- 1 - DESCRIPTION Title of Invention METHOD OF PRODUCI NG MAGNETI C
STORAGE MEDI UM MAGNETI C 5STORAGE MEDI UM AND | NFORMATI ON STORAGE DEVI CE
Technical Field [0001] The present casé fefates to a method of producing a
magneti c storage medi um the magnetic storage nedium and 10 an information
storage device including the magnetic storage nmedi um Background Art

[0002] Hard Di sk Drives (HDD) have besgriprtde mai nstream 15 of information
storage device, as a nass-storage device 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 gh annual f id_a further inprovenent of
the recording density is still %EEf%Z%fégﬁﬁnggggt present. [0003]1n order

to inprove theMEEEQD AiHPHABNEITNG SRGNATIEDEORAGH $EDECTES SHAYNEDIC educe t he
track width or shogten the recording hit length, but when the track width

|
is reduced, the so®tar®d "REgnt AED) AVEPFS FREPEY BE¥LFE 25 bet ween

adj acent tracks. This interference is, nanely, a generic nane for a
phenomenon in which a track next to a target track is overwitten with
magnet i ¢ r eEd®leidpl Aieddati on at the tine of recording, and a phenonenon

in which cr | k curs due.to a le e netic field from30 a track
next to a t ?%éa trgﬁrke & SPRE Tt Fﬁ%eﬁgrag%fsog?fgtai Blﬁ:%hﬁiitﬂ rp]f)ci’&]fcffé%
phenonena becomesta d acbetgthatdtesyl dis imhgmedtopst BrShdN hatig Ofang
regenerative sjgnal, causing deterioration in error rate. - 2 - [0004] On

the ot H&r HEMAITAVHERURE FECHRET dEHige |iakgiling the magnetic

storage medium.

Background Art
[00D2] Hard Disk Driveg (HDD) have been in the mainstream
15 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
improvement of the recording density is still desired even
20 at present.
f0003] 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
reduced, the so-called magnetic interference easily occcurs
25 Dbetween 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 occurs due to a leakage magnetic field from
30 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 ratioc of regenerative signal, causing

deterioration in error rate.



is shortened, there occurs a thermal fluctuati on phenonenon in which
performance of storing the recording bit for a long tinme decreases due to
an influence of the magnetic 5 interferénce. [0005] As a nagnetic storage
medi um avoi di ng these magnetic interference and thermal fluctuation
phenonenon and thereby realizing a short bit length or a high track

density, a magmetic @i anrRgetciRd HEhA! ‘hdh sHetedhaskqt ¥pe 10, has been
proposed. Further, other than the magnetic storage nmedium of the discrete
track type, +8 fefi@nad stbeagecaedraim ofharmgilt Lparternbdn tyipadindseen al so
proposed (f I .In particular, i.n the, netic storage
medi um of tlgul([é %@ﬁ%refﬁggag;%pé% %%%r%&ittl%eor]fegf)rglﬁ% r%atggﬂ)aﬁ r?g bit is

pr edet er m nedhg a det demmgaetscddet o rade ol wenFagbet e Mdgtd@lc i s formed
in the predeterm ned position of the recording bit, and a part between the
dots is RdEP I N agnetic material. Wen the dots nade of the magnetic

material aregduis sg&arala%%%g%gggl 4G %@%?ﬁdi&pa gdgﬁgp@gégei nteraction

bet ween the dots is sma the a escri bed I nt erence and thernal
f | uct uat i onmggheriorenoeanferanoce dadd {10006]1HEL e taenvent pionatdgnonmany of the

magneti c stor medi a_of .the bit-patterned._type are produced by the 25
fol | owi ng p?%%%@ﬁr YmeERIGZ A ¢ hPOTr dtidc e thePhod, P9 S22 uni form

magneti c fididendsf 0MRE BB tacSYBSEAR e SURS GUENEE ¥er & O 6 etic
film an area other than an area used as bits is renoved by a technique

such adlet chihdras ©HePPERE,; Jouthgr  reghetri ehalotithamachetiedstAnaae hen, 30
the area af - val: I L i a nop- etic terial, so that
a bet Ween-d\(tl)f&ls&engggr%%ga g%ge%attﬁ%a%mn%eda% @agg%g%étse%o 3 magneti c dots
is formed. Bydsuchfaasedquepeetofngd acgssess deBRJARED Cosdmrage (e um of
the - 3 - bit-patterned ty[lze is obtained. [0007]Here, in such a

convent i ona?xad?igtﬁlctsieﬁnp%‘t bd, [ThEPETAgELRYy, ot e HeginetéFeRberade

thickness heiyean drheneaghet he- dotnand Lhe Q%Wgsgi@'%nsc?@aar ating band. 5
Therefore, in such a conventional production nethod, 1n order to stabilize

the fla&ti ngeprospact piof is pugeteoniresd a dot (magnetic 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. When the dots made of
the magnetic material are thus separated from each other,

20 the magnetic interaction between the dots is small, and the
above-described interference and thermal fluctuation
phenomenon are avolided.
[C00E] Eere, conventionally, many of the magnetic storage
media of the bit-patterned type are produced by the

25 following production method. In this production method,
first, a uniform magnetic film is formed on a substrate.
Subsequently, from the magnetic film, an area other than an
area used as bitg is removed by a technique such as etching
or the like, so that magnetic dots are formed. And then,

30 the area after the removal is filled with a non-magnetic
material, so that a between-dot separating band that
magnetically separates the magnetic dots is formed. By such

a sequence of processes, a magnetic storage medium of the



above the magnetic storage nedium flattening with high accuracy is
necessary for the surface of the nagnetic storage nedium Accordingly,
there arise such a problem 10 that a veBy-conplicated nmanufacturing process
needs to be perforned and such a problemthat the production cost

i ncreases. [0008] Thus, there is proposed a processing nethod (ion doping

system) of {of Mg A RePRLALI 98 stele i magnetic 15 dots by injecting ions
into a magnetic filmand thereby changi ng a magnetized state locally (for

exanpl e, seé¢0PIT] 2 tHewughnPEuch) a cP00a9}igkedopdiodgct ot hivsthadh, dopi ng
system the_paghetic -property is.changed by injecting the ions and thus, 20
conplLcatedt%%%%f%ﬁﬁﬁﬁx|%§CBF%C%s§%£5%£%ﬂ§mh§fbﬁbﬁF%8?g?i???WﬁfQi %1 attening
are unnecesgadyet iMkidtg s PRSSHEL fed®- SIPRHRSSa@AnGNELERSE I n production
cost to a large extent. 25 G tation List Patent Literature [0010] PTL 1:

Japanese Patepteiqre 188836880 gpeenverhtgron productpen petiJeapaniese Pat ent

No. 4006400 ifi i.9n _PT X J i d-opepn Patent .Publ.ication No.
302002- 2888?1?3&&9%5 &%ﬁﬁlﬁg Ij%%aﬁjélgsgegg{}%sgzgg S EBRooNt LB ORI No,
2003- 536199%bevd theSurnmey iof stovent immilechiilcakeRiobl emy G0l However,

mere application of the ion dogiqg system reduces only magnetic ani sotropy,
and hardly %@Eﬁﬁﬁﬁy 18 necessary Lor the surface of the magnetic

storage medium. Accordingly, there arise such a problem
10  that a very complicated manufacturing process needs to be
performed and such a problem that the production cost
increages.
[0008] Thus, there is proposed a processing method (ion
doping system) of forming a separation state of magnetic
15 dots by injecting ions into a magnetic film and thereby
changing a magnetized state locally (for example, see PTL 2
through PTL 4)
[0009] According to this ion doping system, the magnetic
property is changed by injecting the iong and thus,
20 complicated manufacturing processes such as etching,
filling and flattening are unnecessary, making it possible
to suppress an increase in production cost to a large

extent.

25  Citation List
Patent Literature
[o0C10] PTL 1: Japanese Patent No. 1888363, specification
PTL 2: Japanese Patent No. 4006400, gpecification
PTL 3: Japanese Lald-open Patent Publication No.
30 2002288813
PTL 4: Japanese Laid-open Patent Publication No.
2003-536199



5 saturation nmagnetization and thus does not solve the interference due to
magnetic interaction and thermal fluctuation described above and therefore,
practical use is not attained. [0012]tn¢identally, up to this point, by
taking the 10 magnetic storage of the bit-patterned type as an exanpl e,

t here has been descri bed such a problemthat practical use of the

above- descr ghgths) Y erRpdyehi on net hod has not been achi eved. However,
such a problemis not limted to the magnetic storage nedi um of the

bi t - pat t er négchyipel dypblsmal so applies to, for exanple, the magnetic

storage nedi f t i.scret rack, type. In_other wordgs,, such a problem
commonl y apL#?g@ tohﬁggﬁggfcmg %r%%%EH%%PéﬂbéghEﬁgvﬁﬁﬂ SHHEFh et Tect i on
i n which i nfeduaid whliys meBaeett cahl someqer deds andaay! evadmanetic section

havi ng saturation 20 magnetization smaller than the saturation
magnet i Zat | Fh-WR LIRS ragRetieaseet i TOFLIPER VPbwsolve Heéwd or egoi ng

Circunmst anCesy e de,d c%ndgngStm é&ééﬁ%:RE&%E%Et?BP'Eﬁétéﬁgk$é%|3r°Vide a

sinpl e and practical production od capabl’ e of produci'ng the 25 magnetic
st or age nediumofattive tygperdesdrilbed: abalehetrbeoragnetacr si0r age redi um of
the type descrigsd.above and an information storage device produced by such
a sinple aﬁaﬂb &% net hod. 30 Technical Sol ution [ 0014] A basic form of

a met hod of [gyieduci NG GRRERELLC « pggegﬁign531%qyagpi@gkﬂg%ngﬁaabove obj ect
includes magnetic-filmformng and ion-injeCtion. - 5 - [0015] The
magnet i€- f iNG@fdrid m§oiragpudestiorivd hgpad beagret Eypéi dm suctkapdie, a Curi e

e A Sl 00Kl uen, (LO01SLINS Lo Dhert Lo s SR Ll tes
protected aseeahe abovhedsagnebéd dinlgMe production method has not
been achieved. However, such a problem is not limited to
the magnetic storage medium of the bit-patterned type, and
15 also applies to, for example, the magnetic storage medium
of the discrete track type. In other words, such a problem
commonly applies to magnetic storage media each having a
magnetic section in which information is magnetically
recorded, and a low magnetic section having saturation
20  magnetization smaller than the saturation magnetization of
the magnetic section.
f0C13] In view of the foregoing circumstances, it is an
object of the present application to provide a simple and
practical production method capable of producing the
25 wmagnetic storage medium of the type described above, the
magnetic storage medium of the type described above and an
information storage device produced by such a simple and

practical method.

30 Technical Solution
[0014] A basic form of a method of producing a magnetic
storage medium achieving the above object includes

magnetic-film-forming and ion-injection.



[0017] Further, a basic formof a nmagnetic storage medi um achi eving the
above object includes a substrate, a nmagnetic section and a | ow nagnetic
section. 10[0018] The nagnetic section-has-a magnetic film forned such that
a Curie tenperature is 600 K or lower, and information is magnetically
recorded thereon. [0019] The | ow magnetic section has an injected filmin

whi ch an iongp$sj N 6L alghte® 1 8- FRGACE L frd MrCONKLAUEAG]Q; 15 the magnetic
filmof the magnetic section, and has saturation magnetization smaller than
sat ur at i on nagmetie dtiilon sofht hbanagn@atrie Seopeoatufe020] Fur thennmore, a
basic form %wan i nformation storage devi ce achieving the above object
has the above®20 descri bed magneti c storage nedium a nagnetic head and a

head- posi ti gmo ot r ofhes Vohe il bOO24} Thegragnatice sheads appr oarhasi f
contacts the = mmgnetic storage nedi um thereby magnetical l'y recording
and/ or PeprIAutPhglihef gRmareancereandiaor & Pordehernagpétpeot28testt i on.

