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BACKGROUNRo@r/7dH | NVENTION 1. Field of the Invention ThecRhngs@isos
invention relates to a magnetic film having a magnetic easy axis in a pre-
fornmed area, and a nethod of form ng the magnetic filmEspecially, the
present invention relates to a nethod of formng a nultiple nmagnetic
easy-axis in a pre-formed magnetic fil mand a magnetic fil m having
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i nproved steadily dur| ng trﬁa{l@ﬁgug%aﬂ@Mh gl the information era,
people's need and demand in obtaining and storing information continues to
grow and peopl e eager for a storage nedia that will satisfy their needs.

Therefore, the need for hiBACKAROSING OHAEE BYYEHGEONedi a wi |l | i ncrease

rapidly and nmarkets will |ook for manufacturers who have the technol ogy.
There are two k| nds of storlng systens. One is the prinmary nenory made of
sem coddHieldgf thefaventionl such as DRAM SDRAM EPROM etc and the other is the

secondary nenory made of the magnetic naterial. The primary nmenory is used

for storing atate ora Wnereas th . S is used for
storing dat a*foP*°¥ IHGH{B SHeHr ?H?'?ﬁ“e nﬁgbﬁ |aorﬁ%ﬁnef’r€teﬁﬁ¥da}6% s & Png
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such as a nagneétic tape, magn gnet| c drumor 1n an optIcal

medi a suakthad oﬂfo@mmgaz:mulﬂipwmé@@)lc Sg/ssrta&m 1n'Ef‘;ﬁe-f(d:lrr&K thagpetisTigmend & n{@dd:t& is
nost w dely used anong these devices and it is -nore popular than the

magnet ifdmtapes srltpkeaphyithy e smpmethod oigppying thelndiiple easy@EBD) system a
hard di sk driver (BDD) system and a magneto-optical disk driver (MD)

systemzi%e th§ St@ii Egl g\éstﬁms in disk type nmagnetic nedia. The

conventH L a e magnetic nmedia is shown in Fig. 1. An under
| ayer 13 including Cr, CV, is deposited on a substrate 11 of Al /M which
i's made ' of rgdloamiN LAY aTo) t S
of 500A. A nagnetic %ﬁ%@f?@%@%& péoowp%eaaﬁ%ghﬁﬁ@,g %‘téiﬁ%e?:rgde mﬁ@ﬁfo
i s depaké indoknotion Rer, pooldds's haqcbmdl&mﬁmbbmmdy gidnessnginf@iGhon cSihies toAn

overcoat layer 17 with the thickness of_ 100A incl udi n% C.Nx and a_l ubri cant
| ayer 1BIOVirEHPeapls eageiorp FigTaRe SMeEthat Rl satshy their needs. Therefore, the need for high

density data storage media will increase rapidly and markets will look for manufacturers who have

the technology.

There are two kinds of storing systems. One is the primary memory made of semiconductor
material such as DRAM, SDRAM, EPROM etc and the other is the secondary' memory made of the
magnetic material. The primary memory is used for storing data temporarily whereas the secondary
memory is used for storing data for ailong period of time. In conventional method of storing data
using the secondary memory, the data is stored in a magnetic media such as a magnetic tape,
magnetic disk and magnetic drum or in an optical media such as a compact disk (CD) system. The
disk type magnetic media is most widely used among these devices and it is more popular than the
magnetic tape or the magnetic drum. A floppy disk driver (FDD) system, a hard disk driver (HDD)
system and a magneto-optical disk driver (MOD) syst.cm are the storing systems in disk type
magnetic media. The conventional structure of the magnetic media is shown in Fig. 1. An under
layer 13 including Cr, CrV, is deposited on a substrate 11 of AV/Mg which is made of alloy NiP seed
layer (not shown) or glass with the thickness of 500A. A magnetic layer 15 including CoCrPt,
CoCrPtB, FePtCr or, CoNiCr is deposited on the under layer 13 with the thickness of 200A — 300A.
An overcoat layer 17 with the thickness of 100A including C:Nx and a lubricant layer 19 with the
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WO 01/ 78070 PCT/ 1B01/00598 2 thickness of 20A are deposited sequentially

t hereon. The conventional nagnetic nedia has a continuous magnetic film (or
magneti ¢ Wway@Ayrsdmd). FEach bit of information is stored by praamet/hibs1g a
small region on the continuous thin nmagnetic filmusing a wite head that
provi des a suitable nmagnetic field. A magnetic nonent, |ocation and an
area of the snall regi on present a bft of bi nary information and these nust
be def %f‘ g%%g de e 0.2kl oy WAy, netic sensor, called a read head, to
retrieve th PTG rsréqt BRY Hs ®onventi onal  nmagnetic di sk storage
suffers several drawbacks that hinder realization of ultrahigh density
storage. Frﬁééonvkﬁ?onﬁiﬁﬂﬁgﬁe't& RS QntiBudlHdgAMQUEIH ((drMnBaNE: &Red iy Nite
nunber of possibilities herefore, the wite head nust wite very

pr eci sEhah binofl effomianign tshstorcdgxyemgnemmg atsmall hegido oatthcoenntianaistthie magratic of
each b|{ cell (which contains a bit of binary inpformation) on the magnetic
film Almpsigse vere geadithat Paf&/il‘#@ agpitaply pagngtc BﬂﬂyA@a@a%t@ PHEckr peatiopand pe bi t

cell, Qxlég §e h?eo ?lul.Jegmg]p? nu%t L8yt Qfeblﬁlafr}' %ﬁ{xﬁtfgg al% thes€ glu tab cge%;ﬂgd Eﬁcﬁélg? s in

readl ng. con us nagne mis very

exchanggow ﬁtrﬁigaﬁm Bhs@N dauéagmh@h@aﬁatd @triefd etfeaﬁﬁﬂt@ﬂnﬂﬁﬁlm&n Thb @omehu@@li I's.
When the bit cells are very close to one another, witing of one bit cell

coul d Imegueticolisht jteiapgsudfers seseraledrgitbroks thbtduades ecatifationtnd ugredigirigesityrt@ngect i on

