DESCRIPTION Titl e of Invention METHOD OF PRODUCI NG MAGNETI C STORAGE
MEDI UM MAGNETI C 5STORAGE MEDI UM AND | NFORMATI ON STORAGE DEVI CE Techni ca
Field [0001] The present case relates td a method of produci ng a magnetic
storage nediumof a bit-patterned type, the 10 nagnetic storage medi um of
the bit-patterned type, and an informati on storage device including the
magneti c storage nmedi um of the bi Degarternes type. Background Art 15

[ 0002] Hard Di sk Drives (HDD) have been in the nmainstream of information
storage device, as a nass-storage device capabl e of high-speed access and

hi gh-speed transfer of data. A§1E£Et$§$hkﬁghjkgp areal recording density
has increased at a high annual rate so far, and a further 20 inprovenent of

t he recordi ngd&EHsdR YOI PROANUATNGe SIACEETECeATARARE aselmuM [ 0ROSImIcor der to
i nprove the recorg] nsjty of the HDD it isS necessary to reduce the
track Width or sH%#ﬂ%ﬁgfﬁ%kPi%bPﬁPnéNBPFM%Eﬁ%¥rﬁTQﬁﬁG e track width
is 25 reduced, the so-called interference easily occurs between adj acent

tracks. This interfere:nce is, nanely, a generic nane for a phenonenon in
whi ch a tr@shoigedt fiield. target track is overwitten with nmagnetic

recordi ng jf-Qrmat i, t the tine of recordin a phenonmenon in which.
crosstal k [Ii'?g)ogécurs& ug)rfegegtl &4 gggeiﬁ%%%ﬁ%g# i“éqntgw}%r 6’%} Qrggﬁgknﬁext to a
target trackagnde tioragk nepiadustioreidEigdheferekd hose, pheaonena becomes

a factor that results in a drop in E/E ratio of reproducing signal, to
Causelaetgﬁgﬁﬁéﬁﬁoﬁtpﬁagﬁ medpum of the bit-patterned 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 Loy 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 ocecurs 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 8/N

ratio of reproducing signal, to cause deterioration in an



error rate. [0004] On the other hand, when the recording bit |ength i's
shortened, there occurs a thernal fluctuatlon phenonmenon in which the
perf0|nance of storing the recording bft "for a 5 long tine 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, aemagnetdte.Storage nmediumof a bit-patterned type is proposed (for
10 exanple, see PTL 1). In this nagnetlc storage nmedi um of the

bi t - pat t er RRP4ly pe Ont tidepOEDEFoREBE  aWheR oF i e B1HAINY pridddeesitned, a dot
mde of a ARuNEhleHIR, Cthalel ScEOrgRd Ll INe phedatariied,oashthon of the
fs I's rmade 0O

recording bit, a part between the n-magneti c

mat eri al . :m5vuhﬁm1the det-sommdecef of hetomignetile matceriddhgabett hos separ at ed
from each ot her,, netic interaction between the dots is small, and
the abGve-ddst FPﬂEH%@ﬁFgﬁﬁgﬁence and thermal fluctuation phenomenon are

evaded_ [ ORfdjer e aca$ %a@eb@ogveidﬂ’ﬁgd&&@éékg A8 RANSIICC 5 §9 storage medi um

of the bit-patterned type; a conventional production nethod proposed in PTL
1 and the ﬂhﬂa&a&Iﬂlubéudés@nlpbdnomemmﬁqandatnbnabyar&a&gzangtaat

illustrate con ention rod n t hod of duci ng the
nmagneti c }ﬁéelﬁgglﬁ n~of & tﬁ%g% éﬁ 4%3? Yy fe™ ggﬁﬁﬁﬁ t he
convent i Orkaﬂorwgédu@@l@hh omﬁgnﬁltcpittéﬁrr?ed Sy nRd pBpoBedsybstrate 1 in a
flln}fornlng process (g{}?L &0009 Next, in a. nano- |npr|nt rocess (B), a

C

resi st-03 FXARRIE oFe8 ! abl ﬁ%§ﬁnmﬁ§n§EbPléﬁoﬁﬁg%lﬂ iymgrfetting film 2,
2 mold 3 DA NG cRan0en £6HoNOLRS 15 dIPUY o AR, ﬁeﬁ'lﬁt]g so that the

resist 3 ente the 'nano- reby dots”3a of the
resi st 3,pﬂﬁﬁdﬂmam1ned, a dot made of a magnetic 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
geparated 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 wmethod, first, a
magnetic Lilm 2 is formed on a substrate 1 in a film-
forming process (A).
[0009] Next, in a nano-imprint procesg (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 2 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 nmagnetic film
2. After the resist 3 is cured, the Pd"4 is renoved. 5

[ 0010] Subsequently, etching is perfornmed in an etching process (C), so that
the magnetic filmis renoved, while |eaving magnetic dots 2a protected by
the dots 3seefst he iresirstdlatAft eithhel etehidet thieydotoveda ol tbgqaresi st 3
are renoved by a chemi cal process, so that only the 10 magnetic dots 2a

remai n on $ne® st %@Slﬁ@oh}ﬁ FErRRdraad the L4959 3engrer sedssedD), a
part betwesn {jhe %' C ?1%15223 {5l lhed r\@'sflgtazr@g gBﬁ&?t'&@Ht erial

and then, the sur ce s attene In a attening process so that a
magneti c sm@¢®g%3aedmmmw&dof the 15 b|t patterned type is conpleted (F).
production nethod, in order to

[ 0012] Acco ﬁ W ) a co ventlo
st abi | ize % Ioat‘#& SFC lﬁﬁgh%t?%rﬁ%ﬁﬁ“%HSVé“kﬁ@cﬁéﬁﬁetlc

storage meghduads (de fsloattha@l eaewna S gh ALGHTACY-JnRvRBCE§BRAY i N the 20
flattenlng process E). Therefore, there arise such a problemthat a very

conpl i cat aﬁwnﬁemﬂgmatng proceds peetscted Bey pBrd clabed 3andfsubk a probl em
that the cture, cost i.ncrea [ way _of . avoi dj t hese

probl ens, m&gef%1|s %?% osed (§nﬁ¥bc%%§'hA%ﬁePﬁoéf(F%ﬁl%ﬁﬁﬁ'qg:§ysten) of
form ng a.amsepamnaiiedn kst at enehidal spbycdsd ecid Nhdtorsynkpea magnetic film
and thereby changlgg)d magneti zed sin IocaIIy (for exanple, see PTL 2 and

PTL 3)}0 ASFHTHG CotEhre F@Waaﬁppﬂgt%%sﬁﬁﬁﬁtﬁ%ﬁ? #&gnetlc property is
changed. bmﬂﬁﬁjlnj % ons, aﬁgli?ﬂﬁ f@gggéc nggg%acturlng
processes such "as t e et |ng and t t%nlng are Unne essary, making it
possi bl e titsuEpr 3 angnetieadetsn2proauttliiond costh tonankangaeextent. - 4
i CItatIc”%éﬂé%ial and then, the surface is flattened in a flattening
process (E), so that a magnetic storage medium 6 of the
15  bit-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 1s necessgary in the
20 flattening process (E). Thérefore, there arise such a
problem that a very complicated manufacturing process needs
to be performed and such a problem that the manufacture
cost increases.
{001.3] As a way of avoiding these problems, there is
25  proposed a processing method (ion doping system) of forming
B separation state of dots by injecting long into a
magnetic £ilm and thereby changing a magnetbized state
iocally (for example, see PTL 2 and PTL 3). According to
this ion doping system, the magnetic property is changed by
30 dnjecting the ions and thus, complicated manufacturing
processes such as the etching and the flattening are
unnecaegsary, making it poessible to suppress an increage in

production cost to a large extent.



