl uding
10 Ar+ is inplanted into the magnetic disk 101 through the aperture 157.
The ion source for the ion beam can be !%elected one of inertia gas such
He, Ne, Xe or Kr, or one of N2+ and 2+ gases. At this tinme, it is

preferable thathéhgorON beamslGlhdTas ab1sC AHU N 0a 8@t HidBS1 agpshewnels in
Fig. 4a for setting the direction of the easy axis along to the angul ar

(rotation) derrceeohormeddaleng teheheediprotapnfeéqléhcgesteehérymaxis in
Lhe rectangular capcdl nal e system |92t baster and thee, ceclprogal

frequency of -axis s '’s s1ower =axi e®pattern

of the scannprRgdpet homop] shidbe a Lissajous figures. For exanple, the
frequency of the Y-axis is set to hundreds Hz - several KHz and the
frequency of the Xi&k shpsdsrg the emsemeilThepskt Wbl di medEiten bhet he

magnetic easy_axis.171.1i rall.el to 25 the divection of the.length of the
b ¢ cel | (anbiraTC G Theli O iRe (AT artshey o S0 6t heS s knni ng

path 163. |frieeeuwent's tie&dd, t Bedide@tdONcoh bhe QadctaxXi Bethdeho the
radius direction (direction of the wdth of the bit cell), it is
pref erabl e tecneianheanguirequeheyl vy cengefeasStB)tr biBERAgVERECHAYNREt I C

disk 101, ggg E@% QS%Q‘E'ménﬁkagggggagﬁo LHeiBHQB§%§C1%%y?£cY§hgﬁ/069331

PCT/ KRO2/ 00 equivalentl'y an € easy axlI's is forme 8ng to
the arc wf the diskimpfcoored nghi® tihe tagaét dn @fskheolmagretiyh dhsk 101

the main axis of the scanning path _
aperture 157. The ion source for the ion beam can be
selected one of inertia gas such He, Ne, Xe or Kr, or
one of N,” and 0," gases. At this time, it is preferable
that the ion beam 161 has a scanning path 163 as shown
15 in Fig. 4a for setting the direction of the easy axis
along to the angular (rotation) direction. To do so,
the reciprocal frequency of the Y-axis in the
rectangular coordinate system is set faster and the
reciprocal frequency of the X-axis is set slower than
20 Y-axis, so that the pattern of the scanning path would
be a Lissajous figures. For example, the frequency of
the Y-axis is set to hundreds Hz = several KHz and the
frequency of the X-axis is set to tens Hz. Then, the
direction of the magnetic easy axis 171 is parallel to
25 the direction of the length of the bit cell (angular
direction), the faster frequency axis of the scanning
path 163. If one wants to set the direction of the easy
axis 171 to the radius direction (direction of the
width of the bit cell), it is preferable to set the
30 frequency vice versa. By rotating the magnetic disk 101,

the ion beam 1is implanted into the magnetic layer



can be influenced by the rotation. In this case, it is 5 preferable

the optim zed rotation speed of the

to find

disk for the wanted direction of the

easy axi swbDhneooght the experiences and the conputer sinul @ciraae2/0bp t he
effective method for setting the easy axis on the wanted direction, set a
magnet 159 around 10 the aperture 157 iip order to supply an external
magnetic field on the magnetic |layer 115 when is treated by the ion beam
161. At this tipe, it is preferable that the direction of the magnetic

field is

sef ¥V HRNEl Y eebfomhef aamy emsis axls 181.fckomatd 4hbsg1bois to

use the phe n i hch the e axi,s 171 can be set along to the
di rection of tﬁeggﬁpﬁﬁe l%%d%gﬁfbaﬁ¥?%¥%lﬂ%eﬁotﬁ@emﬁﬁﬁQQ%QQag rthes js

anneal ed.

| magmet her diekhad, , axHhensiengit s sk a1 é'éaﬁ&{ﬁ%dg%h
nauce

magnetic material and _applied a magnetic field, then 20 an I
field is foriid et WBEhueReedaper thiee rosatiom .t Hirs tdeise,cdder eit SiBO

I tic field.  Ge Ty, th
magnet | bi & CaT 12 oSt ghBR W LR CREAAAGH AP Ao HRSE oF conamy

addi ti onal

reasons to dbiso.fdheth@5wantadreagesthisnt bat tike Jmgpelzede

be mai nt ai

to the pres

mai ntain the nagpg}izgﬁg(ﬂéfyéﬁgy%\m Lol gt

such as circle or quadrangle.

di
ngﬁ}using t he shape ani sotropy energy of the bit ce%?sg

i h f the bit
Bilc SIseT e &

r
ererore, as ap

h a
magneti c

iion can

ccordi ng

© [RGB e Sl dince Sy ubers Signdettionsen it is possible to

30 cell

pt ©F5Yhe

present i nventiisonon othhe wABt@2/ QH3F RET/ KRO2/ Q0Q29nel7 oanvent i onal
of the magnetic nedia with recording density of 20 Goits/in2,

techni qu
t hen thé8

15

20

25

30

magnetic field on the magnetic layer 115 when 1is
treated by the ion beam 161. At this time, it is
preferable that the direction of the magnetic field is
set to the direction of the easy axis 171. To do this
is to use the phenomenon in which the eagy axis 171 can
be set along to the direction of the applied magnetic
field when the magnetic layer 115 is annealed. In
another method, as the stencil mask 151 is formed with
a magnetic material and applied a magnetic field, then
an induced magnetic field is formed between the
aperture 157. In this case, there is no additional
magnet 159 to apply an external magnetic field.
Generally, the magnetic bit cell is designed with
rectangular shape. There are many reasons to do so. The
main reason 1is that the magnetized direction can be
maintained using the shape anisotropy energy of the bit
cell. According to the present invention, when an easy-
axis 1is set, then it is possible to maintain the
magnetized direction with isotropic shape of the bit
cell such as circle or quadrangle. Therefore, as apply

the concept of the present invention to the

r el APETIS t L Than 1Bt idkdsasdd upsurp . tamesehyedesl gni ng



the shape of bit cell fromrectangular with WL ratio 5 of 12:1 to
quadrangle with WL ratio of 1:1. In other words, if the WL ratio were
reduced twogRbgosBhen the recording density would be 40 Grctrairm®d0020f t he
WL ratio were reduced to 3:1, then the recording density would be 80
Qoits/int. In scaling dowmn the head size, 10 it is possible to get

ul tra-high density over 200 Ghits/in2 B reduci ng the length of the head
size with the sanme size of the gap (G of the head until being the WL

ratio up to dodvedbisna®t hodonmiguel feeti ¥Beandaghasier hbanaconventi onal
scal ing down nethod of head 15 size in which the | onger and shorter sides