and magnet static interaction bet n.the bit cell Third, ..t he nuous
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maki ng ¢ i

| ocat i O%J\grf\t%eaﬁﬁlg) t?&gglv% PEéC% gla)n d%ﬁ%%{ﬁgﬂag??#ﬁg%’ﬁ%ﬁ tﬁ%%ﬁ@%ﬁé OP E%E
di sk andedj biy delli (dichreonbdiatgt dicdagsy infosdadod) oaf the maghe il filyn, Fesighngrdrie
| ocation of the actual bit cell. Finall t he conti nuous magnetic film

al so maREE sphuillymt ek sFease tltevmrqﬁim theeltif SlL, Rt HsopqUich et dleggesdghboring bit

magnet| creating ise r eadi anet. RA

hcoess Fotshgsos cipt EnrpEs mEh hedohRe rrefekle s oy AL SRANERY,
Ther ef kghanfd it &adt@n 44al lhagiﬁfbaé@étfc)’m@f'acﬁ&ﬁ bETRERY thel 15t ¥y WEeRERS b @elkoaBar ed
to the hard disk representing the secondary nenory. Besides, as alnost all

ki nds ofrypelosedoyongenoher, waitieg wbbagt bit esll coviibleaditd writing oBita seighlwie beceitmg of
electric power i,s turned off. There are no -vol at | h, as SRAM
(St at | Gy Sien A ERANAT FICSHE RN Criaearn bRy th B fdloe TBRpARGrrbR A Ran

vol ati | YRR i.¢4RAM
to then‘?aL M In or erJ::ét(ﬁ(I%/ht e h§garg% n@\?}ﬁt8 @%gﬁ%‘%“%%% (8:%“%? %’%ﬁ%ﬁ %%oa&vd
cost. Rirring2nSitsiitg fadiory Emfsrraéans #iar tetlodacon bf 4ok bMRANis TdmdgskRultingthepl e

of the MRAM cones fromthe MR (Magnetic )
movements of the disk and by writing or reading heads, instead of physically sensing the location of

the actual bit cell. Finally, the continuous magnetic film also makes the boundary of two bit cells

with different ragged magnetization, creating noise when reading.

In general, the RAM (Random Access Memory) representing the primary memory is made
of semiconductor. Therefore, price per unit capacity of the memory is very ekpensive compared to
the hard disk representing the secondary memory. Besides, as almost all kinds of primary memory
are volatile, information is erased when the electric power is turned off. There are non-volatile
RAM such as SRAM (Static RAM) and FRAM (Flash RAM), however, they are more expensive
than volatile DRAM (Dynamic RAM). Some developers introduced MRAM (Magnetic RAM) to
the market in order to get a new type of non-volatile RAM with low cost. Fig. 2 shows the general
structure of the MRAM. The basic principle of the MRAM comes from the MR (Magnetic
Resistance) head. A plu:alify of word line 61 running in one direction is arrayed with a gap. On the
each word line 61, a plurality of magnetic bit cell 55 is arrayed. A plurality of bit line 63 running in
the other direction crossing the word line 61 is arrayed on the magnetic bit cell 55. That is, the word
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Resi stance) head. A plurality of word line 61 running in one direction is
arrayed with a gap. On the each word line 61, a plurality of magnetic bit
cell 55 iwogyeyad. A plurality of bit line 63 running inpdifagoDidies
direction crossing the word line 61 is arrayed on the nagnetic bit cell 55.
That is, the word SUBSTI TUTE SHEET ( RULE 26) WO 01/78070 PCT/ 1B01/00598 3
line 61 and the bit line 63 cross eaéh other in the three dinensional
space, @6l ket 68 63 8Bsd Sach DAREW %Qgreétdﬁl&@m%mo@%bé‘gmértﬁ‘@bl@fcell be jyvor d
line 61 and the bit line 63. Here, the bit cell 55 conprises a first

f er r onstghwichesl kiathercrssingomreacf |thf¢gWDtdeh1wm6U ahd niee Bil, hna e dtanel thelbutocmﬂgiﬁet ic
layer 73 contacting the bit line 63 and a tunnel| barrjer |ayer,
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"0" of digitized value because the current resistance anong the bit cells
55 i s toowmige Hieeioeo! thaevasiliine SiL| Ifthe magasiized 'sthtes 25 thdirs Jrlra@dtthe second
resi stance is hi erefore, whe n.electrical, current lied to one
of *wor BotRe et s, T4 Bae s Te quS O Bt Kty b et o e e
accor diyggent %SIS&%CG{TB’H&%I: thé B collPd5Es Mw, [MRer ik, &€ 'blt%eﬁ’?e ré¥en@ “1"r gl Emrréntﬁ'e
stored data is retrieved. Electric current is applied to a sel ected word

| i ne 6icsmtadceais h@i @hMeﬁbretheh|ame1e&&ca1mummtueambatm¢ dfiveord doentl, d1fferent
ferroma netlc { 73 is magnetized in the reversed direction _tao

f irst ¥ {ed |2k ¢herbit7linies PR cerling b HSi @%@ewd@&@%ef the biteells ﬁ%ﬂ %s for
o8 B PRSI L T 8 1 S DRl ¢

| npor t adlécted BEHQEEB@S W eradaat ing tﬁ@kb&m@ffex&@ﬁagdé@f\%ﬁf 31 8 Ohainetzeldr @nthene
anot her. However, there are the- sanme problens of the exchange interaction

and t h@ewgfhél@@tlgn & the first fesranoagneie, lamtnéh TheeVRAYhearsistsod nagneticemattialefoy
arrayed to gse the, areal densi To, achi eve
magnot PETDFLIS e MR ARG RGP Tt e R B o e CARASE G ipeine
ment | ORRAJEBRY B¢ THS LnadfeRVEIS QBne MRME BhidRihS ﬁ%fe‘?nsp% | P dnBHOYACHMBet he
drawbacks and in US patents 5,956,216 and 6, 146, 755 ﬁe overcom ng of the
dr awbadkRAMsadel eisted dteed oneg anghert Howeeadr, théfeese thewsarpa pestians ufjgeséxchimger et e
magneti c el enents of nmagnetic materials. Accordi n% to the patents, each

