- 1 - DESCRIPTION Title of Invention S5METHOD OF PRODUCI NG MAGNETI C STORAGE
MEDI UM  MAGNETI C STORAGE MEDI UM AND | NFORMATI ON STORAGE DEVI CE Techni cal
Field [0001] The present case relates te & frethod of producing 10 a magnetic
storage nedium the magnetic storage nedium and an information storage '
devi ce including the magnetic storage nedi um Background Art 15[ 0002] Hard
Disk Drives (HDD) have been in the mainstream of information storage

devi ce, as a nmss-storage device capabl e of high-speed access and

hi gh-speed transfer of data. As to DRESRHEIION he areal recording density
has increased at a high annual rate so far, and a further 20 inprovenent of
the recording density is still desired even at present. [0003]In order to
inprove the recording density ofpithe HPDrniknt$checessary to reduce the
track width or shorten the recording bit length, but when the track wi dth
is 25 reduced, MEEIED-OFalPRODUCANGr FAGREEEC HIRAGE ¢ERITMb eVEBHT &dj acent

tracks. This interf i , i r nomenon in
whi ch a track nextsﬁ%ﬁgﬁﬁhh%ggﬂﬁpgﬁé ¥§?§EM§%$$#EﬂﬁﬁﬁﬁghDﬁggﬁgtic recordi ng
information at the tinme of recording, or a phenonmenon in which crosstal k 30

occurs due to a | eakage magnetic field froma track next to a target track
at the tinme Tchndsaddéiéeldn. Either of these phenomena becones a factor

that resul .ts[ndo.’bﬁ dr QRel BrabhLf 8kl Qs Of e TRIGNR AL Y8+ RLENBE  pEAYSE 1N

deterioratio I N an - 2°-"error rate.

10 a magnetic storage medium, the magnetic storage medium, and
an information storage device including the magnetic

storage medium.

Background Art

15 [0002] Hard Disk Drives (HDD) have been in the mainstream
of information storage device, as a mass-storage device
capable of high-speed access and high-speed transfer of
data. As to this HDD, the areal recording density has
increased at a high annual rate so far, and a further

20 improvement of the recording density is still desired even
at present.
[Cc003] In order to improve the recording density of the
HDD, it is necessary to reduce the track width or shorten
the recording bit length, but when the track width is

25 reduced, the so-called interference easily occurs between
adjacent tracks. This interference is, namely, a generic
name for a phencomenon in which a track next to a target
track is overwritten with magnetic recording information at
the time of reccrding, or a phenomencon in which crosstalk

30 occurs due to a leakage magnetic field from a track next to
a target track at the time of reproduction. Either of these
phenomena beccomes a factor that results in a drop in S/N

ratio of regenerative signal, causing deterioration in an




[ 0004] On the other hand, when the recording bit length is shortened, there
occurs a thermal fluctuation phenonenon in which performance of keeping
the recording bit for a 5 long tinme decrgases. [0005] As a way of avoiding
these interference and thermal fluctuati on phenonenon and thereby realizing
a short bit length or a high track density, a magnetic storage nedium of a
discrete track type.and a magnetic 10 storage nmedium of a bit-patterned
type are pro%rd:so% r(aft(?r' exanple, see PTL 1). In particular, in the magnetic

storage nedi pwef] t herbithepathesnBandy pehert "hapasidoranngf batr esng et ng bi t
is predeternined, a dot nmade of a nmagnetic material is forned in the

predet er ni neleb gosTttieagdof thRe 19cpeepralitipmial, TANgtHapAPE BREREENAhe dot s
is made of a - i Q% iak. . d of-1h netic
material ar gI?ﬁﬂlslr%%%%%gtge ?%mgjéa%%q}ﬁeﬁet %tg%r?agggggi %l% n?%frrgagti on

bet ween the Wdwaics tiimesriellreagad. t he above-descri bed interference and thernal
fluctuation phenaonengn 20 are evaded, £0006 Here, as a nethod_of producing

the magnetic Ghrlage Afedi ﬁ’t’ﬁ?’of’ft REOHH G At %éddttefﬁg,reﬁc‘éoﬁ@%nti onal
production r@{éﬁﬁlprfqa%%ﬁgtwnpgﬁ?%?@é}%ﬁ hed ideeabl! rbg1 desed i ped.

25[0007]FIG 1 is a diagramtha ustrates the conventional ™ production
met hod of preidudi igtt Rengabneri ¢ Bigr agmaledicmnisly, t Bemdgnepat t er ned type.

s Tormed o etmetraran B ndatt 1T Teith raohr 8883 AFTRTD000] Next ! in
a nano- hopr igdomiec @esli(1B) ofdar Bst Spatd-dvade) efype WYecprapbeed esidy i s
applied onto the magnetic film2, and a nold 4 having nano-si zed hol es 4a
is mounted exagmle, see PTL 1). In particular, in the magnetic storage

medium of the bit-patterned type, the position of a

recording bit is predetermined, a dot made of a magnetic

material is formed in the predetermined position of the

15 recording bit, and a part between the dots is made of a
non-magnetic material. When the dots made of the magnetic
material are thus separated from each other, the magnetic
interaction between the dots is small, and the above-
described interference and thermal fluctuation phenomencn

20 are evaded.

[0006] Here, as a method of producing the magnetic
storage medium of the bit-patterned type, a conventional
production method proposed in PTL 1 and the like will be
described.

25 [0007] FIG. 1 is a diagram that illustrates the
conventional production method of producing the magnetic
storage medium of the bit-patterned type.

[o008] In the conventional production method, first, a
magnetic film 2 is formed on a substrate 1 in a film-

30 forming process (A).

[0009] Next, in a nano-imprint process (B), a resist 3
made of a UV curable resin ig applied onto the magnetic

film 2, and a mcld 4 having nano-sized holes 4a is mounted



on the resist 3. As a result of this, the resist 3 enters the nano-sized
hol es 4a, thereby formng dots 3a of the resist 3. And then, the resist 3
is irradiated with ultraviolet light oves the nold 4 so that the resist 3
is 5 cured and the dots 3a are printed on the magnetic film 2. Further,
after the resist 3 is cured, the nold 4 is renoved. [0010] Subsequently,
etching is perforned in an etchin roces sq that .the_magpetic film
is renoved, Skhil fﬁsﬂgﬁv?ng%ﬁaﬁngﬁggggo?g é§2%75¥5%55ﬁ15§ PhSQESFE 3a of
the resist 3heAhbeb-Ehec8t BH1AG, 24 ha ity 3&cehihBedsesi 84 &F afie renoved by
a chem cal process, so that only the magnetic dots 2a remain on the
substrate 1.rgs0Gt1PAndrthdmen. nthef kebing proeesryddpted pakh bet ween 15
t he magneti ts . Ls-fille L th a - et | rial: .equent |y,
t he surfaceq"ilg%ﬁ%algﬁglﬁeégyﬁ{ag‘f%t‘{heenin%gﬁpggg’g)sé%ﬁg?ﬁ%of%ﬁtsa%b%gneti C
- storage gedidiihet ahdt BRebiittPpatd ednebrtiyped snconpl igae{fg .£ilm 2.
[ 0012] Accordi ng to such a conventjonal production 20 nethod, in order to
stabilize tHafh6ati AGLRF opl? tyeorsta heignstirédnehbe aBov? ¢ He® nagneti ¢
storage nediup gt he flattening with high accuracy is necessary in the
flattening process (E). Therefore, there arise such a problemthat a very
conpl i cat ed [eenwfl act Subsgapentegs @madn5s peldoprefioinean aglt-isiveh a

probl em that the manufacture cost increases. [0013]Here, it ig known that
Phen | ons Al GRRRetEY | MO otiE e (ASTRELE FEND FRORELT Ly G of the

magneti ¢of i lMaCNABIREGhERT c eXP| B 508 REkd?by ORE, abherss isf peposed a 30
processi ng net hod (ion doping system of formng a 2§£arat|on state of dots

by i nj ectingesdms PBnt Aiamdghet eschiing ablde t feteRp eng S ifhghetic
state Iocalg&EKE%&ogéganea éﬁghfggi:%f%y%ngLsé)that only the

magnetic dots 2a remain on the substrate 1.

[0011] And then, in a filling process (D), a part between
15 the magnetic dots 2a is filled with a non-magnetic
material. Subsequently, the surface is flattened in a
flattening process (E), so that a magnetic storage medium 6
of the bit-patterned type is completed (F).
[0012] According to such a conventional production
20 method, in order to stabilize the floating property of a
magnetic head above the magnetic storage medium 6, the
flattening with high accuracy is necessary in the
flattening process (E}. Therefore, there arise such a
problem that a very complicated manufacturing process needs
25 to be performed and such a problem that the manufacture
cost increases.
[0013] Here, it is known that when ions are injected into
a magnetic film, the magnetic property of the magnetic film
changes (for example, see PTL 2). And, there is proposed a
30 processing method (ion doping system) of forming a
separation state of dots by injecting ions into a magnetic
film and thereby changing a magnetic state locally (for

example, see PTL 3 and PTL 4).