of the head reserdeuaceensiityl tafhedlsIGpitHd nagkdenc Stor ragogdinse
conprises a netic nedia and a_nmgnetic_ he r.ecor di r._retrieving
ggﬂg@h\é}q ga}?eg?ea- 1:f.ﬁrea eg uip CtO ?9 times % t%SSégnflﬁl S

data on the e ghettc media accordi

preferred enpedi BRAbehaT A asy1 BXiEFomWiiettt argrulratl widiprwgedrafio
conventional magnetic nedia. The arraying nethod is simlar to arraying
met hod of5 t hef BRtlcald durdtindlenvehtlh oNAlh wagaet icf nedt a. IThefBrsre, the

head for magneti,c nedi k@;g@ﬁgipgtig &Q%g Qrgh_%geqﬁgasgppo ﬁggn%hgs_the
e nce, 't

sane of the &8h¥ent irond netT ¢ 3t OF 1 ng devi ce. e magnetic

storing devi gecondapyi niridia yagoealic wedua ofbihssipr.ef BEr ethe embadi ment
has the advantages of ultra-high recordin density with conventional
structure. 30aPref@ered Wbsdcher® 2:WO GPRO6I3EL PETPRAERB0G62S1EYS As

|77 22511, L6, SS9 GBIk accht OREE. it BN o gy spbod et

10 it 1is possible to get wultra-high density over 200
Gbits/in® by reducing the length of the head size with
the same size of the gap (G) of the head until being
the W/L ratio up to 1:1. This method more effective and
easier than conventional scaling down method of head

15 sgize in which the longer and shorter sides of the head
are reduced simultaneously.

The magnetic storing device comprises a magnetic
media and a magnetic head recording or retrieving data
on the magnetic media. The magnetic media according to

20 this preferred embodiment has an easy axis, which 1is
not comprised in conventional magnetic media. The
arraying method is similar to arraying method of the
bit cell in the conventional magnetic media. Therefore,
the head for magnetic media according to this preferred

25 embodiment is the same of the ‘conventional magnetic
storing device. Hence, the magnetic storing device
adapting the magnetic media of this preferred
embodiment has the advantages of ultra-high recording
density with conventional structure.

30
Preferred Embodiment 2



Therefore, the nunber of track gaps for distinguishing 5 the tracks is also
i ncreased. The track gap is not for storing information, but for

di sti nguiwbioagedshe nei ghboring tracks. This enbodi ment presam/oe2oet hod
for using the track gap as another new storing area for information. This
enbodi ment explains the 10 representative nmethod for manufacturing a
magnetic media including two kinds of tlBacks in each track having
different easy axis. The Fig. 5a and 6a are the plane views show ng the

met hod for form nohd wo ki RAS 0y thaCkrSEQHR: AQVIdh i erRRlo@RSEAXI S.
The Fig. 5b and 1.5 6b are the cross sectional views cutting along to the

line CG-C andibhDther espeleived yempodsinenh iln Rilte Baghed Stecomdepare a

bstrate 111 of disk shape including gl Al /M, By depositi
mater i al i noRGAPREYG, 5 e SuUBStr ACETRERLN0 FOPHE untlbr IAyGloI13. By

deposi ting aThetreeoragnehieC numdear |t @ma?aggPtforC@Ets@i,nqu%&@nEﬁ, FePt
or FePtCr, forma magnetic layer 115. Therefore, a magnetic disk 101 can
be manuf dct utbe. tTheksngsetdled dyerreais:d coflpe | Besck dapaizonetlZpd n which
digitized dat an 25 be_stored, and.a_ parking zone 123 ighmhich e head

h
(s kept wheRCPELPE notiopRPAl Ty | Fofhe Hata Soner TRULENRG | of M {1 acks
are desi gnednémgi%bgmn%]\ﬂ'x%&si N tRisoddppurhened gratdatl?2a ardREN

nunbered track 122b. each tracks, a series of data bits having certain
30 |l ength aré&oarrayed khmehrbgk Bebngssphetésat ney MEOKAET axephdias r esi st

is deposited.on the magnetic Jayer 115, .02/ 069331_PCT/ KRO2/ 00029 19 By
patterning tﬁ@QBHS?B}PgSiSt, # e odd ﬁﬂky§$gﬁn%racksexégé%p%re ogéﬁ%d, and

the evenjunbepedsthagksva22heaned C@ver echabyirbbe ureng ned phofretriesi st
117. Prepare a

media including two kinds of tracks in each track

having different easy axis. The Fig. 5a and 6a are the

plane views showing the method for forming two kinds of

track group having different easy axis. The Fig. 5b and

15 6b are the cross sectional views cutting along to the
line C-C' and D-D', respectively.

As shown in Fig. 5a and 5b, prepare a substrate

111 of disk shape including glass or Al/Mg. By

depositing a material including Cr on the substrate 111,

20 form a under layer 113. By depositing a ferro-magnetic

material such as CoPt, CoPtCr, CoPtCxrTa, FePt or FePtCr,

form a magnetic layer 115. Therefore, a magnetic disk

101 can Dbe manufactured. The magnetic 1layer 115

comprises a data zone 121 in which digitized data can

25 be stored, and a parking zone 123 in which the head is

kept when it is not operating. In the data zone 121 a

series of tracks are designed in which divided in to

odd numbered track 122a and even numbered track 122b.

On each tracks, a series of data bits having certain

30 length are arrayed linearly. Using spin coating method,

a photo-resist is deposited on the magnetic layer 115.



stencil mask 151 larger than magnetic disk 101. The 5 stencil mask 151 has
silt shaped aperture 157. The aperture 157 has a width simlar to the bit

| engt h amato o/obsBagt h similar to the radius of the magneti ecaikto2b0R9 The
magnetic disk 101 is set in the vacuum chanber in the capable of rotation
to the center of 10 disk. The stencil mask 151 is set on the magnetic disk
101. At this case, it is preferable t hat!%t he aperture 157 is aligned to
the direction of zero degree fromthe center of the magnetic disk 101 or

the directiogyopatB88rndagr eaef paBLbhecgeBter thROLALE nifidcFRENeHaE k@ sk 101
in 15 constant velocity. An ion beam 161 including Ar+ is injected into
t he magneti cl@dkskarel oplen@dgh ate thpeaver enuBiered thatkehd2Ap+ dmgns are

inmplanted into th netic laver 115. After_that, irst_easy axis 173
of whi ch di rcYEERS rsr%gcgtgredaﬁ%ea%%e hEIHSUESS 20 d?%fécu%rne%?ly‘% hé& pol ar

coordi nate i stéarmed ki hesodd aryuberadnt rmgdese tlZ?2adi@r t hel ot here hands,
there is no influence on the even nunbered tracks 122b covered by the

phot o- r esi st stgrciAs wgin 453 Fhgs 63lHnhd sbgpedenppertheephidid- IHer esi st
117 and re-deposjt_ne hot o-resi.st, ,on th nagne i er 11 B
patterning t A eﬁk%%%-ﬁé?i%?% t é”iggéﬁ”ﬁﬁﬁ%%ﬁe t%%%k%ﬁﬁzignggg 5%§%ed, and

the odd nunferedqgthagkmilid2atar eneovasedsbyft haer eagineed cnewskphatio- r esi st
119. The stencil mask 151 is again set on 30 the magnetic disk 101. In this
time, the apertur 7 ndagnefiigned sk t B Per péndis@H art ™t o tife dRCERMM on of