[ 0022] The h - Pasition ﬁlggﬁég%csyﬁrﬁam noves the magnetic head relatively
to a surface of’ the magnetirc storage nedi um thereby positioning the

magneti c headwooxjer tthetiegneti basect fam af anthaahet bonswbi-&de thelium
information 30 is to be witten and/or reproduced b%/ t he magnetic head.

Advant ageo R BT EdS Y6038P 1R coP i Ty 16 {HeSpreSBRELEARR, 4 NGH95dSsi bl e to

- 6 - provige-ai § mWleandwphagtdcpl drthog capable of producing a magnetic
storage nedium of a type such as bit-patterned type, a magnetic storage
medi umiéf t el Hbove-Wesorighedicypectiheh dmd rf orgatkon 5t bn agedeli ce

produced byé&%ﬁ*%ﬁ%tS%neh%ie temperature is 600 K or lower, and

information is magnetically recorded thereon.

[c019] The low magnetic section has an injected film in

which an ion is injected into a magnetic £ilm continuing to
15 the magnetic film of the magnetic section, and has

saturation magnetization smaller than saturation

magnetization of the magnetic section.

[0020] Furthermore, a basic form of an information

storage device achieving the above object has the above-
20 described magnetic storage medium, a magnetic head and a

head-position control system.

[0021] The magnetic head apprcaches or contacts the

magnetic storage medium, thereby magnetically recording

and/or reproducing information on and/or from the magnetic
25 section.

[CD22] The head-position control system moves the

magnetic head relatively to a surface of the magnetic

storage medium, thereby positioning the magnetic head over

the magnetic section on and/ocr from which the information

30 is to be written and/or reproduced by the magnetic head.

Advantageous Effects

{0023} According to the present case, it is possible to



5 and practical nmethod. Brief Description of Drawings [0024]FIG 1 is a

diagramthat illustrates an internal structure of a Hard Di sk Device
(HDD) that is an exenplary 10 enbodi nené of the infointation storage

devi ce. FIG 2 is a perspective view that schematically
illustrates the structure of the magnetic disk illustrated in FIG 1. FIG

3is adi ag}ﬁﬂ@%i(ﬁ@ta id ks ter ahaspiher PFoduddien LapaBt bods ?récﬁﬁ:itrﬁépe ,
produci ng the magnetic storage nmedium of the bit-patterned type, by etching
and fillingadvwadnathne meovagaeredivatet ialtype such as bifFt@tinrseda di agram

that il ust S hod_of producing t gnetic disk illustrated in
FIG 1 and ‘IEZ}?‘%? Zaom%gnr%;tlgsﬁgargﬁée) rﬁ%#]l opﬁr}ﬁérﬂgeyg 8??1@_(9%“1}3@&] G 5is a
graph that ahdusiratfestatdahcotatiye doriespondance bet yean A Sajdlkat i on
magnet i zati on_vani shi n% degree due to the ion injection and the Curie

t enper attur e tREGIOES nF‘@gPPGH, in the magnetic filmwith the Curie 25
tenperature of 500 K before the ion injection. FIG 6 is a graph
that illustrates the above-nenti oned correspondence in the magnetic film
whose Curi eBtenpdretaurigthiehoré Dhewimgs injection is 600 K. FIG 7 is a

graph that | trat t he ,above- 30 nentioned correspondence in the
magnetic fi Wré#\%ose i g tlénf)‘egéf‘%?%m bthad} e tffaﬁegn?%c:’cfﬁtcﬁ?ﬁasl 650K.
FIG 8 is as@raphuntdhalr bl kushrates tdie@abouenyerhhened gord.espandgnce in
the magnetic filmwhose Curie -7 tenperature before the ion injection is

800 K. 10  embodimegt 9fj §hg gRéprmatian dUoysgeatieyiche tenperature
O oy b/ Akl APHAT 2RI MECRLE OB AGption, 1 the
t hi ckness oilBugmmatiesr med eortbeuexpef iteNimagnetic disk illustrated
in FIG. 1.
FIG. 3 is a diagram that illustrates the production
15 method of the type producing the magnetic storage medium of
the bit-patterned type, by etching and filling with the
nonmagnetic material.

FIG. 4 is a diagram that lllustrates the method of

producing the magnetic disk iilustrated in FIG. 1 and FIG.
20 2, by using the ion doping system.

FIG. 5 is a graph that illustrates a calculative
correspondence between a saturation magnetization vanishing
degree due to the ion injection and the Curie temperature
after ion injection, in the magnetic film with the Curie

25  temperature of 500 K before the ion injection.

FIG. 6 is a graph that illustrates the above-
mentioned correspondence in the magnetic film whose Curie
temperature before the ion injection is 600 K.

FIG. 7 is a graph that illustrates the sbove-

30 mentioned correspondence in the magnetic film whose Curie
temperature before the ion injection is &650K.

FIG. 8 1s a graph that illustrates the above-

mentioned correspondence in the wmagnetic film whose Curie



FIG 10 is a graph that illustrates the tenperature dependence of the

saturation nmagnetization in the nmagnetic filmafter the ion injection
into the magnetic filmhaving 10 the tefperature dependence in FIG 9.
FIG 11 is a graph that illustrates the correlation between the Curie

tenperature before the ion injection and the Curie tenperature after the

ion injecti@BupEl&ud? derA0raph; bhatniddusy] ategohhg anmount - of - 15
i nj ected-ions dependence of the grating constant. FIG 13 is a graph that
illustrates the griiGndt isomstaaphdebendenos ofateketbat tempéonture

magneti zati gn, scriptd on of Enbodinents 20 [0025 enpl ary. enpodi ments of
t he met hod gfep%rr%g%%‘cf e ?Cl?e@ r?‘-ﬁ‘gh%? tot'51 :18}?1%? “regriet ¢ st or age
medi um and theetniof matd emestranage: deving Horinthiceh thepbasie€: fmdes have
been described above will be described bel ow with reference to the

drawi ngs® 25pbbDeT Rtauctyrse andi e abi thaihidingser afeb an. i frwererdlin

structure of,a DI Device (HDD) that is an exenplary enbodi nent of
t he infornatPonggté%?@gegﬁdevi ce. [0027] A Hard Di sk Device (HDD) 100

illustrated in thisrdl GO 1si s ppnephponat ed livteraachoshe demise-suctk: as a 30

personal conputer, and used as information storage neans in the host
devi ce. [oogg?? é?IFﬁes Hardedrek1gabiee MBBe ke teP bl et b Mg tisl at e- 1 i ke

magneti ¢ di sksm10:@d:e t$Heacked ihe8eion into the magnetic f£ilm having
10 the temperature dependence in FIG. 9.

FIG. 11 is a graph that illustrates the correlation
between the Curie temperature before the ion injection and
the Curie temperature after the jon injection.

PIG. 12 is a graph that iliustrates the amount-of-

15 injected-ions dependence of the grating constant.
FIG. 13 is a graph that illustrates the grating-

congtant dependence of the saturation magnetization.

Description of Embodiments

20 {0025] Exemplary embodiments of the method of producing
the magnetic storage medium, the magnetic storage medium
and the information storage device for which the bhasic
medes have been described above will be described below
with reference to the drawings.

25 [0026] FIG. 1 ig a diagram that illustrates an internal
structure of a Hard Disk Device (HDD) that is an exemplary
embodiment of the information storage device.

[C027} A Hard Disk Device {HDD) 100 illustrated in this
FIG. 1 is incorpcrated into a host device such as a

30  personal computer, and used as information storage means in
the host device.

[0028] In this hard disk device 100, two or more

circular-plate-like magnetic disks 10 are stacked in a



-8 depth direction of the diagram and housed in a housing H This nagnetic
disk 10 is equivalent to an exenplary enbodi nent of the magnetic storage
medi um for which the basic node has beef descri bed above. 5[ 0029] Here, with
respect to the basic node descri bed above, the follow ng applied node is
preferable. In this applied node, the nmagnetic section is each of nagnetic

dots which aegehegutard dbrAldrangedyk oPhHr %n@rﬂo%%édomntg%éﬁ@ﬁg ate, and on
each of which information is nmagneticCally 10 recorded. Further,”in this
appl i ed nodéhishesdost imaghieki é Cséet tonivalentbetoveanedenpsapar at i ng band

provi ded between.th tic dots,and obstructij.n tual . etic coupling
of the magn%ﬁg%d]oné?% %8%8%(?] %ﬁggegm g Hu &S Y qggga%ﬁ(?}?%ea nmagneti c
15 st orage peditmede thes Webnpaternedsitame-d n whi ch nagnetic dots where
bit information is recorded are provi ded beforehand at the respective

| ocati oris oh?828ubsti&ii®. Vikd Fegrect ctet vradesisdmenrofiesfeiped - pat t er ned

type effecti aem% t Nt t her 20._fl uctuation
phenonenon %%%%’scn ce%zpla%gl\%gaﬁé{)?%%@Sﬁ?%]eqasbgj\%ee%ggggr?%be%na[%&é[llsed node
equi val ent &ppSieh odmgnel aagher Ageserdiatmief ckhe bFtmpatdéerneibdyype i s

preferable. [0031] The magnetic disk 10 of FIG 1 is a magnetic storage
medi um of tﬂ%l%}ilt-%ﬁ@ﬁ@&lﬂ’yﬁé‘faﬁﬁ%‘ii%ﬂéf%aﬂ-'saé&iﬁk’%a‘l)%n’%hﬁfo an exenpl ary

enbodi nent gyt sapRlHedrneden FHMRem tsaRgnat ke HhgkedQd18 Al so a
so-cal | ed perpendi cul ar magnetic storage nmediumin which on each ghetic

dot, i rAffor nae¢ewrddd. r Bookded, i Mty o epwlobdmagdet | thepditemagbytic
rRgnet 2oL 90, L1, oo g0-80,8r EREL BT Lol Bech 900 e back faces.
H. [ 0033] Futhdefagridt itheldteushagobk ofudtiendatidudi Skage¥t €€ coupling
of the magnetic dots.
[0030] This applied mode is eguivalent to a magnetic
15 storage medium of the bit-patterned type in which magnetic
dots where bit information is recorded are provided
beforehand at the respective locations on a substrate. The
magnetic storage medium of the bit-patterned type
effectively avoids the interference and the thermal
20 fluctuation phenomencn as described above and thus, the
above-described applied mode equivalent to such a magnetic
storage medium of the bit-patterned type is preferable.
{0031] The magnetic disk 10 of FIG. 1 is a magnetic
storage medium of the bit-patterned type, and is also
25  equivalent to an exemplary embodiment of thisg applied mode.
Further, this magnetic disk 10 is also a so-called
perpendicular magnetic storage medium in which on each
magnetic dot, information is recorded in the form of
magnetic pattern by magnetization in a direction
30 perpendicular to the front and back faces.
[0032] This magnetic disk 10 rotates about a disk spindle
11 in the housing H.
[0033] Further, in the housing H of the hard disk device



-9- 100, a swng arm 20, an actuator 30 and a control circuit 50 are al so
housed. [0034] The swing arm 20 noves al ong the front and back faces of the
magnetic disk 10. Further, this swing-aPm20 5 holds, at the tip, a
magnetic head 21 that perforns witing and reading of information to and
fromthe magnetic disk 10. Furthernore, the swng arm20 is pivotably

supported i Rgbheg housi g, By aageéﬁkﬂgtgﬁﬂﬂﬁ@gxi%ﬂ%@n%%%ﬂgcff@ﬁgg I's
pivoted within a predeterm ned angl e range about” the 10 bearing 4, to nove
t he magneti €Chead 2lisallsnggade front and back faces of the magnetic disk

10. This ma Lc head is equivalent to an exanple of the magnetic head in
t he above-dgggéﬁ ed g%%i%Wﬂ%ﬁéﬁ“T%@3§?¥ﬁ% %ﬁ?ﬁéf&ﬁ %6OP§ aﬁge?%ﬁﬁnt t hat
drives the :5c&wi 6 wHdN2Yne-Q036} The1gontnetnelr cis 50,4r%; apnehbement that
controls the driving of the swng arm20 by the actuator 30, the reading

and writ? ngh8tas nfdF gt dritby at Hegnagrethierchedd ther phsfexohangkt iofg

i nformation t this H e ost .devi ce nd the |like.

