- 1 - DESCRIPTION Title of Invention METHOD OF PRODUCI NG MAGNETI C
STORAGE MEDI UM MAGNETI C 5STORAGE MEDI UM AND | NFORVATI ON STORAGE DEVI CE
Techni cal Field [0001] The present case fielates to a nethod of producing a
magneti ¢ storage nediumof a bit-patterned type, the 10 nagnetic storage
medi um of the bit-patterned type, and an informati on storage device

i ncludi ng the magnetic storage nediumof _the bit-patterned type. Background
Art 15 [0002]Hard Di sk Drives (HDDPEﬁggépBE@% in the nmainstream of

i nformation storage device, as a nass-storage devi ce capabl e of high-speed
access and hi gh-speed transfer of data. As to this HDD, the areal recording
density has increased at a hi ghTEhiaf Tavensdohar, and a further 20

i mprovenent of ecordi S| i ti ired . eve sent .

[ 0003] I n orderM%gﬁ?%ﬁﬁngkﬁﬂggsgbg%éFEgIée%éé%gﬁ% K gMHD%§8$§@#§ necessary
to reduge the trackrorzim MEDISIMOANEN INMORMATTON | STPRAGE DeRgth, but when the
track width is 25 reduced, the so-called interference easily occurs between
adj acent tracks. This interference is, nanely, a generic nanme for a
phenonenon *ébﬁﬁﬁé§1 Filhack next to a target track is overwitten with
magnetic recording i nformation at the tine of recordi ng, and a phenonenon
in which crpeaidl k Iheoeresentiucate amelaadkage mageehod bEepdoduaima track
next to a target track at the tipme of_reproduction. Either of these

phenonena & H G SEPERIENREI W ok & I S PRESFIPRIASFRPT at i of
reprodyel Nnadritdlo dt@regdsSfedhfl bOMEHd Wit -PatRerned type, and an

information storage device including the magnetic storage

medium of the bit-patterned type.

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.
[0003] 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 phenomenon in which a track next to a target
track is overwritten with magnetic recording information at
the time of recording, and a phenomenon 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 becomes a factor that results in a drop in S/N

ratio of reproducing signal, to cause deterioration in an



error rate. [0004] On the other hand, when the recording bit Iength IS
shortened, there occurs a thermal fluctuation phenonenon in which the
performance of storing the recording big for a 5 long tinme decreases.

[ 0005] As a way of avoiding these interference and thermal fluctuation
phenonenon and thereby realizing a short bit length or a high track
density, a qggnetic storage nediumof a bit-patterned type is proposed (for
10 exanpl e, SSE* PALS) . In this magnetic storage medium of the

bi t - pat t er neghdype, dhaROYtHeeNnahad FEERMHNGRidrdifigPbedel engtmed, a dot
made of a magnetic material is fornmed in the predetermned position of the
recordi ng bis,shontengsar theseweeaursea ddiermasd FHaetupt 200 cpPheRYFRNGTE
material. 15 en .t dots .nmade_of the net i rial_are. epar at ed
from each oﬁﬁe"f’,1‘#}13‘?}%5’&&?9@?—}%&’%%&?%&& \/Fgléen %—;ﬁgk%{@ ]lg}sésrra Isa and

t he abowe- desgd i thiesk ideicekbeeence and thernmal fluctuation phenonenon are
evaded. [OOOQQFbre, as a nethod of producing the nmagnetic 20 _storage nedi um
of the bit-pREBr neds W&aya ofoAVeheiss athee dia S rBER0B Pr oposed in PTL
1 and the | .llfﬁrﬁﬁﬂ. | 1 1.b E I L t

il Iustratestt e . fﬂ%%&%%%%%#oﬁg?néﬁgﬁ%%n%é§1ﬁhﬁﬁ%gg g%agéggﬁipﬁg t he
magnet i ¢ 25slsdor dgiec riedigitin ot &hbidht tyxatit elemed tyype. mig0€8i¢n t he

conventi onal productigon nethod, first, a netig film?2 i rmed on a
SUbstrate. 1S9FAEY (SALAEY BEng. BiboRSste et (GBS0 ReREOPPRES Hb- ! npr
process o B)exsmp eS| Hee3 pd@, MRde B thidVmaghabie s€Stdyd medfiRki ©¢ eneo the
magnetic film2, a nold 4 having nano-si zed holes 4a 1s nounted on the

resist 3 sobitrpattsenegsitype3 theepgsitieomafoasirecardbngsbys, 19 her eby
form ng dOtSréEEégrﬁfﬂ%dﬁealaEthaggdofnflnagnetic material is formed

in the predetermined position of the recording bit, and a

part between the dots is made of a non-magnetic material.

15 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 phenomenon are evaded.
[0006] Here, as a method of producing the magnetic

20 storage medium of the bit-patterned type, a conventional
production method proposed in PTL 1 and the like will be
described.
[0007] FIG. 1 is a diagram that illustrates the
conventional production method of producing the magnetic

25 storage medium of the bit-patterned type.
[0008] In the conventional production method, first, a
magnetic film 2 is formed on a substrate 1 in a film-
forming process (A).
[00029] Next, in a nano-imprint process (B), a resist 3

30 made of a UV curable resin is applied onto the magnetic
film 2, a mold 4 having nano-sized holes 4a is mounted on
the resist 3 so that the resist 3 enters the nano-sized

holes 4a, thereby forming dots 3a of the resist 3, and the



- 3 - resist 3isirradiated with ultraviolet |light over the nold 4 so that
the resist 3 is cured and the dots 3a are printed on the magnetic film 2.
After the resist 3 is cured, the nold._43is renoved. 5 [0010] Subsequently,
etching is perfornmed in an etching process (C), so that the nmagnetic film
is renoved, while | eaving magnetic dots 2a protected by the dots 3a of the
resist 3. After the etchin the dots 3a of the resist 3 are renoved by a

chemi cal pr&eesst 3oig Har eyefih@i‘ib WhEFRticlefotld 9bs PERRI FRemee
substrate 1o LQOMEAMGRI MRS 5Ni8 Lhild MhP L HCEDsA ar@a#nb@éa«een the

magneti c dots aISfI V\nthanon magnetic material and t t he
surface is bhatheenm:gnertla: ffliatt @ni rAfyEoChes reEj stsd imatuedadgiet i c
storage nmedium 6 of the 15 bit-patterned type is conpleted (F).

[ 0012] Accorra?ﬂ% 1 S FEP%YSCnvent i onal production nethod, in order to

~stabilize thgoidpatigebdy cf%rttw otetehmﬁgn@él;seﬂfm%e@qyleahhetanwtl C
storage nedium 6, the flattening with high accuracy is necessary in the 20
flatteni ng process (H),. sthéhatorhe mhemetmﬁs;lelnsu@hrempve@t ewritat a very

conpl i cat ed nufqe} url nq_cphgggsEangggg%é%cgg)}pe:rﬂ‘eoh gg_d fu&p a problem

that the manu qct i NCreases avoi |ng T hese

probl ens, thegmuSﬂSApteposm@I ecqiionss thegdoeshed ¢f athedapisigtspst en) of
form ng a separation state of dots_by injecting ions |nto a magnetic film
and t her ebyaE?la‘?@i‘%@?da%@né’?ﬁﬁ‘éﬂ%tﬁ%‘éc?%%alﬁ%/ thesr cBxYnpNe, see PTL-2 and

PTL 3) 1 oAccRLgidg & ddy 4 2BndoRi B sHSt&Mst i@ JTBYNELI C property is

changed by 3071 njecting the ions and thus, conplicated manufacturing
processes sleblbls t Hreftehmisindg , and ahélllamgmqtgaw dDinnecesshry, nmaking it

possibl e tq, sUpOress AN NSteaSqol PLOAVSHI AL L3N S Aoh NSRSt - 4
material and then, the surface is flattened in a flattening
process (E), so that a magnetic storage medium 6 of the

15 Dbit-patterned type is completed (F).
[0012] According to such a conventional production
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

20 flattening process (E). Therefore, there arise such a
problem that a very complicated manufacturing process needs
to be performed and such a problem that the manufacture
cost increases.
[0013] As a way of avoiding these problems, there is

25 proposed a processing method (ion doping system) of forming
a separation state of dots by injecting ions into a
magnetic film and thereby changing a magnetized state
locally (for example, see PTL 2 and PTL 3). According to
this ion doping system, the magnetic property is changed by

30 injecting the ions and thus, complicated manufacturing
processes such as the etching and the flattening are
unnecessary, making it possible to suppress an increase in

production cost to a large extent.
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[ 0015] However, in many of current ion doping systenms, in order to.avoid the
above-described interference and thermal 15 fluctuation phenonenon by
effectively reducing saturation nagnetization, a |large anount of injection
i's required~asst g, amynt of injected ions. On the other hand, when a |arge
anount of ions are injected at a tine, damage to the surface of the
magnet i ¢ fiPatést Hugerataret his reason, in 20 nany of the current ion

dopi ng syst in er. tao effectively redu th at yr.ation neti zation
by suppr essi?ﬁglii.lch 'e%ai’ﬁn&ﬁﬁuxf‘l%fol?%gpeactﬁﬁ N’g&‘:t‘" 1818mg'ext ent
needs tg besigperied for a long tinme. [0016] However, in recent years,
magneti c storage nedia 25 have been nore and nore desired to be produced in
vol une and manuf adt®r @i Vieppneser baildreren fAatepte FubhécabrolP ng systemi s
adopted in Qgééggs%gygﬁeunLning, only a short tinme such as several seconds
may be secured as € ion injecting time, and because of such

ci rcunst ances, 30 RwIact:i CabaneeehBsifadpdie@atesl Paelication No.