;?$S¥I225902§$§ ?ggTﬁﬁﬁggﬂggg%%f%,Qi?énggﬁgggTarrgéyﬁg¥J? %ﬁgég}?ﬁﬁéhis7

is alignmed §oskheTdir eekinen 10fma®®k degr ees f som dhethent@gnetic disk
101. At this case, it is preferable that the aperture
157 is aligned to the direction of zero degree from the
center of the magnetic disk 101 or the direction of 180
degree from the center. Rotate the magnetic disk 101 in
15 constant velocity. An ion beam 161 including Ar* is
injected into the magnetic disk 101 through the
aperture 157, so that the Ar’ ions are implanted into
the magnetic layer 115. After that, a first easy axis
173 of which direction is accordance to the angular
20 direction of the polar coordinate is formed on the odd
numbered tracks 122a. On the other hands, there is no
influence on the even numbered tracks 122b covered by

the photo-resist 117.
As sghown in Fig. 6a and 6b, remove the photo-
25 resisgst 117 and re-deposit new photo-resist on the
magnetic layer 115. By patterning the photo-resist, the
even numbered tracks 122b are opened, and the odd
numbered tracks 122a are covered by the remained new
photo-resist 119. The stencil mask 151 is again set on
30 the magnetic disk 101. In this time, the aperture 157

igs aligned with perpendicular to the direction of the



of the polar coordinate systemor the direction of 270 5 degree fromthe
center. Rotate the magnetic disk 101 in constant velocity. An ion beam 161
i ncl udi ngw@rn2/06931 i nj ected into the magnetic |ayer 115 thromgrozioen29
aperture 157. Consequently, a second easy axis 175 of which direction is
accordance to the radial direction 10 of the polar coordinate is fornmed on
the even nunbered tracks 122b. On the dPher hands, there is no influence
on the odd nunbered tracks 122a covered by the photo- resist 119 so the

first easy axisghmdntSpbewifBiradedort Foreang Nak Fhowr ieranyudigures, the
met hod for 15 controlling the scanning path and applying the external
magnetic fil BEXc&ap@lper fidr el RTMi9EaPI® et nBhfodprestusabddimem 1.

There is anot he t haod i rept eas S each track by using
stencil mas kgggéﬁgﬁF?’%sttTk% Zéfgggts%%)ﬁnglgn 9I‘ii)i g%/egfg%% af](r')r%{:}n%1 rc Céaél(s%fraxi s of
whi ch directbenthe palald elod@idxd agiedemli secthendisetensrd ofon the
magnetic |ayer 115 by setting stencil mask 151 having silt shaped aperture
157 on the ndgeEEepcfygPyktheoTentren, Rokateasearipgnet 1ghiddiskdiltdctirton i s

paral |l el 25 n irection;is formed the | e tracks., This
is the fi rstgégéggggi g}gl%c%lﬁgth?*? eh%%dibcre?@ﬁ. . gd 1%%1\21’{#1%% é%ownlsi n Fig.
7, the secondnstenedl mask 2bhe hawbngtacsecapdrapentur @ n2atgs Mdtay si ze
of the track wdth is set on the magnetic disk 101. At this tine, 30 the
second apert 8P8rPBYe| 4 5desi RILTHINERpostr ESCRBA @AEY mirgber éd5t dcks

1220, 1t1s greferafibe that, the V0.02H009331 PCHLKRO200029 21, Seqond

aperture 257 1s align to the directron of gree fromthe ce
t he pol aro coefdichat @cdyst eroratirdte dig efdimed obn 2¥Aedegeae rfum@aridie
center, because
tracks 122b. On the other hands, there is no influence
on the odd numbered tracks 122a covered by the photo-
resist 119 so the first easy axis 173 is maintained
thereon. Not shown in any figures, the method for
15 controlling the scanning path and applying the external
magnetic filed can be performed similar to the method
of embodiment 1.
There is another method for set different easy
axis on each track by using stencil mask only. First,
20 as shown in Fig. 4a, a magnetic easy axis of which
direction is parallel to the radial direction is formed
on the magnetic layer 115 by setting stencil mask 151
having silt shaped aperture 157 on the magnetic disk
101. Then, the easy axis of which direction is parallel
25 to the angular direction is formed on the whole tracks.
This is the first easy axis 173 of this embodiment. And
then, as shown in Fig. 7, the second stencil mask 251
having a second aperture 257 similar size of the track
width is set on the magnetic disk 101. At this time,
30 the second aperture 257 is designed for exposure the

even numbered tracks 122b. It is preferable that the



the second aperture 257 fornms the second easy axis 175 5 parallel to the
radial direction. The reason for doing so is that the direction of the
easy axi swbarensdsgit he ion beam on the magnetic |ayer 115Pc3/iKi@kioned by t he
final situation of the ion beaminplanting. In other words, when ion beam
is inmplanted again as shown in Fig. 10 7, after the angular direction easy
axis on the even nunbered tracks 122b i%® formed previously as shown in
Fig. 4a, then the second easy axis 175 of which direction is parallel to

the radial diseeehtiomgesthafdress7 figabliygaedt ke even aupbetednt bEcks 122b.
15 The magnetic storing device conprises a magnetic nedia and a magnetic
head recor di Aggseer dmdreviig g@anberomft Harapmbar ccpegranakrs ewddre o use,

{e tand e 1 Co B3 0aRTILR0 O BSHROTIBA 1R ARHAGA] SRR L0

. se
needed. Fig. Vi ew show n new magneti ¢ héa sy§%en1for

t he magneti ctAedisacehdt hipertereodisentornddi ShdeadcsHat eAsGORRAIsSas 5t Wo
heads. A first head 201 is used on the area having the first easy axis
173 and & separalheddtzorhss tadipbrdiFrcai@n. Faoi Kgache fexonPiedsy axis

175. The Fig,.8.sh 5.4¢€ t fhrst d. 20 t ond head
202 are arr%?ed§%3$?859ﬁ§$ ??9%§59%%e§? fﬁgfﬁéégi?é%% gggmagg %ﬁﬁ% second
head 202 ar eiass@dinedonntiepataafred iposidyen. 11650r ex@epiwedt b fdhest head
201 and the second head 202 is positioned in djagonal|y faced each ot her
to the 30 ceftBprlofsitaeian af sikheol1iomheepmy s%mﬂ%@dtflm- hd8 (Héergap of

201 55 o 1 bl JERACLLE, ok o, QLA ND,02,00830, AT, 00029
202 has the gap aaftaol ekei anyhilal tdieredmigitet €as$i elxd scastn beh&oreea al ong
to the direction of , _
numbered tracks 122b is formed previously as shown in
Fig. 4a, then the second easy axis 175 of which
direction is parallel to the radial direction is formed
finally on the even numbered tracks 122b.