- 4 - [0014] According to this ion doping system the magnetic property is
I njecting the ions and thus, conplicated manufacturing processes

changed by
such as the

etching, the filling and thesgflatteni ng are unnecessary,

maki ng

it possible to suppress an increase in production cost to a |large extent.
Citation List Patent Literature 10[0015] PTL 1: Japanese Patent No. 1888363

PTL 2: Japan ai d- open..Pat ent Publication. No. 07- 141641 . PTL 3:
Japanese Laiﬁﬁﬁﬁgn Pt ?ﬁdﬁﬁ%ﬁ¥hﬁﬁﬁgnlﬁﬁ.d?@ﬁ%92§§§T§“l mﬁgnﬁgﬁgnese
Lai d- open PaieserRybliisC 2hadfeNoby 20093084 k H3UTBREY a8fl thyention Techni cal

Pr obl em 20

[0016] However, nere application of the_ ion doping systemr

educes

onl y magnet i @M issttesh pangfachar ehy pFRirfeess sughatFohhfragheliZ%t i on and
oo - h are . q
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the bit-patterned type as an exanple, there has been descr
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Summary of Invention

Technical Problem

{oo1ls6] However, mere application of the ion doping system
reduces only magnetic anisotropy, and hardly changes
saturation magnetization and thus does not solve the
interference due to magnetic interaction and thermal
fluctuation described above and therefore, practical use is
not attained.

[0D17] Incidentally, up to this point, by taking the
magnetic storage of the bit—patternea type as an example,
there has been described such a problem that practical use
of the above-described simple production method has not
achieved. However, such a problem is not limited to the
magnetic storage medium of the bit-patterned type, and
applies to, for example, the magnetic storage medium of the

discrete track type. In other words, such a problem



magneti c storage medium of the bit-patterned type, and applies to, for
exanpl e, the nmagnetic storage nediumof the discrete track type. In other
words, such a problem - 5 - commonly applies to a magnetic storage nedi um
havi ng a magnetic section in which information is magnetically recorded,
and a | ow magnetic section having saturation magnetization smaller than the

t ti tizati .of 5 th ti ti . .10018] | ' f th
For e0i ng. ci TAIRELANEES 1P TR B BRICC GFOFAES PPt WPPTSA | on (o

provide a sidEretReodeetion RUAOLHEaRaI a0k chr 0dughHigei dmanRet i ¢ st orage
medi um the magnetic storage nmedium and an information 10 storage device
capabl e of B&ERFdsHedandda biow urtinetsicnsiestppodheyinos satwottiorechni cal

Solution [O e d [ ti C

st orage nedgé' |%ggééggﬂbgﬁafiEEhﬁ%ﬁﬁgﬁghf%%P%%?ggﬁi@épﬁ%éﬁ%ﬁﬁﬁﬁf'F%?ning a
magneti csfi lthechambngtact beckhess of | ess than 10 nmw th a Co- Cr-Ptbased
alloy on a substrate; and ion-injection including locally injecting an ion

20 into an dP838dt hed™t KARYaChr et EHHAIRdI FArEEIEHAAFRY, theémgnet i c
film [0020]p-hasi cenple 9f-ddi 1da¢ 18hOEBIE - ORARLIM | NGl ldes: a
substrat e; 253 magnetic s c?%on that has a nagngfgg ?%In1$%##éd
production method capable of producing a magnetic storage
medium, the magnetic storage medium and an information
10 storage device capable of being produced by such a simple

preduction method.

Technical Sclution
[0012] A basic mode of the method of producing a magnetic
15 storage medium includes:
magnetic-film-forming including forming a magnetic
film having a thickness of less than 10 nm with a Co-Cr-Pt-
based alloy on a substrate; and
ion-injection including locally injecting an ion

20 into an area other than a predetermined protected area, on
the magnetic film,

[0020] A basic mode of the magnetic storage medium
includes:
a substrate;

25 a magnetic section that has a magnetic film formed
in a thickness of less than 10 nm with a Co-Cr-Pt-based
alloy on the substrate, and on which information is
magnetically recorded; and

a low magnetic section that has an injected film in

30 which an ion is injected into a magnetic film continuing to
the magnetic film of the magnetic section, and has
saturation magnetization smaller than saturation

magnetization of the magnetic section.



in a thickness of less than 10 nmwith a Co-Cr-Pt-based alloy on the
substrate, and on which information is magnetically recorded; and a | ow
magnetic section that has an injected titmin 30 which an ion is injected
into a magnetic filmcontinuing to the magnetic filmof the magnetic
section, and has saturation magnetization smaller than saturation

magneti zatio t he ti clLi.o r - 021] |.C of the
i nformati on &dgj;l&ge diersrl%cr}’gc% %(?ﬁ%dgejg: P%e ﬁ%ﬁ%ﬁq%&sﬁrégga%dfi% ?%at

i ncl udes: a w{uhsideat:e; 5a nagnetic section which has a nmagnetic filmformed
in a thickness of less than 10 nmwth a Co-Cr-Pt-based alloy on the
substrate and, andGoMARREEAC] RFBFRIE i RATWEN FdGitetPE€&MPFSi ecor ded; and a | ow
magnetic section whi chfaas gp.injected filmin 10 which ions are injected
into a magnetic fil'mcontinuing to the magnetic filmof the magnetic
section, 5and has sat uagtniecncnagoet oz athiorh 3w lsemaghahisafiimt farmed

magneti zation of the nagnetic_section; a magnetic head th appr oaches or
Contact s t he L& TgaTIresePhr Ag8S nbeir0 18" erFoPmiar CFoastoane of |
magneti cal | YarRGOTH el BLOEEREEONAAD] LRONGH hiAlchy ihepraduchAgid nf or mati on
for the magnetic section; and a head-position control nechani sm

t hat noves teamedgiretlily megordetlatan@ly to a surface of the magnetic 20
storage, redium {0 pash LaBeLDS BANELLE Ead, AU o1 B0k s G on on
magnet i ¢oheashidi0G2zidHerre, ihhect&a- Gitdta hesprktdld @y'imr ebat snthing - Cr- Pt
alloy, or an_alloy or the like in which another |
the mdgnetic film of the magnetic section, and has
saturation magnetizaticn smaller than saturation
magnetization of the magnetic section;
a magnetic head that approaches or contacts the
15 magnetic storage medium, to perform at least one of
magnetically recording information and magnetically
reproducing informaticn for the magnetic section; and
a head-position control mechanism that moves the
magnetic head relatively to a surface of the magnetic
20 storage medium, to position the magnetic head over the
magnetic section on or from which the information is to be
written or reproduced by the magnetic head.
[0022] Here, the “Co-Cr-Pt-based alloy” refers to a Co-
Cr-Pt alloy, or an alloy or the like in which another
25 element such as Ta, Ni, B, Cu and SiQ; is added to the Co-
Cr-Pt alloy within a composition range in which the
magnetic property or the like of the Co-Cr-Pt alloy is not
impaired.
[0023] According to the method of producing the magnetic
30 storage medium in the basic mode, for example, it is
possible to form, by the ion injection, a low magnetic

section occupying a part between magnetic dots of the

magnetic storage medium of the bit-patterned type, or a low



25 el ement such as Ta, Ni, B, Cu and Si02 is added to the CoCr-Pt alloy
within a conposition range in which the magnetic property or the |like of
the Co-Cr-Pt alloy is not inpaired. [0023]According to the nethod of
produci ng the magnetic 30 storage nediumin the basic node, for exanple, it
is possible to form by the ion injection, a | ow nagnetic section occupying

a part bet wen,(RgNeLLG dobs 0l LS. agNal 15 RLOLG0S RALYLP

e )
bit-patterne ype,~ or i"C sect’ion occupyi ng }ﬁ)ot h sides

of a track ofadre imnghetrtgeshefage sEditendifsdrieeedicgatit eypeack type.
Therefore, conplicated manufacturing processes such as etching, filling,
flatteni ng afiedens k EOBBS ARt S IRt AII YN BTORESSCEheU et Hod of

produci gt he. dagnet 413452081 TEALUM O AdIs,cbasie FRdgnes a siml e

production met Further; according 1o the nagnetic storage medi um and
t he i nf oBmatwore csts@aage addvihes of thdandidsid afogesdupioduche anadnettine si npl e

duct i thod | ible 10 Here, tionally, tic fil
made of a COGLTLASEAH PoythES BERH (HPRAR & SPUHAE BROTHATY is |

di fficult tonstHdd.ci pitder eACRNRSREUERE! RAgRBENC dZMdRN mBribAn
injection using an inert gas of Ar or the |ike. However, for this magnetic
fil mmde ofandthdéheo-infergatpenbaseagd |dgyiaehefdével bpeiconodes s case has

found that the turation ghetization y. be tive ed by
Format | on iR F ERRoeC e Rt T P a B P A BB “ach o
t he above- daserd bedrnkasi¢onaleg, & headregmied ifd 1 edende af coher-pt-

Co- Cr- Pt - based al | 03{[ is 20 formed to have the filmthickness of |ess than

10 nm by whiRaFsh 2eflRycRrFePPRAULR | BiF b2 (e84t GRatBh hhghRtization is
possi bl e. | Ny 0fd1eL, WORdS 5,201 di P, L4 NS @ RaghberRdesy by the

above-descri bed sinple production thod that |ocally reduces the
sat urati on meEgprettizattion by 286nt tejesget iusingl an therbagaztet &t omage

medi um and the i.nfor ion storage . device of the_hjt-patter type and the
i oer ot oty it T b OURHS ! e Bte L Rl it S el Y8 S
30[ 0024} 8s desard-hegGeabaleoyaCens didige tdpdhe mrasentasaskas i foursd possi bl e

to obtain the sinple production nmethod capabl e of producing the magnetic
storage neditft & EREUFAGHER BaR kAL IRsd ey kedefReCFhf®tYmti on st orage

device - 8 pequced by formation with a film thickness of less than 10
nm. According to each of the above-described basic modes,
the magnetic film made of the Co-Cr-Pt-based alloy is

20 formed to have the film thickness of less than 10 nm by
which an effective reduction of the saturation
magnetization is possible. In other words, according to
these basic modes, by the above-described simple production
method that locally reduces the saturation magnetization of

25 the magnetic film, the magnetic storage medium and the
information storage device of the bit-patterned type and

the discrete track type may be practically produced.

