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DEVI CE Technical Field [0001] The enbodi ments di scussed herein are rel ated
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of the bit-patterned type magnetic recording nedium and an information

st orage device equipped with the bit-patterned type magnetic recording
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reduced, a so-called interference is liable to occur anong 25 the adj oi ni ng
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when recprdiﬁgnygnd C@Hé'@ﬂ &9ﬁ§BgEKdP¥c€E§§§ iﬁﬁéké C|ng gﬁEThese
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wor seni e AN hIPSE the bit- -patterned type magnetic recording medium,
and an information storage device equipped with the

bit-patterned type magnetic recording medium.

Background Art
15 [0002] A Hard Disk Drive (HDD) is currently the dominating
information storage device as a mass storage device capable
of high-speed data access and hi-speed data transfer. In the
HDD, surface recording density has increased at a high annual
rate and still now further improvement in recording density
20 is demanded.
[0003] In order to increase the recording density in the
HDD, the width of a track and the length of a recording bit
need to be reduced. However, if the width of the track is
reduced, a so-called interference is liable to occur among
25 the adjoining tracks. The interference collectively
indicates phenomena such as overwriting information inatrack
adjacent to a track of writing target when recording, and
causing crosstalk by magnetic field leakage from a track
adjacent to a track of reproducing target when reproducing.
30 These phenomena lower S/N ratio of reproduction signals and
is responsible for worsening error rate.
[0o04] On the other hand, promoting the reduction in the
length of a recording bit generates a phenomenon of thermal
fluctuation that deteriorates performance of storing

35 recording bits for a long time.



[ 0004] On the other hand, pronpting the reduction in the length of a
recording bit generates a phenonenon of thernal fluctuation that
deteriorates performance of storing 35 recording bits for a long tine.

[ 0005] Therefore, as nethods of realizing a short bit |length and a high
track density while avoiding these interference and thermal fluctuation
phenonena, a nagnet disk of a bit-patterned type is proposed (for exanple,
see Japanese[®0 Fa} ent THeref82@363 methotlibeflarda bht i ey aethdnipei magmgtt hdi sk,
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the interference and thermal fluctuation phenomenon.

Patent Citation
15 [0006] Patent Citation 1: Japanese Patent No. 1888363

Disclosure of Invention
Technical Problem
[0007] Here, as amanufacturing methoed of the bit-patterned
20 typemagnetic recordingmedium, explanation will be made about
a conventional manufacturing method proposed in the
above-described Japanese Patent No. 1888363 or the like.
[0008] FIG. 1 illustrates a conventional manufacturing
method of a bit-patterned type magnetic recording medium.
25 [0009] In the conventional manufacturing method, firstly,
in a film-forming step (A), a magnetic film 2 is formed on
a substrate 1.
[0010] Next, in a nancimprint step (B), a resist 3 made
of an ultraviolet cure resin is applied on the magnetic f£ilm
30 2, amold 4 having nanc-sized holes 4a is placed on the resist
3 so that the resist 3 enters into the nano-sized holes 4a
to become doté 3a of the resist 3. Then, the resist 3 is
irradiated with ultraviolet rays through the mold 4 so that
theresist 3 iscured, which imprints the dots 3aonthemagnetic

35 film 2. After the resist 3 is cured, the mold 4 is removed.



25 [0009] In the conventional manufacturing nethod, firstly, in a
filmformng step (A), a magnetic film2 is forned on a substrate 1.

[ 0010] Next, in a nanoinprint step (B), a resist 3 made of an ultraviol et
cure resin is applied on the magnetic film30 2, a nold 4 having nano-si zed
holes 4a is placed on the resist 3 so that the resist 3 enters into the
nano-si zed holes 4a to becone dots 3a of the resist 3. Then, the resist 3
is irradiatefo®ith ul Afaerotisdt r syrschtimopiighpehormdd i4 g athediindhetepsi st 3
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[0012]In a fsid}gsinjgaééef (D , a gap between the magnetic dots 2a is filled

with a non-magne%lc material and a surface thereof is snoothed in a

smoot hi ng stBp0YE) , Theaebjlrinyl etémg(D, & Pap petveremedhey pagmegiet i

recordi ng rrec%ysng RY fif?ec(llzv)ith a non-magnetic material and a surface

thereof is smoothed in a smoothing step (E), thereby completing

10 abit-patterned type magnetic recording medium 6 in step (F) .
[0013] According to such a conventional manufacturing
method, in the smoothing step (E), a highly accurate smoothing
needs to be performed to stabilize floating performance of
amagneticheadonthemagneticrecordingmediumé. Therefore,

15 there arises a problem that a very complicated manufacturing
process may be required and that manufacturing cost increases.
[0014] To avoid these problems, a processing method that
creates a separated state of dots by doping a magnetic film
with ion to change magnetic state locally {(ion doping method)

20 is considered. Since magnetic property is changed by ion
doping, no complicated manufacturing process of the etching,
filling, and smoothing is needed, thereby substantially
reducing manufacturing cost.

[0015] However, a simple application of the icn doping

25 method is only effective in the reduction of magnetic
anisotropy and almost ineffective in changing saturation
magnetization. Therefore, the interference and thermal
fluctuation phenomenon still remains and the ion doping methoed
is not yet in practical use.

30 [0016] In view of the foregoing, it is an object according
to an aspect of the invention to provide an easy manufacturing
method with which it is possible to produce a bit-patterned
type magnetic recording medium, a magnetic recording medium
which has large a recording density and may be produced with

35 the easy manufacturing method, and an information storage



[ 0013] According to such a conventional manufacturing nethod, in the

snoot hing step (E) , a highly accurate snpothing needs to be perforned to
stabilize floating perfornmance of a nagnet ic head on the nagnetic
recording medium6 . Therefore, 15 there arises a problemthat a very
conpl i cated manufacturing process maybe required and that nmanufacturing
cost increases. [0014] To avoid these problens, a processing method that
creates a sepmwnted state of dots by doping a magnetic filmwth ion to
change magnetic state locally (ion doping nmethod) 20 is considered. Since
magnetic property is changed by ion doping, no conplicated manufacturing
process of tTEnhmitmhgsoImtiéng and snoot hing i s needed, thereby
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I ncl udes: into portions of the magnetic £ilm other than plural portions

thereof each becoming a magnetic dot in which information is

to be magnetically recorded, the dot separation band having

15 a saturation magnetization smaller than that of the magnetic
dot.

{c018] According to another aspect of the invention, a
magnetic recording medium in a basic mode includes:
a substrate;

20 plural magnetic dots provided on the substrate, each
of the magnetic dots having an artificial lattice structure
in which plural types of atomic layers are alternately
laminatedonthe substrate, and informationbeingmagnetically
recorded into each of the magnetic dots; and

25 adot separationbandprovidedbetween themagneticdots,
the dot separationbandhavinganartificial lattice structure
continuous to the artificial lattice structure of the magnetic
dots, having a saturation magnetization smaller than that of
the magnetic dots by an ion implanted into the artificial

30 1lattice structure of the dot separation band.