15 The magnetic storing device comprises a magnetic
media and a magnetic head recording or retrieving data
on the magnetic media. In order to use the magnetic
media according to this embodiment, a new head system
is needed. Fig. 8 1is a plane view showing a new

20 magnetic head system for the magnetic media of this
embodiment. This head system comprises two heads. A
first head 201 is used on the area having the first
easy axis 173 and a second head 202 is used on the area
having the second easy axis 175. The Fig. 8 shows the

25 case of the first head 201 and the second head 202 are
arrayed seriously. If one need, the first head 201 and
the second head 202 are assembled in separated position.
For example, the first head 201 and the second head 202
is positioned in diagonally faced each other to the

30 center of magnetic disk 101. The first head 201 has the

gap of poles in which the magnetic field can be formed



t he second easy axis 175. Wien the first head 201 is 5 positioned on the

area has the second easy axis 175, the first head 201

does not react

t he secomnWoaa®ye33nxi s. The reason is that the direction ofrcriicreacead
axis 175 is perpendicular to the direction of the magnetic field forned by
the first head 201 so, the 10 nagnetic Eﬁrce of the first head 201 is

linearly 1independent with the nagnetic

orce of the bit cell on the

second easy axis 173. The magnetic storing device according to this
embodi nent cabohg siorthd ndpreetion b the tfiade gadsy 1&xasea7notanssed for
recording area in the conventional nethod. Therefore, the recording density

of this enbbBPmERCAS diaat 602 hameshehgan toft RFlehelnpwefehr e
enbodi ment 1 aer por t t f Ls_f r.2 ti
R L 50 it (e S8 bR e B3E ke el B at The
same tine. Pref exdcechdEndnsly mert s3 1115 .S wodt ReNtf iexpl aiersd about itshe case
of 25 applying the main concept of this invention to the bit |evel,
basi ¢ unit oPCFéEdPRPAg AhfbRPabir6R. DAt tifgsecordapb arésplldte vi ews

conventi onal ni que ecause the 1 ndiVi

shovi ng the BRLNGY,LOM oo Wld dhdd 1 eASYceX)i2c N Aef LESLAAT B8 isi N0

treatment of "1 on beam Oa an are pl ane

0 Vi ews show n

nmet hod for fakirkng Thesecemsbeasy atiex ©Ohe adieeandoar e ¥YR: 02069331

PCT/ KR02/ 00029 23 Simlarly to the enbodi nent 1 and 2,

form a under

wth
easy

t han

t he

g the

| ayer

113 by deposPeF¥ga#ifiort PadifetRLFRARGITRIAS Jeh Bae @i TBACACBUBS! ke 111
conpr i sing ghagse0t AlY Myq aBgrmbQr By PRONGLLE aY8L 11310y depegid i ng a

ferro
10 magnetic force of the first head 201

is linearly

independent with the magnetic force of the bit cell on

the second easy axis 173.

The magnetic storing device according to this

15

20

25

30

embodiment can be store information in the track gap
area not used for recording area in the conventional
method. Therefore, the recording density of this
embodiment 1s greater 2 times than that of the
preferred embodiment 1. Furthermore, the data transfer
rate 1is faster 2 times than conventional technique
because the individual two heads are used at the same

time.

Preferred Embodiment 3

This embodiment explains about the case of
applying the main concept of this invention to the bit
level, the basic unit of recording information. The
Figs. 9a and 9%9b are plane views showing the method for
forming a first easy axis on a first area using
treatment of ion beam. The Figs 10a and 10b are plane
views showing the method for forming a second easy axis

on a second area.



5 magnetic material such as CoPt, CoPtCr, CoPtCrTa, CoPtCrB, FePt or
FrPtCr so that prepare a magnetic disk 101. The magnetic |ayer 115
conpri seswe dats3zone 121 in which data can be stored, amdTaganBizag zone
123 in which the head is kept when it is not operating. In the 10 data
zone 121, a series of rectangul ar shaped bits are arrayed accordance with
the polar coordinate system As shown i Figs 9a and 10a, the bits are
divided into two groups, a first bit cell 142a and a second bit cel

142b. The first bid;geldriif2a angk thaprs@cndek bit 68l b, 1801428 haweeasy
axes in which the direction of each axes has selected one direction

bet ween t he lageaxed3(baddgposatdnanguhnan awrgsptéonpeitsiriglt isecholasr
coordi nate stem Deggs%t ap t.o-resist on thg nagneti& I@ger 1%?. 20
Pattern the g ot 8 rdsP8P° 48 §h i OB EES YA B325Pertivelt HAY phSESE 1 esi st
on the firstsBih cgl Imd4Rac28d 14Pe£0VErS t hE, segibitiingeld ¥2hanly by
the remai ned photo-resist 117. Prepare a stencil nask 151 bigger than the
magnet i ¢ i skag0etiThemstenskll nEvkh152sha§o&h .25 CQFefrur e COSECrThe
aperture 157 _h a_sl it _shape_i which the width is _simlar.to the | ength
of the bit aRACCERE: | REENCRSF&PHTaPct 5 the f SRS & PRECHAEa Yoo 151,
The magneti c1diSk THRL ayrieddid NLdPer VacHuomp@ ishankerdata t Beneapahl e of
rotation to the center of disk. The stencil mask 151 is set above the
magneti ¢ WO 02/ 889831 dRCH KRIR/MFOPPrel, dirk aopaykingssaeedigBande
between them_ Lt_ i preferable that,the.aperture 157 is.aligned .tg the
direction ofwgéfg ggaréga r6ﬁ1gﬁggcg%?8rlgfth§O%n§8359?éngrsEn16%eor t he
directiom of 3489 degeeafirom series of rectangular shaped bits are