[ 0037] The c%ﬁgiﬁggggﬁpéﬁffﬁgoé%gﬁgggrﬁgfﬁ%gtIgﬁbggﬁiﬁagﬁi?l?H%l%%tuator 30
and the contpol mirtteirtob8, i shequial eitin L0 ap praspls wisudheieadiposi ti on
control system.in the above-described basic node, 25[0038]FIG 2 is a

per spect i ve UF eW YT Endt PEAFEYY 24. And, this swing drm 20 is

pivoted within a predetermined angle range about the

10 bearing 24, to move the magnetic head 21 along the front
and back faces of the magnetic disk 10. This magnetic head
is equivalent tec an example of the magnetic head in the
above-described basic mode.
[0035] The actuator 30 is an element that drives the

15 swing arm 20.
[0036] The contrel circuit 50 is an element that controls
the driving of the swing arm 20 by the actuator 30, the
reading and writing of information by the magnetic head 21,
the exchange of information between this EDD 100 and the

20  host device, and the like.
[0037] The combination of the swing arm 20, the bearing
24, the actuator 30 and the control circuilt 50 is
equivalent to an example of the head-position control
system in the above-described basic mode.

25 [0038] FIG. 2 is a perspective view that schematically
illustrates the structure of the magnetic disk illustrated
in FIG. 1.
[C039] In this FIG. 2, a part cut from the circular-
plate-like magnetic disgk 10 is illustrated.

30 {0040] The magnetic disk 10 illustrated in FIG. 2 has
such a gtructure that plural magnetic dots Q are arranged
in regular arrays on a glass substrate 61. Information

corresponding to 1 bit is magnetically recorded in each of



illustrates the structure of the magnetic disk illustrated in FIG 1.
[0039]In this FIG 2, a part cut fromthe circular- plate-like nagnetic
disk 10 is illustrated. 30[0040] The magieti c disk 10 illustrated in FIG 2
has such a structure that plural nagnetic dots Q are arranged in regular
arrays on a glass substrate 61. Information corresponding to 1 bit is

magnet i cal | yneegosded; d iigach ofrpe pldertibeg gngﬁgblce %%ngngfa% gagneti c

dots Q are arranged to be shaped like™ circula it arou the center of
t he magneti ehdps® L1lke andiacedbumrbit tdmeouwayiék cedoes ObHrimsea track T.

The gl ass substrate 61 .is equivalent _to an_exanple 5 of the substrate in
the Shove. UREPFELT Bt o hodut rivt e O Mt Rgaeer oC aivee S =

equi val ent teaar exampkegphst heuwmaneld ¢1sest Lgnivan dhe abave=daspikbed
basi ¢ nodes, and are al so equivalent to an exanple of the magnetic dot in

t he appld edofodle cotrdspdrdilngthe eheverdpretiidest brage 1odeedi um of the
bi t-patternggfﬁ%{gﬁ. t{hoeoéﬁ{'a]ﬁﬁ'é%@%%aéﬁ@ V%al; Cﬁé%%%%ﬁ‘é%%”{;%hgn@%]et ¢ dots Q

is a between-dot separating band e ‘fmagnettc ani SotT epy and the

sat ur ati on oBgnest iZairicon careckower i hane thenRgretir-ehani 59:1Opo@nd t he
saturation magnetization of 15 the magnetic dots Q and which nagnetically
di vi des t he®WagieR | B HOIESVOVAFRBE nhig ndk | XA HHEr 2dt £BR Brywrehe tde magneti c

dots Qs STBl bndug,iin e bekupens dolaseparatimapbendc e Jhis, bet ueen- dot

separating band U is equivalent to an ex le of t ow nmagneti1T section
i n the ldboveed 2@n desditichéd thasttemeéstynd is al so equivalent to an

l e of t - dot t dinth lied nod ‘
corr bspondi AGTH) t he MHONGTICE St Br QLT NGt (T bft e GCBPE LG Ter Red 1 pe.
[0042] Wien &heetlgnetds isebaiael hgnhhed veeh tie ciBgnet ihgged: fdots Q is thus

small, even at the time of recording and reproducing information to and
fromthe ma@REIPEr @t 200 the FREAEEEECR Mtasrmctizan 1bat deent ewrr tilweks T i s

A L e i e

i nf or metS ontle tmaipes: inotdoklsudt uabé Blyidteataggnetically divides the
magnetic dots Q. The magnetic interaction between the
magnetic dots Q is small due to this between-dot separating
band U. This between-dot geparating band U is equivalent to
an example of the low magnetic section in the above-

20 described basic modes, and is also equivalent to an example
of the between-dot separating band in the applied mode
correspending to the magnetic storage medium of the bit-
patterned type.

[0042] When the magnetic interaction between the magnetic

25 dots Q 1s thus small, even at the time of recording and
reproducing information to and from the wmagnetic dot Q, the
magnetic interaction between the tracks T is small and
thus, the so-called interference between the tracks is
small. Further, in each of the magnetic dots @, the border

30  of a recorded information bit does not fluctuate by heat,
and the so-called thermal fluctuation phencomencn is
avoided. Thus, according to the magnetic disk 10 of the

bit-patterned type as illustrated in this FIG. 2, reduction



and the so-called thermal fluctuation phenonenon is avoided. Thus,
according to the magnetic disk 10 of the bit-patterned type as illustrated
inthis FIG 2, reduction of the trackiwi-dth and shortening of the
recording bit length are possible, and it is possible to obtain the
magneti c storage nmediumw th a high recordi ng density. [ 0043] A et hod

of produci ng¢t hiys PRONET} G %%d;ghﬁ&{énﬁﬁ)%@eﬁferir@%grgﬁlhgv‘bii 0044] Here, a
met hod of producing a nagnetic disk in the present enbodinent 1s the nethod
of produci ngentith negneatossidilsk 20di Ltuss natsedilile EbGobtaandt® G 2 by using

an ion doping system_  10[0045].ln the follow.n before the description of
t he nethog 83g5¥€ﬁﬁc??ﬁf43ﬁa H@tW%tﬁi%QmFﬂlgﬁ%‘ﬁﬁé?@n@e%ﬁbgﬂinentz a
conparati ve [g¥agpl e A ondensPHRLeeatiAgt gl d A FRPIiRg agyst em ysed in this

production nethod will be described. This conparative exanple is a
product ion Ret @edcnibeit kelgrpe produci ng a magnetic storage nedi um of the

bit-pattern e, t chi d filling with a _nonnmagnetic material.
[0042] FIG 399%4/2 diIg%rreg’m nhgiet Sgt% &t apr‘“@&?&tilgng%r%%h%% '5t° t he
type producphgsthe amgneinent?qsstheagetiediaimmicdienhi thpahdgiaedt type, by
etching and filling with the nonnagnetic material. [0047]In this type of
producti on fethotl ¥%%%ﬁ?r@§eﬁadﬁegg%-f?l%ﬁ@Zﬁ@?*f@rﬁﬁduéhn% FybsPtate 1 in a
fiIn}forningoﬁ£§§e§§ggg§, 25[ 0048] Next, in a nano-inprint process (B), a
resist 3

10 [0045] In the following, before the description of the

method of producing the magnetic disk in the present
embodiment, a comparative example to be compared with the
ion doping system used in this production method will be
described. This comparative example is a production method

15  of a type producing a magnetic storage medium of the bit-
patterned type, by etching and filling with a nonmagnetic
material.

[0046] FIG. 3 is a diagram that illustrates the
production method of the type producing the magnetic

20 storage medium of the bit-patterned type, by etching and .
filling with the nonmagnetic material.

[0047] In this type of production method, first, a
magnetic film 2 is formed on a substrate 1 in a film-
forming process (A).

25 [C048] Next, in a nano-imprint process (B), a resist 3
made of a UV curable resin is applied cnto the magnetic
film 2, a mold 4 having nano-sized holes 4a is mounted on
the resist 3. Asg a result of thig, the regist 3 enters the
nano-sized holes 4a, thereby forming dots 2a of the resist

30 3. And then, the resist 3 is irradiated with ultraviolet
light over the mold 4 so that the resist 3 is cured and the
dots 3a are printed on the magnetic film 2. Further, after

the resgist 3 is cured, the mold 4 is removed.



made of a UV curable resin is applied onto the magnetic film2, a nold 4
havi ng nano-si zed holes 4a is nounted on the resist 3. As a result of this,
the resist 3 enters the nano-sized hol €s 4a, thereby formng dots 3a of the
resist 30 3. And then, the resist 3 is irradiated with ultraviolet |ight
over the nold 4 so that the resist 3 is cured and the dots 3a are printed

on the nagneg) il , e | St i ured, the nold 4 is
renoved. -?gg&?f[Ogﬁgfgﬁgggggghtﬁé% %E%Q§¥%ﬁ?%§%€303§?§o%ﬁt%% in an

et chi ng proeessid€)praesshdt){ heomelgaetilee fridomeits cr Eirbveds mfmﬁ&xiﬁaV|ng
magnetic dots,2a protected by the dots 3a of the resist 3. After the

et ching, t h@ﬁjdﬁ‘? sf%aavj&q f{ﬁgnéééf:s@o%s FakE b red By Be cHdi il Pr ocess,

so that onlynéhe-gmaneti cygols e LMRiRgON-hbessubsts ale che regist _

[ 0050] Subsequently, in a filling process (D), a part” between the nmagneti c
dots 2a3 s ¥idredauavedabyon- paghetd bt prerssal soAfhet wanls, thiche surfacedl s
flattened ipn_a 10 fl attenin rocess [(,E), so._that magneti c storage nedi um
6 of the biTé?ﬁgﬁ%gré? St%ﬁegFﬁa%%n%Te{2§{? Strﬁ%@S?]Apcording to this type
of producti onomEt hodsutisecRiegen vt 0ist abiiizend hedkaat ing, psoperty of a
magneti ¢ head above the magnetic storage nedium 6, the flattening with 15
hi gh accur a@§EYeEThedes SRAPSFACt ARE S | 2 tienifid Isforess ¢ Byon Thagmeftoce, there
arise such g jproblemipat.a &gyt§gﬁgP%%§Egd-gg?#{gggg&{qg process needs to

be perfornmed and such a problem that e proﬁ on cost i nCreases.
[ 0052] O t helatterirapdocerst HB) presertaterbadignent ¢ ther2fe ingriidapisng

systemis enpl.ayed .as nti oned_above. 0053] The t hod of producing the
n%gnetic digg @%fgyfﬁ§%ﬁéeFH?§ F%ﬁeqﬁiﬁﬁ%mgf§F§nﬁFﬂ?the present enbodi nent
i s equival epsof0 an exemaliagy teMbRds it thedwethed gécms@dugi ng the

magneti c storage nmedi um for which the basic 25 node has been descri bed
above. order to stabilize the floating property of a magnetic head