Advantageous Effects

30 [0024] As described above, according to the present case,
it is possible to obtain the simple production method
capable of producing the magnetic storage medium, and the

magnetic storage medium and the information storage device



whi ch may be produced by such a sinple production nmethod. Brief Description

of Drawings [0025]FIG 1 is a diagramthat illustrates a 5 conventi onal
production method of produci ng a magneti g storage nmedi um of the
bit-patterned type. FIG 2 is a diagramthat illustrates an

I nternal structure of a Hard Di sk Device (HDD) that is an exenpl ary

orbodirent g L1 0 SLTRLL A1 205008, 0P ShpeAQTL 8- adcL 808 petiagective

view that schematic ate e nmagne

illustrated in FIG 2. FIG 4 is a diagramthat illustrates a

met hod of producing the magnetic disk illustrated in FIG 2 and FIG 153.
FIG 5 is a RBi®fr AasCFaPrtiPnust rarasings exanpl e. FIG 6 is a graph

t hat i ndi cat ef f f.the | .0 [,0n: 440 f _.the exanple and
t he conpar at fo\gloeﬁgxarrpl:ﬁ(g' gOIJ—'FGs &}Q{J%f%%gr.f%%ﬁ%lhl%s‘%?% iegataes t he dependence
of the s&turainvemtnegadt pzatitonion mdéchahmiihtproduchphgct edagoatsic f or each of

the magnetic filmfornmed to_have the filmthickness of 5 nmand the

magneti ¢ fi lFhFGFed O3 FHaft tHhe P mathetises$YBF-10 nm 25 Description of

Enbodi ments [ 0026] pygnphaty gniogdhrents:4f hhesrehbed of praduciing the
magneti c storage nmedium the magnetic storage nedium and the information

st or age deviteyasrunghiodhat Her@aBigk Device (HDD) that is an exemplary

embodiment of the information storage device.

10 FIG. 3 is a perspective view that schematically
illustrates a structure of the magnetic disk illustrated in
FIG. 2.

FIG. 4 is a diagram that illustrates a method of
producing the magnetic disk illustrated in FIG. 2 and FIG.

15 3.

FIG. 5 is a diagram that illustrates an example.

FIG. 6 is a graph that indicates an effect of the
ion injection in each of the example and the comparative
example.

20 FIG. 7 1s a graph that indicates the dependence of
the saturation magnetization on the amount of injected
ions, for each of the magnetic film formed to have the film
thickness of 5 nm and the magnetic film formed to have the
film thickness of 10 nm.

25
Desgscription of Embodiments
[0026] Exemplary embodiments of the method of producing
the magnetic storage medium, the magnetic storage medium
and the information storage device for which the basic

30 modes have been described above will be described below
with reference to the drawings.

[0027] FIG. 2 is a diagram that illustrates an internal

structure of a Hard Disk Device (HDD) that is an exemplary



30 nodes have been descri bed above will be described below wth reference
to the drawings. [0027]FIG 2 is a diagramthat illustrates an internal
structure of a Hard Di sk Device (HDD) t+hat-is an exenplary - 9 -

enbodi ment of the information storage device. [0028] A Hard Di sk Device
(HDD) 100 illustrated in this diagramis incorporated into a host device

The host - dorrieransstoBr, e, BRI el BB B0 or e

circul ar - pl atoezlgike magaeti Didkskevilé: arrpmt ackedilnsardepd hiditlect i on of
the diagram_.and housed in a housing H This magnetic disk 10 is equival ent
to an exenplHAPTEH dRbABFAERPTBFC] N htagndCsE SEHE8geSHE™i 4T or which the

basi ¢ node Le8n. esaf)ﬁ'téf-‘si 2h9Vesed %%S%H?ﬁ??r%\rzboﬂ esRSLlqd Qnegl%%_ basi c

nodes of thé nmagnetic storage nmedi umand the 1 nfornmation storage device,
such an applired¢heptiesthdevitcde nagnetic section is each of 15 magnetic dots
which are regularly arranged in_plural_ arrays on the substrate, and in each
of which inﬂ%&ﬁg¥ion%PstHgang?F@aé}ﬁkrQQﬁﬁQEe&POanBWO Or MOT§ he | ow magnetic
section is aihetneenpdate SEPRE ahlindtiVidegsbebneea shecwagnet iL dots and
obstructing nutual 28 magneti c coupling of the magnetic dots" is

pref er abl e. depd3 9f-FRFS iap pbt ethervti@drameqandahensedoim aepiaing &.or age

medi um of t gk Faé%ﬁ%&‘généﬁsﬁyfﬁii ‘@%J'%Ql%agngy %.nd }t{ém%\fae]_rf bi t .
informati on 'S recorded are provi ed Derorehand at t ie T spective |l ocations
on a substraiodiment of the magnetic storage medium for which the

basic mode has been described above.

[0030] Here, with respect to the basic modes of the

magnetic storage medium and the information storage device,

such an applied mode that “the magnetic section is each of

15 magnetic dots which are regularly arranged in plural arrays
on the substrate, and in each of which information is
magnetically reccrded, and

the low magnetic section is a between-dot separator
provided between the magnetic dots and obstructing mutual

20 magnetic coupling of the magnetic dots” is preferable.
[0031] This applied mode is egquivalent to a magnetic
storage medium of the bit-patterned type in which magnetic
dots where bit information is recorded are provided
beforehand at the respective locations on a substrate.

25 [0032] The magnetic disk 10 of FIG. 2 is a magnetic
storage medium of the bit-patterned type, and is equivalent
to an exemplary embodiment of this applied mode. Further,
this magnetic disk 10 is also a so-called perpendicular
magnetic storage medium in which on each magnetic dot,

30 information is recorded in the form of magnetic pattern by
magnetization in a direction perpendicular to the front and
back faces. Furthermore, it is also applicable to a so-

called in-plane magnetic storage medium in which



25[ 0032] The magnetic disk 10 of FIG 2 is a magnetic storage nedi umof the
bit-patterned type, and is equivalent to an exenplary enbodi nent of this
applied node. Further, this magnetic disl 10 is also a so-called

per pendi cul ar magnetic storage nediumin which on each magnetic dot, 30
information is recorded in the formof magnetic pattern by nmagnetization in

di ti i.cul toth t d. back f ., Furth it
21 S0 appl i BT o b Bal BN R pt Arid hudgttdt 10 BEORAGLC ra (R % ch -

10 - infoi mafdpiedivataenr dadai Nohherh@iia OfqiregRebhCwhReht e&8odyr to
magneti zation 1n a longitudinal direction with respect to the front and
back faces. 03 andabaeki Eadeésk 10 rotates about a disk spindle 5 11

in the housi [0 F . Q. i H of th S evi ce
100, 3 ovi g BVal20 CAAF NBVBSCiroitE e i hukisy SEE SR
magnet i csdi sk 13y tae &ousahgrH30 used for driving the swng arm 20 and a

control circuit 50 are also 10 housed. [0035] The swing arm 20 hol ds, at the

tip, a magneti®Head 2HTOREr per FOPMROWIRT My Gdndheelardgder i d6t%ation to
and from the fq ont s@lﬁngEK b gcesaofy n\%ﬁ}'ﬁ%ﬁl ltﬁedk?&ﬁgo?lmgt%éaxer , the

swing arm20.1s pivotably supported I e 157housi ng b earing 24.
And, this sviagpsarah 20ei snggnedtied Aiistkhilh, aapr ecietaron idd wbegl €orange about

the b i 4, t th i head 21 i dt | av
ront and DSCic iR 81 SERESnRURe) i Sk FBT-P CLRaUHeLTE RIS

equi val ept trmaegexanpl e of the 20 magnetic head in the above-descri bed

basi c node of the information storage device.
[C035] The swing arm 20 holds, at the tip, a magnetic

head 21 that performs writing and reading of information to
and from the front and back faces of the magnetic disk 10.
Further, the swing arm 20 is pivotably supported in the

15 housing H by a bearing 24. And, this swing arm 20 is
pivoted within a predetermined angle range about the
bearing 24, so that the magnetic head 21 is caused to move
along the front and back faces of the magnetic disk 10.
This magnetic head is equivalent to an example of the

20 magnetic head in the above-described basic mode of the
information storage device.
[0036] The reading and writing of information by the
magnetic head 21 and the movement of the arm 30 are
controlled by the control circuit 50, and the exchange of

25 information with the host device also is performed through
this control circuit 50.
[C037] The combination of the swing arm 20, the bearing
24, the actuator 30 and the contreol circuit 50 is
equivalent to an example of the head-position control