2003-203332
10
Summary of Invention
Technical Problem
[0015] However, in many of current ion doping systems, in
order to avoid the above-described interference and thermal
15 fluctuation phenomenon by effectively reducing saturation
magnetization, a large amount of injection is required as
the amount of injected ions. On the other hand, when a
large amount of ions are injected at a time, damage to the
surface of the magnetic film is huge. For this reason, in
20 many of the current ion doping systems, in order to
effectively reduce the saturation magnetization by
suppressing such damage, an amount of ions controlled to
some extent needs to be injected for a long time.
[0016] However, in recent years, magnetic storage media
25 have been more and more desired to be produced in volume .
and manufacturability is required, and when the ion doping
system is adopted in actual manufacturing, only a short
time such as several seconds may be secured as the ion
injecting time, and because of such circumstances,
30 practical use has not been realized.
[0017] In view of the foregoing circumstances, it is an
object of the present application to provide a method

capable of producing a magnetic storage medium of a bit-



[0017] In view of the foregoing circunstances, it is an object of the
present application to provide a nmethod capable of producing a nagnetic
storage nediumof a bit- - 5 - patterned-type w thout inpairing nmass
productivity, and a nagnetic storage medi umand an information storage
devi ce which have a high recording density and nay be produced by a

production nethod that does pot ipnpaiy mass productivjty.. 5 Technical
Solutionv[OQﬂEEQﬁﬂﬁénﬁxﬂs W&tgo?Fr% p?kﬁﬁﬁ?lﬂ%%? BFOPHEL%%%%%ti > % net hod
of produci %@é@@@t‘&a@%@ﬁé&?uﬂ‘?%ﬁ&”aﬂ NGl feAas iBROBEST&gd | dedr i i ng

including formng a magnétic 10 filmon a substrate; and
bet ween- dotwhkatparams @g hiigbl vdcayding dsns tyasadanaygnbaeppeduced ikyh by

locally injectin I.xed _i0ons .o +.i0n _and .Nc _i.on_into . t he
magnetic fif rﬁ’r%‘ﬁ??e OPh&‘ﬁ% o %]?%{%i??/esofnoancr 48 WA @%Q% e%%%%@élt\e/lgflf%ecorre 15
magneti ¢ dots where information is to be magnetically recorded, to form

bet ween the magnetic dots a between-dot separator having saturation
magnet i zat i B¥CEHeddle SOlHEACBat ur ati on nmagneti zati on of the magnetic dots.

20, S0 SRS AAY, LB SSGno b Ssndtale LR DY oy shemanel e
are provi dedl metHdie cfulpsbrat éng eaateqietiid dtorageamadguret incfudear:and on 25
each of which informmll o8 ks MPR0Rt e e\ 355 8%im MG a magnetic
10 film on a substrate; and
between-dots-separating including reducing
saturation magnetization by locally injecting mixed ions of
N,* ion and N* ion into an area, of the magnetic film, other
than a plurality of areas which respectively become
15 magnetic dots where information is to be magnetically
recorded, to4form between the magnetic dots a between-dot
separator having saturation magnetization smaller than

saturation magnetization of the magnetic dots.

20 [0019] According to a second basic mode of the invention,
a magnetic storage medium includes:
a substrate;
a plurality of magnetic dots which are provided on
the substrate, each of which has a magnetic film and on
25 each of which information is magnetically recorded; and
a between-dot separator that is provided between the
magnetic dots, and that has a film which is structurally
linked to the magnetic film of the magnetic dot
continuously, into which mixed ions of N;* ion and N' ion
30 are injected and which has saturation magnetization smaller
than saturation magnetization of the magnetic dot.
[0020] According to a third basic mode of the invention,

an information storage device includes:



a between-dot separator that is provided between the nmagnetic dots, and
that has a filmwhich is structurally linked to the magnetic film of the
magneti c dot continuously, into which-nmgxed ions of N2+ ion and Nr ion 30
are injected and which has saturation nagnetization snmaller than saturation
magneti zati on of the magnetic dot. [0020]According to a third basic node
of the invention, an infornmation storqge devi ce j.ncludes: - 6 - a magnetic
storage nedi um i n@ JRFFLIE SERYAPGBEIIUM lnéiﬁd%&ﬁélity of magnetic dots
whi ch are provided on theg gubstrate, each of which has a Smagnetic film and
on each of which information is nmagnetically recorded, and a

bet ween- dot separat or that plarplovy detl mraneddie doessnuaehi @relots, and t hat

has a filmwhich is_structurally |linked tq the gnetic. fil.m 10of the
G4 B o¥og S15hds ' 8RROPE i oty e,

magnetic dot conti n§SUSHYTY rormrdhd Nr ion are

injected into the finagnandcwhith dad SAlddck bENwAREAEEhZ&impiicaimdlsl er t han
saturation magnetization of the magnetic dot; 15a nmagnetic head that
approaches or touch®889ngEifaghyt Fecidchgénfedi um to performat | east one

oot b7 of | he g PEC AR B SO aRel o8 Lot epuanie 19, o
noves the between the magnetic dots, and that has a film
which is structurally linked to the magnetic film
10 of the magnetic dot continuously, into which mixed
ions of N, ion and N' ion are injected into the
film and which has saturation magnetization
smaller than saturation magnetization of the
magnetic dot;

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

a head-position control system that moves the

20 magnetic head relatively with respect to a surface of the
magnetic storage medium, to position the magnetic head on
the magnetic dot for which at least one of the information
writing and the information reproduction is performed by
the magnetic head.

25 [0021] Because, according to the method of producing the
magnetic storage medium, the magnetic storage medium and
the information storage device in these basic modes, the
between-dot separator is formed by the ion injection and
thus, a complicated manufacturing process such as etching

30 or filling is unnecessary, resulting in a simple production
method. Further, the developer of the present case has
found that the injection of the mixed ions of N2+ ion and

N+ ion into the magnetic film makes it possible to



20 magnetic head relatively with respect to a surface of the magnetic
storage nedium to position the nagnetic head on the nmagnetic dot for which
at | east one of the information witingyand the information reproduction is
performed by the magnetic head. 25 [0021] Because, according to the nethod

of producing the magnetic storage nmedium the nmagnetic storage nedi um and

the information storage device in these basic nodes, the between-dot

t
separator | SL¥RFHSEL) TERECE ohPE nF T U Uh FeEREE 1 28 L8t At d

manuf act ur i gy PIACeSRuRCRrasn e Y ShrPitrdskel bREviSusTpesesaar Yas
resulting in a sinple production nethod. Further;, the devel oper of the

present cas® tesulftourdd tisaposhible)eetfesiuasf thige iphxdujeohtndftiw®: i on and
N+ ion into_the netic filmnakes it possihl.e to. : -.effectively
reduce the ¥X Lﬁrgjtsqqﬁ? ﬁgﬁn@?ﬁgflf%ns%’ﬁa%ea"? FePtakBEnt % injection than
those previguisd i@ WpeAwithl £SHldh FdcdrRlipes debketyowi elitige the ion
injecting tinme, and produce the nmagnetjc storage nediumof the bit- 5
patterned tyeRifing &hei BASPRBPURPGLHerisi ty wit hout inpairing the mass
productivity. Advantageous Effects [0022] As descri bed above, by the present
i nvention, 10 according to the basic node of each of the method of

produci ng thdvaregeicus Sfdeage nedi um the magnetic storage nedi um and the
i nformati on_st orage devijce netic storage nediumw th a high recording

density is F%%ﬁ%]zedp@%sﬁ?égﬁg?ggﬂv%t%dj{%K%S% ABYSPREERr the mass 15

productpVi tyecdiditly PRSEhEPhbhelc Ahod¥ ayf naz 0928hE! fetidod o di agram t hat
illustrates a conventional production nethod of producing a nmagnetic

20 stor age preefiuging thieembpnepie t etorape ywselium, the wa@epiq¢ SLOXHIFYr am
that illustrates an dnternak structur f S ice. (HHV that is
an exenpl ar‘&‘/e lr’}%@lnr‘%aﬁgleo%n‘rzﬁgn?n %I#lrrsgfto%c? stﬁg&gﬁég' d%v‘%ﬁgﬁé FIG 3
i's a perspestdmyey indihatvishhenkigit atddoring Beakt ayess aredYimddiy of t he
magnetic di sk of_ the bit-gatternedtype. . FIG 4 is a diagramthat

i |1 ustrat es® RFSGHICEr PeEhpddrihtdlsts Mt PRSI BRepPd%ici ng the magnetic

st or agg smedi iy fqri Wil ,ch the basic nmode has been described above.