S)

di scr et¥eRERetnd: the) WO*F%U% éperetioad Wheo o nHerctis eHsnts deseHommIGAERi ¢

trra:)e;:a?lg asért'ﬁgﬁe%f"(fén&gy is |large enough so that exchange interaction between

To achieve ultrahigh density magnetic storage, the drawbacks of the conventional magnetic
storage mentioned above must be overcome. Many efforts were put in to overcome the drawbacks
and in US patents 5,956,216 and 6,146,755, the overcoming of the drawbacks is illustrated in
particular, These two patents suggest discrete magnetic elements of magnetic materials. According
to the patents, each discrete magnetic element is separated from other elements by nonmagnetic
materials. The spacing is large enough so that exchange interaction between two neighboring
elements is either greatly reduced or eliminated. Fach magnetic element has a small size and a
preferred shape anisotropy so the magnetic moments of each discrete magnetic element are
automatically aligned to an axis of the element without an external magnetic field. Such a discrete
magnetic element is called a single magnetic domain element. Cost for fabricating the magnetic
film having such single domains according to these conventional inventions is very expensive.

Accordingly, adaptation in the manufacturing lines and commercialization in the real market are

difficult.

SUBSTITUTE SHEET (RULE 26)



elements is either greatly reduced or elimnated. Each magnetic el enent has
a small size and a preferred shape ani sotropy so the magnetic nonents of
each di scowet@/g@enetic element are automatically aligned gcaa/@oenshg of the
el enent without an external magnetic field. Such a discrete mgnetic
element is called a single nagnetic domain elenment. Cost for fabricating
the magnetic filmhaving such singlé domains according to these
conventional inventions is #eiNAXPEISTME INVAKESHF ngl y, adaptation in the
manuf acturing |ines and com;@rﬁ—% eal market are

di fficult. SUBSTI TUTE SHEET (RULE 26) WO 01/ 78070 PCT/1B01/00598 4 SUMVARY
OF THE | NVENH fohénthie filstvepdiar sithii1ed @opatgnilecna Prdfbit0tdeiRg0r) Rt Blly g4t ual
Propertg Organi zation) in July 24, 1998 and the application nunber

10- 19982% agithe\apsliegiwingrarber I10-10H8-8225301 Wesarssigned. detthis dipplicatibor methgd af
met a- st.abl.e magneti.c material and a nmagnetic material thereby is pentioned.
e s Eiigue TBRB T MRk R Ree Rt § RHRRP Rt Qhees HEGREEE ToRODEFEI o5
is obt & y i &1 i y . rare: k j ; .
transi o L orapREe Al Bty Ko Bhgdl RO B B RS By B mut o,
el ementagetssifregrth najeomatbedimand chnsitiongelemetts aghdy intixiag Mg et card h@tegialsAsida

result, the magnetic nomentum and coerciveness were inproved up to 50%

af t er tResiielsans Hsignd iondegen Beludigupert 1ges ingrieeanshs dkld He warpbit the
thin fi ich i reated with the ion beam are e. cantinuously.and it
o Fountiebit PrizeRht BRL S0t Eed Vet RaSRr uB e R P AL P e
ion  beamidiasbitGhe Eafgﬁeti@ﬁqtmﬁe kg lehe Fhi@Xibh HHich ik RRaEBYM@IthE iohideMhavidg an
easy axis and nultiple easy axis. It is an object of the present invention
t 0 overconineoudip anlt dvib doksl @f thadhen cesyvant isdhahed imeaythit meghdticnfileanaftier sheaohi eve
ul trahigh density .,of the upit recording cel si.ng the magnetic film It
s anothEP ybpec hlapa&eﬁtefuﬁﬁ%éalplt% et fin beiffibat cs5v eRHio8 BB NG a
magnetic. filmand a magnetic filmdevice in which the exchange interaction
and the nagneto-static interaction between the neighboring areas are
elimnated in order to acconplish ultrahigh density for storing data. The
present i nvenisi @NoljeeSemths présesit invéntiBAg0 edviefookre! tid (dedwiRERADF HRVEIMeRional
magnetic easy axis and a method of formi ng a magnetic easy axis on the

magnet ireaghptiodloming towghierd Wirabghedansitne! thieniheegprsiieccells veing Haviaggetirfilendly
? |Xlels déris?-ﬁ?olsf &0 53'0{: gl“ kl-}é ﬁleslegtnﬁlg/e&t%nttg esugégstsa Vr\ﬂeEh%%ugf fgpmlg)g( taeﬁugganleti%%pleatnld Ca

magnetic film device in which the exchange interaction and the magneto-static interaction between

the neighboring areas are eliminated in order to accomplish ultrahigh density for storing data. The
present invention presents first, a magnetic film (or area) having a magnetic easy axis and a method
of forming a magnetic easy axis on the magnetic film. The magnetic moments of the magnetic area
having an easy axis are automatically aligned to the axis without an external magnetic field. This
means that the magnetic moments of the magnetic area having an easy axis are strictly limited to the
state in which the easy axis is same in magnitude but opposite in directions. Second, this invention
presents a magnetic thin film having two neighboring areas with different direction of easy axis in
each area so Fhat the exchange interaction between the two neighboring areas is greatly reduced or

eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the cross sectional view showing the general structure of the magnetic storage

device such as hard disk drive system.