Patent Literature [0014] PTL 1: Japanese Lai d-open Patent Publication No.

53- 022211 PTL 2: Japanese Lai d- open Pat ent Publication No.

2002- 288813 PTL 3: Japanese Cafd- open Pat ent Publication No.

2003- 203332 10 Summary of Invention Technical Problem[0015] However, in
many of current ion doping systens, in order to avoid the above-descri bed
interference and theimal 15 fluctuation phenonenon by effectively reducing
saturation_ magnetization, a large anount of injection is required as the
amount of Ifi§fs. On the other hand, when a large anmpbunt of ions are
|njecteda%ag%ﬁqutegggggg to the surface of the magnetic filmis huge. For
this reason many of the current ion doping systens, in order to

ef fecti vel 00leduce HIlie I3atfapatieeoa hajdetpeatiaorerly BilfpjresiongNsuch damage,
an amoynt of ions controlled to sone extent needs to be injected for a | ong
tinme. Ooi%fpﬁﬁﬁGer in recent years, nmagnetic storage nedia 25 have been

nore and nore degifed. t@aﬁﬁn@éédy§fﬂL:Pbﬂﬂﬁéﬂa%ta@@b@&&éﬁﬁéﬁuﬁébi|ity i's
reqpdren, and when the ion dopi ng 5y5 (=mis adopted in actual

nmanuf act urddiig-~286@IlY a short time such as several seconds may be secured as
and bec se.of su circ

the ion |nject|n% ﬁh Btanc ﬁ@ practical use
has not been realli’gE ﬁﬁ@i???% %ﬁv?ﬁeq &Y% ggﬁﬁéc8|%83 Pances, it is
an 2003-203332
10
Summary of Invention
Technical Problem
f0015] 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 isg required as
the amount of injected ions. On the other hand, when a
large amount of long 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 controiled to
some extent needs to bhe injected for a long time.
[0016] Howaver, in recent vyears, magnetic storage media
25  have been wmore and more desired to be produced in volume
and manufacturablility is required, and when the ion doping
systen ig adopted in actual manulfacturing, 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 foregeing circumstanceg, it is an
object of the present application to provide a method

capable of producing a magnetic storage medium of a bit-



obj ect of the present application to provide a nethod capabl e of producing
a magnetic storage nediumof a bit-- -5 patterned type w thout inpairing
mass productivity, and a magnetic storage medi um and an information storage
devi ce which have a high recording density and nay be produced by a
production nmethod that does not inpair mass productivity. 5 Technical

Sol ution [fxl8jAeeorgoagwl ehauf i iebabasie rmde lodiule ivavent kaa, aa met hod
of producing a magnetic storage nmedi umincludes: magnetic-filmformng

i ncl udi ng TS E G iFg SACHAFReTEE YD #7¢ Mni i FUEtoR togage device

bet ween- daf;s- ting.Lnc 1LNng: i a L L.Zation by

| ocal |y iﬁPE%??E%R%i?eglﬁgn%gg?Pﬁﬁ%fqggﬁﬂgidCkgg?%ﬁpgﬁpgggﬁ&gégaéyof t he
magneti ¢ fa lpgodatcttéont hanhad pthsal déys alo@rieas ivhimalzsr pgpéattvelyybecone 15
magnetic dots where infotmation is to be magnetically recorded, to form
bet weeR t he magneti c dots a between-dot separator having saturation

magnet i zattQhhsm@ahl eh1t,papnsat urati on magneti zati on of the nagnetic dots.
20[ 0019] According to a second basic node of the invention, a magnetic

st or age nediQirBli nclrudesdiagstbsar it est dogpdir adddey off timgrhetentdobs whi ch
are provided qn the _substrate, each of which has a netic.fil mand on 25
cach of i dIF EOPEabT BRUT Sl PR 1 - 1 g B T B L e Lutes: 3]

bet weenvdot separateettibatiig- peavided heatumely tthemragngt hegdetsc, and that
has a. filmwhich is structurally linked to the magnetic fi?n1of t he
magnetPc dotie 6wt engobstEyatentd%hhi ch mi xed ions of N2:' ion and N ion

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, to form between the magnetic dots a between-dot
gseparator 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 incliudes:
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

magnetic dots, and that has a {ilm which is structurally
linked to the magnetic film of the magnetic dot
continuously, into which wmixed ions of Ny¥ ion and N' ion

30 are injected and which has saturation magnetization smaller
than saturation wmagnetization of the magnetic dot.
[0020] According to a third basic mede of the invention,

an information storage device includes:



30 are injected and which has saturation magnetization snmaller than
saturation nmagnetization of the nmagnetic dot. [0020] According to a third
basi ¢ mode of the invention, an infornétion storage device includes: - 6 -
a magneti c storage nedi umincluding: a substrate, a plurality of
magneti c dots which are provided on the substrate, each of which has a
Smagnetic fil m and renpeach eftoshigehmeat onnmihe Dindisgmagnetical ly recorded,
and a between-dot separator that is provided between the magnetic
dots, and that has a fi PmSWPSERaF€ - structurally linked to the magnetic film

100f the magnetic dot C%nglwaﬁkg, a;?ﬁéﬁgeﬁ@{% JBXE4,H00s Q. N2+ ion and N+

ion are injected into the filman has saturation nmayletization
smal | er than sat ur atricondedgnet Cizat sapstofattde amgnetfi evhdety; haSaanmagneti c

head that approaches or touches the magnetic stqrage nedium ,to perform at
| east rc%’iral_e of rragneﬂaéjﬁﬁci‘rcr g&g‘i"d’f‘lﬁ ot ?"’iﬁkbr?*ét‘”f ﬁg‘%ﬁﬁﬁ‘ﬁ tPatfy
reproducing of infgpeRtkepaloy F8es-r@aetd g dot; and a head-position

control systemthat noves the 20 magnetic head relatively with respect to a
surface of the magneti c astogtagennédt uaepavaipysittiadn itshenewgdeti ¢ head on

e e o O MIRE s bPaThe 5y el TR By YiLh! o and the
which is structurally linked to the magnetic film

10 of the magnetic dot continuocusly, 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 wagnetic head.

25 [0021] Because, according to the method of producing the
magnetic storage medium, the magnetic atorage 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+ ilon and

N+ ion into the magnetic film makes it possible to



25[ 0021] Because, according to the nethod of producing the nagnetic storage
medi um the nagnetic storage nedium and the information storage device in.

t hese basi c nodes, the between-dot s'e’pgréitor is formed by the ion injection
and thus, a conplicated manufacturing process such as etching 30 or filling
1S unnecessary, resulting in a sinple production nmethod. Further, the

devel oper eof f4dieiyarigs eridueas ehbasaf auadi bhatadhe iiA3eeid encef at he mi xed
ions of N2+ ion and N+ ion into the magnetic fil mmakes it possible to 7
ef f ecti vel 3 biftic #MomEts 2Eui B PERIARGHRATR ZBTh R o sdfaknernandint  of

i nj ection ah@&&ms%P&%vpeggmggeme&&c@ g}ﬁé%n il el iRgssihle to

reduce the ion injecting tine, and produce the magneti'c storage nedi um of
the bit- SHapdtmerduest typeemaghbtachsgbrageonelingn dehsibiey biict-hout 1 npai ri ng
the mass productivjty. Advapntageous Effects [0022] As descri bed above, by

t he pr sen?ag?ﬁfé}ﬁ‘i %,pelﬁlgglcﬁrmﬂﬁ 35%“?%%”5%5‘%&1 e of-heHEN of the nethod
of produci iigpd e JPIRRL ke sat BragecAedi 4y the magnetic storage nedi um and
the information storage device, a nagnetic storage nmediumw th a high

recording density is realized by a production nmethod that does not inpair
the mass 1o, pr ductoi Vi ?sff grcisef Description of Drawings [0023]FIG 1 is a
di agram t ha(% RS a conventional production nethod of producing

a magnet i c[@t or age dwdirimeal abbeebi by paid esr@tkdtypevention, FIG 2 is a
diagramthat illustrates an internal structure of a Hard D sk Device (HDD)

that I8 arPe@iPIgr eb8dPREAE BPAE hel | ead! it itdie seshagecdevi ce.