Brief Description of Drawings

[0023] FIG. 1 is a diagram that illustrates a

conventional production method of producing a magnetic
20 storage medium of the bit-patterned type.

FIG. 2 is a diagram that illustrates an internal
structure of a Hard Disk Device (HDD) that is an exemplary
embodiment of the information storage device.

FIG; 3 is a perspective view that schematically

25 illustrates a structure of the magnetic disk of the bit-
patterned type.

FIG. 4 is a diagram that illustrates an exemplary
embodiment of the method of producing the magnetic storage
medium for which the basic mode has been described above.

30 FIG. 5 is a diagram that illustrates an example.

FIG. 6 is a graph indicating the coercive force of

the ion injection in each of the examples, the first

comparative example and the second comparative example.



30FIG 5 is a diagramthat illustrates an exanple. FIG 6 is a graph
I ndicating the coercive force of the ion injection in each of the exanples,
the first conparative exanple and the_sgcond conparative exanple. - 8 -
FIG 7 is a graph indicating the saturation magnetization of the ion

I njection in each of the exanples, the first conparative exanple and the
second conparative exanple. 5 Description of Enbodi nents, [0024] Exenpl ary

enbodi ments of th& bt HodSof Pr8BRCHAYEHIN e Saterskige nedium the

magneti c st {gg.{ e Lof ' L Ol Vi ich the
basic 10 rmrgée ave lelag}n%gcejst%rgi %gﬁ g%%%éeﬁfvé}f I%ﬁg%%glsgfgi {l—igg %ﬁ%ﬁw@vﬁgth

ref erence tithe heitsawiongperab@0a5ekiGhle arsd i ageandt hatpatatsee at es an
internal structure of a Hard Di sk Device (HDD) that is an exenpl ary
ermbodi nent oFTHe® i nformati on storage device. 15 [0026] A Hard Di sk Device
(HDD) 1@0 illustrated in this diagramis incorporated into a host device
such as a personal conputer, and used as an information storage neans in
t he host deR¢seriptoig2yidfn Embpdimantsdi sk device 100, two or nore 20

oL roul o P! Bt ATIEDS Rl s 276K, e Wikad Bedpioielied |
t he form of tHaoRejrdt iRAlskeragbymeagner] | s inkigridt ia dtoeaye onediumpendi cul ar
to the front and back faces, are stacked in a depth direction of the

and the information storage device for which the basic

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

[0025] FIG. 2 is a diagram that illustrates an internal
structure of a Hard Disk Device (HDD) that is an exemplary
embodiment of the information storage device.

15 [0026] A Hard Disk Device (HDD) 100 illustrated in this
diagram is incorporated into a host device such as a
personal computer, and used as an information storage means
in the host device.

[0027] In this hard disk device 100, two or more

20 circular-plate-like magnetic disks 10, each of which is a
so-called perpendicular magnetic storage medium in which
information is recorded in the form of magnetic pattern by
magnetization in a direction perpendicular to the front and
back faces, are stacked in a depth direction of the

25 diagram, and housed in a housing H. Further, each of these
magnetic disks 10 is a so-called magnetic storage medium of
a bit-patterned type in which a dot where bit information
is to be recorded is formed beforehand at each point on the
front and back faces. These magnetic disks 10 rotate about

30 a disc spindle 11. These magnetic disks 10 are equivalent
to an exemplary embodiment of the magnetic storage medium
for which the basic mode has been described above.

[0028] Further, in the housing H of the hard disk device



25 diagram and housed in a housing H Further, each of these nagnetic
disks 10 is a so-called magnetic storage nediumof a bit-patterned type in
which a dot where bit information is toghe recorded is forned beforehand at
each point on the front and back faces. These magnetic disks 10 rotate
about 30 a disc spindle 11. These nmagnetic disks 10 are equivalent to an
exenpl ary enbodi nent, of the nagnetic storage nedium for which the basic

mode has bebiP des &EWipgd 2aBov 8. LhabiByeR HORT ther hECRbLRMMPAF ! the hard
di sk deviCegasgk JQpe &% AdTs%0 160 abn MDVES 0N a4l kRpt and back

faces of the magnetic dis 0, an actuator 30 used for driving the sw ng
arm 20 and é&ricantg dheciswingt abfl 20 earad s0 domrsed. ch5rE0R9 T heresvdlsyp arm 20
hol ds, at the tip, a magnetic head 21 that perfornms witing and readi ng of
i nformati oP?¥&hd fromthe front and back faces of the magnetic disk 10,

i's pivokabl yo@uppor tiefd iskihBeabRUSH NGoTadY & ReRrichg, 24, mégsket S pi vot ed
wi thin a predeterm ned angl & range about the 10 bearing 24, so that the
magnet i ¢ héeh@ 21 $hegupedfovmapwel tinhgndhaepddng ahdipERRNELHEESs t6f t he

magneti c di sk . This net | ad is equival ent . eX of the
magneti c héﬁﬁiﬁﬁth§5§b§?§9§e%§?rﬁéé¥tﬁ%ﬁ%% ﬁ%dgﬁgfm%ﬁgg@ﬁféiha ﬁéﬁ st or age
device. 15 ié)(iﬁ@;]o%weadb?gra@d v i thenhofs ingf ar byt & dbedyindeqragneti c

head 21 and the novenent. of the arm 30 are controlled by the control
circuit 50,20fhds BEVOkERaWEERER 3 PIERIRTGIIHIRA ANTRE FRRTe RRAMe tso i s

per for F%d UGl Ll s BOE%&E' £ d rxﬁ%&ﬁet’i‘?: nEBkS 2600 Oy &dd G thRQ 15 20
equi valent to an exaone of the head-position control systemin the
above- descraluedy bdel Erontdeanfl baek | THararati chestmegageidedigle.10.0031]FIG 3

52 Do Pest iy et B IR Callchy co ohl LiShpl o5y gl Lyt e o
part cut fryrddta Chedl #h-the above-described basic mode of the
information storage device.

15 [0030] 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
information with the host device also is performed through
this control circuit 50. This control circuit 50 is

20 equivalent to an example of the head-position control
system in the above-described basic mode of the information
storage device.

[0031] FIG. 3 is a perspective view that schematically
illustrates a structure of the magnetic disk of the bit-

25 patterned type.

[0032] In this FIG. 3, a part cut from the circular-
plate-like magnetic disk is illustrated.