arrayed accordance with the polar coordinate system. As
shown in Figs 9a and 10a, the bits are divided into two
groups, a first bit cell 142a and a second bit cell
142b. The first bit cell 142a and the second bit cell
15 142b have easy axes in which the direction of each axes
has selected one direction between the two axes (radial
and angular axes) comprising the polar coordinate
system.
Deposit a photo-resist on the magnetic layer 115.
20 Pattern the photo-resist, as shown in Fig. 9a, to
remove the photo-reéist on the first bit cell 142a and
to cover the second bit cell 142b only by the remained
photo-resist 117. Prepare a stencil mask 151 bigger
than the magnetic disk 101. The stencil mask 151 has an
25 aperture 157. The aperture 157 has a slit shape in
which the width is similar to the length of the bit and
the length is similar to the radius of the data zone
121.
The magnetic disk 101 1is set in the vacuum
30 chamber in the capable of rotation to the center of

disk. The stencil mask 151 is set above the magnetic



5 the center. Rotate the magnetic disk 101 with constant velocity. At the
sane tinme, an ion beam 161 including Ar+ ion is inplanted into the
magnet i ¢ wayene®Bib through the aperture 157. Then, the i @eaThRNII00BY iS
inplanted into the first bit cell 142a only, so that 10 the first easy axis
173 parallel to the angular direction qof the polar coordinate systemis
formed thereon. The ion beam does not i%fifl uence the second bit cells 142b
because they are covered by the photo-resist 117. 15 After renove the

phot o-resi stgid¥, acmewvpBat Osof@si 8t skandeposet@dean themragneti gd ayer
115 again. As shown in Fig. 10a, pattern the photo-resist to renove the
phot o- r esi stpvaferabsecomPbi ttheel fperbhrand o icovetrighedf st thiet cel

142a only by.the remai ned 20 photq-resist .119. The stencil nmask 1 is set
above the rAORSEFECR cRT107°0ga1 HEURECT hELT b8, DECASEFt PE 1570 | <

al i gned to thegdbteet daRkOf1P0 segtre Bremcthen eantego ofieyheemagnatic di sk
101 or the direction of 270 degree fromthe center. Rotate the nagnetic
di sk 101 25 WhehcepfstanRofaltecitiie MRondfel S adeski kel wAathorobsamnticl

including Ar+ ion.is inplanted into,t seco bi e 14 xposed
area of the %%%%%%#%'dggkq?ﬁﬁ S%%éoﬁ%ﬂgthg%agg¥%Lé%?ﬁS%%1Tﬁé%}hgﬁ5%%econd

easy axis 1Xp* para | els t drgleadtadi alimid ecthieon meignieftd pollare30 qaawrdi nate
systemis forned on the second bit cells 142b. On the other hands, the ion
beam does nothy@ngh/ (8F333PPEFPRROAS0002BhenE ithel ubPrre DERE 165t i5it cells

Laza because FISY,PE, JSRUCTSH LU MGt ooSPpLgh oLl b0 ROty have

10 the first easy axis 173 parallel to the angular
direction of the polar coordinate system 1is formed
thereon. The ion beam does not influence the second bit
cells 142b because they are covered by the photo-resist
117.

15 After remove the photo-resist 117, a new photo-
resist is deposited on the magnetic layer 115 again. As
shown in Fig. 10a, pattern the photo-resist to remove
the photo-resist on the second bit cell 142b and to
cover the first bit cell 142a only by the remained

20 photo-resist 119. The stencil mask 151 is set above the
magnetic disk 101 again. At this time, the aperture 157
is aligned to the direction of 90 degree from the
center of the magnetic disk 101 or the direction of 270
degree from the center. Rotate the magnetic disk 101

25 with constant velocity. At the same time, an ion beam
161 including Ar* ion is implanted into the second bit
cell 142b the exposed area of the magnetic disk 101
through the aperture 157. Then, the second easy axis
175 parallel to the radial direction of the polar

30 coordinate system is formed on the second bit cells

142b. On the other hands, the ion beam does not



5 designed to have precisely defined boundary. Therefore, it is possible
that the SINratio is nmuch nore enhanced than nagnetic nedi a nmanufactured
by convermwpanab933t echnol ogi es. The easy axes between the mergttniorg bit
cells have different directions in which cross angle is 10 about 90 degree,
so that the exchange coupling and el ectromagnetic exchange force are
mnimzed or elimnated. Therefore, it %s possible to renove any vacancy
area between bit cells, which has to be in the conventional technol ogies.

For exanple, ihA1hBAcdS Dot t enpgd B acetiher er yust pheatde vagapcykrea 27
conprising non-magnetic material between bit cells 25, as shown in Fig.

11. The Fi g. ce2eshdwbyt idcamtmrofrasist bilo cesd sthatorbermghayet ibe
enbodi nment . QerE IS an¥ .vag?gcy area between the first bit cell 142a and
the 20 second*bft €&f¥ 1428 the magnetic |ayer according to this

enbodi nent. The eaglrdidigpl ts da amddinmdias, emgnatic easysaxhe 173 or
175, furthernore, the neighboring bit cells 142a and 142b have different

easy axis ifewhpehRdt he haygkeerbecwsenyt Helfdnedcbovnsary .afderef®rg0 degr ee.

By conparing.the_Figs_ll.and, 12, the ecording density of this_enmbodi nent
can be increased® BpsFé%iet?ﬁgg E Snsé§n68ﬁ690%§|nﬁg tépﬁgﬂeﬁé 2" “The

nmagnetic stothAf deddIRtGTPrhé@Sad MRGAGEICE urdedi apband convRaRebng 1head
recording or retrieving data 30 on the magnetic nedia. The Fig. 13 is a
pl ane vi ew sheahnglesécexakprecsfyhazdsspstesenwiheh neaghberdng Wht