FIG. 2 is the perspective view showiﬁg the general structure of the magnetic RAM
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means that the magnetic nonents of the magnetic area having an easy axis
are strictly limted to the state in which the easy axis is sanme in

magni t udewlglg/Q@osi te in directions. Second, this inventipfi/spi/esents a
magnetic thin filmhaving two nei ghboring areas with different direction of
easy axis in each area so that the exchange interaction between the two
nei ghboring areas is greatly reduced®r elininated. BRI EF DESCRI PTI ON OF
THE DRAW Neggs F1:G 1513d $hdhén %ké)rﬁ%le So@ﬁfhérﬁ@é%‘:un% EYLHHO W RIEAGBRNEER alloy
structure of the magnetic storage evi ce such as hard disk drive system
FI G 2ualisg tle e@eTagi@6ddriifg W Bwpebawinventidae general structure of the
magneti ¢ RAM SUBSTI TUTE SHEET (RULE 26) WD 01/ 78070 PCT/ 1B01/00598 5
FIGs. 3a to 3c show an exanpl e of manufacturing nethod of a neta-stable
CoPt al | oy FlGad simyvsdbebasyasip of diesCelt aordilaygr the Eolt metesieble allpy aptqddiy, avr G,

4 shows fhe eas is of the Pt . ti layer,. the CoPt a-stable all oy
mi xed B%O%H ”5%6%3 ggéﬁﬁi%fﬁ‘dtaplﬁég%o@cm Qpﬁéﬁlwéthﬁar%%“%&@&by i on beam
within a magnetic field. FIGs. 5a to 5¢c show anot her exanpl e of

manuf act ur i t ho Qurgnet | : i I i

accordi ng tﬁg@? 'ga %r ieéics %{r?t"?flé\o\%e?\tl on.&g Iﬁlfélir@{aé%ﬁug\?gq%{ﬁgg%ggg fg%%gygg? ﬁ% ?\ag .
deposi 0y AeRtead) dx@actUBE to tHaQrdsefftinhlicy | ayer treated by an ion beam
and the FePt alloy |layer nixed by ion beamw thin a magnetic field. FIG 7
shows a magnetic force m croscope (MFM imge of CoPt alloy or FePt alloy
manuf act ur Ga6cbows ihg etsy xiseofphedepositadRe®h allaynlaydE) e Felt allod latsr Fpaod bhe
third exanpl e of mapufacturing nmethod of nagnhetic |a aving dual easy
axi s u¥i lﬁggﬁé%?@th Eelrt allgy jaxgrimgreddyden g‘?%wﬁ@“laﬁ’@gﬁ?%?ﬁ?{l invention. FIG 9
shows the easy axis of the nmagnetic |ayer of CoPt multi |ayer, the nagnetic
| ayer tre I 1 ted i |

magneti c Igélg}(r'j Fit)g%oat e%qﬁdﬁtﬁ%ﬁg} O?%enﬁ%%g%%%t a e%%aﬁa%ggd%tﬂe%%gﬁég?ﬁu%.
DETAI L Ehideattl Bddofdth o thélreRREMkScE EMBODI MENTS I n the present invention,
a magnetic filmhaving a ferromagnetic material such as Co, NI or Fe is
fornmed on a substrate and the magnetic filmis treated with an ion beam
havi ng i nerfiGy&s asdi8h show the third example of manufacturing method of magnetic layer having

dual easy axis using geometrical variation according to the present invention.

FIG. 9 shows the easy axis of the magnetic layer of CoPt multi layer, the magnetic layer
treated by an ion beam at a first geometric condition and the magnetic layer treated by the ion beam

at a second geometric condition.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the present invention, a magnetic film having a ferromagnetic material such as Co, Ni or
Fe is formed on a substrate and the magnetic film is treated with an ion beam having inert gas such
as He, Ne, Ar Xe or, Kr to form an easy axis. Furthermore, when the ion beam is implanted into the
magnetic film, a magnetic field is applied to make another easy axis of which crosses the easy axis
formed without the magnetic field. Hereinafter, forming an easy axis or multiple easy axis will be

explained in preferred embodiments referring to the attached drawings.

Preferred Embodiment 1

The Figs.3a to 3c show a method of forming a meta-stable magnetic material having dual
easy axis by an ion beam mixing. In this preferred embodiment, the magnetic material has at least

one of earth rare materials such as Pt, Pd, Au and Tb and at least one of transition metals such as Co,
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as He, Ne, Ar Xe or, Kr to forman easy axis. Furthernore, when the ion
beamis inplanted into the nagnetic film a magnetic field is applied to
make anotWweyoieg8sy axi s of which crosses the easy axis forpragpe/bdaesit the
magnetic field. Hereinafter, formng an easy axis or nultiple easy axis
will be explained in preferred enbodr ments referring to the attached

draw ngs Preferred Enbodi nent 1 The Fi gs 3a to 3c show a nethod of formng

a net tic terral easy..a

i e 38 NinT B fidieatt B8 SERBO et M B e oR R ARACNGRER
one o t I R u and Tb and at | east one of
transrgqtk%ge&l J#Stag{osg g&%%%éegﬁh%m%u%%fﬁﬁég%ﬁéa (RULE 26) WD 01/78070
PCT/ 1B01/ 00598 6 Fe, and Ni. The ion beamfor mxing the earth rare

mat eri al s Refrridyeo Bigdus kighOPt lietal 192 bt igkteo Ryers ellemrreedisposntn“edaﬂtangtimsart
gases such as He, Ne, Ar, Xe and Kr. Referri ngi to Fig 3a, eig | ayers
lila and sebsgme 164 medy of glags|tp @mecelep@gilﬂe@r Hiltia @rraqquveqwmbefrﬁnat §19I5’§tlﬁ ate

101 f I I t
shown TS P RS W e R B PV kst Br il IR GBI bRYt
35A andidhad trﬁfthf%ﬁ%g 6Prhb @6@5 mult] Byer 814984050 Hé?@ ah@aé%kaﬁﬁﬁl 1aé CIOVIQ Pt
multi layer 111 is 640A. Here, an easy axis in the Co/Pt nmulti layer 111
of whilgler diLt exftwlm*h |d&ecftmmrmcfoahemnglong) t<1710035&)°| in theepghal eordivase diystameis

systemis detected. As shown in Fig he white circles re re?e}g the -
di r ectdeispenf Ay rreweaefl&f&r @edrhlttewecearﬁpmsmﬂtbr dyregigp of §he eapy £i5 of g G 10114
and a s e 1 defin i I, I erring
fo i grabig BACE IRt B2 Bt Rt sl P Rt} b R Epiper LR "
stencil mask or a photo resi st mask. Using an |on beam gener at or (not
shown) , anpRAkLrind AFBSBM ddkand Srea R ERIBHerbd bvith lal s hiskl 1184 @@hZkla Aereil t he
CoPt multi layer 111 where the energy of the ion beam 115 js about 80keV.
Then trhask Co/aPphotautesist aske rUsiglan @nrhemcgenctatfoo (mat shéwis en det ipnsbasst &l5ist al