[0033] The magnetic disk 10 illustrated in FIG. 3 has
such a structure that plural recording dots Q are regularly

30 arranged on a substrate S, and information corresponding to
1 bit is magnetically recorded in each of the recording
dots Q. The recording dots Q are arranged in like a

circular orbit around the center of the magnetic disk 10,



pl ate-1i ke magnetic disk is illustrated. [0033] The nagnetic disk 10
illustrated in FIG 3 has such a structure that plural recording dots Q are
regularly 30 arranged on a substrate S,j@nd information corresponding to 1
bit is nmagnetically recorded in each of the recording dots Q The recording
dots Qare arranged in like a circular orbit around the center of the
magnetic disk_10, - 10 - and a colum of the recordingpgots forms a track

T. [0034] A?Ib‘ér“t‘ bW P FEer é@SPH‘i_ihﬁgo%?fsg (fqrg‘saaséﬁ tor where the
magnetic any§e4LPpy @%%@%&%@hath@nr@@af@ﬂ adean phe Lowepathedyt he

magneti c ani sotropy a the saturation magneti zation of the recording
dots Q and, whéree nelgmetdanetitcerat sobnopet awdrthehsatacetdong dots Qis snal

due to this separator. [0035]When e netic interactipn between the
recor di ng dB?%‘Q%}r%attlrﬂfg afta Pf”eﬁvéﬁa%?&?%é“aﬁl}%lgf aféngE%P%i%&\anq
reprodug ngthaf 4 tetd 10t hagRethbaRI bheof eawy qlé&rfa@hﬁqiot@eg naget | ¢
interaction between the tracks T is small and thus, the so-called

i nt er f er encehderaget ichdntezersirs bewveen fie Fecordpeg 6aes fdsigion of the
recordi ng dgrhaﬁ i]&et h:%s H i.éeg §Q¥§£§§| ly, the border of 15 a recorded
[ 0 Fucthat & ’

I nformation es not y heat, and the so-called thernal
fl uct uati on[pdEsione den ey adgdet THhusntecLet ibmdpetowekhethagneti ¢ di sk 10
of the bit-patterned type as illustrated in this FIG 3, reduction of the

track wi dt hCeFREFEHST (KHisng éf thesrevdlbi ysh &4 ERGt 188 @t e possible, and

the magnpetifeSLRAIALE a{fﬂj'xlégﬁ:% 83 Ag N SR FRATH] RS dRASELym B be real i zed.
[ 0036] A net hod of producing this nagnetic disk 10 wll be described bel ow

recording dot Q, the magnetic interaction between the
tracks T is small and thus, the so-called interference
between the tracks is small. Further, when the position of
the recording dot Q is thus fixed physically, the border of

15 a recorded information bit does not fluctuate by heat, and
the so-called thermal fluctuation phenomenon is evaded.
Thus, according to the magnetic disk 10 of the bit-
patterned type as illustrated in this FIG. 3, reduction of
the track width and shortening of the recording bit length

20 are possible,'and the magnetic storage medium with a high
recording density may be realized.
[0036] A method of producing this magnetic disk 10 will
be described below.
[0037] FIG. 4 is a diagram that illustrates an exemplary

25 embodiment of the method of producing the magnetic storage
medium for which the basic mode has been described above.
[0038] For the basic mode of the method of producing the
magnetic storage medium, such an applied mode that “there
is included a mask forming step of forming a mask that

30 obstructs ion injection into the magnetic dots, on the
plurality of areas which respectively become the magnetic
dots,

in which the dots separating step is a step of



[0037]FIG 4 is a diagramthat illustrates an exenplary 25 enbodi nent of
the nmet hod of producing the magnetic storage nedium for which the basic
nmode has been descri bed above. [0038]Fgr; tthe basic node of the nethod of
produci ng the magnetic storage nedium such an applied node that "there is
I ncluded a mask formng step of formng a nmask that 30 obstructs ion

I njection into the magnetic dots, on th%ﬁplurality of aregs whi.ch

respect i vel SPBEEEHE Hiee MiXEALPRSABFYM 3PV mitE FRENEEES PRI step is

a step of gpplpddlg e JAKAdchopse f s DR AL JeharBRENeEhErdby M Wher e the
mask is formed on the plurality of areas, thereby locally injecting the
m xed ions lotallan ianjextbegweba nheeduipret iintdobs preacbetdedsy the mask" is

preferable. 5 Accordjng to thi pplied node,, an area where the ion

i nj ection i@amc%gso&%prQE?EE?gb Y ot dlﬁprﬁgeﬁﬁg €-and the
accuracy of ad@srmtiPrPhntiBeappInedimoddt drsS se@hwhOpe exenpb@ry enbodi ment
to be described belowis also an exenplary enbodi ment for such a preferable
appl i ed nodeniedt{@03g] Paneressaryris Heelbiadily psetestedhby ndheh SR

produci ng t net | t e | S n ' e; it +'the
magneti c-f i%;@%m%r‘#g&srt%gg’r ?g g S %%{%01? %Er%%ngggﬂ%gge@\g Jf"ll;' Ir}?nl%ha'vi ng an
artificial o téaanslaycembedinynt and red idegaplibed bklodsiofabkdorarc | ayers

on the substrate 15 alternately” is preferable. Accordirg éo this applied
mode, by neRFHPIHY GEPRSLMEnE| FAT t U RIsE XA R PRI 18ATY%e structure,

the ef fgct Péo%ﬁdUCiﬁﬂcéHé%,fs%W hi OB JRINRIdZ }f @RebihetN8ai A 1 Nj ection

may be enhanced ‘and, the injecting time may be further shortened. One
exenpl ary 20reddwidigreine meghetdessrdobhage elddnm, s suphexvnpbpt ied mssié nent

or uch 2 Besl 2ol 5 ohll Lad oo LOGHOLTNG TaORell syl cdtpdd oty t oo
this FIG 4pagnetic film having an artificial lattice structure, by
laminating plural kinds of atomic layers on the substrate

15 alternately” is preferable. According to this applied mode,
by making the magnetic film to have the artificial lattice
structure, the effect of reducing the saturation
magnetization by the ion injection may be enhanced and, the
injecting time may be further shortened. One exemplary

20 embodiment to be described below is an exemplary embodiment
for such a preferable applied mode.

[0040] The magnetic disk 10 illustrated in FIG. 2 and
FIG. 3 is produced by the production method illustrated in
this FIG. 4.

25 [0041] In the production method illustrated in this FIG.
4, at first, a magnetic film 62 is formed on a glass
substrate 61 in a film-forming process (A). This film-
forming process (A) is equivalent to an example of the
magnetic-film forming step in the above-described basic

30 mode of the method of producing the magnetic storage
medium, and this magnetic film 62 has an artificial lattice
structure in which a Co atomic layer 62a and a Pd atomic

layer 62b are laminated alternately. As for the film



25 [0041]In the production nethod illustrated in this FIG 4, at first, a
magnetic filme62 is formed on a glass substrate 61 in a filmformng
process (A). This filmform ng process {-A). is equivalent to an exanple of
the magnetic-filmformng step in the above-descri bed basic 30 node of the
met hod of producing the nagnetic storage medium and this magnetic film 62
has an artificial lattice structure in_which a _Co atomc |ayer 62a and a Pd

atoni ¢ | ayeFhESHe® STMATAEEdOAl FBR nBt e {omiss lagieTt Rédf PFnthe 42 -
thi ckness Séf&ﬁ#é'[)gaﬁgdtéa}?dpgh@t Efﬂ&kﬁéé%@rof’ Ohpdl Beof@caigpdf dayer 62a,

t he thickness o mc |ayer 6 needs to be greater” than the

t hi ckness ofe¢di® @ ke grieatleayehab2ohe ociorkmeasdse ofaghet Co 4tdmid2. An upper
limt to 5 the fi t hi ckness_of the Co atam c |ayer 62a is.2.n and this
filmthi ckmed¥ey s4%£% Sy th8 ‘Qa%‘?‘&k%%gt“bfszabolg‘ﬂ B0 WMURER the Co
atom ¢ lsayefnd2a a1 dkile®ist BirCKRESGo eyt tizhyerugpar iki Mhm, idnd S

concei vabl e that a physical property that may be called an artificial

| attice maytlpes 101 ostthijckoegpl Ast aqubdsientdges dhickaeget abdekputprivoduci ng

t he magneti g ra med) the i r j

i nformati ona%‘%sr%éé)aggqgﬁlév?c%%?tah'-i%ml ersll%&ae%l égghgggt%ggiawtﬁq%%ggﬁat tice
structure biseyord ritcitdingpetr Whngh, ai€oid eaicwiivabllay ehaand physatdInum net al
atomc layer are lam nated alternately or a structure in which a Co atom c
| ayer and P¥RPEBHitTAtayey REeCRAMPRAAR P ITatelptETRR TRASS i s
becausq gt heygagnetic filmof the artificial lattice structure in which the
Co atomc |ayer and the 20 platinumnetal atomc |ayer are | am nated

al ternat el y[has2la gobd tlegetsiic pedesrof, tlndnetiwdrednprodupiopeths easily
deteriorates_due to the ion iﬁgj{iecti n_as be described. | ater. and

. BN
because in BPERE O HEIaBRETE 1§ %‘%ﬁgv’}n’teﬁelcarsttf’f:?@?a‘f‘e P iE structure

i n which thendoi sk iloay 8t o2Rg@ndedige Pdidtigidesl 2Bl e atGat afhaat ed
alternately, the nmgnetic property is better. The artificial lattice
structure faFhEbGiRk Hattillcm SEFHFHEDRR & STEACtUrpusRr ¥REE i $his FIG 4

5 oL R SR L e AR e e
basi ¢ nodeslamimented ialitieethatel’her cmestrawithgyet He ahiichi gi @ atnice
structure, fa?gel[ra a}/n&) ea. %dn%%gr%gicclgyiﬂlep a(.)xte ala%{irlll%.lteedl gxgé'rnately. The
reason is because the magnetic film of the artificial
lattice structure in which the Co atomic layer and the
20 platinum metal atomic layer are laminated alternately has a
good magnetic property, and the magnetic property easily
deteriorates due to the ion injection as will be described
later, and because in a case of the magnetic film of the
artificial lattice structure in which the Co atomic layer
25 and the Pd atomic layer are laminated alternately, the
magnetic property is better. The artificial lattice
structure formed in the film-forming process (A)
illustrated in this FIG. 4 is equivalent to an example of
these preferable artificial lattice structures.
30 [0043] Incidentally, the magnetic film in the above-
described basic modes is not limited to the one having the

artificial lattice structure, and may be a magnetic film of

a single layer.