[0C19] According to yet another aspect of the invention,
an information storage device in a basic mode includes:
a magnetic recording medium including:
a substrate;

35 plural magnetic dots provided on the substrate,



formng a magnetic filmhaving an artificial lattice structure by

| am nating plural types of atomc |layers alternately on a substrate; and
10separating dots, which fornms a dot separation band by inplanting an ion,
to reduce saturati onmagnetization locally, into portions of the nagnetic
filmother than plural portions thereof each becom ng a nagnetic dot in
which information is to be nmagnetically recorded, the dot separation band
having 15 a sat ur adadcin afaghetrazaié oic siotld bavthgnan featt iofidieel daghdtiec dot .
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themagnetlcdotsbyanionimplantedintotheartificial
lattice structure of the dot separation band;
a magnetic head that records and/or reproduces
information magnetically onto and/or from the magnetic dots
15 by closely approaching or by making contact with the magnetic
recording medium; and
aheadpositioncontrolmechanismthat moves themagnetic
head relatively with respect to a surface of the magnetic
recording medium and positions the magnetic head on a magnetic
20 dot as a target of information recording and/or reproducing
by the magnetic head.
[o020] According to the aspects of the manufacturing method
of amagnetic recording medium, the magnetic recording medium,
and the information storage device, it is possible to realize
25 an easy manufacturing method, since the dot separation band
is formed by ion implantation, thereby eliminating the need
for complicated manufacturing process such as the etching,
filling, and smoothing. Furthermore, the implantationof ion
into the magnetic filmhaving theartificial lattice structure
30 lowers saturation magnetization enough sco that the
bit-patterned type magnetic recording medium with high

recording density can be actually manufactured.

Advantageocus Effects
35 [0021] As explained above, according to the basic modes



each of the magnetic dots having an artificial lattice structure in which
plural types of atomic layers are alternately |am nated on the substrate,
and information being magnetically recorded into each of the magnetic 5dots
; and a dot separation band provided between the magnetic dots, the
dot separation band having an artificial lattice structure continuous to
the artificial lattice structure of the magnetic dots, 10Ohaving a
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FIG. 4 illustrates a specific embodiment of a

15 manufacturing method of the magnetic recording medium, in
contrast to the basic mode of the manufacturing method.

FIG. 5 is a drawing of a first exemplary embodiment.

FIG. 6 is a graph illustrating the effect of ion
implantation on coercivity in the first and second exemplary

20 embodiments.

FIG. 7 is a graph illustrating the effect of ion
implantation on saturation magnetization in the first and
second exemplary embodiments.

FIG. 8 is a graph illustrating the effect of ion

25 implantation in the third and fourth exemplary embodiments.

FIG. 9 is a graph illustrating the effect of ion
implantation in the third and fourth exemplary embodiments,
and in various types of modification examples.

FIG. 10 is a graph illustrating the effect of ion

30 implantation on coercivity in a comparative example.

FIG. 11 is a graph illustrating the effect of ion
implantation on saturation magnetization in a comparative
example.

FIG. 12 illustrates a confirmation result of magnetic

35 | dots by MFM.



of the manufacturing nethod of a magnetic recording nedium the magnetic
recordi ng medium and the information storage device, it is possible to
realize the magnetic recording nediumw th high recording density in an
easy manufacturing nethod. 5 Brief Description of Drawings [0022]FIG 1
il lustrates a conventional manufacturing nmethod of a bit-patterned type
magnetic recording medium FIG 2 illustrates an internal structure of a
hard di sk 10 device (HDD) as a specific enbodi nent of an infornmation

st orage devi %%tb':o%e %drs A& ﬁ’Peqecéd e,f[ﬁ/é ei%?&lﬂ? ically illustrating a

structureo erne I't Tecording disk. FIG 4
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illustrating ect I-on of ‘on-sat Uratt o nagne Fzatton in
the first ad@gvesorkpbeamEdrin 3i@ARENts. FIG 8 is a graph illustrating

the effect O[f00i2%r] FIG. 2 illustrates an internal structure of a hard
disk device {HDD) as a specific embodiment of the information
10 storage device.
[0025] AHDD 100 illustrated in FIG. 2 is incorporated into
an upper device like a personal computer to be used as an
information storage section in the upper device.
{0026] In the HDD 100, plural disc-shaped magnetic disks
15 10 are housed in a housing H in a state of overlapping one
another in the depth direction of FIG. 2. The magnetic disks
10 are so-called perpendicular magnetic recording media in
which information is recorded by a magnetic pattern of
magnetization in a direction perpendicular to the front and
20 back surfaces of the magnetic disks. The magnetic disks 10
arealsoso-calledbit-patternedtypemagnetic recordingmedia
in which dots for recording bit information therein are
previously formed on locations on the front and back surfaces.
Themagneticdisks 10 rotateaboutadisk axis 11, and correspond
25 to a specific embodiment of the magnetic recording medium of
which basic mode has been described in SUMMARY.
[0027] In the housing H of the HDD 100, there are also
incorporated a swing arm 20 that moves along the front and
back surfaces of the magnetic disks 10, an actuator 30 used
30 to drive the swing arm 20, and a control circuit 50.
[0028] The swing arm 20 mounts on its tip a magnetic head
21 that writes and reads information onto and/or from the front
and back surfaces of the magnetic disks 10, and is pivotably
supported by a bearing 24 tc the housing H. The swing arm

35 20moves the magnetic head 21 along the front and back surfaces



25 inplantation in the third and fourth exenpl ary enbodi nents. FI G
9 is agraph illustrating the effect of ion inplantation in the third and
fourth exenplary enbodi nents, and in various types of nodification
exanples. FIG 10 is a graph illustrating the effect of ion 30 inplantation
on coercivity in a conparative exanple. FIG 11 is a graph
illustrating the effect of ion inplantation on saturation magnetization in
a conparati o€ tkenphgnetic disks 10 st @ivialdlyustornetres vwltdolrii rmati on
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device.
[0030] FIG. 3 is a perspective view schematically
illustrating a structure of a bit-patterned typé magnetic
recording disk.
15 [0031] In FIG. 3, a portion cut out from a disc-shaped
magnetic disk is illustrated.
[0032]  The magnetic disk 10 of FIG. 3 has a structure in
which plural recording dots Q are systematically arranged on
a subgtrate 8, and information equal to 1 bit is magnetically
20 recorded in the respective recording dots Q. The recording
dots Q are concentrically arranged around the center of the
magnetic disk 10, and a row of the recording dots Q forms a
track T.
- [0033] A gap between the recording dots Q is made into a
25 separation band of which magnetic anisotropy and saturation
magnetization are lower than those of the recording dots Q,
and by the separation band, magnetic interaction between the
recording dots Q is made small.
[0034] In this way, if the magnetic interaction between
30 the recording dots Q is small, then magnetic interaction
between the tracks T also beccmes small when
recording/reproducing information onto and/or from the
recording dots Q is performed, resulting in so-called less
interference between the tracks. Inaddition, since lecation

35 of the recording dots Q are physically fixed like this, a



magneti zation in a direction perpendicular to the front and 20 back
surfaces of the magnetic di sks. The magnetic disks 10 are al so so- called
bit -patterned type nmagnetic recording nedia in which dots for recording
bit information therein are previously fornmed on | ocations on the front and
back surfaces. The magnetic disks 10 rotate about a disk axis 11, and
correspond 25 to a specific enbodi nent of the nagnetic recordi ng nmedi um of
whi ch basi cbmddah&soba‘arﬁodmad:ribhdditmtSlleEMorﬁ@ﬂﬂc}dmnbheflmtsmange H of

t he HDD 100_. t her ncorporated a sw rm2 hat | ong
the front aRBCHRER uriea bl vohBohE s fe i Lhe He e T i Lo
30 to drivephbacsenng.ar s 20reantita azmﬂrchﬂng:todnhet b56-pBﬁﬁé8h§tiet}spe ng arm
20 nounts on_its, tip,a eti ead 21 it atvvr es, and d info tio
onto and/ or ?98ﬁ1tt1ﬁedr?}gﬁt%naﬂd§%€t%’sb\%fjrfcggsgﬁ EL EB s"ﬂlé% and

I S pi votmabl gf stippartedtshynd ﬂzceahbrﬂgeﬁéltlt@ 1ta|mgt&nom§|mga Hecaiadlsgnbn;}:sar m 35