FIG 3 is ; h\e Vi . ha i y il . at ructure
of the magasr & MeSl Sy ERAThIE- SO f ey oy, che madiREfl ERofagl i D
that il | ustedtes st edenphdpywetbodi sentagd ddhel aret kodagheptaduci ng t he

magneti c st.orage nmedji.um for which the basic node has heen descri bed above.
30FIG 5 @%t%’fa%tﬂ E&%I&Wt &t f Hé??a’f%%%‘%%%ﬁqﬁﬁl%w is I‘_ea%rtiz?ﬁ Bis a
graph i ndigatidmhdiencaetabuerht g0t tde imghhimieet k@lsi n each of the

exanpl es, the first
15  productivity.

Brief Degcription 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  dllustrates a structure of the magnetic disk of the bit-
patiternad typa.

FIG. 4 is a diagram that 1llustrates 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. € ig a graph indicating the coercive force of

the ion injection in each of the examples, the first

comparative example and the second comparative example.



conparati ve exanple and the second conparative exanple. 8 FIG 7
is a graph indicating the saturation nmagnetization of the ion injection in
each of the exanples, the first conpérﬁtrve exanpl e and the second
conparative exanple. 5 Description of Enbodi ments [0024] Exenpl ary

enbodi nents of the nethod of producing the magnetic storage nedium the
'magneti c storagerediumsaad girhehi hhdi oat 100 storsgeirdedione for which the
basi ¢ 10 nodes have been described, above wil| be described below with

ref erence To9t¢e HahgL ER6028TFIRIeoti e o )y SRftaRtt FAE EFPEBLREtes an

internal stpuciurg ofo@Hand 4 skaleybcenfHIR ddalnd SARSXeTRLATY
enbodi nent of the 1 nfofination storage device. 15[ 0026] A"Hard Di sk Devi ce

(HDD) 100 ¢¥xdwpsteated in this diagramis incorporated into a host device
such assita personal conputer, and used as an information storage neans in
t he host device. [0027]1In this hard di sk device 100, two or nore 20

ci rcul ar - pbat€rd pdirmegnesieddnskss10, each of which is a so-called
per pendi cul ar magnetic storage nediumin which information is recorded in

t he form of0PRdnet i Bxgyatizenh coypofagaetFzat | bhe i netdhaell rec iretugéngendi cul ar
to the fro ck, fac a ck I i tion.of the 25
B0, 35RRehBthAC Bl e R el O

di agram an in-a e nmaxinetic disks
10 i s a. sandathedinimmastionageconadeutzoica bbit -watdrershed bhype in which a
dot where bit information. is to bhe recorded is formed beforehand at each

poi nt ‘dh tReASF ditvaariPemadiesradesd FREEe Yrabhetd daficikdetobréPt e about

with reference to the drawings.

[0025] FIG. 2 1s 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 wmagnetic 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. TFurther, each of these
macnetic digks 10 i8 a go-called magnetic storage medium of
a bit-patterned btype in which a dot where bit information
is to be recorded is formed beforehand at each point on the
front and back faces. Thesge magnetic diske 10 rotate about

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

[oo28] Further, in the housing H of the hard disk device



30 a disc spindle 11. These magnetic disks 10 are equivalent to an

exenpl ary enbodi nent of the nmagnetic stgorage nedi um for which the basic
node has been descri bed above. [0028] Fufther, in the housi ng H of the hard
di sk device -9 100, a swing arm 20 that noves along the front and back
faces of the magnetic disk 10, an actuator 30 used for driving the sw ng
arm 20 and &0¢ont rofirgy rrom L050hat emabs® dioused.he5[fROR9] The sating arm 20

hol ds, at the tip,_a.magnetic head 21 that perforpns jting, and readi ng of
"0t or et | on EECAME {0 PRETT Uit ki 1k SEBSAGRT ¢ He Yehatrc i sk 10,
i's pivotabl y,rsupReriied dnlnghe rhopsi 884 H byora: Raardingu2d, sengdrd ss piyoted

within a predeterm ned angl'e range about the 10 bearing 24, so that the
magneti ¢ heh@upadis caused to nove along the front and back .faces of the

magnet i ¢; di 2502191 Thiys. ANy 'a%m.hgédh%fdg,quétv heenttiﬁpo 3%5@%@?{8 of the
magneti ¢ head Tn the above-descri bed basi’c nbde of the informafion storage
devi ce. 15[ b830] The:hgagicngoand writimg ofd irdf-erimat bonihyothet mgnet i ¢ head
21 and the m)%e_ nt q{ﬁthe arm 20 are controlled by the control circuit 50,
and the exch ggf%‘? G dralti BRAWPERK t HFE ot F& B89aPssCi S 9erkor ned

through thi sscomidialbiG eitcbrb@d THI SpEAMILInLiF e & BOaksn20£qui val ent
to an exanpl e of the head-position control systemin the above-described

basi c node efdthe dinfadradamithist or agedelevitianed GORLEFE&08 dlzowt gersspect i ve

v L SGUBT) Lk shontLLUSHATER, 8 FLLOA S S, Lhe rmapey o o
circular- pdlat@-tH&kenmgnehdchabksfaced of [dHesteahedic disk 10.
This magnetic head is equivalent to an example of the
magnetic head in 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 ¢f the arm 20 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 cof the information
storage device.

00311 FIG. 3 is a perspective view that schematically
illustrates a structure of the magnetic disk of the bit-

25  patterned type.

[G032] In this FIG. 3, & part cut from the circular-
plate~like magnetic dislk is illustrated.

[0033] The magnetic disk 10 illustrated in FIG. 3 has
such a structure that plural recording dots @ 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 arcund the center of the magnetic disk 10,



[ 0033] The magnetic disk 10 illustrated in FIG 3 has such a structure that
plural recording dots Qare regularly 30 arranged on a substrate S, and

i nformation. corresponding to 1 bit islfmgnetically 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, - 10 - and a col um of
the recordang sloisldn@f B aner aekoTdinh0834% Arpatid Dednaran t.he recording
dots Qis a separator where the magnetic anisotropy and the saturation
nmagnet i zat i[%?\3£]r e Bt hatwess nEELETdAng otPlohyR alrfdl 5 FIMITSEOIT at i on

magnet i zat |9 f r:di - a fmgnetis¢.J nteraction between
t he record‘lfln%r%o%ﬁsé]%ﬁl{ggl%gﬁg %géggk?gahggds%%%r at or. e[183(5{35] When t he

magnet i ¢ | nd@neict 1a0n dretaveeiovee theor dhagmakgtest 12 isnitduus-cpiyakihd even at
the tine of, 10 recording and [Cg%roducin informati on to, and fromthe

recordi‘hg o3t TEWRF IR MEERetigeEt 9Bt POnt BB TR 48 ek ¥ smal | and

thus, the sgsGaldied i NtieffeheRreenPEERREBN T Pe tFaCkSiigy SRl o FWrther, when
the position of the recording dot Qis thus fixed physically, the border of