- 13 - [0044] Further, a material to formthe magnetic filmof the
artificial lattice structure in the above-described applied node of the
type in which the magnetic filmof theqtificial lattice structure is
formed is not limted to 5 the preferable material described here, and any
desired material known as being capable of form ng the magnetic film having
the artificial lattice structure m e used. wever, in the follow ng,
t he descript?Qﬁ#kwIIFqﬁ§h§6ht?n@éBeE¥§£n§?l ?q¥hg%ﬁh@aﬁﬁﬁhéFiEl}mlﬁﬁﬁ s forned
of Co 10 angh&drd4343kbhexketh Beds PAROUAP I HRN 86858 - crfhddsi St 63
made of a W curable resin is applied onto the magnetic filme62, a nold 64
havi ng nanoapplzieefl hwides of4ahes typenimdiluich Waer ewppetse Eblmief thee resi st
63 enters the nano- 1§F§%zed hgles 64a Ihggeb becom dot s é a of the

g

fosist 63, B LHEAedPEiEs PETTCTRER 1% TP PRYTIBEERE R over the

nol d 64550 ¢h@tphdfRra@lieShabdrigl Cas LBl tHeeeJobadb3ny adesprédit ed on the
magnetic filmo62. After the resist 63 is cured, the nold 64 is renoved. 20

[ 0046] Her e, M3t isHe kaloohe 2debeingeerprrie HfodOrBENShERAETMFIEGHC pr oduci ng
e RO ARt LV S B, P g Lt o

step is a step o S aresist is pre and such an
appl i ed nodeowdradr t Hey mhek fbol owimgg stieie idesaripeponf w2bl floe mi ng t he mask

with a resist, by a nano-inprint process is nore_preferable, The mask
formation byPRHENMESSPSEUNINEERAT cHET ymagnghis §ﬁ&g‘rré§ %né%é%{]&? to be
accur atg magky f®y mation, and the mask formation by the nano-inprint process
may easily nmake a nask pattern in a nano-level and 30 is desirable. The
nano-i npri nf0g¥dcesNg®), il ashancetmpninthipracie@s 4B)s aqueévd$eri3 to an

exanpl e of th K m.ng, step in these pr.eferable pl i es.

[ 0047] Afterm?cﬁee 9 ar?oWnﬁPF%PESrg%%Js% 1B PRIAES P%\?vo Fﬁgilné&ge vances to an
ion injectipimmpraxess molh ewhpaeihdiengdel-si63a ackekr 6adi £ enburita® above t he
printed magnetic film®62 with nixed ions in which N2+ ion and N+ ion are

n xed, and ¥hehoiesdss £8) eet Bt ntke tirsifdg et PRLEFEntlES R#I%e

15 sized holes 64a thereby becoming dots 63a of the resist 63,
and the resist 63 is irradiated with ultraviolet light over
the mold 64 so that the resist 63 is cured and the dots 6€3a
are printed on the magnetic film 62. After the resist 63 is
cured, the mold 64 is removed.

20 [0046] Here, for the above-described basic mode of the
method of producing the magnetic storage medium, such an
applied mode that the mask forming step is a step of
forming the mask with a resist is preferable, and such an
applied mode that the mask forming step is a step of

25 forming the mask with a resist, by a nano-imprint process
is more preferable. The mask formation by the resist is
technically stable and may be expected to be accurate mask
formation, and the mask formation by the nano-imprint
process may easily make a mask pattern in a nano-level and

30 1is desirable. The nano-imprint process (B) illustrated in
this FIG. 4 is equivalent to an example of the mask forming
step in theée preferable applied modes.

[0047] After the nano-imprint process (B), the flow



5 magnetic dots 62c protected by the dots 63a of the resist 63 are left so
that the saturation nagnetization is reduced. The effect of reducing the
saturation magnetization by the injectign.of the m xed ions of N2+ ion and
N+ ion is very high, as found by the devel oper of the 10 present case at
this time and further, the magnetic film®62 has the artificial lattice
structure and therefore, the saturation nagnetization of the pagnetic film

62 may be r3URRIFT FA Fedir dBIPELEPRIRFALIOrC)ri BeE§ Hhe dPfRction of
the mxed ipgps DAL HYiSRANGTLIPALGYe pcflﬁgg%g.nl:%d( Bhghst8QuEyph ey to an

exanpl e of the dots separating step in the ve- descfii bed basi c node of
t he met hod eitlprotkes] nignishénnehhehi B2 st brragadrdti don po648ikedi demtal ly, in

t he above-descri bed nana-i, i nt he resist i.s nat _conpl ete renoved even
1 the ar ea R 19150 T8 GRIERESPoRBteror PP Tieeted, SBUPPEIR | ons
penetratse trh&gﬁ@@iétd&és ;%2|c0g@bt@!ﬁ‘té‘di!Ek[nse tHe dRE sbal &ft bha ashia e o
injected into the magnetic film 62, whereas at a | ocati on where the resist

is thick (nededye lefitoset ithatuhbeesatierafoian GBgNetazAbEiARd}S the ions are
st opped at O}?&éee&l S&thGPP‘%%‘?O%f;%{eéu%_%%ﬁ Eﬁg Qggungéﬂjfogl Imand thus, it is

possi bl e t orma déesired n-1oni C acceéleration voltage is

set so thatmddpget Ot iare bynkRet A5 ect Dord effedheamigadt iohstbe Ngghetii c film
62, but the set _acceleration voltage varies_ depending on the depth to the
central par®@dVofOPhéSnEgREt R [9f SRnchBYnaberfeyelanes f ﬁg‘ﬁneti c film

62 at uhe ?%éﬂﬁ Caly ot tResi Piife S LAUS HY, e Ehedmabher 1 ONS; B &2

accurmul ated in the artificial lattice structure, the artificial lattice
structure iBaswripedirtafdcdadodattiee st turepend shdrefiergatthrat i on

magnetization fall. After the_jon_ ipnjection he dots a of .the resist
R e R tinhiegnekigabitn oBbae sk Bohtabe: B 88 oct + on
process (Credudedappatrequézedi seter mad Henapentife ppofigéi ¢ dots 62c to
separate the magnetic nutual interaction between the nmagnetic dots 62c, so

that the netfiERTC & Gfagdenidrah ionsihenre pTelpRANG HEPTIPFePFECESHAD| et ed
(D). 1qst heﬁﬁl@fga& i¥adefle EBCagaliy ié’%fmc%%ehséét éeﬁ%%c?tsﬂrggz%ﬁ ciently

| ower than e satutration nagnetization of the nmagnetic c and thus,
i nf or mat i onin sthee adrcded deskbyibadt bes imgreid ofdahe Gathodhofe infornmation is

not recor ded. 10,118 95RPHRLSLR: Sk L QUPUUL e manetic storage: medi um 10

[0048] Incidentally, in the above-described nano-imprint,
the resist is not completely removed even in the area into

20 which the ions should be injected, but 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 where the
dots 63a are formed), the ions are stopped at the resist

25 and do not reach the magnetic film and thus, it is possible
to form a desired dot pattern. An ionic acceleration
voltage is set so that the ions are injected into a central
part of the maghetic film 62, but the set acceleration
voltage varies depending on the depth to the central part

30 of the magnetic film and the material. In the magnetic film
62 at the area into which the ions are thus injected, the
ions are accumulated in the artificial lattice structure,

the artificial lattice structure is warped, and a coercive



15 production nethod illustrated in this FIG 4, snpothness between the
magneti c dots 62c and the separators 62d form ng the surface is the

snoot hness in the magnetic filmo62 formgd in the filmform ng process (A
which is maintained as it is and therefore, the flattening process 20 of

t he conventional technique as illustrated in FIG 1 is unnecessary, and the
production nethod i]lustrated in this FIG 4 is a sinple nethod.