above the magnetic storage medium 6, the flattening with
15 high accuracy is necessary in the flattening process (E).
Therefore, there arise such a problem that a very
complicated manufacturing procegs needs to be performed and
such a problem that the preoduction cost increases.
-[oos2] On the other hand, in the present embodiment, the
20 ion doping system is employed as mentioned above.
[0053] The method of producing the magnetic disk 10 by
using this ion doping system in the present embodiment is
equivalent to an exemplary embodiment of the method of
pProducing the magnetic storage medium for which the basic
25 mode has been described above.
[0054] Here, for the abqvemdescribed basic mode, the
following applied mode is preferable. That is to say, the
ion-injection includes locally injecting, by using plural
points arranged regularly in a direction in which the
30 magnetic film spreads as the protected area, the ions
between the plural points.
[0055] This applied mode is equivalent to a method of

producing a magnetic storage medium of the bit-patterned



[ 0054] Here, for the above-described basic node, the follow ng applied node
is preferable. That is to say, the ion-injection includes |ocally
injecting, by using plural points arranged regularly in a direction in

whi ch the 30 nagnetic fil mspreads as the protected area, the ions between
the plural points. [0055]This applied node is equivalent to a nmethod of

producing argpgnetine $kohage: A MPOheGnbLE- PAL UG Ned el g c fupe. The
magneti ¢ sto?gge medi umgof t%e biff.é@pat teerngd type elﬁ e?’% véel y avo?’ﬁé t he
i nterferenceffnd:ihely keroiels theuthuatiorepheronenbr abedestri bed above and

t hus, the above-described applied node of, produci ng sych a type of 5
nmagneti c stggg‘é‘éu%%ﬁrhrﬁ e?%‘%@?&r%ﬁl ?Sq*?fé?eﬁjgtaﬁ)(? eoﬁnarﬁla‘ﬂl%i n@‘% he magnetic
di sk 10 to heotlesddddethdielowksqahsqe esitipral Rt nho sahnexerpbarys exanpl e of

this applied node, [0056]FI 4 is a diagramthat “illustrates the nethod of
10 prodiki nfr¥het adgitetisgedmek i ustpegfrraierl Ghe watdiodl GE 2, by using

the ion dopj )t r cti.on yethod i.lJustrated in this
FIG 4, at p#)?crgcéﬁgﬁlgimah % %%%E%grgﬁ’l ﬁgsgrgégle%s% b(e A)d,esgrﬁg?@ ?ﬁ%‘%tlrsat ed base

| ayer to makesa emgheilieht! apeanb2xbayvearhb «fyplial ofr tRhEadponids fornmed on
the gl ass substrate 61, and the nmagnetic |ayer 62 to be describe later is
formed on tHe9Pase | ayer. Further, on the magnetic |ayer 62, a

not-illustr pr ot i ve -l-ayens i ampnd- A c i d.
20[ 0058] I n ?{?}%@%}r ese]ﬁ{d'e\r%b&dsi ﬁeﬁ%,gegﬁgogrr%%ngltrﬁﬁég%tiﬁa%%gz%%%n%??%%ﬁs
filmfdim ngreteciess tha) megnat gtk cl FidsndeaeidngnaRTar tl famd atrd.atti ce
structure i vgﬂch .Co %n‘i.c Iggers 62a .and Pd atom c | ayers 62b are

| ami nated af t efnate{y. Bir chBr “Pn™? H& Pr¥%ent enbodi ment, this

[0057] In the production method illustrated in this FIG.
4, at first, in a film-forming process (A), a not-
illustrated base layer to make a magnetic layer 62 have

15 crystal orientation is formed con the glass substrate 61,
and the magnetic layer 62 to be describe later is formed on
the bage layer. Further, on the magnetic layer 62, a not-
illustrated protective layer made of diamond-like carbon is
formed.

20 [0058] In the present embodiment, the magnetic film &2
formed in this film-forming process (A) is a magnetic film
having an artificial lattice structure in which Co atomic
layers 62a and P4 atomic layers 62b are laminated
alternately. PFurther, in the present embodiment, this

25 magnetic film 62 is formed to make the Curie temperature of
the magnetic film €2 become 600 K or lower.

[0059] The reason why the formation of the magnetic f£ilm
62, in which the Curie temperature is thus focused on, isg
performed in the film-forming process (A) is as follow.

30 [0060] In the present embodiment, as will be described
later, the between-dot separating band U in FIG. 2 is
formed by performing the ion injection into the magnetic

film 62 formed in the film-forming process (A}. Here, in



25 magnetic film62 is formed to make the Curie tenperature of the magnetic
film®62 become 600 K or |ower. [0059] The reason why the fornation of the
magnetic film®62, in which the Curie térdperature is thus focused on, is
performed in the filmformng process (A) is as follow 30[0060]In the
present enbodi nent, as will be described later, the between-dot separating
band Uin F i f f ] .00 i N} LN d

magnet ¢ 1 Ime2 Formedt norhe r 1w rormtg procses Ay Teraar s 1y
order that bhetlmagrsttweedotisot sapyroeiref flectd Vel ytsépadatadibye tthas

bet ween- dot ﬁgparatin band U, it is desirable that the saturation

Tagnot | zati DR OF T et wBBATEbE “3bh T 115 AR EEBE ot S SRR TSN 20% of

the saturathefg moRetiZanber Bheh i1he JAgR! isecdohs QonlRapidter, Margs, to
obtain the above-nentioned effective separation, it is desirable, for the

magneti @ fiPh B2 nametiRedoat Or atitopthggnevidat i ton cafteén the Bbavén) ection
be not nore n _20% aof. t he_saturati.on magnet.i zation before t i on
i nj ection. ?%e 6%%%%ﬁ%§§gt5¥elﬁe¥%%a%%Ihrati&ﬁ %ﬁﬁﬁ%??g%tf%ﬁfgﬁF%r the ion
i nj ection ohadier isatidnat bon oRgbeth& addan-habor eathetioi:idi ectdean Wi ll be
hereafter referred to as a saturati on magneti zati on vani shing degree due to
the ion injeetiH TOGCIIRErBS TRk BRNRI 26f Pﬁet%?e%%?ﬁré£%9@ has found

15 that, maphennticaliloy pbhere iseths, folp 'ig:gt.refﬂﬁig%&c%ﬁkgg@noﬁhe Qurie

tenperatures of the magnetic film before "an ion infectiron and
t he satldr at flon swgnettiizat megneanzsti oy adegneehduéohoithectiom ial etk on.
[0062]FIG 5 s a.graph that i]lustrates a,cal.cul ative 20 correspondence
between the MHITH HETOR ARG RLTFSL0T IENART SHieadSHegreECHid® 1 Y naR on
injection angrddre:LQUiicGet-eaRerat ik & afdelrdthen ARghai esddi s in the
magnetic filmw th the Curie tenperature of 500 K before the ion injection.
Further, FI'GEhigih dgeaph Enat tP | Histiaa é9JeRéieB.- above- nent i oned

O et onIe IS M IROREE el ) MANISe (Y L LeNPCLALY DR Al (1o O

injection is 600 K "Furthernore, rap rlTustrates the
above- reEnt i oreed, owthespondehte, | théte imagnet ifollblimyose QG e t enperat ure
before the gé%%ééH‘%ﬂg %Brkg @gggériﬁﬁégg”gf the magnetic film before
and after the ion injection and the saturation
magnetization vanishing degree due to the ion injection.
(0062} FIG. 5 is a graph that illiustrates a calculative
20 correspondence between the saturation magnetization
vanishing degree due to the ion injection and the Curie
temperature after the ion injection, in the magnetic film
with the Curie temperature of 00 K before the icn
injection. Further, FIG. 6 is a graph that illustrates the
25 above-mentioned correspondence in the magnetic film whose
Curie temperature before the ion injection is 600 K.
Furthermore, FIG. 7 is a graph that illustrates the above-
mentioned correspondence in the wmagnetic film whose Curie
temperature before the ion injection is 650K. Moreover,
30 FIG. 8 is a graph that illustrates the above-mentioned
correspondence in the magnetic film whose Curie temperature

before the ion injection is 800 K.

[0063] In each of graphs Gl to G4, the saturation



30 FIG 8 is a graph that illustrates the above-nentioned correspondence in
the magnetic filmwhose Curie tenperature before the ion injection is 800
K. [0063]In each of graphs Gl to (4, thessaturation - 15 - magneti zation
vani shing degree due to the ion injection is on a vertical |ine, and the
Curie tenperature after the ion injection is on a horizontal axis. Further,

in the grapRs et 0. Ghn tmirs@ﬁagcaggfeéi&% dd & Ll g éa.@@ief\ﬁijﬁse 5
circles each represent the cal culFative correspondence between the
saturati on pagaeveézatd®dn Maw,shndgtiegeel dusentmeihereoatitay eche aiorand t he

Curie tenperature. after the ion,injection, [0064]]ncidentally, in each of
Che o aone I EEE B b termelnEs L caial afhenhae. (o i wrabhs,

magneti zati gn vankshing: degreerdye tontheri o il eGhikoAyi shersat uration
magneti zati on vani shing degree due to the ion injection at roomtenperature

(300K), Tor Eéspbatli srrh orarsippenat the ealdwbimam soareshendenee of produci ng

t he magneti i 15 .a he tine_of.using the.produced magnetic di sk.
[ 00657 Pur ¢ neF-ERs i et e Pao e R e e Jo e 52 Ot ¢ on

that the satdrahé otorragieidtzahni andathe oom i€ mpenrtiurere300td) hefore the
ion injection is 500 emu/cnB. This condition is based on the fact that for
a 20 magnet FERf HEMEHaM g an artificial lattice structure sinmilar to the

magnetic filpyB2) foramd ddydne aboyezdescsibad fdlmfopai ng process (A) in
FIG 4 and having a filmthickness of 5 nm the saturation nmagnetization at
room t efper deteen {1390 ) cwdsudvasoneds ante determitied asgbOO1 256 Bmu/ cm

0066]1t is_a rent from each of ese graphs GL to 4 that the Curie
%enpelaturevgﬁf%¢l?$m§33ﬁ$% u@cgpoﬁgﬁhﬁﬂgfﬂgﬁ§ﬁfﬁWaﬁFoﬁ TAGHEr T 2 i on
vani shi ng deggee: thie- ten tdaeliismn%;n&@gié@rawm%e_t henabgyecHEM i pned

desirabl e value 30 (equal to or l[ess than 20% is in a range of 400 Kto
420 K or beFewWd Y@URRHAAtEepeAdPRy  opCY¥ Fresiurdiag dppseaparetWed ore the ion

S GRS ey LR U £ ISP Sl bR

15 at the time of using the produced magnetic disk.
[0065] Further, the calculation here is performed under
such a condition that the saturation magnetization at room
temperature (300 K) before the ion injection is 500
emu/cm’. This condition is based on the fact that for a

20 magnetic film having an artificial lattice structure
similar tc the magnetic film 62 formed in the above-
described film-forming process (A) in FIG. 4 and having a
film thickness of % nm, the saturation magnetization at
room temperature (300 X} was measured and determined ag 500

25  emu/cm’.
[CO6E] It is apparent from each of these graphs Gl to G4
that the Curie temperature after the ion injection when the
saturation magnetization vanishing degree due to the ion
injection becomes the above-mentioned desirable value