20 h d 21 he .f il back surf fth
magnet i o i CRECEBT g SRIVRLER § o NRRb ol LA S5p BHCL . St il g

the beari ngr2doasingedeastiely.. The magnetlc head 21 corresponds to an

exanpl e of ﬁggag?gnet | ngr},}ead Om asr Cma@r?f%cgt%éhf%' néghggtégnﬁﬁéorage

devi ce. rea I'Ng ol |n orna e magnetic head 21
and m)venentnaghethle aem%ﬁlargemdnquIJJOedsbyempiammdrol circuit 50, and

conmmuni.cat i L pt or n Wt nper devr . aI erf ough

t he cothCO?oI Tgpéglitn?ofc’o"rhe lclrc}l'n“?srq:o T cli b %%l OF r'e Sp oan I?%n%ﬁ %ﬁéﬁpl e of
t he head pomiani.uﬁactOrc'Lnrgtmajihdﬂaolﬁa:rhesmgnethe riamndnngtme@iumbé whif e mat i on
st orage devbgglq{ ngtgt%lgopégbzﬁgsgglt%%%ct ive view schematically

illustrating a’s erned type magnetic recordi ng disk.
15[ 0031] I n EPG37B, a porcondmrasit touthé e iz diosie- sfiapleel manufacturing

method of a magnetic recording medium described in SUMMARY,
15 it is preferable to employ an application mode that “the
manufacturing method of a magnetic recording medium further
includes: forming a mask on the magnetic £film, at the plurality
of portions each becoming the magnetic dot, the mask blocking
ion dope in the magnetic dot, wherein the separating dots
20 irradiates an ion from above the magnetic £ilm on which the
mask is formed at the plurality of portions and implants the
ion locally in a portion between the magnetic dots protected
with the mask”. According to this application mode, since
the portions where ion implantation is unnecessary are surely
25 protected with the masks, thereby achieving high accuracy in
forming the magnetic dots. A specific embodiment to be
explained in the following is also a concrete embodiment of
such a preferable application mode. '
[0038] By the manufacturing method of FIG. 4, the magnetic

30 disk 10 of FIGs. 2 and 3 is produced.
[C039] In the manufacturing method of FIG. 4, firstly, in

the film-forming step (A), a magnetic film 62 is formed on
a glass substrate 61. This film-forming step (A) corresponds
to an example of the step of forming a magnetic f£ilm having

35 an artificial lattice structure in the basic mode of the



magnetic disk is illustrated. [0032] The magnetic disk 10 of FIG 3 has a
structure in which plural recording dots Q are systematically arranged on-a
substrate S, and information equal to 1 bit is nagnetically 20 recorded in
the respective recording dots Q The recording dots Q are concentrically
arranged around the center of the magnetic disk 10, and a row of the
recording dots Qforns a track T. [0033] A gap between the recording dots Q
i s made intfaauZhctepanat methdnd ot whigtle trirg reidor dmigs ederdipym andhe
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artificial lattice are also lost.
[0040] In the basic modes of the manufacturing method of
15 a magnetic recording medium, the magnetic recording medium,
and the information storage device, it is preferable that the
artificial lattice structure has a structure in which a Co
atomic layer and a PGM (Platinum Group Metals) atomic layer
are alternately laminated, or has a structure in which a Co
20 atomic layer and a Pd atomic layer are alternately laminated.
This is because a magnetic film with the artificial lattice
structure formed by alternately laminating the Co atomic layer
and the PGM atomic layer has excellent magnetic property as
well asallowingdeteriorationof themagneticpropertyreadily
25 Dbytheafter-mentionedionimplantation. Amagneticfilmwith
the artificial lattice structure formed by alternately
laminating the Co atomic layer and the Pd atomic layer further
excels in the magnetic property. The artificial lattice
structure formed in the film-forming step (A} corresponds to
30 an example of the preferable artificial lattice structure.
[0041] Note that materials to form a magnetic film having
the artificial lattice structure in the basic modes are not
limited to the preferable materials described here, and any
materials known to be capable of forming the magnetic film

35 with the artificial lattice structure can be used. However,
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[0037] I n contrast to the basic node of the manufacturing nmethod of a
magneti c recordi ng nmedi um described in SUMVARY, 15 it is preferable to

enpl oy an application node that "the manufacturing nethod of a magnetic
recording medium further includes : formng a mask on the magnetic film at
the plurality of portions each becom ng the magnetic dot, the mask bl ocking
I on dope in the magnetic dot, wherein the separating dots 20 irradi ates an
i on from aboMeHd&oragndnigCekplananishi cit tbeasmsked & Hadr tied netgridiei c

plurality of, portions and inplants .t ion locally in a portion between the
magnet i ¢ dof‘%E?er &fe P@H‘e% Pﬁppﬁeaﬁgs%%.' According to this application node,
since the popbhons whene i 9A 110 i rts stepe B sal YeaiaetseB elade5

protected £, £ 15,185k el ey, ag DLy A A BEH Al Lo T € 1
al so a @onceet eteghodinId ef hetdhoanphef-eiakldehappki 6ati ho phaeed [@038] By
3 1 s pr oduc BA® U] P FhE NAEPEAAT Hy et T e o T P DT 152 n  he
filmform ngoskepsfd)to Wedmgnealots fdlancE2the tested 6B. a Diasmafndmsirate
oL, s {LBRIoL 20 68 A, SO ePRena,d o ST Ly LURCR AR O
basi c nmode mbl@he4 tenuhiast théngestshos pfwiai cingihmpd tnt e coeli dg- stegaim  The
Ronet 1 D SR REeSe Pl Sl AL B ALatbiog, | £ el 8 G atom e
conbi nati onmofidt be €s atmoied.ayer 62a and 5 the Pd atonic layer 62b, the
LY ckness ghle P AL LONGEI0R0SERAR ) MGR. RN dlbpkness
upper |imtfoim2 bheimasletoyt oeshetCoiatmmefetalybe BP4hienbahecthodkmess of
thi cknoss of 19 TRBRAGCo i re eetef 8 Tagibt B e R ol dlde
exceedilty thhsapppecationtmodderhat “the dugidered nhak physscelre mask
Ch et o | FhVERERCELEHARICENR, LBl B, Sebifiiale) Bl o glaniast
preferable. Forming a mask by resist is favorable, since it
enables eagy creation of mask patterns in nano level. The
nanoimprint step (B) of FIG. 4 corresponds to an example of
20 the step of forming a mask in these preferable application
modes.
[0044] Followihg the nanoimprint step (B), the procedure
continues to an ion implantation step (C). In the ion
implantationstep (C), oxygenionornitrogenionisirradiated
25 from above the magnetic film 62 on which the dots é3a are
imprinted, to implant the ion in the magnetic film 62 so as
to reduce saturation magnetization, while leaving magnetic
dots 62c protected by -the dots 63a of the resist 63. Since
the magnetic film 62 has the artificial lattice structure,
30 the saturation magnetization of the magnetic film 62 can be
effectively reduced by the ion implantation. The nanoimprint
step (B) corresponds to an example of the step of separating
dots in the basic mode of the manufacturingmethod of a magnetic
recording medium. Here, in the basic modes of the

35 manufacturing method of a magnetic recording medium, the
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15 a magnetic recordi ng nedium the magnetic recordi ng nedium and the