| ayer 121a havi g CoPt The a, 21 has first,eas xr S
vt nREHed i Betiar2 300t b OB pHE Eissitht woas i st g g peaR AL

aster | t 4 64 he £615%£ ¥r 815 Of
t he Co%t5 q(@)\y; %ntthgcéﬁ ? raﬁ)tf ﬁg&nleﬁgﬁm@gftg?rﬁnggﬁ%%nﬁe eSt Fig 3 : %}t%/hre fIaI’St
area a'ihilzﬁhg@oPlt B0 CThEFirdNatdai2 11 @lara fist eoy exietavihg thealimetioonst zomw i1 &
(stencil mask or photo resist nmask)._ A magnetic field is applied to surface
of t hepolzs/cPerdingis Wybtemayae ajtpriskhdn ﬁ@r%e ﬁdre@mserrt th GiescHOTHA 1S Ry CAtFREG & 117.

An Ar' th oPPﬁl% t}leﬁrs%areajz?ft ed into

Referring to the Fig 3c, the first area 211a of the Co/Pt multi layer is covered with a second
mask 113b (stencil mask or photo resist mask). A magnetic field is applied to surface of the Co/Pt
multi layer in the perpendicular direction using magnets 117. An Ar* jon beam 115 is injected into
the second area 211b of the CoPt multi layer using an ion beam generator where the energy of the
ion beam 115 is about 80keV. Then the CoPt multi layer is mixed to form a second meta-stable
metal layer 121b having CoPt alloy. The second area 211b has a second easy axis having the
direction of about 140°-320° in the polar coordinate system. As shown in Fig 4, the black triangles
represent the direction of the second easy axis of the CoPt alloy in the second area 211b. Therefore,
according to Figs 3b, 3¢ and 4, the difference in the direction between the first and second easy axis

is about 60°.
Preferred Embodiment 2

Figs. 5a to 5c show another example of forming a magnetic material having dual easy axis

by an ion beam treating. In this preferred embodiment, the magnetic material has at least one of
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the second area 211b of the CoPt nmulti |ayer using an ion beam generat or
where the energy of the ion beam 115 is about 80keV. Then the CoPt nulti

| ayer is Wwioxadisé@ form a second neta-stable netal |ayer Iptingoayisog CoPt
al l oy. The second area 211b has a second easy axis having the direction of
about 140-320 in the polar coordinate system As shown in Fig 4, the black
triangles represent the direction of the second easy axis of the CoPt

al | oy férrortidggetonandalased 2210d) FeThel ¥f dhe jon Geooirelting theofeFogegBitic B¥emald 4,
the difference in the direction between the first_ and second easy axis is
about i®bideps aflastedene Emppgings geses syongs HepHe 1Ay, X8 a8h8% anot her exanpl e of
formng a magnetic material having dual easy axis by an ion beamtreating.

In this preferred epbodi ne he g (¢ ter] ] f
SUBSTI TUTEﬁéF%EE*ﬁ EE 236§ ri{?‘ﬁ sz/ 9%%’78%& %@%1}%%3%9&%‘% ?g?rté%ggl?? %

mat er i ; brith TRehlcRAD8aM-t 0@ 8kl NG dabearh ehsabadned i
mat er i%@eﬁ@?ﬁ%@gﬁgmg&?&y’[@g%%ﬁgham)néz i nSert gases sluch aas He, Ne, qAr , Xe
and Krshowefeitlt BXt0t @rFiTgere Seno ensFeRts if tre rgRetic Nydt Js skovdepdsp e theomhite

substrate 101 to forma magnetic (or ferr,orraignetic%f a %r 131 with the
t hi ckrrésslss sprepent frpoFePl magnetia Jayec it patBEs (i 5 te 898+ ¥CWth 8X10"7 torr.

There is no easy axis in the nagnetic layer. As shown in Fig 6, the white
circles re sent  the - Pt. netijc_l r. W easy. i 8 (it

gener al ca%%m%foeﬁgi E@ "EPBISEBF%? %éima mbda%/?ercgw gtlr‘%%g?&bl%g dgﬁgégats%gc %%n%tgbga
211b ape. d6f IfRde@ndthe MRIRSYGed Wit ffirdi3dask Then S0F 09d st8fi@Pmadklar d hoto

covered"with a first mask 113a such as a stencil mask or a photo resist
mask. AsistAneski An Abeiambiarb 11 Sisiimjpeted @b tha fiost trve 2flis sfthamegnepit layeni3t neng

magnetic |ayer 131 usin an i on beam generatar (not own r e

ener gybiPn PREMSSRFTHERMOL S2PWY WS UPe §BREY/O! %‘?éﬁn eang ilfiis %bmeg #g?e% 131
aisf | .8 - ' St £ i kRGditdifon

ai r oot TESPERpieRe Al i tegh 1 ER s, Ry e MR BRay B B R 1
Fi g 6, frbhRebhast®riskkIor epirsen: coblimai systehi AB sedwit IeFif i6r te w@syksaxpssent t he
FePt magnetic layer 131la in the first area 211 a. Next, the' first area
211a ofbetdirectivagf thteifisst|cagyeaxis 08 the FoPe mognetie laxprt 19 1a incte Brsbiateadiia 3b (st enci
mask or photo resist mask). A magnetic field is applied to the magnetic

2ot W th Ae, BLREAS Sl 2he S SEUAr 1 WP AR ol ey TR b b
211 b ofgd 3% MRENE rGed AYES miSHNE AfkrQd HRRAN HERES & B hilPkiid WP Mith the
perpendicular direction to the plane of the magnetic layer using magnets 117. An Ar” ion beam 115
is injected into the second area 211b of the magnetic layer using an ion beam generator (not shown)
where the energy of the ion beam 115 is about 80keV. Then a second magnetic layer 131b is formed
in the .second area 211b with a second easy axis having the direction from about 150° to 330° in
the polar coordinate system. As shown in Fig 6, the black triangles represent the direction of the
second easy axis of thf; FePt magnetic layer 131b in the second area 211b. Therefore, according to

Figs 5b and 6, the difference in the direction between the first and second easy axis is about 60°.