30 system in the above-described basic mode of the information
stcrage device.
[0038] FIG. 3 is a perspective view that schematically

illustrates the structure of the magnetic disk illustrated



[ 0036] The reading and witing of information by the magnetic head 21 and

t he novenent of the arm 30 are controlled by the control circuit 50, and

t he exchange of 25 information with theihost device also is perforned
through this control circuit 50. [0037] The conbi nati on of the swing arm 20,
t he bearing 24, the actuator 30 and the control circuit 50 is equivalent to
an exanpl e oﬂl%q%_h%ad-position control 30 systemin the above-descri bed
basi ¢ node of the ‘i Af or mati on storage device. [0038]FIG 3 is a perspective
view that sciusi caliny thlikustcat s 4 heasd raiat Wrenotheheipegneti c di sk
illustrated in FIL.G 2. [0039]In this FIG 3, a part cut fromthe circular-
pl ate-1i ke mAGHErildkgi SRINSTIT| dktk ated 1 MB640LFHe nagnetic disk 10
Hustrated idhgthG 3rRARadnSUel 8isE Het G ddAL Bl thakgaopeide dots Q
are arranged 1 n regular arrays on a substrate S. I'nfornmation correspondi ng
to 1 bit5is swmdnet istalkyurecohsied luradaciagok ttike doagngt are datsar@edlhe
magneti c dots %%g{ arranged to be shaped like a circular orbit around the

center of tHhe ghefrE=dPsk™ 19,5 2t Pum o Ylgnet i ¢ dot s f or ms
a track T. The aupshEahg Soi § BOYI ¥Al@indcd AN 16X 2EPbeao {hesutbsiate in

the above-described basic nodes. Furthér, the magnetic dot Qis equivalent
to an exanpltdeomaghetimgAetecQsedhicomagnet he dbiov e descrirtivangedste hedes,

and is al so uibval ent to_an_exanpl.e of the gnetic _dot .i.n the applied
node corr esﬁ%%@%ng ltl%et Re“mh Lrllg?li‘ O féémﬁgdit m 8?“%%:5 %trﬁtbeat t er ned

type. [0041hfufidiecmaiek aopadidbetowemrt E magnehytetDd SA€Rd SfFddms a
bet ween-dot separator_U in which the magnetic,  anisotropy 20 and the
saturation rEg et fzatTh SHRERTERSr St RENCTREVMRJHetiT ShicdeiPdfy CanBhe he

saturat] on HRgReLLLALLANCAL ANGIMAIRLLGM0LasR: Ad-UNI eh,MRgnet Leally
separates the magnetic dots Q The nmagnetic 1 nteraction between'the
magnet i ¢ dotmsgeits cspek| Qdue ¢guivhlseriettween- deampéparfitone magnetic
section in the above-described basic modesg, and is also
15 equivalent to an example of the magnetic dot in the applied
mecde corresponding to the magnetic storage medium of the
bit-patterned type.
[0041} Furthermore, a part between the magnetic dots Q is
a between-dot separator U in which the magnetic anisotropy
20 and the saturation magnetization are lower than the
magnetic anisotropy and the saturation magnetization of the
magnetic dots @, and which magnetically separates the
magnetic dots Q. The magnetic interaction between the
magnetic dots Q is small due to this between-dot geparator
25 U. This between-dot separator U is equivalent to an example
of the low magnetic section in the above-described basic
modes, and is also equivalent to an example of the between-
dot separator in the applied mode corresponding to the
magnetic storage medium of the bit-patterned type.
30 [0042] When the magnetic interaction between the magnetic
dots Q is thus small, even at the time of recording and
reproducing information to and from the magnetic dot Q, the

magnetic interaction between the tracks T is small and



25 U This between-dot separator U is equivalent to an exanple of the | ow
magneti c section in the above-descri bed basic nodes, and is al so equival ent
to an exanpl e of the between- dot separatmdr- in the applied node
corresponding to the magnetic storage nediumof the bit-patterned type. 30
[ 0042] When the magnetic interaction between the nmagnetic dots Qis thus
smal |, even he .tine of .recording.and repraoducing.infornmation to and
fromthe nagnel%sit;’cecdjoet S@—Ctaﬁge éﬁ{é‘ﬁg]ée??ﬁ‘%? gt%:etotiwoeﬁ%gthﬁetérrlan%% tfacks Tis
smal | and -si&lt. t husthéhe 50-€aiH ed ithkembghente &stsvepn dHwe dordeks is
smal | . Further, in each of the magnetic dots Q the border of a recorded

i nf or mati on ®f t2 dGEPEHSE fRieruat éonybhesiceniptt Héussuahe| by Rerk mal

fluctuation phengnenon J a T, .Qr di g i c.di sk 10
of the bit-patternegg?fgglgé ?ﬁ?ﬁg %af%%ﬂfn {Eﬁ%iﬁ%EFagﬁggeg%c€?%%&%T t he
track w @t h End shardeeniing 0b the magestdiangiisk lUoendt hhareipessi bl e, and

the magneti c storage nediumw.th a high recordin%1densit¥ na% pe obt ai ned.
10 0043] A mRHIFTOF hiadic g HAFEC HRGHALITE diSk T16- wet | TBRUHESSH | Bed

bel ow. [0044jrhe rRihed @h HﬁQdHHEPQeﬁm;jé SRGH e cBir-8kndOpi€ 1engQyi val ent

to an exenpl ary enbodi nent of the nmethod of producing the magnetic storage
medi um f or v#iePassdEasi endsthedeadrest beatateger mMgddumbwiyeh § 0OUB] Her e,
with respect_t e basic.npde_of. thi.s nmet hod of producing the nagnetic

st or age nedi{ﬁébééiz g%ngﬁﬁVi@ﬁyn%%ep?$ﬁﬁn' ‘he ion- injection includes
using iaons ofo@t3]l eat ni@cki BE plo@Xy DR H10Is niigne@égendien aodw201 fl uorine
ion" is conceivable. [0046] This applied node is equivalent to a nethod of
produci ng a MRadgfsGarEPsdoPgdevnedi um of the bit-patterned type. The nethod

o Do NGOl e 09 ool a:akogocsut val o
egquivalent to an exemplary embodiment of the method of
producing the magnetic storage medium for which the basic

15 mode has been described above.
[0045] Here, with respect to the basic mede of this
method of producing the magnetic storage medium, such an
applied mode that “the ion- injection includes using ions
of at least one kind of oxygen ion, nitrogen ion and

20 fluorine ion” is conceivable.
[0046] This applied mode is equivalent to a method of
producing a magnetic storage medium of the bit-patterned
type. The method of producing the magnetic disk 10 to be
described below is also equivalent to an exemplary

25 embodiment of this applied mode.
[0047] FIG. 4 is a diagram that illustrates the method of
producing the magnetic disk illustrated in FIG. 2 and FIG.
3.
[0048] In the production method illustrated in this FIG.

30 4, at first, a magnetic film 62 ig formed on a glass
substrate 61 in a film-forming procesg (A). This film-
forming process (A) is equivalent to an example of the

magnetic-film forming step in the above-described basic



[0047]FIG 4 is a diagramthat illustrates the nethod of producing the
magnetic disk illustrated in FIG 2 and FIG 3 [0048]1n the production
method illustrated in this FIG 30 4, atiFfirst, a magnetic filme62 is
formed on a glass substrate 61 in a filmformng process (A). This
filmformng process (A) is equivalent to an exanple of the magnetic-film
formng step_int hove-described basic .- 13 - de of the nethod of
broducing. ¢ Mgt SESF ool ot i A Sa%GRaE: SCPFTaT6s 1o a
magnetic filmadings ehdatEesChabhebisedi Bl ey iand hayhegia thiskiness of |ess
than 10 nm 5[ 0049] Next, in a _nano-inprint process (B), a resist 63 nade of
a WV curabl €% &G i& -gsplkregdoat oy mnddypidiioc of itharkress @bl e$% havi ng
nano-si zed hglgs 64a is nounted on the resist 63. This results in the
resist 63 entering the nano-sized holes 64a, and thereby dots 63a of the 10
resi st 63 ar@d4dimed NeAtd, ihhe nesosim®lints grdcedisat(@), wat hegl ét asd ol et

i ght over the nold 64, so that the resist 63 is cured and the dots 63a are
printed on tHESEdnét UV FREARPES. TERHR et aPRIEA PRECT BBESTAFEEC cured, the

mold 64 is rempyesd., b5HBYS0EA hetiddIe 1T 1Rl <Br B£ESSs (funddip flow
advances to an ion injection process (C). In this ion injection process
(O, ions oforamheonesiisndédt Shigemeisohss hnt thgeresiots edndntlerdngne i ons

e e WPk AATRIT RS Had SR 2 REES, RES SEr T ot 1 m 62
whi | e magnetretidat $363aeprot-aeded 2By, t RRedobSi 6886 Dfid Re-rasksbabiiane | eft

so that the saturation magnetization is reduced. Here, in the present
enbodi ment , 4 svagReti é1hEnPeer | Bherdf o4 heoCsheE - Pre eaekbtald2y havi ng

the 25 thickness,Qf; Legstiha yﬂgﬁ_ he,.saf urat i gt j zation
of the magnetic filn1§§ ﬁgg ggégégﬁ%ggﬂ% t geﬁoﬁniﬁ%%c@%%ﬁg%gﬁggﬁﬁtely.
Thi s ion inject i Barpracesstt{e@) tihe egsizal 6ht 14 occwredxama ecdfl theison

injection step in _the above-described basic node. Further, this ion
injection 30PFIEEss (O) is equivalent to an exanple of the ion injection

step inithe mpgloled npderCeneesROAdinG-rd hedERENqd) of tREogg) ng the
magneti c storage nedi um of the bit-patternéd type.
advances to an ion injection process (C). In this ion
injection process (C), ions of any one kind of oxygen ions,
nitrogen ions and fluorine ions are emitted from above the
magnetic film 62 on which the dots 63a are printed. As a
20 result, the ions are injected into the magnetic film 62
while magnetic dots 62a protected by the dots 63a of the
resist 63 are left so that the saturation magnetization is
reduced. Here, in the present embodiment, the magnetic
film 62 is made of the Co-Cr-Pt-based alloy having the
25 thickness of less than 10 nm and thus, the saturation
magnetization of the magnetic film 62 may be reduced by the
ion injection effectively. This ion injection process (C)
is equivalent to an example of the ion injection step in
the above-described basic mode. Further, this ion injection
30 process (C) is equivalent to an example of the ion
injection step in the applied mode correspondiﬁg to the
method of producing the magnetic storage medium of the bit-

patterned type.