15 a recoreedll nduwe mat itdr sbisepdovesonet fluctuate by heat, and the so-called
thermal fl Hﬁ] fio heqﬁ}r%enon iz.evad?d. TEus accor di to the magnetic
di sk 10 of bi t -BAT eSS 5 P PPIEEF AP PT S <8 G 3, reduction
of the tragkcatdidy andshorkerh0g ehalhe &e60rgl nthdidideength 20 are

possi bl e, and the magnetic storage nmediumw th a high recording density may
be redlli zetECPODIB] AnfetedF o CpREdlBLAETEhIen negyistd Fr@MskhRE0 wil |l be

described pelows; [003H | Gend hgRedl A0TARENAL: 4 ISt JRL e @n exenpl ary

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 deces not fluctuate by heat, and
the go-~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 degcribed below.
[0037] FIG. 4 is a diagram that illustrates an exemplary

25  embodiment of the method of producing the magnetic storage
medivm for which the basic mode hag been desoribsd above.
FO038] For the basilc wode of the -i'i"i(%lti'l(f}(j}. 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 intoe the magnetic dots, on the
plurality of areas which respectively become the magnetic
dots,

in which the dots separating step is a step of



25 enbodi nent of the nethod of producing the magnetic storage nedi um for
whi ch the basic node has been descri bed. above, [0038] For the basic node of
t he method of producing the nmagnetic stbrage nedium such an applied node
that "there is included a mask form ng step of form ng a nmask that 30
obstructs ion injection into the magnetic dots, on the plurality of areas

whi ch respegpiyvely hecamedhe omagfiebinCaBets, thd wiradt itdhe idet ssmeepar at i ng
step is a step of applying the m xed ions from above the nagnetic film

where t hetRaskesis forfigmedn ophehgl Blarat ytvfofrassas t Héeaspyl ocal |y

i njecting y xed i ap . a. t netl t rotected

by the ms%&@ﬁt@%?ﬁp’g&%&n&h ttgeA@%%régi ﬁgﬁ%\(l)\% sangpp i eglertr:gq (%% gggar ea where
the ion i npegtéetoie idbinpeeceesabyl by theiabsy” prot@etfeddble.he mask, and the
accuracy of forpmation of the magnetic _dot is high. One exenplary enbodi nent
to be desctTHRABY dw itdis §6PAMCEXBRPE ar I el HRSHE 0 4G8h a preferable

appl i ed nogde; l Fur [ r:t.h i 0
Produci ng. {he MRGheCc St oS08 MR Gt SuCh A aRp 60 §B06 "t har- Kt he

magnet i c- fahdn fior mamgrstogp ofs farstepoof of orime mpgratdgnekdte ik highavi ng an
artificial.lattice . structure, by |amnpatin lural, kinds of _atom c | ayers
on the sub%rf“? SCEWE % Sﬁéfr’?y’ti Opﬂ%f%?%%“? e r}:@glpd‘i g f—’l&sfhﬁg‘ appl i ed
node, by nakémgn 4:he m@raikeatl Ebi kachayeptdesid igialicsatbiiee structure,
the effect of reducing the saturation nmagnetization by the ion injection
may bélenh&hted andiuxtiey .njfset thg brrecmgddect urichareBinst tdned. One

For Such o e ahirg R o RO AEC  FaD AT e gt o AEe b6 ToiEst rat
or such pref erabl e appli €d rfrodé. 4 e maghetic "Past rat ed
in FIG 2 @amk FliGe hegeopriediced byribegpsospictd en swihed ifbktishgaked in
this FIG 4. 25[0041]1In the production nethod illustrated in this FIG
magnetic film having an artificial lattice structure, by
laminating plural kinds of atomic layers on the substrate
15 alternately” 1s 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 inijection 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 {00411 In the production method illustrated in this FIG.

4, at firvst, a magnetic film 62 is formed on a glasg
substrate 61 in a Lilm-forming process {(A) . This fiim-
forming process (A) 1lsg 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 e2b are laminated alternately. As for the film



4, at fia magnetic film 6218 fornmed on a. gl ass e 61 formng
process W This filmformng process (A is equivalent to an exanple of the
magnetic-filmfornmng step in the abové<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

atom c | ayeni6RResd e Almated rakter pat gk ¥ni AS149Er td1e fdd Phe &2 -
t hi ckness structure of the Pd atom c |ayer 62b of the Co atomc |ayer 62a,
t he thi ckné§gmaf laerPd 2at.oite tiyeknez2b aéetdketBd batgricatlayerh&abt he

t hi ckness R%E&Qetﬁ?%{‘?ﬁ%%(ﬁéﬁ%%%ﬂf%ﬁetcghgO X%ége gggl%t éjc_afti | m 62. An upper

limt to 5 e fitm ness o e atonmre |4 |soﬁ'3ﬁm and this

filmthi cknegsrisz£aqib ihenttHeo maghbiteknessmoé2 about wppatomenies the Co
atom c |ayer 62a has a filmthickness beyond this upper limt, it is

concei vabl BRehhi e PhyEinens pfoséet Fot AbPhayl ¥t d4ed ar @t i PRei al
lattice may,bg ﬂPirf?Séhic[é&%%] i Eggi%%éﬁt n?geg ofs 4 s“ée%'}o%tb%htp%"d”c' ng
t he magnetic storage nedium the gnetic storage nmedi um and e

i nf or mat i oatsher afeedevheeCoi atdsidesiyablasd hats théiamt thickadsdattice
structure ructure in which a Co 15 atom c | ayer and a pl atinum netal

e a st
atonmic la ‘?Y%IF‘E R HRRSE dEnatEl yoof CBCe Ykt irtdidth awmiys 18260 at oni ¢

layer and gr&deatPMied a8 HRr eahariinahedal f e&nat el iThe nlgagRn is
because the magnetic film'of the artificial lattice structure in which the
Co atad#ic lager and the 20 platinumnetal atomic |ayer are |aninated

al ternat el a od_.magnet.i ¢ _pr.operty..and the. magneti ro ty easily
det eri or at g%@%%e tgﬂil ﬁcehei 5] g?ﬁdleSnOgstWI Te%%o%e%’grﬁf%oéﬁlqgé’pgg%?leand
because i maggase: Hrdheyap@delinG themMmednéhec attdfdgd alediakt beg structure
in which the Co atom c layer 25 and the Pd atom c | ayer are | am nated

al t er nat el §1€ t Hef drapfehare S50896Ft1 fevaceet terls Theshranle &balt Faeti ce
structure JoEyedody the JddmtoLm Ng-PEOCESS, MILLUSULALE] ot BLS FIG 4
is equivalent to an exanple of these preferable artificia af't i Ce

st r uctlér esat 0] O04Btdncirdert @llhyintihemebghedianid | mayar tshe above- descri bed
basi ¢ m)def is not limted ththe one having the al lattice