According to the present invention, a magnetic thin film including physical boundaries
between bit cells is accomplished by forming the neighboring bit cells to have different easy axis.
Fig. 7 shows a MFM (Magnetic Force Microscope) image of the first and second areas of the
magnetic film. The arrows represent the direction of the easy axis. The angle between the direction
of the first easy axis and that of the second easy axis is about 60°, as shown in Figs 4 and 6. In this
case, the magnetic force between the neighboring areas of the first and second easy axis is related to
the fact of cos60°(=0.6) so the exchange interaction between the first and second easy axis is

reduced to 60%. The reason for the angle being about 60° is not known exactly but it is presumed
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where the energy of the ion beam 115 is about 80keV. Then a second nagnetic
| ayer 13lb is formed in the second area 211b with a second easy axis

havi ng t hegljiyeeii on from about 150 to 330 in the pol ar g@an@oiedses syst em
As shown in Fig 6, the black triangles represent the direction of the
second easy axis of the PePt magnetic |ayer 131b in the second area 211b.
Therefore, according to Figs 5b and &, the difference in the direction
bet weeq, {ne.tddFhn ﬁ@%e?%‘g%ﬁﬁcgtﬁ }'e é’;f)@cﬁ’t lafio @ Hfs iShue, %&%ﬁl B9CE Bu bhbng a
present 1 nvention, etic in filmincluding phyS| cal boundari es

bet weegmipletcueﬁlstrﬁcmmmwhmbte% by form ng the neighboring bit cells to
have different easy axis. Fig. 7 shows a MM (Magneti c Force M croscope)

i mge of the first and second areas of the magnetic film The arrows
represent tBefatieddmbiodiment 3t he easy axis. The angl e between the direction
of the first easy axis and that of the second easy axis is about 60, as

h F 4 t.h t f bet th
nei ghbor | ngF e at@%ﬁ St b %ﬁﬁggéééwﬁnﬁg%%ﬁ& flar e il Y SRV act
of cosel( Hegm6t)rea% 8%&126‘%@/98 _ftﬁﬂt &l @1?3 Qfgrrgﬂ: fte t!L'rﬁz?gtne@tp thaRBGORA

easy axis 1s e reas for t e angl e berng about 60 1s

not kn@%a@&@@bf fénbﬂia hdtici BatphiAs sk ds COURS Ehd NT B HeHE bednftdbdfe P feyroBenetic
01/ 78070 PCT/ 1B01/ 00598 8 to be related with the hexagonal structure of

CoPt alnhatgrial influgésiasselested pneamengingre gaseoyucoante B iAigXaandkKepl e cubi c
structure may have al nost 90. Preferred Enbodinment 3 Figs. 8a to 8c show
the ot her exanpl e of form a netic. fjlmhavin as |on
beam treat i m@ﬂ%@@%@ﬁ@?’t Brgagtl’ﬁl’ﬂt B?Séteg%fag*&gf& eﬁﬁ%%‘lo ﬁtf &
mag“et | a@&t&{]t% ) 14y2A$81 %tﬁ i thiRhELTRINGHD anﬁataewcatxﬁ cﬁatﬁbera@otoo
e l1on eam treated ferromagnetic material 1ncludes a
sel ect %ﬁo@ﬂﬁwmmﬂ L. tTt@asleslosaaqhaJas itHbe nidenetidr layefeHemedaKeasy Axisawgmielt isc
material (FePt or CoPt, NiPt) is deposited on a substrate (not shovvn

to
forma foffmgln?é%gcthe érrwt@nrqfriﬂ@ Tt cin thapeler goprdippte ysiere 2pd vakshds 40 B Guitti00
nmin vacu not h r e AXi's
inth e éhs elt%c?elr}lago 1n F1g éh%\éwa%aciéng})fQESB %\%I C%ntiE Jl_%ect-m) (éfeth §as8%€c§ao%¥h
directi@odpiefagdddR1480 i n the pol ar coordl nate systemand which is in the
Co/Pt layer is detected. As shown in Fig 9, the black circles represent
the direction of the easy axis of the CoPt magnetic |layer. Referring to

Fig. 8a, a fRefstingteRig2ia firstl amaddtoan assand iikh 241k artedafined! atathe tohagnetic
magnetic . ] _ )
layer 131. The second area 211b is covered with a first mask 113a such as a stencil mask or a photo

resist mask. An Ar* ion beam is injected into the first area 211a of the magnetic layer 131 using an
ion beam generator (not shown) in which the energy of the ion beam is about 80keV. Then a first
easy axis having the direction from about 20° to 200° in the polar coordinate system is formed in
the first area 211a. The arrow mark represents the direction of the easy axis. As shown in Fig 9, the

normal line represents the direction of the first easy axis of the magnetic layer 131.

Next, the magnetic layer 131 is set to rotate in about 90° in counter clockwise direction,
referring to Fig. 8b. The first area 211a of the magnetic layer 131 is covered with a second mask
113b (stencil mask or photo resist mask). An Ar” ion beam is injected into the second area 211b of
the magnetic layer 131 using an ion beam generator (not shown) in which the energy of the ion
beam is about 80keV. Theri a second easy axis having the direction from about 160° to 340° in the
polar coordinate system is formed in the second area 211b. The arrow mark represents the direction
of the easy axis. As shown in Fig 9, the black squares represent the direction of the second easy axis
of the magnetic layer 131 in the second area 211b. Therefore, the difference in the direction

between the first and second easy axis is about 40°.
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| ayer 131. The second area 21lb is covered with a first mask 113a such as a
stencil mask or a photo resist mask. An Ar+ ion beamis injected into'the
first arewodikgo@f the magnetic |ayer 131 using an ion bagyigenejsed or (not
shown) in which the energy of the ion beamis about 80keV. Then a first
easy axis having the direction fromabout 20 to 200 in the polar coordinate
systemis formed in the first area 211 a. The arrow mark represents the