- 14 - [0051] Here, for the above-described basic node, such an applied node
that "the ion- injection includes using ions of at |east one kind of oxygen
ion, nitrogen ion and fluorine ion" is pueferable. 5 [0052] The reason is
because the oxygen ions, the nitrogen ions and the fluorine ions may
degrade the nmagnetic property of the magnetic filmnore effectively than

when ot her i re ipjected into the nmagnetic fi.l mmade of a

Co Pt - s oy THRE " 2 14 G0V E0 CRaHGGRE PoRRT Ty "o 455 R 1 ons
having a | arggatenedeadhds hene haen used:ibh thelppesensindgviesid on, ions
of an el enent having a conparatively small atom c radi us such_as the oxygen
i ons, the nidf dfedcpeiscaAadiine ¢F WBHRITRS iioms RAETAPRNI €8 &t hat the ions

may effeCtiW?ﬁbﬁTﬂ%agohnt955§¥%€§3£%M§tal | attice of the Co-Cr-Pt-based

all oy. And, I'S ‘'under’st 00 € Curie tenperature is decreased by
causi ng di st@adzgn i mhkheekhabhi te, badtwliss the esyien tthessatheat i on
magneti zation at room tenperature_rmay be reduced. %%&0053]The ion injection

process (C) HFIEIEN 4978 ardotful et 1o anMeXaftpEEAd? tiHe ion injection
step in thi snaaﬁ;@t'i%dg&rgggrt 09@"&1@rrﬁatg%{etifcorfimema@vgfﬂ@@@ﬂé%%dzgasI c

node, such an "applied nbde that "there is further provided nmask-
formati on i ndlandivingnf othengianseske tirgieastest Lucbsthaj wagnenioffilywe ion into

t he protected area, erein_the ion-injection includes | ocally injecting,
by appl yi ng s iognaTW?’LE?FnEEbngb?%ee&r?a];ﬂr?éi'i cg?i"r*ﬁﬁsofﬁogh the mask is
formed, 1t he d9R&nitibAadlyar ede ot s tAAN drike naKehgCh ella Bg@an tibhniy ot ect ed by

t he mask" is preferable. [0055] According to this applied node, an area
wher e t he i ifdinjSe&aVEnPESN URPRE esda8r FHP SPF@EeD | VIV Hie8 edOB§ PRedFrask

and thus, fQﬁ%ﬁk&%nhggﬁﬂﬁagycémp§§5%i gﬁk%%lqogtbﬁic radius such as
the oxygen ions, the nitrogen ions and the fluorine ions
are applied, so that the ions may effectively break into

15 the crystal lattice of the Co-Cr-Pt-based alloy. And, it is
understood that the Curie temperature is decreased by
causing distortion in the lattice, and as a result, the
saturation magnetization at room temperature may be
reduced.

20 [0053] The ion injection process (C) in FIG. 4 is also
equivalent to an example of the ion injection step in this
applied mode.

[0054] Further, for the above-described basic mdde, such
an applied mode that “there is further provided mask-

25 formation including forming a mask that obstructs injection
of the ion into the protected area, wherein
the ion-injection includes locally injecting, by applying
the ion from above the magnetic film on which the mask is
formed, the ions into an area other than the protected area

30 protected by the mask” is preferable.

[0055] According to this applied mode, an area where the
ion injection is unnecessary is reliably protected by the

mask and thus, formation accuracy of the magnetic dot is



- 15 - high. The nano-inprint process (B) in FIG 4 is equivalent to an
exanpl e of the mask formation step in this applied node, and the ion
injection process (C) is equivalent to as exanple of the ion injection step
in this applied node. 5 [0056] Furthernore, for this applied node having the
mask formation step, an applied node in which "the mask-formation includes

formngtheﬁgﬁ- ﬁ[( | si st . and _an_appl Led, no I n which "th
mask-formati o |'n\é\?fﬁ§e§a1§§rlnrﬁ§pnrgl %hé’rr?ggl?gwi(kﬁ %\nrgjg(i}'st% l&/ewgﬁg?flﬁpri nt
process” ar ecd Quf wxdhenepeef enabhesk [ &SandBasedren therAaskah@riwi i on by
the resist, technically stable and accurate mask Tormati on may be expected,
and the maskKI n@ti%k By 1PRelRAFGE 1P RTACSHt0dES s LrngTetst st ricatad a nask
pattern in SARRA 5.;and; ' ' I . Th [ | nt process
(B) illust rzet ed’l neI ﬁ?lelghllfl ésﬂflfl eqiu%gﬁ%?r}f{q o%grllge%ﬁ%?%dorﬁ&ﬁfe mask
formati oh stE5al t heserthertmbee, pfef erlatd eamphlddedodedesving the mask

[ 0058] I ncidental |y, in_the above-described nano-inmprint, 20 the resist is

not conpl et V"}aé:ﬁﬁ@e&tégenapnamﬁjel%ﬁ‘ &Pdntie WRiER hBSiB#¥shoul d be

i nj ected. HowvRitichhenk@N8ePerSin At e ne% Sttt adrbQfats athhgre the

resist is thin and are injected into the magnetic film 62, whereas at a

| ocat i on whé&Plilgel mediestini whidlh cktHanameslky foambodani bnc Pedehefemting dot s

63a are for e _l.ons_are_ stopped at the.resist and do not reach the
Y e i £ 2 28 T P IRE £ orsBEest P e SRt dot

magnetic film~ FOr thi'sreason,

patter nLo[ OGSkt beeferabide ion injection process (C) illustrated in
FIG 4, an ionic acceleration voltage is set 30 so that the ions are
i nj ected intl@%%7dent PiFePaPe BRe (RS Jtdory P 6Re TREEStaccel eration

voltage var lexrieeandlnge ah1 L Nond YREANar O RRsKkARENAL L S ARPHY NG on the
depth to the central part of the magnetic "m and T he

expected, and the mask formation by the nano imprint
process may easily create a mask pattern in a nano level

15 and thus is desirable. The nano-imprint process (B)
illustrated in this FIG. 4 is equivalent to an example of
the mask formation step in these further preferable applied
modes.
[0058] Incidentally, in the above-described nanc-imprint,

20 the resist is not completely removed even in the area into
which the ions should be injected. However, the ions
penetrate the resist at a location where the resist is thin
and are injected into the magnetic film 62, whereas at a
location where the resist is thick (namely, a location

25 where the dots 63a are formed), the ions are stopped at the
resist and do not reach the magnetic film. For this reason,
it is possible to form a desired dot pattern.
[0059] Further, in the ion injection process (C)
illustrated in FIG. 4, an ionic acceleration voltage is set

30 so that the ions are injected into a central part of the
magnetic film 62. This acceleration voltage varies
depending on the type of ions, and varies depending con the

depth to the central part of the magnetic film and the



- 16 - material. [0060]In the magnetic film62 at the area into which the
ions are injected in this ion injection process (C, the ions are

accunul ated inside, and the crystal strusture is 5 warped, and a coercive
force and the saturation magnetization fall. After the ion injection, the
dots 63a of the resist are renoved by a chem cal process. [0061] Through

such an ion rnl.ﬂe tajlon process (C), a between-dot separator 62b is forned
bet ween t he magnejtl C 10 dots 62a to separate the magnetic nutual

interaction pefawgen tihe cheghabhetedet 8ibras2 s tthat at-ba AagpelhicistEHage
medi um 10 of the bit-patterned type is conpleted (D). In the between-dot
separat ors 6285 (&€ daAUGFReAoAN nBlghet IFatingeatdoguPEPEReRt [§) | oM than the

saturation 1 ti i t net.i t n h i nf ormati on
is recor dedjlo%n y%{}% f‘ﬁ%h@gﬁg%?c{ﬁ%@@'a?éi% %eglr%%g?%a%%%glé%rénoﬁsor ecor ded
in the bétweengeat, sepapatoescHed. f$OH6 A thae saagpnetionst or age nedi um 10

produced in the 20 praqoduction nmethod illustrated in this FIG 4, snoothness

4
bet ween t he TEJIECiZEtdo0s 1824 - and Hote thEt hER NI LR SeFhr &6 §965b5P8r ni ng

the surface dss e /3E00ENREESrERCTEE BRANQHcR bR MLB3cEgsmed in the
filmformng process (A) which is maintained as it is. For this reason, the