[ 0051] Fur t hEPTE ritch sy SAEEEPEACREIMGRET 13RO ated 1irn ATHET £AG 180 as
descri bed aboygs: {de mrkeddhanssof oplend GedlandeNrehghed pgluel ng a very

hi gh effect o ing the saturation nmagnetization are adopted for the
ion injecticomenfaxl hicseseason, the anobunt of ions to be injected is snall

d thus, t injecting time is short, and the ion injection may be
oo oo | DBodd Po i lan Such, 8R0ibn Alfedtin RhocBbgoitl Eonnds and
theref ose, $disa MRS RPAIYGE F¥k-h¥di Betiderl N HRENnek905dbEsréerywre, in the

production nmethod illustrated in this FIG 4, the magnetic dots 62c are
prot ect ed bjeparate the magoetie3muibfal Hatrexacstiopr batwdennthee magnetic

film®e62, a entyr. rfa f netic stor LU may be
i rradiat edr}gﬁﬁeqilhd; dloé:%s%g ’aggi 1?‘)#'1\9‘_’”E gtﬁhae”?‘gaeq%leécﬁci jgce)%g?%nn{%‘l%ﬁ%a t %e
necessary asfah@bitepatitbirae@ntiye realdomgd deed (@) 5 imn ther adi ation for
several seconds and thus, the mass productivity is not inpaired in this
respect as SRPILAGUFEIRAn SRCRARPraLiN Maanesdzebéanbefow, the producti on

S R e R R e S e Ay
that il ustmagres itchdogsakpleanfiOtBesd A iglfassnagilbost at eedOrded edyweldl  was
set in a magpetron SAU LBLLNg, Vit e ANEANLE o8V 25UBtL MG Rd 10"
the separators 62d.
[0050] In the magnetic storage medium 10 produced in the
15 production method illustrated in this FIG. 4, smoothness
between the magnetic dots 62c and the separators 62d
forming the surface is the smoothness in the magnetic film
62 formed in the film-forming process (A) which is
maintained as it is and therefore, the flattening process
20 of the conventional technique as illustrated in FIG. 1 is
unnecessary, and the production method illustrated in this
FIG. 4 is a simple method.
[0051] Further, in the production method illustrated in
this FIG. 4, as described above, the mixed ions of N2+ ion
25 and N+ ion producing a very high effect of reducing the
saturation magnetization are adopted for the ion injection.
For this reason, the amount of ions to be injected is small
and thus, the injecting time is short, and the ion
injection may be sufficiently realized by the ion
30 irradiation for several seconds and therefore, the mass
productivity is not impaired.
[0052] Furthermore, in the production method illustrated
in this FIG. 4, the magnetic dots 62c are protected by the



5 Pa or less, at an Ar gas pressure of 0.67 Pa, w thout 15 heating the

gl ass substrate 70, a 5-nmthick filmof (111) crystal-oriented fcc-Pd was
formed as a base |layer 71 for making a pg@gnetic | ayer have crystal
orientation. As to the process for formng this base |ayer 71, the
illustration is omtted in the production nethod depicted in FIG 4. 20

[ 0056] Subsequently, successively wthout returning to.the.air _pressure, at
the Ar gas PPESsEie Of (017983 StaPraBhEti o0 I PEneGifod ioR 620y
artificial LabtigeivaSsaRed o ¥ndi sRgSEHiE G i@hl uhayBr fayba film

t hi ckness structure of 0.3/0.35 nm This filmthickness 25 structure refers
to an artificrafiidted iwieh khehilohsaatoanbineit emd theyaenandjacPDPmonoat oni ¢

| ayer are repeated. [0057] After the netic.film 72 was-for , 4- nm
LAYk BT SRES! Ehle MRy, Firsh Tl PR e i RelS YRR LAy el N
i [l ustragionoff itheditoiees Foaf sdfetal Nk8goridd S @heet, | vhel Aes 73 also is

omtted in the production nethod illustrated in FIG 4. [0058] A resist was
appl i ed ont Bredechiviiat tisy @otajEpazgedah Byl siefpecheafan8limpri nt

process, a ar [.St_ . = +~patt éhmr@ hanmeter of 150 nm
to 200 nm mgg&)?%i]rredﬁ?[%dgf@ﬁﬂpéédtpo%% %Q%gl +\qeg%v§ng I on accel erated
to 6 keV wepeodurtied rathiodalidvesthetedsisttipat t(RGn 44 isaappbiedjtssted into

the magnetic film 72. As descrihed earljer, the ionic acceleration voltage
uns sor o PEEF DL MRt g Tenrts FBReri Ko 1 e EPaPRgERt BEEEHe mmgnet o

film72.9[0Q88]deciprigally, considering a realistic film
[0054] FIG. 5 is a diagram that illustrates the example.

[0055] A glass substrate 70 washed well was set in a

magnetron sputtering device, and after evacuation to 5 x 10~

> Pa or less, at an Ar gas pressure of 0.67 Pa, without

15 heating the glass substrate 70, a 5-nm-thick film of (111)
crystal-oriented fcc-Pd was formed as a base layer 71 for
making a magnetic layer have crystal orientation. As to the
process for forming this base layer 71, the illustration is
omitted in the production method depicted in FIG. 4.

20 [0056] Subsequently, successively without returning to
the air pressure, at the Ar gas pressure of 0.67 Pa, a
magnetic film 72 formed of a Co/Pd artificial lattice was
repeatedly disposed to form eight layers in a film
thickness structure of 0.3/0.35 nm. This film thickness

25 structure refers to an artificial lattice in which a Co
monoatomic layer and a PD monoatomic layer are repeated.
[0057] After the magnetic film 72 was formed, a 4-nm-
thick film of diamond-like carbon was formed as a
protective layer 73. The illustration of the process of

30 forming this protective layer 73 also is omitted in the
production method illustrated in FIG. 4.

[0058] A resist was applied onto the protective layer 73,

and by using the nano-imprint process, a columnar resist



t hi ckness of the magnetic filmand danage to the magnetic 10 filmat the
time of the ion injection, it is desirable that the ionic accel eration
voltage be 4 keV or nore and 50 keV or {¢ss. [0061] After the ion injection,
the resist pattern 74 was removed by SCl1 cl eaning, and thereby the
exanpl e was 15 obtained. [0062] As conparative exanples to be conpared with
t he above-described_e aqPJe, a first conparative exaqFIe I n which only N+

i on was useHaEEeflﬂeW{‘;;% 019 1P N1EAETET sBE ohel & %% EMe¥&fpl e i n whi ch
only N2+ iopopgsgused as the 20 type of ion were prepared. In these
conparati ve exanples, the ionic acceleration voltage of each ion was al so
set to real l@e59he |Mixédjowtd G% ioft ¥t Hencentr ¥l imar acokelemetadgnetic film

72. [0063]T fect of the j i nject i i f the 2 le, th
(Frst combab abF e esm e tost SR BBEbR GTRO Mo it FRSEEERo 8" 1 R obt ai ned
was verid i egnjé0064] s thandghkGic/fal® & APAS gasbrbedd LN iigdi cat es

the effect of the ion injection in each of the exanple, the first
conpar at i vetBR abphic arrelarasdopnyodbagenrs dstvdexsaplise bhe ior

hori zont al k E r sent.s t t i nj ected

i ons, whi l egﬁ%%clt\g/){e?@l ?aqt%a%%% S%QEF%} ég%tgp(r?f;s%ln sgtgﬁgegge;fghe orce and
the verticaloaxds of Ihdidentaldpr,esentidéhbngad weatliietic £18m- :
nagnetization,g&$065]ﬁ¥o FIG 3, .it _is apparent that in ang of the exanple
(plotted wi tATCFIRSR R Wgaﬁ*c*ll?hél%‘ﬂo&g%ﬁj&&}% e EREnPREREE e first

conpar atg ver xanpt &cvYd tithRd of the ion injection, it is desirable that

the ionic acceleration voltage be 4 keV or more and 50 keV

or less.
[0061] After the ion injection, the resist pattern 74 was
removed by SCl cleaning, and thereby the example was