Uit o
struct ur e, "HRt W G- S THEGTi ©7F Pl FFBRCRUIST ﬁg‘?éﬂ%l{é}b:a?l(.‘o atomic

layer and a Pd atomic layer are laminated alternately. The
reason is because the magnetic f£ilm of the artificial
lattice structure in which the Co atomic layver 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 cage 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 ia 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 wmodes 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 foimthe magnetic filmof the
artificial lattice structure in the above-described applied node of the
type in which the magnetic filmof thelartificial lattice structure is
foLmed 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 artifi¢oahsa] at tiger1sdy UC Wiz Ay 1becusedn Hovenednet it tiie o @Jd ow ng,
the description will be continued assum ng that the nmagnetic filmis forned

of Co 10 aRt®P¥tiigss|INGRtElics & HEABUN APt Nt rafeess g rikedesi st 63

made of a i n,l.s | Led OF ﬁggggpi d.lm_62 nol d 64
havi ng nan%gg?gégqﬁgkégﬁ% §K?§§%§u%§egﬂg%ﬂt%£§re stjégjégk}ﬁgftpge resi st
63 enters &heifanel Imtsiized shahesubdaithéoetyd becaming iddtced63a of t he

resist 63, and the resist 63 is_irradiated with ultraviolet |ight over the

mol d 64 sotRPRAPTEIRFIES eterind CGREUTEARY RHEe dAY 63W eS8 iFEPnt ed on the

magnetic flbim b2, t [ i r IS . enmoved.
20[ 0046] Her e, %%ﬁlﬁ%%ﬁ§%5%§}%§3?f%%ggb%§s§g‘ﬁ%gghgft¥ﬁ%qﬁ§¢ﬁ%§cof produci ng

t he magnet felstloragey medi emtisichaanlapplteds mdettmmayhdemaskdt ani ng st ep
is a step of formng the w.th a _resi.st is preferahle, and such an

appl i o MOMRUTHEL: (e MBS RROFIRG SEEp Terar b ag 6 mng the mask
wWith a restshtidyed SRRHNIPLHAE PLECRSSnERIE £1 Bl erati@melhe snask
formation by the resist is .cally stable and nmay be expected to be

accur dt% ndd%& Fdrnmation, and the mask formation by the nano-inprint process
o Cry ] LB 2 TRk PAL o Dl 8,A208: SYShoAN(S0, P desilanLe.  The
nano-i nprint process 3) 1 ITustrated in"thrs I " equival ent to an
exanpl e ofmadre omsk fwrouraglst epsin thessppied esahl ectapplaogeciedes.
[0047] Af't eIFi]Errr\]e\Szn,ar;ao_n%ori%r I6rz]lt h%@?%%sﬁaggz’siégf lgctlogys 64a is mounted

on the resist 63 so that the resist 63 enters the nano-

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 63a
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 masgk 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 vesgist ig
technically stable and may be expected to be accurate mask
formation, and the mask formation by the nano-impring
process may easily make a wask pattern in a nano-level and

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

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



- 14 - advances to an ion injection process (C), where the dots 63a are
irradiated from above the printed nmagnetic filme62 with m xed ions in which
N2+ ion and N+ ion are mixed, and the +®ns are injected into the nagnetic
filme62 while 5 magnetic dots 62c protected by the dots 63a of the resist
63 are left so that the saturation nmagnetization is reduced. The effect of
reduci ng thevsetal ald em Megnehtjzation pyotdesi nfectiterofthcheofizxed i ons of
N2+ ion and N+ ion is very high, as found by the devel oper of the 10
present ca%d AAre hiradisdeand rrir fheve the WebHerd aaunahic? fAdy 6Re

artificialylah bhGesUidiet Uhe RBdn! R8Lel gheand e, SALAL QR BANGhLzat i on of
the magiietic f11m f’nay e reduced to a required level I'na’'short tine by
t he injecttlom ofnd eremixgdciteds ihepethd hmsgmamnoz | fdm 2 piddess 15 (B) i s

equi val ent to an, ex | e of the dot eparating step i he above-descri bed
basi ¢ oA BINTHIE FR 0BGt PEPoBLEPAGDY ho NEdct (G 408 Fedrdm
[0048] I nci gendal 1herd id Reaabeye- dgsarhPedn NAlhdtTidtlon ke resist is not
conpletely renoved even in the area into 20 which the ions should be

i nj ect ed, beducdrd i he pEhett avl tduqiewi dtheatsagulratatnon where the resi st
is thin and are injected into the neti¢c filmaos2,. wherea t,a | ocation
wher e tho Tedrgrt TG & Ehanafy <TRIPEcaf i oie diers Rt Fadon o

formed), tdediwnsoaressteppeligh, tde fREIS 22 handede18pbrr 8ACHHd he
magnetic filmand thus, it is possible to forma. desired dot pattern_ An
i oni ¢ HcceP @ @ibrirasd Bagéhils sémesanehhvrtrRri ol grgnetjiiecfadm fAto p.

central p qﬁg hCqLilm.62 rati vol t age
varies de?%%%%%ﬁggﬁ:t quégt%Bkggkgesggﬁ%F%ﬁgﬁﬁﬁét%%eo %%é ﬁggnetic film
and t he nmesa@ruwadtidr ramerdgaetibo bEl thé 2nagndthe: drida it mawhbeh the ions

are thus injected, the ions are_accunmulated in the artificial lattice
structure,r%ékﬁﬁéuqqi%ﬂﬁ%quﬂﬁﬁpi&§V§ r iRt Ar ¥ Vidre Y &8¢ a coercive - 15

- force anthide sat Watden ragaet baat hehef althi ALLRE - Lhgrien O@f&@e%té on, the
dots 63a of the resist are renmoved by a chem cal process. [0049] Through
such &% i ofB) njecduwivagestess @Q) exampleephrthord@z depafretind betpeen t he

megnetic dgts, 02¢ L9, SERALALS e IRANGLLE iUl [nteraction betveen the
magneti c dots 62¢, sO that the maghetic Storage nedi um of the
bi t - pat t ergeskiliyigy ithe apheted tBphrabs wbeiweparators 62d, the saturation

nagnetlzatt§g4éf Incidentally, in the above-described nano-imprint,

the regist ig 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 regist

25  and do not reach the magnetic film and thus, it is possible
to form a desired dobt pattern. An ionic acceleration

2.

voltage is sel so thabt the dons 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 wmagnetic film and the material. In the magnetic film
62 at the area into which the iong are thus injected, the
iong are accumulated in the artificial lattice structure,

the artificial lattice structure is warped, and a coercive



10 sufficiently lower than the saturation nmagnetization of the magnetic
dots 62c and thus, information is recorded only in the magnetic dots 62c,
while information is not recorded in the separators 62d. [0050]1n the
magneti c storage nmedi um 10 produced in the 15 production nmethod illustrated
inthis FIG 4, snoothness between the magnetic dots 62c and the separators

62d forni ngoitde sl frace dasuirbe i 6ADALGNES $z4 i diefdamgnet t€af i 1 62f ormed in
the filmformng process (A) which is maintained as it is and therefore,
the flattehthfprSbeddplbr tRa ebnbbat ToRbst tachiiay@yedsbiyl Rustrated in

FIG 1 is gnnecess the production nmethod illustrated in this FIG 4
is a sinple rret(ﬁ%ldi{ﬁ[e&g%%mrther, in the production nmethod illustrated in

this FIG 4004%] destiricherh ahove ant hennmirgdct bms wfoddss i@n ,25 andi on
produci ng- _a ver%/- hi?%nh effect gf r educi n‘%% the saturation magneti zation
are aplot’pt eTHTr 1 He 5500 15 rPEEe oh??%‘?nt_ S TRHN,C e SafiBinECof ions to
be i nj ect egbphsr Bl dnAR@ YIS ¢ hieuhD BEEEAYL] AR HetwRhor gheand the ion

injection may be sufficiéently realized by the ion 30 irradiation for
several setdRyE ahdiatdsec@icor 6o that nbks prodeictd Witoraige metiiimpadr ed.