25 fl att eni nipd¥ldcesThatughe suochvant iomalnjssttiongpeoasse! (Ot rated in FI G
1 i s unnecessar and _the production nethod iJlustrated in this FIG 4 is a
il o ot hal UIES0a FuPEREFRBT S, S 1 The SER SRS het RS at ed | 1
this Fl Go 4,ddthe araghet sepdoh e 628 affyrydiceaedabyihbera6cois 63a of the
resist printed on the magnetic film62. Therefore, the entire surface of

the magnet i C¥t61agENReBRERPLEC N9t DS T &0 &PEE WREhMRFRSF bR AT i e,
and the ion iy 19NNt Ret BEL NECESSAH I ARR_ TBY cBfip1etdd ). 1n

the between-dot separators 62b, the saturation
magnetization is sufficiently lower than the saturation

15 magnetization of the magnetic dots 62a and thus,
information is recorded only in the magnetic dots 62a,
while information is not recorded in the.between—dot
separators 62b,
[0062] In the magnetic storage medium 10 produced in the

20 production method illustrated in this FIG. 4, smoothness
between the magnetic dots 62a and the between-dot
separators 62b forming the surface is the smoothness in the
magnetic film 62 formed in the film-forming process (A)
which is maintained as it is. For this reason, the

25 flattening process of the conventional technique as
illustrated in FIG. 1 is unnecessary, and the production
method illustrated in this FIG. 4 is a simple method.
[Co63] Furthermore, in the producticn method illustrated
in this FIG. 4, the magnetic dots 62a are protected by the

30 dots 63a of the resist printed on the magnetic f£ilm 62.
Therefore, the entire surface of the magnetic storage
medium 10 may be irradiated with the ions at a time, and

the ion injection into the necessary area may be



sufficiently obtained by the ion irradiation for several seconds and thus,
the mass productivity is not inpaired. [0064]1n an exanple to be de'scribed
bel ow, the production nmethod illustratediinthis FIG 4 is applied to 5
specific materials and the like, and the technical effect was verified.
[0065]FIG 5 is a diagramthat illustrates the exanple. [0066] A gl ass

substrate 70 hed ] s.set in magnet ron sput.tering devi ce, and
evacuat i on i%ﬁﬁiﬁ?%ﬁﬁﬁiy'ﬁ £o1E8 %yxt %-%mdeBF“f éanSBgeﬁ%%%Y?g, at an
Ar gas pressgdcords Gkl thas, WehBoMhshegtddig-tiRa tg agSnsubshpat £240, a

S-nnthick filmof (001) crystal-oriented hcp-Ru was forned ‘as a base |ayer
71 for maki ni? @ Hagnell @nl gyrapmphgyeocky stascorhashtgtlioon. the to the process

for form ng ' r..l 1] ustr.ati ig omited. in the
producti on &%@%%59%%%1%@égogn§&iéft%£€%%0%5ﬁ§5%%gg%éngl§g1é%% %@i@%ly
Wi t hout Bet uspddicf 10 nfaterdklspaRSSHRE, 1 BedTAGRY ithef keBhh2cADraeteef a
Co-Cr-Pd allgﬁhmas,fqrned at the Ar gas pressure of 0.67 Pa. 20 [0068]

I nci dent al | y"ahef&E1 i€ -nagnetic film 72 having a filmthickness in a range

of 5 nmor d@and lgegs thag 1048 }pg : f netic
film72 was orégd, a 4-nm th%c% %%%%?d%ﬁilaﬂﬁﬁ%g%}%%éégﬁéoﬁgﬁggﬁgbrned as
a 25 protectiddlaye® B asEheubktuste atd omesifed helir eeesseof ifioaim ng this
protective |ayer .73 al so i 'téed.in t he. producti.on pethod_illustrated in

PIG 4. [ 00TOTRG SIS CRUMEESEDRYI ST bt o THe PROCBELPUe F oeh CPTCUNP by
O ST PR 0523505, SAMIntT5, she PR L0 AU @

of 0.67 Pa, without heating the glass substrate 70, a 5-nm-
thick film of (001) crystal-oriented hcp-Ru was formed as a
bage layer 71 for making a magnetic layer have crystal
orientation. As to the process for forming this base layer

15 71, the illustration is omitted in the production method
depicted in FIG. 4.
[0067] Subsequently, successively without returning to
the air pressure, a magnetic film 72 formed of a Co-Cr-Pd
alloy was formed at the Ar gas pressure of 0.67 Pa.

20 [0CE8] Incidentally, here, the magnetic film 72 having a

' film thickness in a range of 5 nm or more and less than 10
nm was formed.
[0069] After the magnetic film 72 was formed, a 4-nm-
thick film of diamond-like carbon was formed as a

25 protective layer 73. The illustration of the process of
forming this protective layer 73 also is omitted in the
production method illustrated in FIG. 4.
[0070] A resist was applied onto the protective layer 73,
and by using the nano-imprint process, a columnar resist

30 pattern 74 having a diameter of 18 nm to 60 nm was formed.
[0071] From above the resist pattern 74, nitrogen ions 75
accelerated at 6 keV were emitted and injected into the

magnetic film 72. As mentioned earlier, the iocnic



[ 0071] From above the resist pattern 74, nitrogen ions 75 accelerated at 6
keV were emtted and injected into the nagnetic film72. As nentioned
earlier, the ionic - 18 - acceleration mpltage was set so as to inject the
ions into the central part of the magnetic film72. [0072]Incidentally,
considering a realistic filmthickness of the magnetic filmand danmage to

t he magnetic i lm.at the.tine of the ion injectian, it . is,desirable that
the ionic ac%éﬁ%%%ﬁ%q§ﬁmb3F9§856bgai ReV Bt For€ and 6 &B@ OPIF e¥ito

[0073] After tie detrial] @abioBs the heghstidatiigl w274 was renmoved by
SC1 cl eaning, and thereby the exanple was 10 obtained. [0074]Wth respect

to the abovel@&dri bedpemsedlya conpadering axanlistias félmat ed by
formng a | j | hay] t hi ' rang f m or nore
and 20 nm or egg%ﬁ%%éELé%Foﬁébﬁgt?%ep%%ﬁQﬁ%fé%@?%ﬁ g?n?F%rm%%n$$k915
above- descr i fieldn extanplee £t in@035] The &b edjeaftitdie ieniknpjesit@pldé ncleach of
the exanple and the conparative exanple thus obtained was verified.

[0076] FIG 6-0% laP”g}rcaﬁﬁC{aI]rﬁFaFﬁaFc‘égﬁ?ﬁ%éDeeﬂf &€V oF PRES28Nd ok i%§ect i on
in each of the exanple and the conparative exanple. [0077]1n the graph Gl
illustrated in this FIG 6, the filmthickness of the magnetic film72 is
on the hori zoM] After the ion injection, the resist pattern 74 was

removed by SCl cleaning, and thereby the example was

10 obtained.
[0074] With respect to the above-described example, a
comparative example was created by forming a magnetic film
72 having a thickness in a range of 10 nm or more and 20 nm
or less, and performing the ion injection similar to the

15 above-described example.
[0075] The effect of the ion injection in each of the
example and the comparative example thus obtained was
verified.
[0076] FIG. 6 is a graph that indicates the effect of the

20 ion injection in each of the example and the comparative
example.
[0077] In the graph Gl illustrated in this FIG. 6, the
film thickness of the magnetic film 72 is on the horizontal
axis, and the saturation magnetization of the magnetic film

25 72 is on the vertical axis. And, for both of the example
and the comparative example, a correspondence of the film
thickness change and the saturation magnetization is
illustrated. Further, for both of the example and the
comparative example, the correspondence before the ion

30  injection is indicated by a first line L1 linking square
marks, and the correspondence after the ion injection is
indicated by a second line L2 linking circular marks. Of

each of these lines L1 and L2, a part within a range in



axi s, and the saturation magnetization of the magnetic film25 72 is on the
vertical axis. And, for both of the exanple and the conparative exanple, a
correspondence of the filmthickness chamge and the saturation
magnetization is illustrated. Further, for both of the exanple and the
conparati ve exanple, the correspondence before the ion 30 injection is

i ndi cated by .a. first li.ne |1 nking.square marks, an he correspondence
after the i o‘ﬁﬁ%%}}l eets ofnﬂim_sEgﬁﬁakgg?ﬁdl%yydﬂge%ﬁ%ﬂh fie ;eFF’nE{lW_@) @rcul ar
marks. O eagh @iridgsmds Resthd aRgmple, aRafdadvat RhRcawi 8ngg 4n - 19 -
which the filmthickness is 5 nmor nore and | ess than 10 nm corresponds to

t he exanpl e, T3RHRR eds A ighr thei £AIR Bhickres nianlilchm b hPren aid ckhess i s
10 nm or nor orre t C i ve exanpl e.
5[ 0075] The. Sband 11750 S0 PREPRS o Sprr St v FARTELT ef fuar d.