02/ 069331 PCT/ 2/.00029. retri ata on.the magnetic.nedi a
nanufacturedcﬁgfagtﬁig\sfge8 Sggﬁgﬁ?.d$%gcgégpgbﬁ§ gégﬁsfg %ﬁl@g lFi§§% 4
heads. The fhapstthessl Akhriew ,used fehat hehei t eg€hhngbBavidigpliiey fianst easy

axis 173 and, the third head 215

electromagnetic exchange force are minimized or
eliminated. Therefore, it 1is possible to remove any
vacancy area between bit cells, which has to be in the
conventional technologies. For example, in the
15 patterned media, there must be the vacancy area 27
comprising non-magnetic material between bit cells 25,
as shown in Fig. 11. The Fig. 12 shows the array of the
bit cells according to this embodiment. There is any
vacancy area between the first bit cell 142a and the
20 second bit cell 142b of the magnetic layer according to
this embodiment. The each bit cells 142a or 142b has
magnetic easy axis 173 or 175, furthermore, the
neighboring bit cells 142a and 142b have different easy
axis in which the angle between the directions is about
25 90 degree. By comparing the Figs 11 and 12, the
recording density of this embodiment can be increased

up to 4 times than conventional patterned media.
The magnetic storing device comprises a magnetic
media and a magnetic head recording or retrieving data
30 on the magnetic media. The Fig. 13 is a plane view

showing one example of head system, which can record



5 is used for the bit cell having the first easy axis 173 on the

nei ghboring track. The second head 213 is used for the bit cell having the
second eawy 0anes31L75 and, the fourth head 217 is used forcrharokiovozeel |
having the second easy axis 173 on the neighboring track. The 10 array of
t hese four heads 211, 213, 215 and 217 can be designed by 4X4 matrix
structure. In other words, if needs, t K8 four heads are designed in
separated positioning. It is preferable that the magnetic field direction

bet ween pol eagaprétribecf iash baadh2lhagndtl? mBaibhiathulfead u2ba e
aligned to the direction of the first easy axis 173. And, It is preferable
that the naghési emooslimegitrectionsSBetaetn pelad gapsteimt femBeEdnd 4head 213

and the four ad 7 ar i t he iLrect t he. se easy
axis 175. Ev%%a??tr%‘jezoﬁ?rsgt }ﬁge}% %?i If}nsd tgﬁggt P ﬁfggdhkgjl‘g %%gq
posi ti oned oRavihg bht Eeldsthadsng dhies serdheasyhaxtiitdShebdey1do not
act. The reason is _that the direction of the second easy axis 175 is

per pendi cul atSt BSefRefarr EBEi BAtofethelaifagretne £ierd roEYed By tIHS first

head 211 andoyhe25 Idydyd,Jisag, 205,50, bHe HRONRH G J.0f Coss beLween d he

heads and the easy axi y 1 ndependent. For an er éxanple for
t he head system thet alit nesi Bt hacibhgethan seedhelSignsad. axisi $7pr egr,abl e
that there are crossed two heads with '+ shape in which the 30 two pole
gaps of the E® heudshabeagrdddeds Paefhfsr ERSePikhired lt Revirgstthfead is

worki ng, thecsesond hiead 9,02/ 06933, PELLKRNZL 00029 27 shoul d e off, and

vice versa so that t erent "working signaf's are applied. For exanple,
the signal &eraynwobki npekke fiaursthdeerd 2arnd tdwes siynal ahdr 2w0r kbag bet he
second head should have 7t (=180 degree) phase _
designed by 4X4 matrik structure. In other words, if
needs, the four heads are designed in separated
positioning. It is preferable that the magnetic field
direction between pole gap of the first head 211 and
15 the third head 215 are aligned to the direction of the
first easy axis 173. And, It is preferable that the
magnetic field direction between pole gap of the second
head 213 and the fourth head 217 are aligned to the
direction of the second easy axis 175. Even if the
20 first head 211 and the third head 215 are positioned on
the bit cell having the second easy axis 175, they do
not act. The reason is that the direction of the second
easy axis 175 is perpendicular to the direction of the
magnetic field formed by the first head 211 and the
25 third head 215 so, the magnetic forces between the
heads and the easy axis is linearly independent.
For another example for the head system, total
new structure can be designed. It is preferable that
there are crossed two heads with “+' shape in which the

30 two pole gaps of the two heads are crossed. In this

case, while the first head is working, the second head



5 difference. In the case of this enbodi nent, the magnetic storing device
treats the data using nibble (four bits) wunit not bit unit used in
convent i oNelo2vesbni que, because the four heads are worki RgT@&RMI00@AECOUS] Y.
In 10 other words, it is possible to record or to retrieve data with 4
bits at the sane area in which only one bit 1is used for data treatnent.
Therefore, the data transfer is faster 24 times than conventi onal t echni que
with the sane disk rotation speed. Physically, the 15 recording density is

bi gger 4 tinmgaohihan Konyenti anal vieshricg EYN tRItOERe Il fifl@-ent
conventional technique where the one bit is the basic unit for

i nf or mat i on, workéngdi stigrplishededampliied. kFads.exampliee cbher aygnalhe
nunber of di stingui shed ta s 16 in_this odi ment 20 where the 4 bits
are the pasiéoﬁniOI%B?%%ﬂ%%?n%%?%%.he?ﬁgf%?ﬁ?%bel%b?%%_I;?rtﬁgné%%%ﬁding
density is bigger ;8-chiimescbian fment phal H8CARG 0GRS o d) NDURTRIAL

APPLI CABI LI TY 25 The present invention relates to the magnetic storing
devi ce. Espediéfeyenthe present invention relates to the nmagnetic storing

system i ncl udi ng gnhetic nedi a and neti.c head system using far_ the
magneti c nedi a. Tﬁg?p&'§énfaﬁﬁveﬁ?ioﬁﬂgggg%%?% R0 &%eﬁogaé%etlc

control ling therAagnakivecpr epeatieshefl dulte umEeREHiIGY1aY erfday i dHeam
treatment. By performng the WO 02/069331 PCT/ KR0O2/00029 28 ion treatnent
the main scopeisf nAfs PAVenindh, W¥RA rEynaIVSiiemalm darhBd dutor eased,

L, E081 01 1 el DS PORLLO! L 80N D, SAEN AL 360 Bl 80 1 ol
magnet i cigrat gehak Wyohei ngifree fgs¥Bible to record or to retrieve
data with 4 bits at the same area in which only one bit
is used for data treatment. Therefore, the data
transfer is faster 4 times than conventional technique
with the same disk rotation speed. Physically, the
15 recording density is bigger 4 times than conventional
technique. Furthermore, in the conventional technique
where the one bit is the basic unit for information,
the distinguished data is 2 kinds. On the contrary, the
number of distinguished data is 16 in this embodiment
20 where the 4 bits are the basic unit for information.
Therefore, logically, the recording density is bigger 8

times than conventional technologies.