15 obtained.
[0062] As comparative examples to be compared with the
above-described example, a first comparative example in
which only N' ion was used as the type of ion and a second
comparative example in which only N;" ion was used as the

20 type of ion were prepared. In these comparative examples,
the ionic acceleration voltage of each ion was also set to
realize the ion injection into the central part of the
magnetic film 72.
[0063] The effect of the ion injection in each of the

25 example, the first comparative example and the second
comparative example thus obtained was verified.
[0064] FIG. 6 and FIG. 7 are graphs each of which
indicates the effect of the ion injection in each of the
example, the first comparative example and the second

30 comparative example, and the horizontal axis of FIG. 6 and
FIG. 7 represents the amount of injected ions, while the
vertical axis of FIG. 6 represents the coercive force and

the vertical axis of FIG. 7 represents the saturation



5 wth triangle marks, and the second conparative exanple plotted with
square marks), the coercive force disappears when the injection anmunt is 5
x 1015/ cn®2, and it is possible to nmake {&e perpendi cul ar nagnetic

ani sotropy occurring by the layered structure of the artificial 10 lattice
di sappear. On the other hand, as apparent fromFIG 4, in the exanple
(plotted with circular marks), by using the m xed ions, the saturation
magnet i zat i BAIAEY FREXJsed to conpl etely vani sh, whereas when the single
ion of Nt onobld)is ps&f @& 1 the two, BaPShATE R eﬁ?%‘ye%f( the first 15
conparative exanple plotted with triangle marks, and the second conparative
exanpl e pl oexewphet (pkefitad wiktk S)ircaléarmgrksinme the twpection is
necessary dug to r@duction i-n tgﬁhna net%zat'on %pd nnreovzr, %% wa
difficult tooPRUER Ve ST &S ﬁagﬁﬁ? ZATESH &0 VConprEPafyP %%%%ear. 20
[ 0066] Ass i ngi eBt efidngldesaker,aphs, the $&coex atRraitti vBasxb@gneabl e to
recogni ze that when the amount of injected ions is 1 x 1016 (atons/cn®) or
nore and 1 Rlebied (wiidhsIRmreomarksy, bt reercivsefonye AbFRBPSMES t he

saturation net.i zation have di sappeared. | t her rds,.use of the 25
above- descr TBEM T e 1Gis RalTRRAE Tt Bobsibi &0 Blfett! Y81y reduce the
nut ual Magngbssibhid ¥ AGIdk@N that YRepehBecHRON Mddne#qicSanh BELHgpyal | y, when
t he amount of injected ions reaches or goes beyond 2 x 1016 (‘atons/cn),

there is a pesyerbing thy tihe leyvered atructwrresyt d¢het Bat3bimbghetic fil m may
decrea du .t heqd i njecti di sturbing.the_s hnes f sur face
gt fa{gléjgt%lusgafbgetgri' %r?rkhe q%él%[rh:'tilf‘"g ?heggn%%reo% isfrﬁ%énc%g ‘ions be

of the "medi um an s desirtab

- 19 - | ess4t hin £h ebdhpleat(pastesdi abth priferilal yamkk) nope Gdbmg 1 x 1016
(atonms/cm . | 0067] As descri bed above, fromthe conparison jn the effect of
the ion i nj BREi Bedompshéhex sapreatior magnatizatippamayibe usite and

the second conpafdidid XML, MRS OLXehdPhellsiNgTel 9Bn a0 R hoN

produce a higher "effect” of reducing the saturation gnhetization due to the
ion injecti¥i thanseteasiimglthe grwvootonpavat Neer, exampligs Habeb&enstbl e to

verify . that the saturation gnhetjzatio .be 10 caused to.di.sappear even
Wh o el PO Y TRTBIECHIPORES i Ui tHACT 1, PRERa o #Partos hat 1 n ¢ he
met hod of pseewsd Nebriga-atageekkempl O gt el iviH Bguleel RArEOP) NY Ssystem

the injecting tinme may be shortened by using the m xed ions as the type of
ion, and t heAFERINATIQIN: fagpjection is necessary due to reduction in

the magnetization and moreover, it was difficult to cause
the saturation magnetization to completely disappear.

20 [0066] As indicated by these graphs, in the examplé, it
has been able to recognize that when the amount of injected
ions is 1 x 10'® (atoms/cm?®) or more and 1 x 10%® (atoms/cm?)
or less, both the coercive force and the saturation
magnetization have disappeared. In other words, use of the

25 above-described mixed ions has made it possible to
effectively reduce the mutual magnetic interaction between
the magnetic dots. Incidentally, when the amount of
injected ions reaches or goes beyond 2 x 10 (atoms/cm?),
there is a possibility that the film thickness of the

30 magnetic film may decrease due to the ion injection,
disturbing the smoothness of the surface of the medium and

thus, it is desirable that the amount of injected ions be



15 nedi um nmay be obtained without inpairing the mass productivity.

[ 0068] I ncidental ly, in the above description, use of the resist pattern as
a preferable mask for form ng the magnefd c. dots has been di scussed as an
exanple, but in the 20 ion injection in the above-described basic nodes, a
process in which a stencil mask is disposed not to touch the surface of the
medi um and the ions are injlgct ed ma e enployed and in this process, the
resi st appl +@88i Bramm >t HO T e tmsy/ emol aan afereilyt st Fore hgranin the
above 25 descri ptj.on, use, of, the nano-inprint process has been stated as

t he best exénﬁlgo of (#HIMYHM erni ng of the resist, but el ectron beam
exposure ma sedyd ; LAY f£qem z %@H{i}a I | ai is: 1. A
met hod of p:r{%gﬁz:#ngd%é nr%éggr%ll@%ti?%?ggé %%P%et e maljtl%gg ghg?g%teri zed by
conpri si ng: ebfegnetdf ccHe limnf dnjenyioncinohgngHeorarampla, mahaefiesti | mon a
substratse; and en-dqt s-se arat%n i ncl udi ng reduci ng

. bet
sat ur at i"on TRYRRITLALS cﬁ%‘aﬁ\é\ﬁleo@ﬁ | §RF PR F B A EL 8RS SERMRES | M and Nr

ion into anmaxed, ids td¥e Nyrans iaed Nt Mo tdieiautQ Ghalghep! SEAbét Yoof areas
whi ch respectively becone nagnetic dots where infor magl on is to be
magnet i cal | yedeehndddie tsetugainipat neenet rzatimymetiec tdotbeaidret ween- dot

separator h S i netization | | ey, .t han ;sat urati.on
magneti zat i %%?ﬂt elgr?a%glng?’legggggs.e e of %{Fﬁgrngi hod" gt l%r%%ﬁuck?%edi t he
magneti c stasbgecaradinifyactatdithg s8t6tat 18nl magfhetachel baedaPyogonpri si ng:

10 caused to disappear even with a small amount of injected

ions. From this, it is apparent that in the method of
producing the magnetic storage medium in the ion doping
system, the injecting time may be shortened by using the
mixed ions as the type of ion, and the magnetic storage

15 medium may be obtained without impairing the mass
productivity.
[0068] Incidentally, in the above description, use of the
resist pattern as a preferable mask for forming the
magnetic dots has been discussed as an example, but in the

20 ion injection in the above-described basic modes, a process
in which a stencil mask is disposed not to touch the
surface of the medium and the ions are injected may be
employed and in this process, the resist application and
the resist removal may be omitted. Further, in the above

25 description, use 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.



mask-form ng including form ng a mask that obstructs ion injection into the
magnetic dots, in the plurality of 20 areas which respectively becone the
magnetic dots, in the magnetic film whggein

t he- bet ween- dot s- separating i ncludes applying the m xed ions from above the
magnetic filmwhere the mask is forned on the plurality of areas, to

| ocally inject the m xed ions into an area between the magnetic dots
prot ect ed bYPfhelFaS _1me§f e met hod of producing the magnetic storage
medi um according to claim1l or 2, characterized in that the 30
magnetic-filmformng includes formng a nmagnetic film having an artificial
| attice striact dr eetind afi paodngind i aladuiatds etozagei mediayer <hen t he

substrate alternately,. - 21 - .4 The nethod of producing the nmagnetic
st or age nedfnﬁﬁf‘?a%c%?%]fancd:etrolzcﬁdap% STTBhaT U erized in that the
magneti of i | m f or mmgpridtcldas m-ebrnibg t Nec TR I foring Rambglet i@

artificial lattice structure, by |lamnating a atomc 5 layer and a
pl ati num mefalma@®m csukgigatait @pdately. 5. The nethod of producing the

magneti c storage i ccQrdi i . [ erized in that

t he magnetic-fil mrﬁ%g&rﬁggrﬁg%lﬁ%csl i géggﬂl n%g‘ Lg&lﬁlégﬁ%tﬁlagéﬁ | m 10 having the
artificial battraeisi magnatd zahyohabynaddaplya iC0j eaitdmgc miagear iansl &f Pd
atom c | ayer, ,al.terna 6. The net hod of producing the._ nagnetic

ely.. , :
storage mediumtgBcaP ilﬂé 1B APEPNRB, 3E%hr RF dhiS, IFITELERaf 1iRe TRRKE 15

form ng g nctugesa FPIBNG thhe rMaska §hiéh resdiicr ivélyTBecgmthod of
produci ng the magnetic stodrage nedi um according to cfaim2 or 6,
char act er i zedgnet ihaitotshavhexsk ihfpmuagiomciaidas Heomaongtihalhpsk with a