I nformati on storage device, it is preferable that the artificial lattice
structure has a structure in which a Co atomic |ayer and a PGV (Pl ati num
G oup Metals) atomc |ayer are alternately |am nated, or has a structure in
which a Co 20 atomc layer and a Pd atom c |ayer are alternately | am nated.
This is because a magnetic filmwth the artificial lattice structure
formed by ahkzetneatiel yedandivag medithe abe ttehfokaged oamt drayeRidw atem c

| ayer has excel,l ent netic property as well,.as .allown terioration of
the magnet | & Cprep@ey TaRdE [ty SRERPY D AR LTRSS o rpl T at i on
Amagneti c f sielairsittihg Aetar ibébchnlldadt ieciisdy wodyyen flonned hitadbgennat el y
| am nating the Co_atomg, | r and the Pd_atomi c |ayer further.excels in
Lhe magneti doDDERE g i The SHEP ARSI 1SR FRE o WETLACH B RGP § TOTHa
filmform ndost ean( Ardceer magaads ct prapeanyesdnphe whghbeipr £iemabbee
artificial lattice structure. 00 Note that materials.to forma
magnetic fi TSN, 5‘tyh tn(iﬂt i aﬂﬁﬂeﬁ ti ¥ sﬁl?%cjﬁ}ﬁear&eq e b=df ¢ nodes
are not |i matred fieiale lptafieraldteruetherd al s descri bed here, and any

materials k ob abl e far t_.he .magnetic_film 35 w.th the
Crtifioial ID0As1e cadEbEratad bemunéﬁg.nﬁw}’gﬁl,mﬂ ﬁ];‘?r%e%sr"r 8\/%%%':

expl anat i on coirip lies ed Sstmovéd atrehhien pagnedns whiehs tlse Lonriedingil Botedid Pd.

[ 0042] t, .in _the napoi nprint_ste ,_a resist,. 63 e of _an

i v E et it gﬁiéﬁpp& & the Fhande eﬁoﬁﬁf“?ﬂ%;og?%%;%:%! g o4
avi ng nanotdirveghhohesrédast sapd aces imp aded esmaghatitchfilwesi s
63 enters into the_nano-sized hole 4a t q.be ot f ,the resist

53, “Ther eat 8, “PRESRaerE ST 168 g TP SRR At 13, BBReR (408 {Ffouon

t he nol d 64pbotdomne thhe nesmatie63ntwhibe doprédas,t hkedbos B3astidppadt he
magnetic fil .. After .the. .resj st |2 d, gé}? i %pgy d.
[ 0043] Her e, a?ngégp@ieggtﬁtorﬁ%g’ytt ﬁaet%'%r{%egc%hfem% ae{rr%ésgf%’nétl{l e rgsk by
resi st"1%s pmefddalgl éotrmatienbadi e dedérefl Ghet pahtéant urdeee herabionf a

magnet i re%%ﬁ@%&%kggdwﬂ‘ ié”geé%hé‘%hsa%' R il%“iBBdEm#'ﬂéhtéE'i‘Snf PR NG a
mask forns the S y resist wth the use of nanol nprrnt process” is
further preftengsirepoFoinmnngf £heamkgbptiesisimia f Hudr abkeacet heeatiornabl es

easy creatiQiQf, JIBSK PALLRS OQFEBs” eﬁﬁn\.’ﬁé'oﬂr '&etl;{)?é%ff&rc}n%t aflieh &8) of
FIG 4 corresponds to an exanple of the step o ormng a mask In these
pref erabl e dpplliecaticpanadads on 0be4iieprhoiPngheheent@di PPYE RPN sPEpLE®) |

the prog@duf@gnetic film and on a material of the magnetic film. The
portions of the magnetic film 62 where the ion is implanted
reduces its coerc'ive force and saturation magnetization by
distortion in the artificial lattice structure due to
accumulationof the ion in.side theartificial latticestructure.
25 After the ion implantation, the dots 63a of the resist are
removed by chemical treatment.
[0046] Through the ion implantation step (C) like this,
a separation band 62d that separates magnetic interference
among the magnetic dots 62c is formed in a gap between the
30 magnetic dots 62c¢, and the bit-patterned type magnetic
recordingmediuml0 is completedinstep (D). Intheseparation
band 62d, saturation magnetization is lower than that of the
magnetic dots 62c, thereby information is only recorded in
the magnetic dots 62¢ and not recorded in the separation band
35 62d.
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continues to an ion inplantation step (C) . In the ion inplantation step
(C , oxygen ion or nitrogen ion is irradiated 25 from above the magnetic
film®62 on which the dots 63a are inprinted, to inplant the ion in the
magnetic film 62 so as to reduce saturation nmagnetization, while |eaving
magneti c dots 62c protected by the dots 63a of the resist 63. Since the
magnetic filmo62 has the artificial lattice structure, 30 the saturation
magneti zati oppo®471 he mROKie: nadriduidbZeesrdbagand&ihh el proadueadoPpytHehe ion

i mpl antation. The nanojnprint sie B) corresponds to an anpl e of _the

step of sepdf3tY CEIWFJSHH%)ﬂ‘etth’ké’c{)ég?‘és%rﬁﬁEegfl'{)%ggnaﬁuﬁgﬁ’PﬁﬁngS flrrg?ﬁ’ of a

magneti c reamdghdeigi dredi um sHef6rméA thethaskelnpdesmohgt Beep5 (Randkact uring

nmet hod of a magnetjc tecor.di ng} medi um tge rr&cj;netic recordi ng nedium and
FERess ga

the i nf or mat TSI HREGETV &8 PP PEOB L TER ipto A %4t i on

mode t haﬁ " tdrec afpated segadat sonsemdat 24 Fasimitid bee saxfgeR ¢ Dmagheliiltr ogen
ion as the ion" Thi [

ijs is because the oxygen ion and the .nitrogen.5 ion can
 educe magnetCTTIRBITSADIN { he: nagIRAS 0TS 1 B FROPUDS FEP (Raf BRhon
ot her ions atenvemt boii£l tachkheqaetiilabalatsatit inerstr uct beeomes

0045] Addi ti | 1 in th ' int,.th | St | t, I I
romoved ever HIE ST DRs TEr CORRRIRHEFL: | hBF ahRBUESSBORb T, BPEae

aporti onwhergl Iherr®seStinhsFidi ng iesimplpaseds through the resist and are

I mpl ant in e magneti.c.fil m62 ereas_at Qrtion ret resist
Pt caS i "Lodaf orERCHafsiof, *an ERE FEtuRa st Shapechig Lo g
stopped at the thesmatmettibodbt & swhiang phetsagedtbe thid aptshesgL the
enabling formation of a. desired dot patter.n. cel eration voltage.of ion is
ot 50 a5 + G HRALTTRS 1 A1 MAGRE o Sar: FRTeF% RERddRe: | ¢
film62, butidmersaticet mrratomm wiidlagesurddoe o thar magneependergrding t ype
of ions and 0 | es,_depending on the depth to the.cent portion of the
20 et ¢ TIEREA G aTha crra E0pe ¢ e hBneeRc PR EES TRBEP ons of

t he magmét i ciriplanit: idre rimtichee ceasasyi prpt tabres weddubg si irtasd icoeiey venf or ce
and saturati et i i by di tion.in.the artific] lattice
structure du%g% o@gﬁ%@n%‘%?l?%%f 0 llf%%&l:’ oiﬁlll'lcr%%]f 11égt ngoé}l?#?}rgi:gl' lattice
structure. 2B02ker ths the foplentiey icormnpilseryendbodnenfo st htecksisblar e

removed by ahepleal dreajtent, oL oguelThrough the hon FUBLADLAL! BcRLEP (O

like this, a 'separation és nagnetic In erence anong
t he magnet i ci Hotstiseed sifiofF@d 4 nt@ gagreei benmaherial or the like.

20 [0050] FIG. 5 is a drawing of a first exemplary embodiment.
[0051] A well-cleaned glass substrate 70 is set in a
magnetron sputter unit and subjected to vacuum pumping to 5
X 107° Pa or less, then without heating the glass substrate
70, fcec-pd that is (111) crystalline-oriented at Ar gas

25 pressure of 7 Pa is formed in the thickness of 10 nm as a base
layer 71 todirect crystalline-orientationof amagneticlayer.
Explanation of the step of forming the base layer 71 is omitted
in the manufacturing method illustrated in FIG. 4.