INDUSTRIAL APPLICABILITY
25 The present invention relates to the magnetic
storing device. Especially, the present invention
relates to the magnetic storing system including
magnetic media and magnetic head system using for the
magnetic media. The present invention suggests the
30 method for controlling the magnetic properties of the

magnetic layer by ion beam treatment. By performing the



the grain structure of the conventional technique. Therefore, it is

possi ble not only to develop the wultra-high density nedia but also to
devel op tWwe 020egseti c storing device with terra bits/in2, Poy/KE2appebyi ng
this invention to the hard disk system Also, it is possible to devel op

hi gh capabl e renoving storages by applying this invention to the floppy

di sk system or magneto optical disk syé@enl It is also possible to
devel op high density nagnetic RAM by 15 applying to the nagnetic | ayer of
the MRAM thgonexireenaiat k0e neaDi Y sdepieCeof Thihs d Nyeréholohas dHegh
confortabl e advantage with the conventional technologies, so that the nost
convent i onal MBgBRALuE®MENFUTh 1A PSS kiRGEERPEAr eLBBaFOEF CiLVES Yt Han

i nvention 20, easjly. ref ved ko ery .eas pRl i invention to
the hard di sEgi r?(?ﬁl}sétrrollggdgnag{c?ra?]{%%t ggs o&\gcllf\s i%aéggﬁo%o%g%py%\}:éereyqy’
effective. FrutbREMbEe,USiNgist > IHIPLesCcOPE Bierddtinke | ANENHHEME gk Iwhi ch
the magnetic_ properties can be controlled freely, it is possible to 25
devel op any héRiragheni efddlicangmretigstmaterial Pyl Beingi Ageendneaynetic

mierials. V0,02/069351 BCT.KR0PL 00920 o129 CANS:: Loy MANELI G\l o i ng
devi ce conprisés nagnetrc media having an easy axi s ‘al ong 0\ Fir st
direction. 2rhdbhefomgnetic si®rigigsddilicenaecootding to theveld mthe 5
wherein the first direction is parallel to selected one axis of a
coordi nat e systEaTBéPhnedeRrRetyri MPAGe sP¥temPaf Ot hé OomagEetsilebst ditieng

Col oo JEOBIEL) a0 SRl sE 2RO hektn NREARE, Aeren
paral l el 10 0 sppeotied @heés invention to the hard disk system. Also,
it 1is possible to develop high capable removing
storages by applying this invention to the floppy disk
system or magneto optical disk system. It 1is also
possible to develop high density magnetic RAM by
15 applying to the magnetic layer of the MRAM, the next
generation memory device. This invention has high
comfortable advantage with the conventional
technologies, so that the most conventional techniques
for hard disk system are adapted into this invention
20 easily. Therefore, it 1is very easy to apply this
invention to the hard disk industries and markets, so
it is economically very effective. Furthermore, using
the main scope of this invention in which the magnetic
properties can be controlled freely, it 1is possible to

25 develop any new magnetic device for most of all field

using the magnetic materials.



of a horizontal axis and a vertical axis conprising the rectangul ar
system 4. The magnetic storing device according to the claim2, wherein
t he coor dwpakeesystem i s pol ar coordinate 15 system and, PCHERoR208(129
direction is parallel to selected one of a radial axis and an angul ar axis
of the polar coordinate system 5. Theégagnetic storing device according
to the claim1, further conprises a rectangul ar shaped nagnetic head 20
in which the width and length ratiois 1:1. 6. A magnetic storing device
conprises: a magnetic nedia includingceafmgst area having a first easy
axis with a first direction and, a_second area having a second easy axis
with a second- 23n3neli oft @hERI adfHgnet FEMREAESENEl UEIORG ta Cf iMestishead

whi ch react with it | rst..area of -t etd. i & second head
whi ch react w tkha tﬂgsa[edcoeﬁadsﬁgraggl%fa]t%é rHr%r;'lx;lg%ne llc'fc&err?d'l ée.%r%(?%. The magnetic
storing devi ge Becaridimgri® &herthai dediceWheeeraihyetdi ther eneanofi t he
angl es between the WO 02/069331 PCT/KR02/00029 30 first direction and the
second diTecti ol9%eighotle 961 rgegrde et iome srapRERr L tekt 6P G 1 GSFSce

according to t claim6, ¢ %pqﬂﬁgﬁhg{%}gig L EASYe AL S aral.lel to a
first 5 axis of a %%g%dPnate syst§h1 efi&%degﬁe %r?v?%g§h§y§?éﬁﬁb t he
magneti c stori ngydmn cef altk nidymeseicot caasyy aviides parallel to a second
axis of the coordinate system 9. The mgnetic storing device according to

the claim 8,3- fIhe RFFH-§ het Qbbidi RaYeCey3EerTiang Fecthfgelanm 2.

wherein the coordinate system is rectangular system
10 and, the first direction is parallel to selected one
of a horizontal axis and a vertical axis comprising
the rectangular system.
4. The magnetic storing device according to the claim 2,
wherein the coordinate system 1is polar coordinate
15 system and, the first direction 1is parallel to
selected one of a radial axis and an angular axis of
the polar coordinate system.
5. The magnetic storing device according to the claim 1,
further comprises a rectangular shaped magnetic head
20 in which the width and length ratio is 1:1.
6. A magnetic storing device comprises:
a magnetic media including a first area having a
first easy axis with a first direction and, a second
area having a second easy axis with a second
25 direction and;
a magnetic head including a first head which react
with the first area of the magnetic media and, a
second head which react with the second area of the
magnetic media.
30 7. The magnetic storing device according to the claim 6,

wherein the difference of the angles between the



coordi nate system the first direction is selected one of a horizontal

axis and a vertical axis conprising the rectangular system and; 15 the
second diweakioas3is parallel to the other axis. 10. The magneRmoo®dori ng
device according to the claim8, wherein the coordinate systemis a polar
coordinate system the first direction iis parallel to selected one of a 20
radi al axis and an angul ar axis of the ﬁ | ar coordinate system and; the
second direction is parallel to the other axis. 11. A nmethod for

manuf act uri ng & ivegnetirecdid Nghd detvé CeeconPr dsescsiensief abdatf oonm ng a
magneti c nedia by depositing a nagnetic material on a substrate; setting a
mask havi ng an dgs$&i&€ur e above the magnetic nedia and; fornming a first easy

Througn the ©agd it Ces TR e es Sobdi e 5i8 T R Rt 1 o
manuf act uri ng alm@ie! itthst 6hirpg <@y cexiecosdipagatldellheesl ai mikke further

conprises a step of applying an external magnetic field in order to set
the firstd easy 3iSs ©§ aPongCRFEhnate| Bt orfefdinastt ithye oflravasar di nat e

system defi ni r)_%asat%%\ drd g W@é%tee&rpcofsttolﬁngg%%%igg st,@r.ing device. 13.