[0052] Furt hernore,..in the praduction nethod illustrated in this FIG 4, the
magneti c do st%gjlatr gaﬁlﬁggg)ggeg}’g§ ?ﬁecf)mpg%t@é dg‘tg)s' 6?‘5 Yt he resi st
printed onsdieramgnetdze,fiche e2ruandi bhengmtdt Bz aUrdraGe of the magnetic

storagie medi um 10 may be irradiated with the ions at a tinme, and the ion

i nj ectifon Fitfol tisatdéc dswgiry tapBathaysdeusaf foresar izesipredfbyyhehe 5 ion
irradiati : al C S t - : Vi i §._not
i mpai red ?%%lﬁ%tsl%ra\eé?é%ct&gsg&gl F@?OO%??#%J‘%%;?%%%% (’%%%g a%e% ribed
bel ow, t heclpr oduptdtdn metlkod2icl, | wsitat Bdf drmdthicn RAlsGnod recappkiegnt o
specific terials and the |like, and the technical effect 10 was verifi ed.
[ 0054] FI G M5 iS€R2 @t gPaféChat il lustrates the exanpl e.

[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 conventicnal technique ag illustrated in FIG. 1 is
unnecessary, and the production method illustrated in this
FIG. 4 is a simple method.
foos1] 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 ilon injection.
For this reason, the amount of ions to be injected is small
and thus, the injecting time isg short, and the ion
injection may be sufficiently realized by the ion
30 drradiation for gseveral seconds and therefore, the mass
productivity is not impaired.
[0052] Furthermore, in the production method illustrated

in this FIG. 4, the magnetic dots 62¢ are protected by the



[ 0055] A gl ass 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 graéé Substrate 70, a 5-nmthick film of
(111) crystal-oriented fcc-Pd was forned as a base layer 71 for making a
magnetic | ayer have crystal orientation. As to the process for formng this
base | ayer déts the of |wsd natdion psiomett ed thetheypsoductiion et hed
depicted in FIG 4. 20[ 0056] Subsequently, successively w thout returning to
the air pr &BsupRt iR FH e Gis threB8GRETHF BLB7ATR, Met il idt Ma Y bem 72
formed of t L f el | [ .repe diﬁp ! orm ei ght
| ayers in grfgig {i%i%%li c‘tlnﬂe}gsélset rlgjg%u(rég %?%65%/ Ogégd%%e I gﬁﬁ%én%qtch ckness 25
struct ure Aefershe¢ oaresayanyf iagieal mhgt beceuf Alwhextl @ Ge Inoreh tgnithel ayer
and a PD nmpnoatonmn, | ayer are repeated. %g85c7lAfter the magnetic film 72

was forfred %8 #FHHHiCk ¥4 MESETai-afBAdRFT kAT bt W d as a

prot ecti vepkayge: ity hies !ﬂdw%{pati&@a oh thesProgsss: ofg 3Riformng this
protective layer 73 also is onmtted in the production nethod illustrated in
PIG 4. [0088}A r esTtamescaappla é¢ bt decheipedteeidwe thayer 73, and by

using the -Lnprint_.proce col ummar  resi - 17 - t.tern 74 having
a di amet engE&i% Am'to Jﬁ%\fﬁ%ﬁ%ﬁ@& t%b%S%]}q'\/l xedS &?gjai??%oFoNM i on
and N4di onspecel Bf atatk1ia 16 keyl weeelerk! t eddf 10 whove dahe Jrgsicgt pattern
74, an
10 was verified.
[0054] FIG. % is a diagram that lllustrates the example.

[00585] 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 £ilm 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
thicknegs structure of 0.3/0.35 nm. This film thickness

25  structure refers to an artificial lattice in which a Co
monocatomic laver and a PD moncatomic layer are repeated.
L0057 After the magnetic film 72 was formed, a 4-nm-
thick f£ilm 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.

10058] A resist was applied onto the protective layer 73,

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



5 injected into the magnetic film72. As described earlier, the ionic

accel eration voltage was set to realize the ion injections into the central
part of the magnetic film 72. [0060]Tn1:?d’ent ally, considering a realistid
filmthi ckness of the magnetic filmand damage to the magnetic 10 film at
the time of the ion injection, it is desirable that the ionic acceleration
vol t age bepdtkeyn 014 rrererand SQakeyeor okesso (061 ] A exn ta@ 1 on i njection,
t he resi st gatt rn 74 was renoved by SC cleaning, and thereby the
exanpl e waSCHBEd Dt aj ned. [ 0062] As conparative exanples to be conpared with

the above- desesj bedrexamigs a-f Sk, CamRALAL ¥ fxampt&idrafichonly N

ion was used as the type of ion and a second conparative exanple 1 n which
only N24 ionkeldswaise g telde £20mt gpevef thenrewr et prapaaed.74,n afllese

conparati ve_ex es, the ionic accel.eration voltage o ach jpn was al so
set to% eaﬁ@%&?‘% e it%ee@ﬁ%ﬁgilﬁt Sléﬂeg_gen\ésafie 5?11{)‘85 ?‘F‘l’éih%neti c film
72. [0063] dhe eifectacfellhatrion WBiestkonatns&acts ofediNe22eXapmpl €, the
first conparative exanple and the second conparative exanpl e thus obtained

was veri f | 8] e¢0os FrtcC tind cEpGra¥ apst gphphse ewdmestiatfiidh i78di cates t he
ef fect of ion ipjectl .0, e e e he f.i,st conparative
exanpl e ang@?%%]osec@hce éﬁﬁc’é&l ar %t%i%gggkgﬁ%l é?g%%gi?%légh%r}imzont al axis of

FIG 6 andclH &ndsd efff esentaghbeiangih ahdi dyendedd angs malinke ithe
vertical axjs of FIG 6 represents the coercive force and the vertical axis
of FIG&L 7 f‘JeJd? lenthe tHaes &Furkei ofn 1078CL 1eRg et iFtdesirable that

the ionic acceleration voltage be 4 keV or more and 50 keV
or legs.
[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 iconic acceleration voltage of each ion was also seb to
realize the ion injection into the central part of the
magnetic f£ilm 72.
[0063] The effect of the ion injection in each of the

2L example, the first comparative example and the second

comparative example thus obtained was verified.

g
.

G064] PTG, 6 ana FIG. 7 are graphs cach of which
indicates the effect of the ion injection in each of the
example, the first comparative example and the second

3¢  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



[0065] From FIG 6, it is apparent that in any of the exanple (plotted with
circular marks) and the two conparative exanples (the first conparative
exanple plotted 5 with triangle mar ks, &hd the second conpar ati ve exanpl e
plotted with square nmarks), the coercive force di sappears when the
injection anount is 5 x 10151cn®2, and it is possible to make the

per pendi cul aagmaignettiiorani sot ropy occurring by the |ayered structure of the

artificial ttice di ear. ,On . the other hand, .as _apparent from FI G
N the eXARBTE (oot STl on &Fr Lol SPtes) By JGoPRG Shet i xed 1 ons.
the sat ur at &QamPRINglliZaloni MRY - Pec¢Bus ech i@ )canpl ehel ywyani sh, wher eas
when the single ion of Wor N2+ is used as in the two conparative exanpl es