[0052] Then, successively, without restoring to

30 atmospheric pressure, a magnetic film 72 formed of a Co/Pd
artificial lattice is repeatedly laminated in 16 layers such
that the film is structured to have the Co/Pd thickness of
0.3/0.35 nm at Ar gas pressure of 0.67 Pa. This structure
of filmthickness means anartificial lattice inwhicha single

35 atomic layer of Coanda single atomic layer of Pd are repeated,
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30 magnetic dots 62c, and the bit-patterned type nagnetic recordi ngnedi um
10 is conpleted in step (D). In the separation band 62d, saturation

magneti zation is | ower than that of the magnetic dots 62c, thereby
information is only recorded in the magnetic dots 62c and not recorded in
the separation band 3562d. [0047]1n the nmagnetic recording medi um 10
produced by the manufacturing nmethod illustrated in FIG 4, snoothness of

t he magneti gnfli tie G tda0r medm Bhtib&nkisknef orme npoateampi  Af livs 7Rui ®tidl ned as
it is, as snpot hness between the magnetic dot 5 62c and the separati on band
62d form ng™Phe surface of magnetic recording nedium 10. Therefore, the
snmoot hi ng stepsdh t hevftewvehtifonadatiienhof ik inhgnetdatfeidn n2Flddanforiiecones
unnecessary d consequent | th nuf act yring nethod |1l ustrat in FIG
21 ot ol | PSR SF TOAMBR 17 5 Ch ORIt B Cife? HANOF hP FRECIRPRAT S Fl G
4, the rmgnesic Elopsafi@cianeohrbeested df fidrenidet shé3arofetthion dsiysr
inprinted op_the netic film®62,. therebh nabling ign radiati.on on.a
whol e surfaga oF ﬁ%on%‘ah‘é{:?@ 12 i Ry %&Jﬁjﬂg g‘fe@'h%& slgLnleu%rTrnaet,e%\hi ch

can realizeihheIeon4l5 inplantation into necessary portions well by

irradiating,l or f ew.secqnds i.t hout hj nderi roductivity.
[0049]In t hébggﬂﬁ ow %b & &Isyagﬁ&&ﬁn@ﬁt E%let%]é‘ﬁﬁ‘ig%g lgf ﬁej(: s’;%/traend
verified byuappbythg ridreo irpwifaic tprocepseptzhadlunhast rasedtipati€&nd’4 o a
specific material .or i ke, 20Q0[.0050] FI.G i S drawing of a first
exenpl &Yy eWEBEPRERE. EF@OE‘E‘] Ar‘\/\él%-mglééné‘g © éadgubstrate 70 is set in a
magnet ron s@obssil uniA Nahdosubb ectesd drm et tond ketpisgitvadiatdg-frdea or

| ess, then without, heating t |.a Sth feg: i 111)
crystalli ne\-é\%??’sn?%% %‘_’ft'—ﬁ\‘%rbgé %8 %geééslt%’ree lg'%ﬁ‘?zggdl gﬁFggtrrlté%q%ar#rf%%l]&

t hi ckness ofil@d T8n a=adbaseibeafeabovid, thediceel exaysonlvdliteareoofariat i on

of a magneti¢_|I. r.. I i of _ t. rJq ]l gyer 71

s omted L ERE AT ARPr i TR Fod TR e T e P WG e,

successlisel pf maghetticr §$flor 78g tBds a result of SIMS analysis, it is
confirmed that the ion is implanted to an exact depth specified

as a set wvalue.
[0056] Following the ion implantation, the resist pattern
74 is removed by SCI cleaning, and the first exemplary
20 embodiment is obtained.
[0057] In contrast to the first exemplary embodiment, a
second exemplary embodiment is obtained by reducing the
repetition of the artificial layers in the magnetic film in
half, thereby forming the magnetic film in 8 layers having
25 the film thickness of 5.2 nm.
[0058] FIGS. 6, 7 are graphs illustrating the effect of l
ionimplantationinthe first andsecondexemplaryembodiments.
Horizontal lines in FIGS. 6, 7 denote the dose of ion
implantation, whereas vertical line in FIG. 6 denotes coercive
30 force and vertical line in FIG. 7 denotes saturation
magnetization.
[0059] As illustrated in these graphs, it is confirmed that
inboth of the first exemplary embodiment in which the magnetic
film has the thickness of 10.4 nm (a graph of a dotted line)

35 and the second exemplary embodiment in which the magnetic film
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30 atnospheric pressure, a magnetic film72 formed of a Co/Pd artificial
| attice is repeatedly lamnated in 16 |ayers such that the filmis
structured to have the Co/Pd thickness of 0.3/0.35 nmat Ar gas pressure of
0.67 Pa. This structure of filmthickness nmeans an artificial lattice in
which a single 35 atomc layer of Co and a single atomc |ayer of Pd are
repeated, and the total filmthickness of the magnetic film72 is 10.4 nm
[ 0053] Aft er nhBether AR tkAeeE bliesnaonmt ie §raph728f alisobhd line) carten is
formed in the thickness of 3 nmas a_protection |ayer %73. EXé3| anation of
%60 Reiti)

the step of CPEFRING £RECHr G6C SahyrAtien mag ¥ 35 t he

manuf act uri Agagetbad 1l Fegueatiedhen Ehe dése 6054bA 1msishtasiappised on
the protection film73 and, usi ng t he nanoi _npr,int. process, a col umar
resi st patt&rh074 (25OREASHr | ngt 1485 Hm iThah drfet &Y (2R 19 (G55 A N2+
ion 75 axcelfrattek hag®e kBY i Smilavadicptiedat-t 0 abavea afthd dqeadteueidde so as
to be inplanted into. the IEﬂg_;t_netic film72. As descr.i bed .above, .t he

accel er at | oR2gBELAGe 10F STRETEDT &S AL Fhgh &2 {595 (53t & ed into

the center pa@fkiceavedyokredmgeet.i cThilderiRaldy,aifeshbt dobeSklifSiamal ysis, it
is confirmed that the ion is inplanted t,o an exact

) , ,depth specified as a set
val ue. [0058TRIRPEREAGT: FR2FBAS It Rantldt | R LR e ing -eFﬁeH the 74 s
renoved by 8gliceheasi oF, taedmakeetiiicstt idreny ared@deodientori s obt ai ned.
[0057]|{6C09%£?§%t% iEQE éé&ging ?ggh%&%o%mggghg%%hhe%scx1thesurface
of the recording medium. Therefore, it is better to control
the dose of ion implantation in less than 2 x 10'° (atoms/cm?),
or more preferably in 1 x 10'® (atoms/cm®) or less.
[o060] In contrast to the first and second exemplary
15 embodiments, a third exemplary embodiment in which the total
thickness of the film is 20.0 nm is obtained. It is obtained
by repeatedly laminating a Co/Pd artificial lattice in the
film structure having the Co/Pd thickness of 0.3/0.7 nm in
20 layers (i.e., artificial lattice in which a single atomic
20 layer of Co and two atomic layers of Pd are repeated). In
contrast to the third exemplary embodiment like this, a fourth
exemplary embodiment is obtained by changing a type of ion
to be implanted to 0** ion. 1In this case, the ion implantation
into the center portion of the magnetic film is realized by
25 the acceleration voltage of the ion at 22 kev (N*'), 24 keV
{024-) .
[0061] FIG. 8 is a graph illustrating the effect of ion
implantation in the third and fourth exemplary embodiments.
[0062] A horizontal line in FIG. 8 denotes the dose of ion
30 implantation, and a vertical line denotes saturation
magnetization.
[0063] As illustrated in FIG. 8, it is confirmed that also
in both of the third (a graph of dotted line) and fourth (a
graph of go0lid line) exemplary embodiments in which the film