The nmet hod for acturing a-nmagnetic stori evice'according to the
claim 11, wheraibe tdweonkD «00f dizhind €1 Sysdem 1sl atv eat apguhdr agaer difnat e
system ,
the coordinate system.
9. The magnetic storing device according to the claim 8,
10 wherein the coordinate system is a rectangular
coordinate system;
the first direction is selected one of a horizontal
axis and a vertical axis comprising the rectangular
gystem and;
15 the second direction is parallel to the other axis.
10. The magnetic storing device according to the
claim 8, wherein the coordinate system is a polar
coordinate system;
the first direction is parallel to selected one of a
20 radial axis and an angular axis of the polar
coordinate system and;
the second direction is parallel to the other axis.
11. A method for manufacturing a magnetic storing
device comprises steps of:
25 forming a magnetic media by depositing a magnetic
material on a substrate;
setting a mask having an aperture above the magnetic
media and;
forming a first easy axis on a first area of the

30 magnetic media by ion beam treatment through the

aperture.



and; further conprises a step of applying an external magnetic field in
order to set the first easy axis to along with sel ected one of hori zontal
and 15 vewbDioeabosdi recti on of the rectangul ar coordi nate ®gItiRM2/00029 The
met hod for manufacturing a magnetic storing device according to the claim
11, wherein the coordinate systemis a3golar coordi nate system and; 20
further conprises a step of applying an“external nagnetic field in order
to set the first easy axis to along with selected one of radial and
angul ar direeti orad kWbehpdl aforcomadifateusysgem digndt pet kedfieg

manuf acturing a magnetic storing 25 device conprises steps of: formng a
magneti c medi a RV FHARTEPFH B mhgnéticc Clierihl  SHrhhsubsOr®RTdsedef i ni ng
a first area and co r h .G ia. . 30 settdng.a mask
havi ng an aper?hr%tggnggt%%ﬁ%ﬁ3E§{i%n neglggkﬁ'gﬁgégggggoﬁﬁl %%nfévo

02/ 069331 PCT/ KRQH00@29 =82 foneai noirmstf | eslsyeaayiaxiso oraldiey f wikth area by
i on bean1inp|antinq:through the aperture; setting the nask above the

magnet i ¢ fredi a S5 S C&bcord® coRdFEFEACENd; 25 fdr nFAGTE1B_EBNd S¥ESPTaxi s on
the second areay; {iqp, Q@@%kmﬁgt 5 t?ela{%fghtﬁ@emégﬁékgﬁe-st%@i e
met hod for manufacturi'ng a magneti T storing device according to the claim
15, further comavises. a step of applying an external nagnetic field to 10
have an abou5390 degr ee betme%Q)the first easy axis

The method r manuracturiflg a magnetic storing

device according to the c¢laim 11, wherein the

10 coordinate system is a rectangular coordinate system
and;

further comprises a step of applying an external
magnetic field in order to set the first easy axis

to along with selected one of horizontal and

15 vertical direction of the rectangular coordinate
system.
14, The method for manufacturing a magnetic storing

device according to the «c¢laim 11, wherein the
coordinate system is a polar coordinate system and;
20 further comprises a step of applying an external
magnetic field in order to set the first easy axis
to along with selected one of radial and angular
direction of the polar coordinate system.
15. A method for manufacturing a magnetic storing
25 device comprises steps of:
forming a magnetic media by depositing a magnetic
material on a substrate;
defining a first area and a second area on the
magnetic media;
30 setting a mask having an aperture above the magnetic

media in a first condition;



and the second easy axis. 17. A nethod for manufacturing a magnetic storing
devi ce conprises steps of: formng a nagnetic nedia using a disk type 15
substrat ewodefsssdsng a first area and a second area on thePcragRuend@I medi a;
setting a mask having a first aperture exposing the first area and a
second aperture exposing the second 20 area and; formng a first easy axis
on the first area and a second easy axi’¢ on the second area by ion beam

i npl anting through the first and second apertures wth rotating the
magneti c nedi a.fcdmikfyy dhéimethedshoramnubactuel Ny rasdeghed | ByStidr nNg

devi ce according to the claim17, further conprises a step of applying an
ext ernal magnetiea™ iigd a9 inea A N Hbdite 9PedéyrEee bet ween the first easy

axis and the s asy. axi s....30 A ho nuf acturi.ng a
magnetic stori nsgectocggl\ﬂe CZCX‘Fn \'(/“%is(}:{h 8gj|8§/f?ngg§%/strg%$ﬁ%st{|£l anﬁecgloaor |rgatae WO

02/ 069331 PCT/ KRN @B2hdiF3 sy Hretp conpri ses steps of: formng a nmagnetic
medi a using a disk type substrate; defining a first area and a second area

on the 5 nagnetQ@difisidn; SREPH3i PFSY haxifret BReas@RerdadreRebyedod area
i's coyered;_se&éénpg@rgqﬁvjir%;\g% ichd %%%%qu%pertur_e above the .
magneti c nedia 1 n whi t he erture*is along to 10 a first direction;
16. The method for manufacturing a magnetic storing
device according to the claim 15, further comprises
a step of applying an external magnetic field to
10 have an about 90 degree between the first easy axis
and the second easy axis.
17. A method for manufacturing a magnetic storing
device comprises steps of:
forming a magnetic media using a disk type
15 substrate;
defining a first area and a second area on the
magnetic media;
setting a mask having a first aperture exposing the
first area and a second aperture exposing the second
20 " area and;
forming a first easy axis on the first area and a
second easy axis on the second area by ion beam
implanting through the first and second apertures
with rotating the magnetic media.
25 18. The method for manufacturing a magnetic storing
device according to the claim 17, further comprises
a step of applying an external magnetic field to
have an about 90 degree between the first easy axis
and the second easy axis.
30 19. A method for manufacturing a magnetic storing

device in which driving system is polar coordinate



formng a first easy axis on the first area by ion beaminplanting through
the aperture; exposing the second area whereas the first area is covered,
15 setti mngotobmeasask above the magnetic nmedia in which thecapsRwOo@Ii s
along to a second direction and; formng a second easy axis on the second
area by ion beaminplanting through the aperture. 20. The nethod for

manuf acturing a magnetic storing 20 devfce accor di ng to the claim 19,
further conprises a step of applying an external magnetic field to have

an about 90 degrga8 hetuwgtitdhe fddeyds @@sy axis and the second easy axis.
25 forming a magnetic media using a disk type
substrate;
defining a first area and a second area on the

5 magnetic media;
exposing the first area whereas the second area is
covered;
setting a mask having a silt shaped aperture above
the magnetic media in which the aperture is along to

10 a first direction;
forming a first easy axis on the first area by ion
beam implanting through the aperture;
exposing the second area whereas the first area is
covered;

15 setting the mask above the magnetic media in which
the aperture is along to a second direction and;
forming a second easy axis on the second area by ion
beam implanting through the aperture.

20. The method for manufacturing a nmgnétic storing

20 device according to the claim 19, further comprises
a step of applying an external magnetic field to
have an about 90 degree between the first easy axis

and the second easy axis.

25