di rection oﬁmalryetmﬁ %n@m Bryer B 1500 WMo bfRad i Bt 1BL21 NOLABLe Laceﬁd LEPDERLN! S
the direction of irst "easy axis of the magnetic |ayer 131. Next, the
magnet Eachl aageelias IISEEeer mafnetioedspaaisecfeninghiotite B, 8o Ie dummbodiinemkma&ag of
direction, referring to Fig. 8b. The first area 211a of the magnetic |ayer
131 i sdeadGawedisipione anag mhrigshich tigHox §?%&¥P4ﬁmﬁ&%1ﬁuéf‘rd ipHbiireriesitipg of
mask) . tHA"}Pd%‘Beué %Qﬁﬁ%t‘ rﬁa 0 1c i CF élgd éh%é/gln&‘ger%% (c?x r{g C %111 B%Q%hJVﬁ n,EL]Jité

magnet | am era

ener gye&f ahb@yb&iﬂro]]ﬁ@&ﬁé e%n@%ﬂon&%@bhhéf Rﬁﬂre@tn@&%@ond easy axis having the
direction from about 160 to 340 in the polar coordinate systemis forned
in the second area 211b.. The arrow mark represents the direction of the
easy axis. Iscosblowinn,ithe Eiegerﬁ;nvbiﬁmmﬂuggdstssqmgmec fiep(@seed) hhhieg dhe esy aris of
t he second axis _ of the magnetic layer 131 in the second area 211b.
Ther ef & Bt BRganetredilEon 1w HRES dF FEERSH ona ORe BHIbEIEICE Pf Sto BHETeYEEoR

per) 165175084 Sty pReA e RERah 284 HELR 0 H m, gopt o

area 2Ehanaighidoeects 1t@deei§ tl?elalﬂéence Baeh criegal Rasndic fffetl enthiBeagidncieasy
axis referring to the 8c. In this enbodi ment, nmeking of dual easy

a?cis ﬁasym lﬁé‘gm@dm@lth@rl by sirglevAorokin Chestiuotiorbesa hyt shape: aresutropy hus &xtmed by

di fferent netjc filmw_.hout na fiel s shown.
Ther of SibSBhin: Phedirors 7 JHRATE %ﬁmﬂ&w Bt Pearag s decte Lo FOY BTG
the 0eqaPbs boufRd i ONFtndil AR fiseal; H%Tguo?] Be 00! Hakhfle tﬁlmnxlﬂrrﬁ%ﬁ L

i nvention suggests a magnetic f| or area) having one &asy axis

t he magnigtbaringi dreas( v waichathe &Jah;o‘a&sut $n rdgffsredti detiion fel onevhivh tthhegh@hbﬂr of

two magnetijzation values which differs in magnetization vector directions
and whibepndeHes & famgt Aap F@ﬁuksdb@magrpﬁ&g REPEEA O O e tene ebiginensa dhat af thee

ab SENCE.Q l’t)cﬁﬂltge%éae %ﬁ d’l%g net ésgnt inye gﬂ?rh 9 tihég ivenp ?\; aTErkgnetwt sfegra%et ?3/ cea S IS

f or med 'néi |n con é ani s

f or med aB341 dengify dah @8 intdked éﬁﬂ%&é Qd@nc&&)éto@é’ée%%bé‘@an%ﬁeﬂﬁ@&“ tion of ' on
treatment, the direction of the easy axis can be controlled freely.

Furthernore, the present invention suggests a magnetic thin film having
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nei ghboring areas in which the easy axis is in different directions and in
whi ch the physical boundaries are formed. As a result, the nmagnetic

property afo Qmgedr ea does not influence that of the nei ghranigogo@svEa.

Appl ying the present invention to the conventional magnetic storage device,
the areal density can be increased and nore advanced storage device can be
real i zed. SUBSTI TUTE SHEET (RULE 26) 1WD 01/ 78070 PCT/ 1B01/00598 10 Wat is
cl aned iS:Wgh Ashgngtik.c filmconprising: an easy axis in a predeterm ned
area treate %y an ion beam 2. A magnetic filmconprising: a first area
having a first easy axis with a first direction; and a second area having a
second easwﬂaxjﬁmg@ﬁJﬁﬁhdﬁ%@gﬁggdirection. 3. The magnetic filmof claim2
wherein the angle difference between the direction of the first easy axis
and t he di reecesoarisih apheslekevinediareassatadiiysaniisn bgapm 60 to 90. 4. The nmmgnetic
filmof claim2 wherein the magnetic filmincludes an earth rare materi al
which is at_|east selected one of Pt, Pd, Au and Th. 5. The magnetic film
of claim 2 WhérBRethBImSMMEEPE il mincludes a transition metal which is
2t I east sl g6 0: A ellac Nogllih £y frcchyTBRIO0 Of mnUf acturing
magnetic filmconprising Steps of: ormng a’magnetic layer on a

substrate; gdebbfi #6a BavidgsSdecitti@tsydRE WthSELoMd @fedordf the magnetic |ayer;
treating the first area of the magnetic layer with an ion beamto forma

first easy axis having a first direction; and treating the second area of
t he magnet it [MTayeragmitichiilanofi daimiZzwherein the amgjm diffecente bétebetothkaimetin fehond
easy axis having a second direction. 7. The nmethod of manufacturing a
magnet {16t $38Y Ay Rndthe firscsionRbhessront easkagh stfien Pay & 90 conpri ses an earth
rare material selected at |east one of Pt, Pd, Au and Th. 8. The nethod of
manuf acturing a magnetic filmof claim6 wherein the angle difference

bet ween t het-dilhe &rgesiicSimopelaip  whergigdie msgnstiailan inpladegi r ecti on of the

second eas YaP&leh rh n];arteona \GJVREB 2 at least selected one of Pt, Pd, Au and Th.

5. The magnetic film of claim 2 wherein the magnetic film includes

a transition metal which is at least selected one of Co, Ni and Fe.