30 (equal to or less than 20%) is in a range of 400 K to 420 K
or below, without depending on the Curie temperature before
the ion injection. On the other hand, the Curie temperature

of the magnetic film falls by the ion injection. And, the



- 16 - larger the anmbunt of injected ions is, the greater the anmpbunt of the
fall is. Therefore, the anmount of injected ions required to |lower the Curie
tenperature of the nmagnetic filmto thelé enperature equal to or | ower than
the 5 above-nenti oned desirable tenperature becones |arger as the Curie
tenperature before the ion injection increases. However, when this anount

of injected)pgs, DECONES 1RO Jrak §8ect AT £orRS ii%e,S,tﬂepngéeg%% as
deterioration of the surface state of the magnetic frlmsubjected to the
ion 10 injesnpant of thve failke isGendhrealelfpret hehpraotirdalofamgettefl i nj ect ed

ions by which the deterjqration of, the surface state of .the magnetic film
i s restrai ngd'§ sr%%ﬁrreéid%tootlﬁ’g@éq{i}&? oot ﬁ%@?fﬁﬁaﬁeloﬁ 1%&‘ﬁ? at ons/ cng.
[ 0067] Her e, mhgn®F Terfitien lrvehet BemEbFd BatLe RREAL Yheopf 1dmet hendypgnetic film

to the above-nentioned desirable tenperature or |ower with such a practical
amount of | AP BERNGIRet HesCupbeet eefieratire befonest hergon dmjtéet i on may

only need tﬁ%gﬁ%ﬁp%ﬁelg%*%}/\ﬁrem%@i Elll'e hlacsn g%gc%géggfggrt he devel oper of

this case t OW ng €experi nmen A Thi S ‘experi nment,

l'i ke the fihkowdosa nghepr @CeSSahdhnt nofliGjekted hage bayehes admgnetic film
having an artificial lattice structure, and a protective |ayer are fornmed
on a glass $¥H%tr 4t HHESFOR| BWPREEProtdddre IeE5F 606t 19itiferitdl | y,

various filgnferad ng cendist ikppspdesetbed kel W'@E@e?i £l ate 1ot he
filmformng conditions in the fiTmformng progess A in FIG 4.
[ 0070] Ri0r st inzeqfiiass subsheall ékeaslfetdensll Lywashs girdat igatagmetinonot

sputtering device,.and evacuation was.perfornmed 30 up. to 5 x.10-5 Pa or
| ess. SubsefuGRITS &'%a YAF"%&&@ E]P%s%‘%reem 6% 95, Cif tHEUtE Heat i ng t he

gl ass substsede: o ThHaMmbbhekiti FMwfid kb ervstakl sonbented dee=Pd was
formed as a base | ayer for nmaking the nmagnetic | ayer have crystal
equal to or less than 1 x 107 atoms/om®.

[0067] Here, in order to lower the Curie temperature of
15 the magnetic film to the above-mentioned desirable
temperature or lower with such a practical amount of
injected ions, the Curie temperature before the ion
injection may only need tc be 600 K or lower, which has
been found by the developer of this case through the
20 following experiment.
{G068] In this experiment, like the film-forming process
(A} in FIG. 4, a base layer, a magnetic film having an
artificial lattice structure, and a protective layer are
formed on a glass substrate in the following procedure.
25 [C0&9] Incidentally, variocus film-forming conditions
described below are similar to the film-forming conditions
in the film-forming process (A) in FIG. 4.
{o070] First, a glass substrate washed well was set in a
magnetron sputtering device, and evacuation was performed
30 up to 5 x 107° Pa or less. Subsequently, at an Ar gas
pressure of 0.67 Pa, without heating the glass substrate, a
5-nm-thick f£ilm of (111) crystal-oriented fco-Pd was formed

as a base layer for making the magnetic layer have crystal



- 17 - orientation. [0071] Subsequently, successively without returning to
the air pressure, a nmagnetic filmhaving a Co/Pd artificial lattice
structure was formed at the Ar gas preskure of 0.67 5 Pa by repeating a
filmthickness structure of 0.3/0.35 nmeight times to be lam nated. This
filmthickness structure nmeans an artificial lattice in which a Co atom'?:

| ayer and a 1 C. |l ayer are repeated, and the filmthickness in tota

of yt he nagng??gﬁ???lm&il's about 5 nm 10[0072] After the magnetic film was
forned, a 4-lapvihi cksthbémnointdivaneudcbskévehny bontivag: fretnediag aoprotective

I . [0073] Aft | am nate wh the_glass substrate, the base | ayer,
o rmgnet! GPFi P R Brv e [TENELyEr £ M 15 0 NGB RaS:Forred i n

this way, thetCyeéestamerat y:-e ebrhbe saoned it fgalsﬁg%sgbi:é §tage;7 nanel y,
before the ion injection, was neasured as follows. [0074] Thi s neasurenent

of the Curi &at erpeegalied & gédfochddkness v tvaenet 0hat 0wk |ant he
above-nenti gt 20. | am.nate i-s _heated in,stage e saturation

magnet i zat i %28@; ?Hrelgsnatgonebtel e iy %1%8& t E%l ltse%ﬁi?iaﬁgf%kl?%sefgﬁuﬁ%&g i's
neasured, amdatbesgbyrtif dienpesatice depantance of akhaisalsyati o
magneti zation_of the magnetic filmis obtained. In the neasurenent of the
saturation fafietF¥atT offYSSQBID P5Peubet cadlidtiond idmarbimkpaser fer ence

Device) is ysed; dPdhnd Rifhetiemperat b ey ndepce of this saturation
magneti zation, the tenperature at which the saturation nagnetization is

zero beldbned00he] Curietaemier abgnetof £henmegnetdxendd,| m 430h00EEEEIG 9 is
a graph tha%ii&'ggtéfgégiéjyik%egggggﬁu&gg formed as a protective

layer.
[0073] After a laminate where the glass substrate, the
base layer, the magnetic film, the protective layer were

15 laminated was formed in this way, the Curie temperature of
the magnetic film at this stage, namely, before the ion
injection, was measured as follows.
[c074] This measurement of the Curie temperature is
performed in such a manner that while the above-mentioned

20 laminate is heated in stages, the saturation magnetization
of the magnetic film at the temperature in each stage is
measured, and thereby the temperature dependence of the
gsaturation magnetization of the magnetic film is obtained.
In the measurement of the saturation magnetization, SQUID

25 (Superconducting Quantum Interference Device) is used. 2And,
in the temperature dependence of this saturation
magnetization, the temperature at which the saturation
magnetization is zero beccomes the Curie temperature of the
magnetic £ilm.

30 [C075] FIG. 2 is a graph that illustrates the temperature
dependence of the saturation magnetizaticn before the ion
injection, in the magnetic film having the Co/Pd artificial

lattice structure and the film thickness of 5 nm, formed in



dependence of the saturation magnetization before the ion injection, in the
magnetic filmhaving the Co/Pd artificial lattice structure and the film
thickness of 5 nm fornmed in - 18 - tHe experinment. [0076]In a graph G5 in
this FIG 9, the saturation nagnetization is on a vertical axis, and the
tenperature is on a horizontal axis. Further, in this graph G5, the 5

t enper at ure-dep Qf the saturation nagnetization in the magnetic film
before the ion injection is represented by a line L5 linking white circles.
I n the exanpP@7ef this gyreapehGEs ih tkis|®EHE. thattheheaCuraeitenper at ure
that is the tenperature at ich the saturation na%netization 10 becones

wh
zero is 500"K™ e Fhagdie e 2 V?ﬁ{fb%?. B he &6 H1Rj ECTPOIR P07 Af ter
the Curie tenapgradtirhall BeiFRINeLigel, | Ahbehos eytdie, i) ihiection was
obtained in this way, the magnetic filmwas subjected to the ion injection
by 15 erfi tt FREPIIEH Y siepeofienge PHntlmdiaNHadn cnomppeet dpdniatre. irlThe i oni ¢
acceleratio ﬂg N his,ion_Lniectiaon.was set to 6 _keV at which the
ions are in?%%ﬁ%i |§F6DFEHQ Eg% ral %%r(m%ﬁjpﬁg%%ﬁané?iﬁe???ﬁﬁn ther, the
amount of ibyestkerhd arks 1Ma%iagt vhit@ danges0f in XD et eX oF0tn28
atons/cn2 which is equal to or less than the practical anmount of injected
i ons that i%°8P% G017 atEnEleRp. LD M8 vAEEs LERPEERF BRe cOm thifons such as

the type ofchonsmidiacaceeberahion Mol tage, Rndy! heaaapunt. of, i nj ected ions
in the ion injection of the experinment here are 2 dimTar to the i njection
condi t ildns beceamed oreronjiectonKpr doestse (MGonien iEl Gild befde= descriidmed | ater.
injection.
[0077] After the Curie temperature of the magnetic film
before the ion injection was obtained in this way, the
magnetic film was subjected to the ion injection by
15 emitting mixed ions of Ny ion and N* ion to the laminate.
The icnic acceleration voltage in this ion injection was
set to 6 keV at which the ions are injected into to a
central part of the magnetic film. Further, the amount of
injected ions was set in a range of 1 x 10 to 4 x 10%°
20 atomg/cm® which is equal to or less than the practical
amount of injected ions that is 1 x 10 atoms/cm®.
[0078] Various injection conditions such as the type of
ions, the acceleration voltage, and the amount of injected
icns in the ion injection of the experiment here are
25 similar to the injection conditions in an ion injection
process (C) 1n FIG. 4 to be described later.
[0079] Further, after this ion injection, the Curie
temperature of the magnetic film after the ion injection
wag cbtained by measuring the temperature dependence of the
30 saturation magnetization in the magnetic film after the ion
injection, in the same procedure as the above-described
procedure.

[0080] FIG. 10 is a graph that illustrates the



[0079] Further, after this ion injection, the Curie tenperature of the
magnetic filmafter the ion injection was obtained by neasuring the

t enper at ure dependence of the 30 saturat%on magneti zation in the nagnetic
filmafter the ion injection, in the same procedure as the above-descri bed
procedure. [0080]FIG 10 is a graph that illustrates the - 19 -

 enperat ur e - dpRERdence @lodiRnRal BEaLhon IRONAL ZAlLONCL - LB agnet i c Tilm

after the ion Tnjection I'nto the magnetic avin e tenperature
dependence kheFh&nét:id G081 kitargehphi@d oijddiiisnFiGEol0he themsstiur ation 5
magneti zatign.is on,a vertical axis, and th(%terrperature is on a horizontal

axis. Furthéri™peYHi% SETEST AL HEe t St ditifite JepeHdeRce of the

saturation magpeti zath o %@M@gn&wemg_ Fiemaft e RecheRridhection is
represented by a line L6 linking white circles. In the exanple of this 10
graph G& i WmapBetbiafd arhdts ©Ohe aCHRrblchperiat ured the Fesmphratwrperat ure at

whi ch the satu I etizati cones _zero is_ 400 in.the magnetic
filmafter ?ﬁegf%éﬁ]??zncfnecqi gﬁ{.ls['oggléﬁbﬁ%nert’hil? géjbgérgiraq%!%%’s “§&scri bed above,

for the 15 nagpetatuifd |degearicnget be €oé Rehartdtfiicel abghattzeeisd ryucture and
the filmthickness of ' 5 nm the Curie tenperatures before and after the ion
i nj ection wel'e WM FI0083fREr ERer 1o% nindft ionpe i keRYesered Tvagnet i c

fl1mhavingst henf0/Pd ARLLL Ghake! BLELES, STENCEUL oAb dd ;20 i ckness

of 10 nm a nagnetic film made of - Pt oy an aving a frlm

t hi ckneéss ofrgpinngs and dsndgueti chét| nheadericf tGopEraPural tloyt and havi ng a
filmthicknegss of 10 th [i enperatures before _and after the ion

i nj ection ng% B%T%?]??eq:g}]ﬁen ag gﬁ?’r?ﬁa{;h%r%%teﬁfrtel.onzgﬁﬁﬁgﬁf55?15}?% group of
four Kinds pécé&ued ezdimeyr abukesihet R enaebafd e 1khestep tmbection
obtained in this way was plotted on a graph as follows, and a correlation
bet ween t hel@l#fel®enperature before the ion injection and the Curie

temperatureabisr the, iGn J 0h8EtAB,LAS, QDL AL DR, SOLORRS] ELG i 15 a
graph that illustrates the

15 magnetic film having the Co/Pd artificial lattice structure
and the film thickness of 5 nm, the Curie temperatures
vefore and after the ion injection were obtained.