35 thickness or the type of ion is different from that in the
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second exenpl ary enbodi nent is obtained by reducing the repetition of the
artificial layers in the magnetic filmin half, thereby formng the
magnetic filmin 8 layers having 25 the filmthickness of 5.2 nm

[0058] FIGS. 6, 7 are graphs illustrating the effect of ion inplantation in
the first and second exenpl ary enbodi nents . Horizontal lines in FIGS. 6, 7
denote the dose of ion inplantation, whereas vertical linein FIG 6
denot es coerfinmer Hhd ofeconddexefplany tbedinehts, Thdepatasasabnration

tization, [0059]As ill ted in th hs, it,i firmed that
nboth of CRETITTCRAGkRhpt &1 ETbUaR ok Lo Rt HEE Re tEGREERcoF | KPha

the tlhi Ckne%n%aﬂ%ﬂi&ﬁnj(g}i ]ﬁ&?ﬁ@lsofa@orﬁ@}’éﬁl Idxn@bsatS.hantq?]Utlgs,sqctoaf@ : s
exenpl ary enbodi nent _i i C e, magnetic film has the thickness o

o (8 ot aph GRS IR E GURTDIE: AT (G dd (PRLAR e
magnet i zgt i admtas ehdmasirieal d ¥iladimahglies atrthe fdedalofat oice gplrantatieon i s
1 x 1016 (atons/cnR) or |ess. .Th [ by inplanti the ion 5 .

i ot hemmgnAILCERR R ISR T G PrBf Shat ATRaT ke st 9T ¢! OFaBagpes ic

i nterferencefotaong the nagnetic dots can be effectively reduced.

I nci dental |y t he n _reaches t

| ose.of ion inplantati 2 .x.,1016 ,
(at ol cn2) 6196k oc PREEPEREORR: o hee S TarCtng fraglotrBIAREAT SN dduced by
the ion 10 ivgtiafied iande tals bygolt $1mphd aaxdfowsogpbsestmodifheasdbhace of
the recording nedjum. Therefore, it is better to control .th ose, of ion
ol ant 401 or P AR RAATPGnh s YRR ORBP B8 Bor EPAPBEEPAbFPILR 5 x
1016 (at ons/len@)n@rHeesame| OD60 ] U cland s st riur tidye Gisr $h t@nel t3doahend
exenpl ary 15 .enbodiments, a third eppl ary enbodi nent in which the tota
t hi ckness cé%qﬁmfhﬁﬁg%i%?%ﬁp%ﬁﬁ%1?§%%%¥%?ﬂ%ﬁ: It is obtained by repeatedly
| am nating a[d@@Hd ar FIGi.cpalksl at grephi hllhstirbkdngt thet efé&ekayv pifigithe
Co/ Pd t hi ckn 0.3/0..7 i I r (€. ti fiCi | ' in
uhi oh = i ngrP LS 500 Hhyde bRes S b Ut sweliare’ sfbpaplihfe.
repeat edlp. landordrimsts toypee ohimoddekeopt oy ernbodliesnt |ike this, a
fourth exenp enbodi nent i bt.ai ne [ han be
I mpl ant ed toﬂéééﬁ% on.gF%Bt ?§§%%Séﬁ ?hgog%ﬁgﬁﬁ% a%%%?f%%ﬁﬁﬁ?otﬁhedégﬁter
portion of tdfe imagAepilentiatmons aedl & zezrbic2b Live deetesashabnragitage of

the ion at %%dﬁ%@figgﬁon?4 keV (02+)
[0067] In FIG. 9, the graph of the above-described third

20 and fourth exemplary embodiments is again illustrated. FIG.
9 alsc illustrates graphs of four types of modification
examples in which types of ion implanted is any of F*, He",
B*, and Ar". Either of the graphs of the modification examples
indicates a basic tendency that the saturation magnetization

25 1is drastically reduced when the dose of ion implantation is
1x 10 (atoms/cm?) or less. However, viewing froma reduction
rate with respect to the saturation magnetization when the
dose of ion implantation is zero, it is known that N*' and
0** exhibit superiority over the other types of ion.

30 [0068] In contrast tc the above-described exemplary
embodiments and modification examples, as a comparative
example, amagneticfilmhavingnoartificial latticestructure,
implanted with ion is created and the effect of the ion
implantation in the comparative example is checked.

35 [0069] In the comparative example, on a glass substrate,
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[0061]FIG 8 is a graph illustrating the effect of ion inplantation in the
third and fourth exenplary enbodi nents. [0062] A horizontal line in FIG 8
denotes the dose of ion 30 inplantation, and a vertical |ine denotes
saturation magnetization. [0063]As illustrated in FIG 8, it is confirned
that also in both of the third (a graph of dotted line) and fourth (a graph
of solid line) exenplary enbodinents in which the film 35 thickness or the
type of iond madirfetaremti 1ty 9@ EBaheldnothg T4 iTHieanth $ORH iekeRRABY
enbodi nents,_ the s turati%h magneti zation is drastically reduced when the
dose of ion 3 M éﬁtaaaﬁ & L@YEIx 110 16 AOSHENERS) Obr 1088, FRALOWED PY s
confirmed thai AmMuwhoscsbt Uctsr ot et 18 PNESBméAPEBALEENSihNtRet he
magnetic fil m havin tEe artificial lattice structure can _create.a
separati onb q}%}esﬂ%@ et ¢ 8| yEPYFHES nedfftoRa g8EdoT badAFLRLREPRSPe, the
effect 06 | @ BMAMans ApPié¢ tHRIMddP@s B PLdBEEt Dyn i P P 3 9bh types
of m)dificate' gp 10 _exanpl es Qy changing. a type of ions to be inplanted,
ﬁ%ﬂﬁ&gé

whi l e havi ngd™ he®RAne 71 PFSt / s b¥s %343t Ghi rd and t he
fourth exenpjoaojenbodigentsy, [1&065]eFé'@%ﬁsi§1ﬁ1Q&?@@iﬁé|ﬂk§é FHfeRG bife
effect of io ) i, Iantatl,on in the third and fourth exe

npl ar
entbodi ment s SRS L ARLAGHRE thAlk & Th 1t oo FOMPEIAtI T So £XAPI0IE . | 10 FIGS.

10and 11, ahorizontal linedenotes thedoseof ionimplantation,

10 whereas a vertical line in FIG. 10 denotes coercive force and
a vertical line in FIG. 11 denotes saturation magnetization.
[0071] The thickness of the magnetic £ilm and the type of
ion in the comparative example is similar to those of the third
and fourth exemplary embodiments. However, as the graphs in

15 FIGS. 10 and 11 illustrate, in the comparative example, the
reduction in the coercive force and saturation magnetization
by the ion implantation is small, and it is confirmed that
the ion implantation is not effective in the magnetic film
having no artificial lattice structure.

20 [0072] Finally, it is confirmed that the magnetic dots are
actually formed in the first exemplary embodiment through the
measurement using a MFM (Magnetic Force Microscope) .
[0073] FIG. 12 illustrates a confirmation result of the
maghetic dots by MFM.

25 [0074] Here, a uniform magnetic field of 20 kOe is applied
by an electromagnet to the magnetic recording medium of the
first exemplary embodiment in a direction perpendicular to
the magnetic recording medium to cause magnetization, and a
magnetic state on the surface of the magnetic recording medium

30 is measured by the MFM.