Further, 5t he[&®t&ind |Thee de2chendsnat Lt hen f thenddiptkpassfoF1d0 anfasngd t he
falling inclsi%%ti on. becones acute. From_the shape of _this second line L2,

first, it i FURE ¢ hat Ut HEeX hithifesoopess LERet B CRefeds & thiee Tdfnetic 10
filmis, thegraatdls e el iRotanh epdUElng e rsatieas ban,oaghel | zati on by

the ion injection becones. Further, from nding of this second |ine
L2, it is fouka-haFrpeyom shepd idimthhisckressdolind Ify fasstthe iki im

t hi ckness becone hi.nner an 10 he effect of reducing the saturation
15 magneti za ?%rhélﬁ:egézrré:gleg&gé{l%?rsﬂg% pﬁjl;lm [%*f%]nﬁ@f?t ’f’%i hEs Ta&Hednet i c
film 7210equiMad ent, tthet Gecaxapptied dordmd 0 reaveiagl the thiekpess, of 5
nm nitrogen ions are injected, while gradually increasing the nount of

i nj ection arftPIHEr &R I ole PEnER_ACEOD LniRC iy bgcopRs20 Fvagheri.z4rPon on the
amount of i rmfectr%%dﬁggowh@st Eéégﬂtfc%iré 32 il 95! B&.IRINGLL G%Jyt
0 e) to t

ilm72
(equivalent to the ¢ arative exanp rméd to have a filTm |ccf<nnraess of

10 nm nitrogen fiidms taneknagect£dlo win | esgradudily thécleassndoddengount of
i njection and_ .t heret%ﬁgd&gendence 25 of the saturation magnetizati on on the

amount of inj ect&d i s™Pet Bri FEECT GIsFEEPEINY F]Qeag?g‘?%‘fﬂ’}”t%t
i ndi cat es t hexpirpandencs BEcbREs sptddald %aqg,gg.eti zation on the anount of

injected ions, for each of the nagnetic filmformed to have the film
[0079] Next, into the magnetic film 72 (equivalent to the

example) formed to have a film thickness of 5 nm, nitrogen
ions are injected, while gradually increasing the mount of
injection and thereby, dependence of the saturation

20 magnetization on the amount of injected ions was
determined. Also, into the magnetic film 72 (equivalent to
the comparative example) formed to have a film thickness of
10 nm, nitrogen ions are injected, while gradually
increasing the mount of injection and thereby, dependence

25 of the saturation magnetization on the amount of injected
ions was determined.
[0080] FIG. 7 is a graph that indicates the dependence of
the saturation magnetization on the amount of injected
ions, for each cof the magnetic film formed to have the film

30 thickness of 5 nm and the magnetic film formed to have the
film thickness of 10 nm.

[0081] In a graph G2 illustrated in this FIG. 7, the ion

injection is on the horizontal axis, while the saturation



30 thickness of 5 nmand the magnetic filmfornmed to have the film

thi ckness of 10 rim [0081]In a graph &Q illustrated in this FIG 7, the
ion injection is on the horizontal axis,ogwhile the saturation - 20 -
magneti zation of the magnetic film72 is on the vertical axis. The
dependence of the saturation magnetization on the amount of injected ions

in the nagneti I equi valent to the e le) fornmed.to have the film
t hi ckness o?ﬁ%&?ﬁ%ilésgéoﬁln |f2§l%gdm89n§p%‘ﬁifjg{$i7r% 15390 hREnyedFafdhd narks.
Further, theagépendiacaepbniibecsatuinald @ ciRa8ebhZabi9d: 054 NG, apynt of
injected ions in the magnetic film (equivalent to the conparative exanpl e)

formed to ha¥eiMe ¥ |ITRISKtERNESBS 0N 10he dgtitdan &d 1y (aghdvaléntite L4 10

| i nki ng squ 0 r e i hed ave wWith reference to the
second | i nealll'c_lge {%{a{tﬁﬁfg%r gg’%l“gﬁ g? E‘%‘ég @,% b"t'e)lye/EL n%%lﬁzmﬁsf’mo%h%c?ﬂejs% of 10
nm as tBe fitdiddtiekngse hadedesihdi nneriridian Kl amdndt herrsf ect of

reduci ng ther%:t uration 15 magnetization beconmes greater sharply. The film
t hi ckness of " X0- i c (15 SEERBFRBCE o°f Hehe giftUratilee mageetiratiqnian t he

filmthickness ainddie boundas:bqomubi ah i S fe%F gm]educi ng the
saturation nagnetization beCones greater sharply. 0 In this fourth
line L4, thelg®tnstlient &bf be wenpars: Broumcamien) e fobredat orldv®che

magnet i zat i on | ess t.h 400, emru/ cnB, _Here, it js.desirable that as
the between- o]t%%gi%%&egﬁ 8%b?§lsré[8 BlE caped bye 2 SPHFERT bi¢reighet i zat i on
decr easeot 0 2ihi%mer skeaseohatkg. saturati on 25 nagneti zation before the ion
injection. However, fromthe shape of this fourth line L4, it is found that
it is difficll%8%lo obtedEn eredeattiieed baksymttiy aeifenchonetottiam 200

el oS cor aeppRrigel 5,208 Ohe BRI 8y e0QADRLAELAQY, DS e L 1 on

[0084] On t hehirheesband, 10 nmheasragretfidof ithickAeBavbegonde dhirmnerhi ckness

Rl e ™ e e 0", "M OB 0ERS: Yediting"the LLES LRy e graeh & of
15 magnetization becomes greater sharply. The film thickness

of 10 nm corresponding to the fourth line L4 of FIG. 7 is

the film thickness at the boundary from which this effect

of reducing the saturation magnetization becomes greater

sharply.

[0093] In this fourth line L4, the reduction effect

‘weakens around where the saturation magnetization becomes

less than 400 emu/cm’. Here, it is desirable that as the

between-dot separator 62b {see FIG. 4), the saturaticn

magnetization decrease to 20 % or less of the saturation

magnetization before the ion injection. However, from the

shape of this fourth line L4, it is found that it is

difficult to obtain the saturation magnetization lower than

200 emu/cm’ corresponding to 20% of the saturation

magnetization before the ion injection, in the magnetic

film 72 having the film thickness of 10 nm.

[0084] On the other hand, in the magnetic film 72 having

the film thickness of 5 nm, it is found from the shape of

the third line L3 in the graph G2 of FIG. 7 that the




- 21 - saturation magnetization | ower than 200 emu/cm corresponding to 20%
of the saturation magnetization before the ion injection may be
sufficiently obtained by the amount of-igjected ions of 1 x 1016 atons/cm
or nore. [0085]Fromthe lines L3 and L4 in the graph & of this FIG 7,
and the line L2 in the graph GL of FIG 6 described above, it may be said

that it i ' Kk described in the above basic node, th
{11 m thi CRneoa Y BHge o ORGP P s d RIS aonet i ¢ 111

form ng 10 stepreswsbridey ¢b bbe ©8- fhe Piabiasad 3 hRynke i zhessnt Bafold
[ 0086] As descri bed above, it was found that by making the filmthickness of
t he magnet i ctlFEFI%ﬁ%d@%lpﬁem@ﬁ-@Pﬁuﬁégékﬁrdlﬂmphté.lhﬁdsby’t bh@ 10 nni, the

great effect 5 duci_n f.the saturatigp neti zation by the ion

i nj ection vva%rg%% aiornfgc}.n:'l'?lgg%gt hPES ‘P? fsx dpbar St}ﬁéﬁ Ph ‘P%“)-’/rret hod of

produci ng t hepowggnet im-cat @hage iARdi 45 £AR! QY iNg ttﬂgeg'&%ppdeﬁi 89 sysiem by
a

formng the magnetic fil mmade of the Co-Cr-Pt-base oy in the above- 20
descri bed fi¥¥thiclomessheangee bheinathe agriaph Bdgonét FZat i ondesyried

sufficiently, c ally, Further,. according to_such a nethod of

pr oduci ng thaelgﬁrrg%nélctl %:nggfs or gazégn%\l&‘?%n][t it° i?Pﬁ%EﬁlB‘?% t3 Pretitdl ly

produce a bidegpatifteinac typeabbvaagnetd idOr age Fedihuphnetheds Nigh25
in the above description, the

recordi ng dentii ty. [0087]1ncidentally, | ' . _

nmagnetic stdr gté%/errmgﬂ‘-ﬁltéF fhémpfermrd tigt fde mpgachas-bebn fekeinas an
exanpl e10f thedregpetlgesber ag O L, | h negLi e r diumis
not limted to the bi 'E‘;l- Satter n‘gdeggé#?pte%ghné%qgg %% %%%geéga%pr@, t he

di screte trawk type. [0088] Further, in the above description, the Co-Cr-Pt

al l oy has be ken_as .an ex |l e of the Co-Cr-Pt-based alloy that forns
t he magnet i Cﬁ:ﬁe{eﬁ] Vi Fﬁgc&gg-ﬁ@ﬁ%se}ot wasy Foung Fg iy et iidited to

this. This GneCreiRir basernabs 0yr e B tald 8Y 18 mhBe bf kend edMrch
anot her elenment such as Ta, Ni, B, Cu, Si02 is added to the Co-Cr-Pt all oy,

within a cofpodeEeenataffebs n” s Hhdve Loagnét i Ehpr opeat yebfecthef

15 reducing of the saturation magnetization by the ion
injection was cbtained. From this, it is apparent that in
the method of preducing the magnetic storage medium
employing the ion doping system, by forming the magnetic
film made of the Co-Cr-Pt-based alloy in the above-

20 described film-thickness range, the saturation
magnetization may be sufficiently reduced locally. Further,
according to such a method of producing the magnetic
storage medium, it is possible to practically produce a
bit-patterned type of magnetic storage medium with a high

25 recording density.