[0083] Further, in this experiment, for a magnetic film
having the Co/Pd artificial lattice structure and a film

20  thickness of 10 nm, a magnetic film made of Co-Cr-Pt alloy
and having a film thickness of 5 nm, and a magnetic film
made of Co-Cr-Pt alloy and having a film thickness of 10
nm, the Curie temperatures before and after the ion
injection were obtained in a similar procedure.

25 [0084] And, a group of four kinds of Curie temperatures
before and after the ion injection obtained in this way was
plotted on a graph as follows, and a correlation between
the Curie temperature before the ion injection and the
Curie temperature after the ion injection was obtained.

30 [0085) FIG. 11 is a graph that illustrates the
correlation between the Curie temperature before the ion
injection and the Curie temperature after the ion

injection.



correlation between the Curie tenperature before the ion injection and the
Curie tenperature after the ion injection. - 20 - [0086]1n a graph G7
illustrated in this FIG 11, the Curie 2®mperature after the ion injection
is on a vertical axis, and the Curie tenperature before the ion injection
is on a horizontal axis. Further, in this graph G/, the 5 correlation

between the |Gyeie teppes ajuyg ef ore the jon ir('itggtté@&e@”%t hﬁh}QJ.” e

tenperature after the ioninjection is represent a’'line | i nki ng
whi te circl €srif008MFramitchefgeaphh&r/icl ihjestBlo@ iklenfarsetyicdl is

apparent that . the_higher fhe rie tenperature before the 10 ion injection
P e hi gAB St AT GnferBRP LS AT rET IS G APBCLRTCT Son F ¢ her |
it is appareftafremidia-ahaps of Eﬁdle:ﬂéxr}ethhEJst@f%%lgr@ﬂh ¢ that when the

Curie tenperature before the ion injection exceeds K, the Curie
t enper atur ecafrefrat e ikavvespe thEofus bel desnneres vinec bedses . tO0B8] As

descri bed earl] e rie tenperature after the ion injection when the
saturation %@%ﬁ%%ﬁﬂo@%&&i@gﬁgﬁg%‘ﬂ Fee e at%‘etrhg?ﬂ@oﬁo n}@:‘?‘fn%]r?rbecones
t he desiredivateerdeguald tg ar 1kassLy hami2Q9 wrs.tenctheieange 20 of 400 K
to 420 Kor lower. And, it can be read fromthe graph G/ in this FIG 11

that the CulPE®tenpefeturdererl Eheof oiinjRid i da -t disariEf ylbubh a
condi tion i gyeguahe 19,0 tlh%WEFLgEQ?ntﬁg%Llﬁfféeft%rwgregQ%E%B%%ié(}]‘é@pﬁ{ ture

after the ion injection starts™the sudden I ncrease. ased on the
experi méht descinbed: jabove, ichet heghet mfordimg peopesst () aftdt G 4, in

order to obtain, a desirahle saturation rmagneti zation vani shing degree in
the ion inj é@ ijo?i”plrf@ce@sw@cfsro lﬁbftg“ﬁcrgﬁea%%%?%e%g‘grﬁﬁbﬁgﬁ c film 62
is formed senipatot heeCurine LeMRAr ahus ey 3dhibecoms6Q8eK ke l@nere This

filmformng process (A) is equivalent to an exanple of the
magnet i c- f i FARPOFHIWG Mg fore abevecdebeisHedrbasiceedsdedl K, the

Curie temperature after the ion injection suddenly

15 increases.

[0088] As described earlier, the Curie temperature after
the icn injection when the saturation magnetization
vanishing degree due to the ion injection becomes the
desired value (equal to or less than 20%) is in the range

20 of 400 K to 42C K or lower. And, it can be read from the
graph G7 in this FIG. 11 that the Curie temperature before
the ion injection to satisfy such a condition is equal to
or lower than 600 K before the Curie temperature after the
ion injection starts the sudden increase.

25 [0089] Baged on the experiment described above, in the
film-forming process (A} of FIG. 4, in order to obtain a
desirable saturation magnetization vanishing degree in the
ion injection process (C) to be described later, the
magnetic film 62 is formed so that the Curie temperature

30 becomes 600 K or lower. Thig film-forming process (A) is
equivalent to an example of the magnetic-film-forming in
the above-described basgic mode.

[0030] Incidentally, when the Curie temperature of the



[0090] I ncidentally, when the Curie tenperature of the - 21 - magnetic film
62 is too | ow and becones closer to the roomtenperature (300 K), then, the
magnetic property itself of the magnetizxl f 1 m 62 weakens and becones

unsui table for the production of the magnetic disk. In order to allow the 5
magnetic film62 to have a sufficient magnetic property at roomtenperature

300 K), th 1e . te rat ure..| i a 0 i gher.
[0091] | 1 t REZPLTRET of Mg Procees (1) S (e Rreeent ehbodi Aoht " The
magneti c fi tenp@rasuforidd 80 ,t hhent hehd GnQuete ct erppeatyr ecdxelcores 600 K

or lower and also the Curie tenperature becones 500 K or higher.
[ 0092] Her e, T1'¢ ?%9%%&1“? Fagﬁe?ﬁ%e@%a%ﬂ@ SPEFsPREEERPHE FIE 4 hat

when the mabesiddsi P Rt REABINEt G L | | BB 32 &t N AR,y LR thinner the
filmthickness of the 15 magne?lc filmis, the ower the Curie tenperature

becones.5 [ 0093 dhirs, film ERe thi have or nswif pricres sagAp-dé Fr@erky tate

magnetic film62 is fornmed t filmt.hickness correspondi.n o the
Gt e t emper Rl e B reTS ng SPHaXBboves dabeiH BEBEERnRra: i e

20[ 0094] Thi so nB@ns-diiats ook thenappve:- descri bed basic node, such an applied
node that the nmagnetic-filmformng includes formng the magnetic filmwth

a film thickPe3Ll by Wit fReTChPrElP@npeErerif e of Of hENARBReEFRE fil m
becores 6006054 OHEr ks RLeher abl e PN OASLTuGHI L i g, pr ocess ()

is also equivalent to an example of this applied node. nthis
filmfadom nguptrecespardrnrehbenragaetd @ fi lon 62wes Bodnelsd ocwv@udaef i | m
thi ckness t@g&pgrlaltouvrvse g%ogjersi gogelr{rpgrr tiugrh%rt_o be 600 K or |ower and 500 K
or hi gher
{0092] Here, it is apparent from the graph G7 illustrated
in FIG. 4 that when the materials forming the magnetic
films are the same, the thinner the film thickness of the
15 magnetic film i1s, the lower the Curie temperature becomes.
[0023] Thus, in the film-forming process (A) of FIG. 4,
the magnetic film 62 is formed to have a film thickness
'corresponding to the Curie temperature satisfying the
above-described temperature range.
20 [0094] This means that for the above-described basic
mode, such an applied mode that the magnetic-film-forming
includes forming‘the magnetic film with a film thickness by
which the Curie temperature of the magnetic film becomes
600 K or lower ig preferable.
25 [C095] The film-forming process (A} is also equivalent to
an example of this applied mode.
[0096] In this film-forming process (A), the magnetic
film 62 is formed to have a film thickness that allows the
Curie temperature to be 600 K or lower and 500 K or higher
30 (for example, the film thickness of 5 nm in the above-
described experiment) .
[0097] Next, in the nanc-imprint process (B), a resist 63

made of a UV curable resin is applied onto the magnetic



30(for exanple, the filmthickness of 5 nmin the above- described
experinent). [0097] Next, in the nano-inprint process (B), a resist 63 nade
of a W curable resin is applied onto tdze -magnetic - 22 - film®62, and a
nol d 64 havi ng nano-si zed holes 64a is nmounted on the resist 63, and
thereby the resist 63 enters the nano-sized hol es 64a and becones dots 63a

of the resi ?%l@%z,agﬂﬁ]@en{?%ii st ‘Sﬁﬁgi%@d‘iﬁﬁt&%&y&&%ﬁu&é aivE! olet light 5

over the no 4 an ereby cure SOt a are printed on the
magneti c fihkowd2:d At ethet hesiesi 68, 68nd scieateed, thbheressl gt 643 isntrearmved.

[ 0098] After _the nano-inprin rocess (B), the fl ow advances to the ion
i nj ection pF%%é%%P?TﬁlREQeP@E?EeG?%n%néig%ﬂQ¥Q§nﬁPFéd6??0%#aERﬁu?%ﬁ%?tnagnetic

film62 on whicihd r@léiqre%i@%ae@rfspﬂfgc@idatédwitag pf esgM o RIDodigpnt,, in

this ion injection process (C), the m xed ions of N2+ 1on and Ion are

em tted,> i nceeparmemasidrickapntot hdeelhpnumjdectsiconhiah the dbovesdescri bed
experinment._Here,. when col liding 15, against_.the surface of the ghetic
film 62, thaer?\l:pj‘?lon\rllt\!ﬁeldlsq D?eﬁh?a?%%n?ﬂ%gﬁv%“ Iglzi'oréft%r%t irfsﬁé%gﬁ, ¥n this
ion injecti@rdd 00ess nc@, 6hHikORSn@F@1] njected into the magnetic film 62.
And, the saturation nmagnetization at the injected point decreases.

20[ 0099] Her E20%hlen 13 @a: SingeBANBNETRGEN- & atesicorBar ethaj Ek¥%ed into t he

magnetic fi j i nj.ectli i.ng n i X st al
form ng thi S Tabeet 1S FrmBLobhte T pa T eHer anehs, Mhaditi ng
const ant0 of atdniesnidrtyest droexphods. thd ngyreariceifiabl e2t hatwiai dearrease in the

25 saturati&qi netization y occu% due to this expansion. [0100] The
devel oper of°thi%STELE RASWEY f ited FRByPERESH bl TG HGStperPreft S that a

desirabl e efdiectnfctrieguei-Bgethe(Sat Wil iARNRYRELI ZRLLON: bS SAM aly
obt ai ned by the expansion of the grating constant by the practical anount
ion are emitted, in a mamner similar to the ion injection
in the above-described experiment. Here, when colliding

15 against the surface of the magnetic film 62, the N," ion is
separated into two N' ions. For this reason, in this ion
injection process (C), N' ions are injected into the
magnetic film 62. And, the saturation magnetization at the
injected point decreases.

20 [0099] Here, when large-sized ions such as N' ion are
injected into the magnetic film by the ion injection, the
grating constant in a crystal forming this magnetic film
becomes large. In other words, the grating constant of this
crystal expands. It is conceivable that a decrease in the

2%  saturation magnetization may occur due to this expansion.
[0100] The developer of this case has verified, by the
following experiment, that a desirable effect of reducing
the saturation magnetization is surely obtained by the
expansion of the grating constant by the practical amount

30 of injected ions.