(the first IRVt icverexaaplehpl Bixdd o retigagbsanatksolanded he
second conp Ve |ot i s : anount of
injecti§% i§{§i¢%§§§§§ﬁﬁhﬁf?gfr%§§C¥$%E*§%%?L§Oﬁ§§§§%%ggt%%%%gﬁa nor eover
it was diffototted avicduseuktite satusat i idre rmagnetiveatrbonet ol comptetel y

di sappear. 20[ 0066] As indicated by these graphs, .in the exanple, it has

: 2

been abl e t®eecdyiizg echapnwaeauthel anbuntl 0ot/ dmj egpédit oks is 1 x 1015
(at oms/ o) pOLa [PLe ANGdX AO1E (ALONBLANR) 40l 038, JROLELLYS, coer ol ve

force and theé sa 1 on ma i on have appear i dther wor ds,

use of the 25cahover dgschiebedyarx@dsiansihas ofadeec brposstbie to
effectively reduce the 'mutual nmagnetic interaction between the nagnetic
dots. IMci dedittal s AiiReRSeRe dlfbumt® 6fFNPR] Bebed FDRPREAees TOF goks beyond

2 x 1016 (af o IR o W8N e (518t POFSIRIH Idivdhal Lheki] bt hﬂ%@ess of the
oth i ng

30 nagnetic filmmy decrease due t e ion injection, distur t he
snoot hness ©fe tivekesurifoace thet het wedi um ardneiisatitni saddst rableed hat t he
amount of ipnjected ions be .-.19 - less than 2 x 10".(atons/ ) and

pref erabl y H%tmﬁ%gﬁﬂfﬁghVTH%SE01%h?%ﬁ%%€¢EﬁEf%e[568?}%&1%%§%§ﬂ§e8rabove,
fromthe compaikseged hd he: ehkeeticobohperiond ni:eshiier arprgri her exanpl e,
the first conmparative 5 exanple and the second conparative exanple, the

m xed ilons SFMNNAGIGE SHamRFe] BRO Bt Ta HilghedcefEkE oing ddifti ng t he
saturation §999ﬁ£i§@£i i 1.nj l.an t ingle ion of N+
or N2+, and it has §%B§§V§ %%a$e$?#§ﬂ%tg%Fgﬁgﬂsghggg?i%%r%%bhe i zation
may be caushiirdexr dirgappearf exéacwidim e swaldssamguntie 100 ofedungteicired i ons.

Fromthis, it is apparent that in the nethod of produci t he magnetic
St orage medP i TG o OB gy STE, tiie "Ai BLEEHECEE ok vy oo

shortened byhdisdi6:1:R8 Rl %8dnkePga@Sod he tdb@@a_l@fceh,gndiaggpé@. magneti c
storage nedi um may be obtained without inpairing the mass productivity.
20 [0066] As indicated by these graphs, in the example, 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 hetween
the magnetic dots. Incidentally, when the amount of
injected ions reaches or goes beyond 2 x 10 (atoms/cn?),
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 lons be



15[ 0068] I ncidentally, in the above description, use of the resist pattern
as a preferable mask for formng the magnetic dots has been di scussed as an
exanple, but in the ion injection in T hl’ above- descri bed basic nodes, a
process in which a stencil nmask is disposed not to touch the surface of the
medi um and the ions are 20 injected may be enployed and in this process,
the resist appdithahi orx antd (herkesh’st an@myeak @y Betr ot eflzn Rukt her, in

t he above desgription, ;,use of the nano-inprint process has been stated as

t he best ex Iéft&fns?%}patter ning of the resist, but electron beam
exposur e mayod&’juseds idesthebgatbetdl Mom2thExphpnatdcani ofcrketerencerSi gns
[0069] 100Hard .Di sk Devi.ces 10Magnetic Di sk %gb%trate 62I\/agneti ¢ FMLm 02aCo
Atonic Layer B2fPot MO LAVEY BYe BgHRtT ¢ D6t “BIUSERHHEST Ve - 20 - What
is clained esamplle Andretirode @fmdprodugisngva dragpet) ahst ofage iordiamy,'t he

met hod characteri.zed.by conprising:. Smagnetic-filmform i ncludin
formng a nﬁ%?]eatnficﬁf it %rnOdﬁcguEbgatgg?Jé,%%%e?% rteﬁgc%ﬁg?i%a Uirlagr%‘ﬁgs an
artificial hagtdtdceastarudtarie ithewlbrchingeplivnakhdy ok Eona@torbe dawers and

ST LY, B8, LT asten, e petrely 0 SRt A v ch &
magnetization may be caused to disappear even with a small amount

10 of injected ions. From this, it is apparent that in the method
of producing the magnetic storage medium in the ilon doping
system, the injecting time may be shortened by using the mixed
ions as the type of ion, and the magnetic storage medium may he
obtained without impairing the mass productivity.

15 [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 ion injecticn 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

20  injected may be employed and in this process, the resist
application and the resist removal may be omitted. Further, in
the above 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.

25  Explanation of Reference Signs

[0069] 100 Hard Disk Devices
10 Magnetic Disk
61 Substrate
v Magnetic Pilm
an ET % J T N T e
SU Geldd Co AtomLe Layer
62b Po Atomic Layer
62¢ Magnetic Dot

62d Separator



10 lam nated alternatively, and each of the Co atom c |ayers has a

t hi ckness of 2nmor | ess; and ~ %eot ween- dot s- separati ng i ncl udi ng
reduci ng saturation magnetization by Idcally injecting mixed ions of NNF

i on and I\l%l\],é]ton into an area, of the magnetic film other than a plurality

of 15 areas i ¢R ?’espectlv'ely beconme magnetic dots where information is to

be magnetically recorded, to form between the nagnetic dots a between-dot
separator havipg, ragi H@ggf [ ' s%rgl r NS L

magneti zati on of ets%tgurrg%gr?g{aidc % Eh%%rle%gc e Jﬁ?ﬁh“é@&?ﬁ%ﬁ“&tﬁg‘it he
magnet i ¢ st sragetaptiasimesceondiingndio claim 1, characterized by conpri sing:
mask- f orgmi ng i ncl ydjng. f orah R9s&- ki & : - | on Lol ect. into the
magnetic dots, in tr?e pl ur al {ﬂt.y g@grlea{i%\%}q%ﬁgo:rgg% cé!ti \%g{‘%%g"ezzz%%g t he
magnet i ¢ doP®,2 isEbs e tigmgratied nf hgmuagBewiveféilm has an artificial

t he- bet ween; dalis=Sepaat.i-00;d Rekudes 2ppl ¥R Ehe, mlexsf: hogs. §rom gpove the
magnetic filmwhere the mask is formed on the plurality of "areas, to
| ocal |y i nj @enichéaYised s ohirinpte’ ad tared Ivet weeh at ReryaigHet e Wiors

protected by $he MBsk.cr38: "diokhe MRIhed.Qf Reksdegdng,dhe megneti storage
meddr to claim1l or 2, characterized in that the magnetic-filmformng
i ncl udé? f of Mg tad regREPH el el m 3l ieAgh f &PEi 9 GITARLT dEpRER KA dcture, by

| am nating phimakskiddsnefo.atienke dayers on the 35substrate alternately. -
21 -- 4. The nmethod of producing the magnetic storage nedi um according to

clai m 3, charact eriSA88eP AL RateRHe ' mBGNEC BIF1 FefeFMohgaFwatddes f orm ng

the magnet i gadrdtm:fendnngyt eaanyi friealnd afitkkbgei Sl UetWr eionb¥nham nating a
Co atomic layer, and a platinumnetal 5atomc |layer alternately. 5. The

. Y.
met hod of ptYUIEFALT HeShadtet't “WBraYe el unthedc 6Ref g PLBT 2 dYnP8 or 4,
char actler i zegkdsnwhhet reBpe dmiGREY | 16=dolnk hd Pl BgidvRChHees iher g ohhe
magnetic filmhaving the artificial lattice )
15 to be gnetically recorded, to form between the magnetic dots
a between—~dot separator having saturation magnetization smaller

than saturation magnetization of the magnetic dots.