[0075] On the left gide of FIG. 12, a measured result when
the magnetic recording medium is magnetized with a magnetic
field in a direction opposite to the directicn of the probe
magnetization of the MFM is illustrated. On the right side

Oof FIG. 12, ameasuredresult when the magneticrecordingmedium
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[0066] Also in FIG 9, a horizontal |ine denotes the dose of ion

i nplantation, and a vertical |ine denotes saturation magnetizati on.
[0067]In FIG 9, the graph of the above-described third 20 and fourth
exenpl ary enbodinents is again illustrated. FIG 9 also illustrates graphs

of four types of nodification exanples in which types of ion inplanted is
any of F+, He, B+, and Ar+. Either of the graphs of the nodification

exanpl es i ndiGadSse i Pagiwi tleadaaeiet hat £18ed st what safer@gnett ahian 25 is
drastically reduced when the gose of ion inplantati ong‘rs | x .

1016( at ons/ ER®) BLTPESLONBRe FEE, ProRcH JRAgRE R RO E &0 WHh Yspect to

t heksat ur ?L E{thgagaesaé 6212 19 Bﬁ%@{hééwwﬂ_@ﬁft_ht@fmégmet{?k@&?ﬁ@i@? niléﬂjZLm:ci o, it
is known a + an .exhi hit superiority over, e 0 [ es of ion.
30 [0068] | n1€JARYBeE1EE: He e&ﬁﬁ?ﬁef-&géﬁrﬁé?&lé’?énpﬁérgzse%‘b&%% Ehaty

nodi fi caf i ophexanph es,casm:A T HRHedide/ e neXABPha&gnatagnetate between a

fil mhavingnoartificial |attice structure, ,inpl anéed Wth ion is created and
the effect BPUPﬁmW#w%%??&SFﬁarﬁslegﬁb%? &S R PPEYFE it ked.
35 [0069] | mhBRe€OBPALREI. Ve exanple, on a glass substrate, a magnetic film

is formed of a _Ta layer in the thickness of 3 nmand a Ru layer in the
t hi ckness of[O%Gilm FIOHG SRR ol ¥ 13y Fﬁ? ag?m@)@:ﬁﬁa(na;%, £8YSF 5thed

thereon in +Beikhi phkBessnols28xamplFoithess &ipropsrabldomsk tdefddm ckness
5 of 3 nmis applied thereon _as a protectjon |layer and the ign (N2+ and
024) ard | nPl BREBALLRROtn bYOYSHRt | bR, CRBOPBEFFGROGES, OF1 thPe iGPaphs

il Tustrati ngmphenekteeh,oh phecees maR! dal atsieen im wWhielc ahgariain ve exanpl e.
In FI GS. 10,ang %‘&ﬁ .a_horizontal Iidng dgnotes.the dose of.ion v

i npl ant at i ot™P1EHAELEEs 1S PEFFPERRY) PReI APPFEIY 13 TethaTel: M6 TSR for ce

and a verticabskigetbna Buzfdde dehat eecsatiingt medimmgnethaat itoouch{fP71]
e eE ROl DE IRl || B 0% LY PER o BT AL W YRR v
Howeverys asof heppgll ppis ries ikG h&Senidriangdthe réd st r aMordaverheinonparative
B P e Bpn bl R R ! LG N AL UL Wmegtad ot o
i npl ant at i obhesuset o&f hatbiwprintt peoregsetisc a’xdmpma:\meﬁg n8owetefri ci al
| 2t108 51T UL R Rl AOLELELE Y bl SBBIUTRA Sl mmanet  dots
measur ement [087AY a MEMithagretl, Earte pfefeszbbe)to implant ion into
20 the center portion of the magnetic film, and control the depth
of the ion implantation by changing acceleration voltage. It
is no good to make the height of the implanted ion too low
or too high. If the height is too low, it is impossible to
reduce saturation magnetization well. If the height is tco
25 high, then damage is caused to the surface of the medium,
resulting in not only impairing floating performance but also

losing the magnetic film due to etching.

Reference Signs List
30 [0078] 100 a hard disk device
10 magnetic disks
61 a substrate
62 a magnetic f£ilm
62a a Co atomic layer

35 62b a Pd atomic layer
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[0073]FIG 12 illustrates a confirmation result of the magnetic dots by
MM 25[0074] Here, a uniformmagnetic field of 20 kGe is applied by an

el ectromagnet to the nagnetic recording mediumof the first exenplary
enbodi ment in a direction perpendicular to the nagnetic recording nmediumto
cause magneti zation, and a nagnetic state on the surface of the magnetic
recordi ng nmedium 30 is neasured by the MFM [0075]On the left side of FIG
12, a nmeasurezk resgthét Wbefiot e magnetic recording nmediumis nmagnetized with
a magnetic field in a direction Qpposite to the direction of the probe
nagnetizatioﬁ?%fatﬁ%P%F%F?gniP?ﬁgtrated. On the right side 35 of FIG 12,
aneasur edresult when themagnetic recordi ngnmedium is nmagnetized with a
magnetic field in the sane direction as the direction of the probe

magneti zation of the MFMis illustrated. In both cases when the magnetic
recording nmediumis nmagnetized in either of directions, it is confirmed
that 5 there is a clear difference in the magnetic state between a round
magneti c dot and a separation band existing between the magnetic dots.
[0076] Incidentally, in the above explanation, the use of resist pattern is
exenplified as a preferable mask to form 10 a magnetic dot. However, in the
basi ¢ nodes of the ion inplantation, a process may be used in which the ion
inmplantation is perfornmed by disposing a stencil nask very closely to a
surface of a recording nediumw thout touching the surface thereof. This
process can elimnate the steps
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15 of applying resist and renoving the resist. Mreover, in the above

expl anation, as a good exanple of resist patterning, the use of nanoinprint
process is exenplified. However, el ectron-beam exposure may be used for
patterning. [0077]Additionally, it is preferable to inplant ion into 20 the
center portion of the magnetic film and control the depth of the ion

I npl antati on by changi ng acceleration voltage. It is no good to make the
hei ght of t Ratnlsartiedmedn jis0o | ow or too high. If the height is too | ow,
it is inpossible to reduce saturation magnetization well. If the height is
too 25 high, then damage is caused to the surface of the nmedium resulting

in not onlyiinpRinangréteating RELheanBnCcs madnét 56 TOSb1EH hdemE@RDARS | C
filmdue to etching. Reference Signs List 30[0078] 100 a hard di sk device 10
magnet i ¢ di SREPELS2NGibst rat e 62 a magnetic film62a a Co atomic |ayer

35 62b o Pd at om gckayey abhdsgnagnet £ €16ohsvErdd @n Seped fdd il bk i vbat is
clainpd.iszsgigpﬁﬁganufacturin nmet hod of atnaqgetic re OEdinglﬂggiun]
conpri si ng: § BY m@gHe e PR HEA Tt AR Tat YPEF QL tPREE t&Y=F P uct ure
by | am nati agtarpbtteahi by of shiypesatfe at@r c | ayers alternately on a
substrate; and , . .
separating dots, which forms a dot separation band by
implantinganion, toreduce saturationmagnetizationlocally,
10 into portions of the magnetic £ilm other than a plurality of
portions thereof each becoming a magnetic dot in which
information is tobe magnetically recorded, the dot separation
band having a saturation magnetization smaller than that of
the magnetic dot. |
15
2. The manufacturing method of a magnetic recording medium
according to claim 1, further comprising:
forming a mask on the magnetic film, at the plurality
of portions each becoming the magnetic dot, the mask blocking
20 icn dope in the magnetic dot,
wherein the separating dots irradiates an ion from above
the magnetic £ilm on which the mask is formed at the plurality
of portions and implants the ion locally in a pertion between
the magnetic dots protected with the mask.
25
3. The manufacturing method of a magnetic recording medium
accerding to claim 1, wherein the forming forms a magnetic
film having an artificial lattice structure by laminating a
Co atomic layer and a PGM (Platinum Group Metals) atomic layer

30 alternately.