{0101] In this experiment, the magnetic film having the
Co/Pd artificial lattice structure and the film thickness

of 5 nm was used as the magnetic film to be subjected to



30 of injected ions. [0101]In this experinent, the magnetic filmhaving the
Co/Pd artificial lattice structure and the filmthickness of 5 nmwas used
as the magnetic filmto be subjected t®3 - 23 - the ion injection. This
magnetic filmis, as described above, the magnetic filmin which the Curie
tenperature before the ion injection is 600 K or Iower (500 K). [0102] To

this magnet ig.film; the..ab \(e-ﬂ% rd lLxed, 5 10ns ar .t tad by
i ncreasi ng th% armulntj*%‘ i (rille ecte ilﬂo s%ftrqgm%g:éro %’o x&fg? tb%tgoms/ cnB in
st ages. Furthere, i theachynsttage fitheigreticiy tbenstant aedodhetsat uration

magnetizatign of the magneti.c filmwere nmeasured. The neasurenent of the
£5 5 7

grating conStant® orAEdHY16° AT Ut &5 n§FRe (gP4tFhy constant of

the magneti gotodm fronihe ndighbrast kot angle fovelblkcsuptacsiofg Co of the
magnetic filmnmeasured by an X-ray diffraction nethod. Furthernore, the

sat ur at ion hegRaTe avlidtofadymeasteesity s mgouhe aboveieered ormed SQUI D.
15[ 0103] FI GE 12 is a %‘r aph that illustrates the anount-of- injected-ions
dependence bF°TNEGt 43 g “cOflst FAPMSARE FIPGST29SFs & Witdph  t ARt eRfRustrat es

the gratingscopst ajfe dependencenotahbeysatulaLion, upgaet i zation. [0104]1n a

graph G of FI tthe grating constant Is on a vertical axis, and the
amount of inmjertiedzdons iod cheamhgnezontfal lmaxiese Faatheed. i Ahthi s graph GB,
t he amount - of i nj ect ed-i gns, dependence of th rating.constant is

repr esent edm%‘?/s%lrer“i‘%gc If% Epﬁkgﬁﬁg%ﬂgﬁt%@ﬁ% edas] @ng?ﬁﬂ?%%@ nore, in a
graph G of ofl &mlaBind h@e29raat HE atb e JrBgnat i-zat inﬁgnéﬁi@nfﬁw,erﬂﬂ&al axis,
and the grating constant is on a horizontal axis. reover, in this graph
@, the gratidgdbisicadendepantente (bl Halacer afi 6a ahgHei zation is

represent edybynd 1d 19119, hakkog 1142 146 8¢ r3QL0108) fLomd hese oraphs
& and D, 1t71s apparent that
Furthermore, the saturation magnetization was measured by
using the above-mentioned SQUID.
15 [0103] FIG. 12 is a graph that illustrates the amount-of-
injected-ions dependence of the grating constant, and FIG.
13 is a graph that illustrates the grating-constant
dependence of the saturation magnetization.
[C104] In a graph G8 of FIG. 12, the grating constant is
20 on a vertical axisg, and the amount of injected iong is on a
horizontal axis. Further, in this graph G8, the amcunt-of-
injected-ions dependence of the grating congtant is
represented by a line L8 linking white circles.
[0105] Furthermore, in a graph G9 of FIG. 13, the
25 saturation magnetization is on a vertical axis, and the
grating constant is on a horizontal axis. Moreover, in this
graph G$, the grating-constant dependence of the saturation
magnetization is represented by a line L9 linking white
circles.

30 [010e] From these graphs G8 and G9, it is apparent that
even with the ion injection in a range of 1 x 10*® to 2 x
10" atoms/cmw’ which is less than the above-mentioned

practical amount of injection, the grating constant



even with the ion injection in a range of 1 x 1016 to 2 x 1016 atons/cn®
which is | ess than the above-nentioned practical anmount of injection, the
grating constant - 24 - sufficiently é¥pands and the saturation

magneti zati on may be decreased to 20% or | ower of that before the ion
injection. In other words, fromthis experinent, it may be verified that

the desi rabkerefd 6l 0f é)@@?&@%ngn&h@hé s%aéwa%tiioanmgaa@ﬂjﬁg@ﬂmna{fhrel iably

obt ai ned by the expansion of the grating constant resulting from'he

practical aheudtcidaday éct @8%i onslof@l0y] ASaapparfent fhenmemhe experi nent

descri bed above, in the_ion injectjon _process (C) of, Fl 4, at the ion- 10
i nj ected pot M Wi eH tﬁ% %@B e-"desEri 588‘%?5&%%%@%%%’ ot MAeCed i ons,
t he sat ur atieni fagheaii-aathendekitiei é aeidyrectredepabhhgi snsufficiently

| owered, so that the favorabl e between-dot separating %and U nmay be forned.

[ 0108] Hér e, STBIraHEBIREEsdé saF i B dl Has dafdde obsaénednPd 5-ppl | ed node
that the Ioggl ) @Gl o 'tﬁ%]%'eggsfaggb %%agkerre%ﬁeitgg ORI EnINS and

nitrogen ions 1s preferab eveloper o IS case has
di scover ed phattineloxygenti ofi angeatidd agers.i on, the saturation

magnetizatiﬁ;n of . the magnetic filmhaving the artificial lattice 20
structure ant%he ndgheEHPE EREM HaBel tf CRIFLB ThASEHT APERy2RRE&r | bed

above nay ben effectdny ey eduaedrodds @pldf%zwd@,iét based gn this
di scovery and thus is preferable. [0110] The ion injection process (C) in
FIG 41i0s alziedsdqeiivil entthothe aheirpldesofribkd poactfectdngurin this

applied m)dgf J{rgllc eF ritorA%r, %or ther atb.ove- %escri.be .basi% I de, the
fol | owi ng appl el ode 15 "pr 6Fer 2bT e A WM T “Ret Ao of -t odlici ng t he
magneti c st Df-pgecaedicimei Ast Bist appbied, MERred, so that the

favorable between-dot separating band U may be formed.
[c108] Here, for the above-described basic mode, such an
15 applied mode that the ion-injection includes using either
one of oxygen ions and nitrogen iong ig preferable.
[0109] The developer of this case has discovered that by
oxygen lon and nitrogen ion, the saturation magnetization
of the wmagnetic film having the artificial lattice
20 structure and the magnetic f£ilm made of Co-Cr-Pt based
alloy described above may be effectively reduced. This
applied mode is based on this discovery and thus is
preferable.
f0110] The ion injection process (C) in FIG. 4 is also
25  equivalent to an example of the ion-injection in this
applied mode.
[0111] Further, for the above-described basic mode, the
following applied mode is preferable as well. The method of
producing the magnetic storage medium in this applied mode
30 has mask-formation. The mask-formation includes forming a
mask that obstructs injection of the ions into the
protected area. And, in this applied mode, the ion-

injection includes locally injecting, by applying the icns



30 has mask-formation. The mask-formation includes formng a mask that
obstructs injection of the ions into the protected area. And, in this
applied node, the ion-injection includes |-ocally injecting, by applying the
ions - 25 - fromabove the magnetic filmon which the mask is forned, the
ions into an area other than the protected area protected by the mask.

[0112] Accor ding 19,41, Anplibed; rode,, ag, arpahece Lhe 5.1 pn i ection is
unnecessary is reliably protected by the nask and thus, formation accuracy
of the magnehécidot irstcchisghardéheonnan-tipt ititte processeiByréan FIG 4 is
equi val ent to an ex | e of the-mask formation in this applied node, and

t he ion inj@E?F%%U%$g§é§§m¥€fS§s al so equivalent to an 10 exanpl e of the

i on-injectiop,im thig anpligd opde:s LOIIBIEWIREr mBr §rchOfnthd scappl i ed
node havi ng the mask-formation, an applied node in which the nmask-formation

i ncl udess f of-girngnidet ivas K anithegesesigtisd srfluetigr ppreteradl sy Vo eover,

for the aboye- i.bed appl i ed.mode 15 having .th k- or gmt i on,
appl | 00 modESPh W o WASRCF P kT T BT T UGBS FOPRR At RE: rifek with a

resist, by BigRNOThEPhEAL- PRECASS Mcr@ses (BUr therr®r ef erakigivail@hi4] Based
on the mask formation by the resist, technically stable and accurate nmask
formati on nky e POEKFettfedeafidst heoirki Foripathéf BYPLhed e i npri nt
process may Si Kk N, AN - t | S
Gesi rabl o Hha: HanoThorReReTen pPBEE M 2 PO P TS i so
equi vallent eraanlexdaplle donthe;aaskef ormethion appltbdsecfieirt her preferable
applied 25 nges. [0115] I ncidentally,. in the above-described nano-inprint,
[

the resist iL8hoh oI FenboBdt Bve PR 15k Mo6enfaiAtd WA ch the i ons

shoul d be iniget €tV eEn bPg1ESASHPENeld 3R chhenkeshsk- Abrfad QgAt i on
where the resist is thin 30 and are injected into the magnetic film 62,
wher eas at an¢oers dirmiliege thrempekiwith o tisisdlet( Aaméhyther| ocati on where

the dots 6§§ré‘£§ra[b%¥e@d%o£é£k‘? %,P’Foxart%eSBBBQSQdS‘écéﬂ@eec{ SHoil ANgodg not
reach the gnetic film For Thi s Feason

15 having the mask-formatiocn, an applied mode in which the
mask-formation includes forming the mask with a resist, by
a nano-imprint process also is further preferable.
[0114] Based on the mask formation by the regist,
technically stable and accurate mask formation may be

20 expected, and the mask formation by the nano imprint
process may easily create a mask pattern in a nano level
and thus is desirable. The nano-imprint process (B}
illustrated in this PIG. 4 is also equivalent to an example
of the mask-formation in these further preferable applied

25 modes.
[0115] Incidentally, in the above-described nano-imprint,
the resist is not completely removed even in the point into
which the iong should be injected. However, the ions
penetrate the resist at a location whexre the resist is thin

30  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 and do not reach the magnetic film. For this reason,



- 26 - it is possible to forma desired dot pattern. [0116] Further, in the
ion injection process (C) illustrated in FIG 4, an ionic acceleration
voltage is set so that the ions are injxcted into a central part of the 5
magnetic film 62. This accel eration voltage varies depending on the type of
ions, and varies depending on the depth to the central part of the magnetic

filmand the.material., (0117 e ;4 re_inpected in this ion
i njection 10 progﬁg%%l(bé)[é Jc'gbh]gég%tés %%%l% ts%dgc ?Dglst?lset%ﬁare renoved by a
cheni cal préeess] [ Oudiknr,oughthachoaninpactigregtdoorspr ocess (C), the

bet ween-dot , separating band U in which the saturation magneti zation is
equal to orlfﬁ‘é§tlf%%‘?i¥216b/c)F&p‘t fe aghetic ASSIE2EPE YOI mRFE hdSthe

magnetic st gsageatBdidmchd afret hes bitapatiies nedbypg)i sa£on®t atipd (D).
[0119] I n the nmagnetic storage nmedium 10 produced in the production nethod

i|lustrdtednagnethics Hig 62. shuct mvesd epethernvehmgmyiseties dots Q and the
bet vveen-dotdgeé)aéfti n %(Pleb%ndg Uffo(gng nga t%e surface is.the s t hness in
i % YREtRe ¥ FomiRg *5Poc eRs CA)Y Wit & s

the magneticfiTm ormed

nai nt ai ned aspth is.cHeokehhiralr gasones tdie: flaatkentngipnogesscras in the
conventional technique illustrated in FIG 1 is unnecessary, and the
producti on P&%etdhbd il lustrated in this FIG 4 is a sinple method.

OLZ0LFur TR, e LSt gn BB Lyetialetel LS S 0 e
magnet i1® fiprodXs THBr eftbeedothes entof & surfeadetobreheemagnetivic St or age

chemical process.
{0118] Through such an ion injection procese (C), the
between-dot separating band U in which the saturation
magnetization is equal to or less than 20% of the magnetic

15 dot Q is formed, and the magnetic storage medium 10 of the
bit-patterned type is completed (D).
[0119] In the magnetic storage medium 10 produced in the
production method illustrated in this FIG. 4, smoothness
between the magnetic dots Q and the between-dot separating

20 bands U forming the surface is the smoothness in the
magnetic film 62 formed in the film-forming process (A)
which is maintained as it ig. For this reason, the
flattening process as in the conventional technigue
illustrated in FIG. 1 is unnecessary, and the production

25 method illustrated in this FIG. 4 is a simple method.
[0120] Furthermore, in the production method illustrated
in this FIG. 4, the magnetic dots Q are protected by the
dots 63a of the resist printed on the magnetic film &62.
Therefore, the entire surface of the magnetic storage

30 medium 10 may be irradiated with the ions at a time, and
the ion injection into the necessary points may be
sufficiently obtained by the ion irradiation for several

seconds and thus, the mass productivity is not impaired.