6. A method of manufacturing a magnetic film comprising steps of:

forming a magnetic layer on a substrate;

defining a first area and a second area of the magnetic layer;

treating the first area of the magnetic layer with an ion beam to form a first easy axis having
a first direction; and

treating the second area of the magnetic layer with an ion beam in a magnetic field to form a

second easy axis having a second direction.

7. The method of manufacturing a magnetic film of claim 6 wherein the magnetic layer

comprises an earth rare material selected at least one 6f Pt, Pd, Au and Tb.

8. The method of manufacturing a magnetic film of claim 6 wherein the angle difference

between the direction of the first easy axis and the direction of the second easy axis is from 60° to

90°.

9. The method of manufacturing a magnetic film of claim 6 wherein the magnetic layer

comprises a transition metal selected at least one of Co, Ni and Fe.
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90. 9. The method of manufacturing a magnetic filmof claim®6 wherein the
magnetic | ayer conprises a transition netal selected at | east one of Co,

Ni and FewoSlB8J#HTUTE SHEET ( RULE 26) WO 01/ 78070 PCT/ 1BO¥adB9Bo0sdsl 10.
The net hod of manufacturing a nagnetic filmof claim®6 wherein the ion beam
conprises an inert gas selected at |east one of He, Ne, Ar, Xe and Kr. 11.
A net hod of manufacturing a magnetic ¥l mconprising steps of: formng a
magneti c | ayer., on ) trate: and applying i-on..he i sel e

area of thZMHQB%é??%*fgié?“%%m?ngfh%§?%%¥ g§£¢kd§ﬁ§1%ﬂg@%%%-gwf?psﬁ%%g

di r ect d@fprisdean ildegAREBOE B lcdTBoHE AN NG, XermgRet i ¢ filmof claim1l
further conprising steps of: applying a nagnetic field to the nmagnetic
film and applying an ion beaminto another selected area of the nagnetic
layer to fonmAamaﬁ&@@ﬂm%ﬂémﬁgh%m i doSERAMtlis'gct i on. 13. The met hod
of manufacturing a nmagnetic filmof claim 1l wherein the magnetic |ayer
conpri ses afotmiapsaintagasticieteabn s elteetterhndt | east one of Co, NI and Fe. 14.
The net hod of manufacturing a nmagnetic filmof claim 1l wherein the iagn
beam conpr3RPbEnSHAN iqnebeanyipko & spleeied greatof tiamperstie layer e forpa T3t eagpaxing

Kr. 15, A net hod of manufacturing a magnetic filmconprising steps of:
forn1r@ﬁ@f&ﬁa&ﬁ%ﬁegﬁwﬁyer on a substrate; and treating the magnetic |ayer
with an ion beamto forman easy axis having a direction. 16. The nethod of
manuf act uri ig Tée AREHEIJF Snabhih ARt acxhagﬂaiclﬁmmedlﬁmltfu%e%&aﬁﬁgn@g dtGPEI:
conprises a transition netal selected at |east one of Co, Ni and Fe. 17. A
met hod of naplfigcd nagmegc Acldag the tnagndticl fiimrampri si ng steps of: formng a
magnetic | ayer on a substrate; applying a nmagnetic field tq the nagnetic
film and tfRRAYiRSAN m@eﬁ@gw@tap%th¢ra°§épteaﬂeﬁ 05%%‘1 IR IRYEIGO AR SFFORAERFY axi s

havingi§s§%&§%%&£$%1%§mﬁ£pe_nethod of manufacturing a magnetic fil m of
claim erein e magnetic | ayer

13. The method of manufacturing a magnetic film of claim 11 wherein the magnetic layer

comprises a transition metal selected at least one of Co, Ni and Fe.

14. The method of manufacturing a magnetic film of claim 11 wherein the ion beam

comprises an inert gas selected at least one of He, Ne, Ar, Xe and Kx.

15. A method of manufacturing a magnetic film comprising steps of:
forming a magnetic layer on a substrate; and

treating the magnetic layer with an ion beam to form an easy axis having a direction.

16. The method of manufacturing a magnetic film of claim 15 wherein the magnetic layer

comprises a transition metal selected at least one of Co, Ni and Fe.

17. A method of manufacturing a magnetic film comprising steps of:
forming a magnetic layer on a substrate;
applying a magnetic field to the magnetic film; and

. treating the magnetic layer with an ion beam to form an easy axis having a direction.

18. The method of manufacturing a magnetic film of claim 18 wherein the magnetic layer

comprises a transition metal selected at least one of Co, Ni and Fe.

19. A method of manufacturing a magnetic film comprising steps of:
SUBSTITUTE SHEET (RULE 26)



conprises a transition netal selected at |east one of Co, Ni and Fe. 19. A
nmet hod of manufacturing a magnetic filmconprising steps of: SUBSTI TUTE
SHEET ( RUhi ®dgo MO 01/ 78070 PCT/ 1B01/00598 12 form ng a praameiodod ayer on
a substrate; covering the magnetic layer with a first nask opening a first
area; treating the first area with an ion beamto forma first easy axis;
rotating the magnetic |layer in sone degyree; covering the nagnetic |ayer

with a secgtﬁd .naskaogeéni%g a se ogg area; and treating the second area
with the i SR BRAMEE TSRO REERE  asy axis. 20. A nethod of manufacturing

a magneti ¢ dovb COIRaLRR Tyel 98 a Afst mabiOs ¥R aFirétBGACt i C | ayer on a
substrate; covering the magnetic layer with a first mask opening a first
area; treattrerging e ffrstrasda veithemn ion bédrnaio fooma hishmsynxia, magnetic field to form

a first easy axis; rotating the magnetic layer in some degree; covering
the magnet i ©3tRgde RRFURUGREE WIS REER 0peni ng a second area; and treating

L Second et B Lhe R DALk ERAREL el o7 second

treating the second area with the ion beam to form a second easy axis.

20. A method of manufacturing a magnetic film comprising steps of:

forming a magnetic layer on a substrate;

covering the magnetic layer with a first mask opening a first area;

treating the first area with an ion beam in a magnetic field to form a first easy axis;
rotating the magnetic layer in some degree;

covering the magnetic layer with a second mask opening a second area; and

treating the second area with the ion beam in the magnetic field to form a second easy axis.
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