[0087] Incidentally, in the above description, the

magnetic storage medium of the bit-patterned type has been
taken as an example of the magnetic storage medium, but the
magnetic storage medium is not limited to the bit-patterned

30 type and may be of, for example, the discrete track type.
[0088] Further, in the above description, the Co-Cr-Pt
alloy has been taken as an example of the Co-Cr-Pt-based

alloy that forms the magnetic film, but the Co-Cr-Pt-based




5 Co-Cr-Pt alloy is not inpaired. [0089] Furthernore, in the above
description, use of the resist pattern as a preferable nask for formng the
magneti c dots has been discussed as an-exanple. In contrast, in the ion
injection in the above-described basic 10 nodes, a process in which a
stencil mask is disposed so as not to touch the surface of the nedi um and

the ions are_injec q nBy. be. .enpl o . _Accqr.di to this process, the
resi st appli %%?{’ﬁrﬁ%n T He TS tt&rligfﬁal %ﬁﬁf gg"&ﬁ"??éﬂ?gf‘go%ﬁ%f imay
Fur t her nor e, benahhel Bbpvser deRCNiiRkEl R, wHSBh 15n@fhdh e NARe BREhNEgPr ocess
has been stated as the best exanple of the patterning of the resist, but

el ectron beahftexipbs P e Fy HE:usBRdded Heo gdte dioniCrrg PL] 800ay Movidvier , i n

ectron bearfexosute § e ' .
it ogen i ong. SR TRE SB7 Irge AL PRETR0E THlS i SRR haiife of the

i nj ect ed 5 on€o-ButPt hel iy eict exbti anpadrednot linmted to this, and may be
m xed ions OE% % eions. - 23 - What is clained is: 1. A nmethod of
produci ng a @ i ¢ B IRsdi 4y thReaREY o HEiRIdEY. | 68 BY the

conprising: Bappeetdo-dd miformng el Pl vdi pg.f or i .1ag ic film having
a thickness of Iesgbthan lgsn%Q%trla.Cb-Cr-PtbégégggﬁFo gﬁga substrate;
and nagneig rfjadct iheis brehudiaguseedldy dmjeeetrode . artri on i nto an

area ot her t edeterm ned protected area, on 10 the magnetic film
2. The nethd%ﬁgﬁéggéddgf%&etﬁgnngﬁﬁ%?Fﬁo%tﬁﬂa PERVETISECOLBPAGPIB Rl ai m

1, charaet ermadsk i i tdiafcesie ihoghi Bhegt s@endinciiides ilsoeakbysb8] &5tdhng, by
using a plurality 15 of points arranged regularly in a ditection in which
t he magneti 9% ITR RIS hEs ShREape opbcilesl madam end itha bensweeret he

plurality of;ppiditsy may be employed. According to this process, the

resist application and the resist removal may be omitted.
[C090] Still Furthermore, in the above description, use

15 of the nano-imprint process has been stated as the best
example of the patterning of the resist, but electron beam
exposure may be used in the patterning.
[0091] Moreover, in the above description, icns of any
one kind of the oxygen ions, the nitrogen ions and the

20  fluorine ions have been taken as an example of the injected
ions, but the injected icns are not limited to this, and

may be mixed ions of these ions.




3. The method of producing the magnetic storage nmedi um 20 according to
claim1l or 2, characterized in that the ion-injection includes using ions
of at |east one kind of oxygen ion, nitrpgen ion and fluorine ion. 4. The
met hod of producing the nagnetic storage nmedi um 25 according to any of
clainms 1 to 3, characterized by further conprising mask-formation including

formng a magi,that opsirdets injection of the ion into the protected area,
wherein the 1on-injection i ici‘udes |l ocally injecting, by 30 applying the
ion from above the magnetic filmon which the mask is formed, the ions into

an area othei tgﬁn the protected area protected by the mask. - 24 - 5. The
met hod of produét AGHERE REgGREPTEC TR radeedrsdiignsaotagdi mediwn cl wien 4,

characterizeﬁeﬁnoér@ﬁafgy%épyig-fg&n@&bﬁgiépg udes formng the mask with a
ng the na

resist. 5 6. The nmethod of produc etic storage nedi um accordi ng
to claim™ or 5, cleegntdd-Fedmi-fiothahgt hecTmbkiprremiion hnekydes:dor m ng

the mask with.a resist, by.a nano-inprint process. 10 7. A nagnetic storage
nediun1conpr?%ﬁ%&?mﬁugﬁﬁbﬁpéFgﬁess oF less e ti® ne e itbnat fatChakt a

magnetic filpaded neddyh o bhisckaesgrof Lggs than 10 nmwith a
Co- Cr- Pt-based alloy on the substrate, and on which information is
lon-injection including locally injecting an ion

into an area other than a predetermined protected area, on

10 the magnetic film.

2. The method of producing the magnetic storage medium
according to claim 1, characterized in that the ion-
injection includes locally injecting, by using a plurality
15 of points arranged regularly in a direction in which the
magnetic film spreads as the protected area, the ion

between the plurality of points.

3. The method of producing the magnetic storage medium
20 according to claim 1 or 2, characterized in that the ion-
injection includes using ions of at least one kind of

oxygen ion, nitrogen ion and fluorine ion.

4. The method of producing the magnetic storage medium

25 according to any of claims 1 to 3, characterized by further
comprising mask-formation including forming a mask that
obstructs injection of the ion into the protected area,
wherein

the ion-injection includes locally injecting, by

30 applying the ion from above the magnetic film on which the

mask is formed, the ions into an area other than the

protected area protected by the mask.




15 magnetically recorded; and a | ow magnetic section that has an
injected filmin which an ionis injected into a nagnetic filmconti nuing
to the magnetic filmof the magnetic secijon, and has saturation

magneti zation smaller than saturation 20 nmagnetization of the magnetic
section. 8. The magnetic storage medi umaccording to claim?7, characterized

in that the g i ction is each of magnetic dots which are regularly
arranged in gapﬁ%}réaﬁet%yo%ogfpjé?&léfljsn%rm% SIHFSLFaPECTARE TeABHEN of which

i nf or mat i on ascongied i tald N ineaor dedr808rizad in e QW gagRetic section
is a between-dot separator provided between the nmagnetic dots and

obstructing hotTREIsRgHS esodprmaggothe easiagniath @ detsist30 9. An
i nformation storage device characterized by conprising: a nagnetic storage
medi um that includes: - 25 - a substrate; a magnetic section which

has a magnetéc flhemmtohoddot norodidickness ahghessct besrde NN 2
Co-Cr-Pt-based alloy on the substrate and, and on which Tnfornation is 5

magnet i cal | yY?*T% typdaim 4 or j, | eharagmtizedsdet tbatwhhe mésis- an
injected filfaidhiLh dARS8" €Ak £ST [ pagnetic.fjl mcontinuing to
the magnetic filmof the rragnet ioc sgitﬁg%,ﬂa%d l;@ gafﬁ?étc'{:mbﬂa@neti zation
smal | er thaf&@umayioy pdogagaeti zati on of the nagnetic section; a
magneti ¢ head that approaches or contacts the nagnetic storage nedium to
performat | east one of magnetically recording information and magnetically

repr oduedng 7nf ar maghepi ¢ aft d e TR@ELIC cS/EL 9ngand 15a head- position
control mechani smthat noves the
a substrate;

a magnetic section that has a magnetic film formed
in a thickness of less than 10 nm with a Co-Cr-Pt-based
alloy on the substrate, and on which information is

15 magnetically recorded; and

a low magnetic section that has an injected film in
which an ion is injected into a magnetic film continﬁing to
the magnetic film of the magnetic section, and has
saturation magnetization smaller than saturation

20 magnetization of the magnetic section.

8. The magnetic storage medium according te claim 7;
Ccharacterized in that the magnetic section is each of
magnetic dots which are regularly arranged in a plurality
25 of arrays on the substrate, and in each of which
information is magnetically recorded, and
the low magnetic section is a between-dot separator
provided between the magnetic dots and obstructing mutual
magnetic coupling of the magnetic dots.
30
9. An information storage device characterized by
comprising:

a magnetic storage medium that includes:



magnetic head relatively to a surface of the magnetic storage medium to
position the magnetic head over the magnetic section on or from which the
information is to be witten or reproducgsl by the magnetic head. 20 10. The
information storage device according to claim9, characterized in that the
magnetic section is each of nmagnetic dots which are regularly arranged in a

plurality of arrays QQ%%Q%E%%QStrate’ and in each of which 25 information

is magnetically recor the | ow nagnetic section is a

bet ween- dot separ at:pmayretidedebet weerhi e HRINEhigrdets andyobsihiigti ng
mut ual nagneiﬁcacéﬁggﬁdg%sozftggsgagggglfoqgﬁiﬁith a Co-Cr-Pt-based
alloy on the substrate and, and on which information is
5 magnetically recorded; and

a low magnetic section which has an injected film in
which ions are injected into a magnetic film continuing to
the magnetic film of the magnetic section, and has
saturation magnetization smaller than saturation

10 magnetization of the magnetic section;

a magnetic head that approaches or contacts the
magnetic storage medium, to perform at least one of
magnetically recording information and magnetically
reproducing information for the magnetic section; and

15 a head-position control mechanism that moves the
magnetic head relatively to a surface of the magnetic
storage medium, to position the magnetic head over the
magnetic section on or from which the information is to be
written or reproduced by the magnetic head.

20
10. The information storage device according to claim 9,
characterized in that the magnetic section is each of
magnetic dots which are regularly arranged in a plurality
of arrays on the substrate, and in each of which

25 information is magnetically recorded, and

the low magnetic section is a between-dot separator
provided between the magnetic dots and obstructing mutual

magnetic coupling of the magnetic dots.