30 nmedium 10 may be irradiated with the ions at a tinme, and the ion
injection into the necessary points may be sufficiently obtained by the ion
irradiation for several seconds and thusj -the mass productivity is not
inmpaired. - 27 - [0121]As descri bed above, according to the nethod of
produci ng the magnetic disk in the present enbodi nent, a sufficient effect

of Teducing (bhe:pat Uald - MBANCELEL O LDy Lhe ik Bhegtbpn may be
obtai ned, by formng the 5 magnetic filmso tJh t he rie tenmperature
becones 600pkKodncimyerhe Asgmetesubli sk ateoritd ngasent-hembhetihoenof 9produci ng

the magnetic disk.int resent enbodi nent, the magnetic disk of the
bit-patter néa%%ﬁeﬂhdﬁ &P erﬁa “ped gﬁ?)%tf'@&dlr?itﬂrgpymﬁﬂ’a@ﬁ%@ﬂ%l ly.

10[ 0122] I nchdental ¢ idh thecabove de5Csd Rid@ninddhengXanphengfride magnetic
storage nediumof the bit-patterned type has been taken as an exanpl e of

t he magriet i B2gEeF &g el Medisemthsat thaeCwalh didipeypéuage baredinem ¢&0 ot |inited
to the bit-patt{erned pe, y. f.or exanpl e f the 15 discrete
track type. B?O%%%'n %ﬁegaﬁgé\}ﬁejlé@dr’gsaccg%ﬁ:ﬁlg ,%gpgﬁ?frp%ﬂ?/oa# uogfs PravVe“péeén

ment i oned ashé¢ headridind erimkngncendi prememt renidRelimagnet tps wpuMiderd ng
device, but these conditions are not limted to the nunerical values

ment i oned aBo¥e, Chnd Sy @6 CERRSr L YRBETIE &hey dilestay 0ae MIpFESFer , i n
the above dgsgriptd.@nMseieb1the resist pattern as a preferable mask for
form ng the nAgnetic dots has béen taken as an exanple. In contrast, in the
ion injldctiddizdl t helrabigeantdeder i bedtbasilcowmdEscaidbipnocelss in which a

t il k i i d not to touch the surface of the nedi um and
The i ons ar £ B 000 iy TRERRRAR of ear SR ABbetitHy oo FoRT B bt SEe T e
resi st appl tggd i andi haxeashst af esmdd 1 dTay Becomhbhed:c [ SRRt |

Furthernmore, in the above description, use 30 of the nano-inprint process
has been st@®etias The Hhesaerahpr e Bpradfe neatioer aAengobf 1w gddiost , but

el ectron begm exPOSie JFALPE PSCdAA AP RAL L0 1e, of the

15 discrete track type.
[0123] In the above description, specific values have
been mentioned as the film-forming conditions in the
magnetron sputtering device, but these conditions are not
limited to the numerical values mentioned above, and may be

20 other numerical values.
[0124] Moreover, in the above description, use of the
resist pattern as a preferable mask for forming the
magnetic dots has been taken as an example. In contrast, in
the ion injection in the above-described basic modé, a

25 process in which a stencil mask is disposed so as not to
touch the surface of the medium and the ions are injected
may be employed. According to this process, the resist
application and the resist removal may be omitted.
{0128] S5till Furthermcre, in the above description, use

30 of the nanc-imprint process hag been stated as the best
example of the patterning of the resist, but electron beam

exposure may be used in the patterning.



- 28 - Wiat is clained is: 1. A nethod of producing a nagnetic storage
medi um the nethod characterized by conprising: 5magnetic-filmformng
including formng a nmagnetic filmon &&ubstrate such that a Curie
tenperature is 600 K or | ower; and ion-injection including
locally injecting an ion into an area other than a predeterm ned protected
area, for 1@nkhe;gagnetiL fiid.m 2. The nethod of producing the magnetic
storage nedium according to claiml, characterized in that the
magneticfilmform ng includes formng the magnetic filmwth a film 15

t hi ckness | ich.th rie tenperature of .the magnetic . filmis 600 K or

| oner. 3. $h2qh§Fﬁ§8goc¥pP5 ‘ggﬁﬁyﬁhgﬁﬁﬁﬁﬁéFiEt§¥%b§uﬁ?4ﬁ¥m'uﬁpﬁccording to
claim1l or Retgbaraeieldtzed zkn bpa&oﬁﬁgiggﬂg:zo i njection includes locally
injecting, by using a plurality of points arranged regularly in a direction

i n whi ct t he magnetda@dhiontdprefasmang t e prainecttedmangas e toit bet ween
t he p'“ra"t%iﬂﬁcﬂPhP%ﬁbs§§gﬁe.E@Sq%ﬁ%ﬂg%a3%18%09%%'89aéﬁﬁgnﬁ Qﬁﬁ%gcstorage

medi um according to any 0O ai e aracteértzed in that t
i on-injectionrinsdardesndsi ng eit her one of an oxygen ion and an nitrogen
ion. 30 5. The net hod of, producing t he magnetic storage nedi um according to

any of clains 1 to- % ICHE ALPBr FREEBI T utAdidrl Yo SRPRFSIRG: Arex® f or mat i on
i ncl udi ng f offh NG & @Sk it than29 prORstdMEtS SE&beQ?a%reémofcog{‘l Into

the protected area, wherein he 1on-1njection Inc s 1 y

i nj ectiliy, biye appdngtige tthémi.on from above the magnetic filmin which the 5
mask is formed, the ions into an area other than the protected area
protected by the mask.

2. The method of producing the magnetic storage medium

according to claim 1, characterized in that the magnetic-

film-forming includes forming the magnetic film with a film
15 thickness in which the Curie temperature of the magnetic

film is 600 X or lower.

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

between the plurality of points.

25 4. The method of producing the magnetic storage medium
according to any of claims 1 to 3, characterized in that
the ion-injection includes using either one of an oxygen

ion and an nitrogen ion.

30 5. The method of producing the magnetic storage medium
according to any of claims 1 to 4, characterized by further
comprising:

mask-formation including forming a mask that



6. The nethod of producing the magnetic storage nmedi um according to claim
5, characterized in that the mask-10 formation includes form ng the nmask
with a resist. 7. The method of producithg the mayiietic storage nmedi um
according to claim5 or 6, characterized in that the mask-formation
includes formng the mask with a resist, by a 15 nano-inprint process.

8. A magnet i,g.51-Q% Eﬂﬁgj c LSl ng: ; gnetic section
whi ch has a nggnet?%e?l nﬁ?gﬁhgnggéog&?H%ngﬂgg%{g%gtgggﬁatﬂg%éa Curie

t enper at urewhsré0f K or | ower and in which information is magnetically
recorded; and a | ow nmagnet.i c section which has an injected filmin

which an ionis iﬁ%%%ﬁgﬁkﬂﬁp§cglﬁﬁgh%?%%é%%I%ﬁQﬂﬁ%ﬁ At RgEteI 25°% he nagneti c

filmof thespBYRELy CoiReCldPRrANELBAE S Ukalin TBgARL L Zakh i SiRl | er than
saturation magnetization of the magnetic section. 9. The nmagnetic
st or age Tredinafk ate of @ity t dhel abre8inB0 ahanzst exthzedthant blaeé t he magnetic

section is of neti ¢ dot ich .are regularly arranged in a
plurality oﬁ%ég?%5% c#%%ﬁ1 ?Euﬁgﬁ?ﬁ?QY %ﬁﬁiWﬂ? sfach of which information is
magnetically recorded, and - 30 - the |low nmagnetic section is a
bet ween- dot separatingvband provi ded between the magnetic dots and

A

obst ruct i ng®nuth@ "REGREL PE RERBIGHHY Shet ReIRaghet Feorhsts MeBlizg. An .
[ nf or mat | on. 5107 agg, deyl e, 6har acherZed. B SQPLESENGhe ooy, 8 MRONELiC

storage nmediumthat™includes a substrate, a nagnetic section which has a
magnet i1@ f i Earfarimed iowlidess dbsthiag etiseiamtihati th Gureeitenperature is 600
K or | ower

7. The method of producing the magnetic storage medium

according to claim 5 or 6, characterized in that the mask-

formation includes forming the mask with a resist, by a

15 nano-imprint process.

8. A magnetic storage medium comprising:
a substrate;
a magnetic section which hag a magnetic film formed
20 on the substrate such that a Curie temperature is 600 K or
lower and in which information is magnetically recorded;
and
a low magnetic section which has an injected film in
which an ion is injected into a wmagnetic film continuing to
25 the magnetic film of the magnetic section, and has
saturation magnetization smaller than saturation

magnetization of the magnetic section.

9. The magnetic storage medium according to claim 8,

30 characterized in that the magnetic gection is each of
magnetic dots which are regularly arranged in a plurality
of arrays on the substrate, and on each of which

information is magnetically recorded, and



10 and in which information is magnetically recorded, and a | ow nagnetic
section which has an injected filmin which anion is injected into a
magnetic filmcontinuing to the magnetix fi Il m of the magnetic section, and
whi ch has saturation magnetization smaller than saturation 15 magnetization
of the magnetic section; a magnetic head that approaches or

contacts the nﬁgneédlﬁ& l%vp?%%e@”ggi O 10, PEY fao'b%}t%éeh‘—a&éﬁ d%’%}{hﬂti

magnetically recording I nformation and nagnetically repro ng i'htor mat i on
for the maghetdcpsectdah beanec20ahhenggpasid idotscantlr obssysteing hat noves

t he magnetic he relatively to,a surface of the netic storage nedi um
to posigti on™thg® ‘?tclché{ﬁl’&pg\}ﬁg Phet d‘i‘?éﬁetjf%g%‘g?aﬁn for at |east one of
magnetically recording informati on and nmagnetically reproducing information
by the 25 magnetic head. 11. The information storage device according to
claim 16 chéradfedinfetnphlohattetrargigvereccecatiorrizecdedyh of magnetic
dots which ar Hagﬂlla,rly arranged in a plurality 30 of arrays on the
substrate, and-on each of which information is magneti cal ly recorded, and

the | ow magnetic seaidgpietiis acbetyeefedoin Separ ahcngaband previded bet ween
t he magnetic dots and obstructing - 31 - nutual nmagnetic coupling of the
magnet i ¢ dofsMagnetic section whiCh has a magnetic f£ilm formed on the
substrate such that a Curle temperature ig 600 K or lower
10  and in which information is magnetically recorded, and a
low magnetic section which hag an injected film in which an
ion is injected into a magnetic film continuing to the
magnetic film of the magnetic section, and which has
saturation magnetization smalier than saturation
15  magnetization of the magnetic section;
a magnetic head that approaches or contacts the
magnetic storage medium, to perform at least one of
magnetically recording information and magnetically
reproducing information for the magnetic section; and
20 & head-position control system that moves the
magnetic head relatively to a surface of the magnetic
storage medium, to position the magnetic head over the
magnetic section for at least one of magnetically recording
information and magnetically reproducing information by the

25 magnetic head.

11. The information storage device according to c¢laim 10,
characterized in that the magnetic section is each of
magnetic dots which are regularly arranged in a plurality
30 of arrave on the substrate, and on each of which
information is magnetically recorded, and
the low magnetic section is a between-dot separating

band provided between the magnetic dots and obstructing



mutual magnetic coupling of the magnetic dots.