20 2. The method of preducing 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 areas which
respectively become the magnetic dots, in the magnetic film,
25  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 mixed ions inte an area
between the magnetic dots protected by the mask.
30
A, The method of producing the magnetic storvage medium aconrding
te claim 1 or 2, characterized in that the magnetic-film-forming
includes forming a magnetic film having an artificial lattice
structure, by laminating plural kinds of atomic lavers on the

35 substrate alternately.



10 structure, by lamnating a Co atomc |layer and a Pd atom c | ayer
alternately. 6. The net hod of pro“(_juztpi ng the magnetic storage nmedi um
according to claim?2, characterized in ‘hat the mask-form ng i ncl udes
15f or mi ng tge gggkmewt r%% stiy th(;I'he met pgdsL%Ea rgnd CI ngéh he magneti c
storage medi um AccSrarAg T 6 M AR Y8 EIEHAT actEFTSé ACTERS

mask-f or m ngeiwclindés dl'ranrmtrrgmtzhe nastlhaw the alaqze@usiw;flbvi“@rman@ i nprint
process. 20 nedi t Y, g: a
substrat e; o1 TPR0, %I m%ggeL r%mﬁe g% t‘?{ \%ﬁg Jﬁce%%gnggribt\%c ed on
t he subst raserueach, dfy \Mamcrtﬁmas a Chtagnemlcc lavem andd aopl ddchmofetstii ch 25

i nf or matd on netlca GQrded; and a bet ween-dot separator
that is pro@!”%‘e?% ?me%nltlf%e&eﬁa netic dots, and that has a filmwhich is
structurally linked to the magnetic film of the magnetic dot continuously,
[nto whi ch g1 xege iasodlofielobQMh BN ad \nkimk Pl A8 rhil Gbietn ANdopich has
30saturation magnetization smaller than saturation magnetization of the
magnet : wher &9 rclthe freigndt i ehdfracheriges! an thatt tee mwragtarfd lanfowiicl a

plurality Ofin&Q)d%EOf@ﬁnlln?Y%es rré@geﬁtc %Egﬁ‘rfav]l%’e&% %Eﬁ@l%l@a@a]’_?&lce

alternatively or a strucfure in"which a plurality of Co atom c |ayers and
Pd atoni® | al@rdvare 85 Lpamatdrede £l efmatd vergy adﬁdae%r@t@ﬁl?h]eayeé atom c
| ayers has gjtd¥ngkaess of 2nmor less, - 22 -- 9. The magnetic
storage nedi um according to claimS8, wher ein t he bet ween- dot

separator has an artificial lattice structure continuously linked to the

artificial katfh€ensthbddULRoad@dithol PhO MMahehi d e oRh YL thai@Bs AI@rhMECt ed.
10. The magnetic storage medi um according to claim9, char acterl zed in that

the artificralcipdlt ¥ ceherreiciredi & 4Det it Brekwiterera @5 1488H ¢ | ayer and

a platimum petahgatinreskayah areediam.nated alternately. 11. The nagnetic
st orage nedi um according to claim9 or 10, characterized in that the

artificial lattice structure is a structure where a Co atomic |ayer and a
Pd atom c | ayerhanetham srapeddaadit-gr tad elaynedb: storage medium according

to c¢laim 2 or 6, characterized in that the mask-forming includes
forming the mask with a resist, by a nano-imprint process.
20
8. A magnetic storage medium characterized by comprising:
a substrate;
a plurality of magnetic dots which are provided on the
substrate, each of which has a magnetic film and on each of which
25  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 Ny ion and N ion are injected and which has

saturation magnetization smaller than ssturation magnetization of

L
L

L S R B
NES an SUTLIILOCLE,

the magretino det, whereln the magnetic film
lattice structure in which a plurality of Co atomic layers and Pt
atomic layers are laminated alternatively or a structure in which
a plurality of Co atomic layers and Pd atomic layers are

35 laminated alternatively, and each of the Co atomic layers has a

thickness of 2nm or less.



12. An information storage device characterized by conprising: a magnetic
storage nedi umincluding: a substrate, plurality of magnetic dots which
are provided 200on the substrate, each of“which has a magnetic filmand on

each of which i.nformation i.s rra net corded a. bet ween- dot
separ at or t%at g § Brovi dad Bt dtﬁré arr%jor]fg |%dc§oFl?ma da tHEESHAs a film

which is 25str !.IC'[ utfad Ibyftmmkeidttmztahetnagrwt ke dadimiofalt Rettagnetic dot
conti nuous! kL0 WOLGN JILXEH, LORS. Ol Ned. 10BN W ko Ae Tnjected into

the filman has saturalonrranetlzt el | er than
sat urati on magmetirzatden 1ot0tv«h“e~ctmyrfem16e@|oztcns are injeagterhgneti ¢ head t hat
approaches or touches the magnetic storage medium to performat |east one
of magnetically recording 5 of information and nagnetically reproducing of
i nformati on1for Thhenavnghet istodete mgadun according WeadlypiosiPti on control

system t hat cﬂyyﬁeybgeﬂgn%tc th@agr{l%e&éyeﬂaxét%é h-gspect 140 a surface of

the magnetic storage nedium to position the nagnetic head on the magneti c
dot for 10 WhieHuae Vst aofe adPnigeldvat opirhtdl Bha Wi Hgtangtoee

i nformation;gepr oductienaksqs perkensrA Ly the magnetic head, wherein the
magnetic filmhas an artificial lattice structure in which a plurality of

Co atom&® layers and Pt atomc layers are lamnated alternatively or a

structure imnwhirgh n@gagy;[@lsltbya&i e @k WA rdhd d¥ersaidnd Hd jaf,omc |ayers
are lam nated alternativel i\{h and each of the Co atomic |ayers has a
a

t hi ckness of'PMALEFLIT¥L4n t thegartffdciqk devht o tEver e 18evi ce

accor di ng t gt £l ktherd0aWEIRLAIc layer add1@ PetRAA-dDiyeSepasat or has an
artificial lattice structure continuously linked to the artlfl cial lattice

structure, amyieneed HiccRatHkY -mi xed ions are i nject ed.
15

12. An information storage device characterized by comprising:
a magnetic storage medium including:
a substrate,
a plurality of magnetic dots which are provided
20 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 which is
25 structurally linked to the magnetic film of the
magnetic dot continuously, into which mixed ions of N
ion and N' ion are injected into the film and which has

saturation maghetization



2514. The information storage device according to claim 13, characterized
inthat the artificial lattice structure is a structure where a Co atomc
| ayer and a Pd atomi c | ayer are |am nated alternately.

10

15

20

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 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 magretic 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, wherein the
magnetic film has an artificial lattice structure in which a
plurality of Co atomic layers and Pt atomic layers are laminated
alternatively or a structure in which a plurality of Co atomic
layers and Pd atomic layers are laminated alternatively, and each

of the Co atomic layers has & thickness of 2nm or less.

13. The information storage device accerding to claim 12,
wherein

the between-dol separator has an artificial lattice
structure continuously linked to the artificial lattice

structure, and into which the mixed ions are injected,

14. 7The information storage device according to claim 13,
characterized in that the artificial lattice structure is a
structure where a Co atomic laver and a Pd atomic laver are

laminated alternately.