(615U, O Befa0iq 0 TR BEE e hahAUNSHLS S BLAGERLIT
whi ch are psepatetb®rhaving saturation magnetization smaller than
saturation magnetization of the magnetic dots.
15
2. The method of producing the magnetic storage medium
according to claim 1, characterized by comprising:
mask-forming including forming a mask that obstructs
ion injection into the magnetic dots, in the plurality of
20 areas which respectively become the magnetic dots, in the
magnetic film, wherein
the-between-dots-separating includes applying the
mixed ions from above the magnetic film where the mask is
formed on the plurality of areas, to locally inject the
25 mixed ions into an area between the magnetic dots protected

by the mask.

3. The method of producing the magnetic storage medium

according to claim 1 or 2, characterized in that the
30 magnetic-film-forming includes forming a magnetic film

having an artificial lattice structure, by laminating

plural kinds of atomic layers on the substrate alternately.



25 the substrate, each of which has a magnetic filmand on each of which

i nformation is nmagnetically recorded; and a bet ween-dot separator
that is provided between the magnetic.dgis, and that has a filmwhich is
structurally linked to the nagnetic film of the magnetic dot 30
continuously, into which m xed ions of N2+ ion and Nr ion are injected and
whi ch has saturﬁglon na%Petlzatlon smal | er than saturation nmagneti zation of

the magneti & e method of PFRAUGHIM RS MABELIE FEAFRFT ALt ng to claim
8, charact eébé%?dhﬂ thatcidien @g%taksceehb £n BEetHHe B\b?ﬂb@ii& ng an

artificial lattice structure in which plura k| nds of atomC |layers are
| anmi nat ed oﬁlﬂmefsumsmgeﬂnnlidﬁStépmmnagythandagnetlc ftilen betniegnthet

separator has art cial lattice stru e _cont.i nuou i nked to the
o e B A led SRRl o T e e ee, o Ot g
10 10. The ma?aetaﬁdssiqsmqﬂmﬂm@%@ca%ﬂieglaymeIa@tr@r%atew acterized in
that the artificial lattice structure is a structure where a Co atom ¢

| ayer and a platinumnetal atomc layer are lanm nated alternately. 15 11.

The magnet | ¢ st Age aed Ui AECUAN0 4 GaA9cOL: A0 NAAGHRT T 2ed i

that the arfificral | Ce ruc atom c
| ayer and aaPdoadlibmg ctd aylerinare olraai, nahaﬂaatté:eimai dly tha@ tRe An
i nformati on storage devi ce characgterized by conprising: a nagnetic storage

medi um i ncl BRPRGEIG SLHREE s 1PFLRERF { FOBM R JHE TEIBEEACWRILR are
25provigded pRving SPSF@lfci8aChaet1¥B Sbr-l@Su%, by laminating a Co

atomic layer and a Pd atomic layer alternately.

6. The method of producing the magnetic storage medium
according to claim 2, characterized in that the mask-

15 forming includes forming the mask with a resist.

7. The method of producing the magnetic storage medium
according to claim 2 or 6, characterized in that the mask-
forming includes forming the mask with a resist, by a nano-

20 imprint process.

8. A magnetic storage medium characterized by comprising:
a substrate;
a plurality of magnetic dots which are provided on
25 the substrate,'each of which has a magnetic film and on
each of which information is magnetically recorded; and
a between-dot separator that is provided between the
magnetic dots, and that has a film which is structurally
linked to the magnetic film of the magnetic dot
30 continuously, into which mixed ions of N," ion and N' ion
are injected and which has saturation magnetization smaller

than saturation magnetization of the magnetic dot.



magnetic filmand on each of which information is magnetically recorded,
~and a between-dot separator that is provided between the nmagnetic
dots, and that has a film30which is stgycturally linked to the nmagnetic
filmof the magnetic dot continuously, 1nto which m xed ions of N2+ ion and
M- ion are injected into the filmand which has saturation nmagnetization -
23 - smaller than saturation nagnetization of the magnetic dot; a

magneti c hedd tTR TRAINES4EhE505ATE oreELeN FRCqrsdmet te stdilg® nedium to
performat |.g3 : -4&gﬂé ireal di i_nfar LQn
magnetical ly rg%fggﬁ%?%%5b |n%%F%%tbéﬂﬁgggétﬁggdg%%e F%’ o%?gaﬁgﬂg

head- posi ti bavingt anl astysf smelhdiatrbees st hectegmein ovHiedd plakali vely with

respect to g.sgrfa e of the magnhetic storage pedium to_position the
magneti ¢ hedd™gf 2 ?Wl@“%g]ﬁé{q € 36f FEPLIRTER R GheaSubshEabe the

i nf or matd onaWebthge APd 444 i nformation reproduction is performed by the
magneti c head. 13. e information storage device according to claim 12,
15 characteri zed ithe Heatwdem degneeparabor hess an autiiffiicial lattice
structure in_which plural. kinds_of .atomic |ayers are |l.am npated on the
substrate aEF ]é‘lrlcﬁ‘g?lé‘?yc.:o at41.n ﬁiynft'tépfsrﬁa} bR @eoraa?btelfg&ﬁa?e ai?gb?‘ai ng to
claim12, 2@tetetaes eraiediritd Whatht BRe AGRed | LortPtareasngepBeaeti c film
having an artificial lattice structure in which plural kinds of atomc

| ayer are |l am nated on the substrate alternately, and t he

pet weenrdlol 1 gePail fhghiae, BNsBbtdd Gdli uhfablbatng SLEUCHAE £ont ! nuous! y

| i nked to the artlflcgal fatfrce trucfhre, gng into mhléﬁufﬁg m xed ions

are injectedharacterized in that the artificial lattice structure is a
structure where a Co atomic layer and a platinum metal

atomic layer are laminated alternately.

15 11. The magnetic storage medium according to claim 9 or 10,
characterized in that the artificial lattice structure is a
structure where a Co atomic layer and a Pd atomic layer are

laminated alternately.

20 12. An information storage device characterized by
comprising:
a magnetic storage medium including:
a substrate,
a plurality of magnetic dots which are
25 provided on the substrate, each of which has a
magnetic film and on each of which information is
magnetically recorded, and
a between-dot separator that is provided
between the magnetic dots, and that has a film
30 which is structurally linked to the magnetic film
of the magnetic dot continuously, into which mixed
ions of N;* ion and N* ion arevinjected into the

film and which has saturation magnetization



15. The information storage device according to claim13 or 14,
characterized in that the artificial lattice structure 30 is a structure
where a Co atomic layer and a Pd atonicybayer are |am nated alternately.

smaller than saturation magnetization of the
magnetic dot;
a magnetic head that approaches or touches the
magnetic storage medium, to perform at least one of
5 magnetically recording of information and magnetically
reproducing of information for the magnetic dot; and
a head-position control system that moves the
magnetic head relatively with respect to a surface of the
magnetic storage medium, to position the magnetic head on
10 the magnetic dot for which at least one of the information
writing and the information reproduction is performed by

the magnetic head.

13. The information storage device according to claim 12,
15 characterized in that the magnetic dot has an artificial
lattice structure in which plural kinds of atomic layers

are laminated on the substrate alternately.

14. The information storage device according to claim 12,
20 characterized in that the magnetic dot has a magnetic film
having an artificial lattice structure in which plural
kinds of atomic layer are laminated on the substrate
alternately, and
the between-dot separator has an artificial lattice
25 structure continuously linked to the artificial lattice

structure, and into which the mixed ions are injected.

15. The information storage device according to claim 13 or
14, characterized in that the artificial lattice structure
30 1is a structure where a Co atomic layer and a Pd atomic

layer are laminated alternately.