4. The manufacturing method of a magnetic recording medium
according to claim 1, wherein the forming forms a magnetic
film having an artificial lattice structure by laminating a

35 Co atomic layer and a Pd atomic layer alternately.
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separating dots, which fornms a dot separation band by inplanting an ion, to
reduce saturationmagnetization locally, 10 into portions of the nmagnetic
filmother than a plurality of portions thereof each becom ng a magnetic
dot in which information is to be nagnetically recorded, the dot separation
band having a saturation magnetization smaller than that of the nagnetic
dot. 15 2. The manufacturing nethod of a magnetic recordi ng nedi um
according to claim1, further conprising: form ng a nmask on the
magnetic film at the plurality of portions each becom ng the magnetic dot,

the mask bl Scki Pt PR efopel it mataiamGieti Bagpetic recordipyg Asiiye

separ ating Q@Eérﬁ&hﬁfﬂcﬁ&@éiﬁﬂ.,i Qﬁeféﬂmtﬁ@é’@péf‘&tﬂﬁ?@@tiscuééé BtoreaMd ch the
mask is forned at the plurality of portions and inplants the ion locally in

a portion bBikBEH PHRYIFRgAEH OTIHLSTPEETedORd &f t1hQ H®ask. 25 3. The
manuf actgiri ng nmet hod of a magnetic recordi ng nmedi um according to claima1,
wherein the forming forms a magnetic filmhaving an artificjal lattice

structure b§-l afredaMfarteyr Hemethed &f anprgnpelf (PReRT Aty @it ™ et al s)
atom c | ayegpcdBrakhgr gatehdim 4, Wher&BAUERE!t EbihAon hgklof farmBapdic
recordi ng medi um according to claim1, wherein the formng forns a nagnetic
film havi ng"&fXaP¥i FPEEC 1 attice structure by |aninating a 35 Co atomic

| ayer and a Pd atom c | ayer alternately. 5. The manufacturing nethod of a
magneti c recordi_ng medi um accor di ngq}o claiml1, wherein the, separc?\ti ng dots
uses atl eadt efRfSPIEARFHTHRE AETHAT Ofeft PRFEGEIENEEFONALIRT REATHR

manuf act uri peceetihag 66 a19B8N2} | fheéLEOhUENE FBEh LY oL GRSl NEbtnes cltad M 2,
wherein the fokenl’?fgﬁgﬁfngk fornms_the mask by resist. 10 7. The
0

manuf act ur i #§° 5 Wadhethe PeCordi RGTRERFh e &FARSRF o clai m 2,
wherein the formng a mask fornms the mask by resist with the use of

nanoi rint _process. 8, A magnetic recordi ng nedium conprising:
Al 89 A magnetic rec rggng me J?um, gomprlsrlnng: Al 9

15 a substrate; ‘

a plurality of magnetic dots provided on the substrate,
each of the magnetic dots having an artificial lattice
structure in which a plurality of types of atomic layers are
alternately laminated on the substrate, and information being

20 magnetically recorded into each of the magnetic dots; and
adot separationbandprovidedbetweenthemagneticdots,

the dot separationbandhavinganartificial lattice structure
continuous to theartificial lattice structure of the magnetic
dots, having a saturation magnetization smaller than that of

25 the magnetic dots by an ion implanted into the artificial

lattice structure of the dot separation band.

9. Themagneticrecordingmediumaccordingtoclaim8, wherein
the artificial lattice structure is a lamination in which a
30 Coatomic layer and a PGM (Platinum Group Metals) atomic layer

are alternately laminated.
10. The magnetic recording medium according to claim 8,

wherein the artificial lattice structure is a lamination in

35 which a Co atomic layer and a Pd atomic layer are alternately
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15a substrate; a plurality of magnetic dots provided on the
substrate, each of the magnetic dots having an artificial lattice structure
in which a plurality of types of atomc |layers are alternately |am nated on
the substrate, and information being 20 magnetically recorded into each of
t he magnetic dots; and adot separati onbandpr ovi dedbet ween
themagnetic dots, the dot separation band having an artificial lattice
structure coghipgews.to the artificial lattice structure of the nagnetic
dots, having a saturation magnetization smaller than that of 25 the
magnetic dots by an ion inplanted into the artificial lattice structure of

the dot sepanati ehebap@netSc ThecdBaNey i gel e6R dbbaradhymeec 1 ngt®, cl ai m
8, wherein the artificial lattice structure is ,a lamnation in ich a 30
Co atomic | ¥pereindthepdnt ( PEREFALAPDY BABAMEE al 8y 13D bR W EY 7L ar@ast

al ternatgl y el giieRabe@dgen 19 olh@ifBGRAN Gdreew diH iMedi um according to
claim8, wherein the artificial lattice structure is a lamnation in 35
which a Co atomic layer and a Pd atomic |ayer are alternately |am nated.

11. The nmgneticakecRtdingt BHi HAbagger deddck) ebapmiBingherein the dot
separation band is inplanted with at |east, 5 either, oxygen ion or nitrogen
ion as the ion. 21P29RRLART SEFRECIRIs MECHYE G:é’\‘?'ipd‘é',ﬁé"é%pri sing: a magnetic
recordi ng medi um conpri gi Babs@rgylestrate; 10a plurality of magnetic dots
provi ded on the substrate, _each of the magnetic dots havi.n nartifhieci al

latticel&tructure in whicRaprardtyt Pof megpes isr datenpeav:
alternately | am natipdt@Btehesu1hst tAkaagiigd iidder $Bh oAghel g Mepnedl cal |y

recorded into eacga%];:ijégtshterurgi nreé I1I(':1 W %tc%agggrality of types of atomic
layers are alternately laminated on the substrate, and
information being magnetically recorded into each of
15 the magnetic dots; and
a dot separation band provided between the
magnetic dots, the dot separatiocn band having an
artificial lattice structure continuous to the
artificial lattice structure of the magnetic dots,
20 having a gsaturation magnetization smaller than that of
the magneticdotsbyanion implanted intothe artificial
lattice structure of the dot separation band;
a magnetic head that records and/or reproduces
information magnetically onto and/or from the magnetic dots
25 by closgely approaching or by making contact with the magnetic
recording medium; and
aheadpositioncontrolmechanismthat movesthemagnetic
head relatively with respect to a surface of the magnetic
recording medium and positions the magnetic head on a magnetic
30 dot as a target of information recording and/or reproduc_ing

by the magnetic head.
13. The informaticon storage device according to claim 9,

wherein the artificial lattice structure is a lamination in

35 whichaCoatomic layer and a PGM (Plat inum Group Metals) atomic
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a dot separation band provided between the nagnetic dots, the dot
separation band having an artificial lattice structure continuous to the
artificial lattice structure of the nagnetic dots, 20having a saturation
magneti zation smaller than that of the magnetic dots byan ion inplanted
into the artificial lattice structure of the dot separation band; a
magneti c head that records and/or reproduces information nagnetically onto
and/ or fromukhermagketsile edeiat 2y Mantiresadd. approachi ng or by maki ng
contact with the magnetic recording nmedium and

aheadposi ti oncont r ol mechani snt hat nroves the magnetic head relatively with
respect tﬁ a4sur ﬂ"aéeiﬁtomatmgggtb&a@ec@edﬁm r?mdﬁf‘dmtﬂ tm)sdzla'nmss:)j t he
magneti c head on a netic_30,dot as_a target of information_recording
and/ or repr YGEEEAG gggtﬁﬁtﬁﬁbﬁé?gcl‘ﬁéﬁjd‘?e S’gi%c.t%ee H%?ﬁﬁﬂ%?%ﬁlgﬁo%%ge
devi ce agcopdiint &€ bRicnie labereaind thedaitidiiicilalydrabrecel isé rnwtely is a
| am nation iin 35 whicha Co atom c |ayer and a PGM (Pl ati num G oup Metals)
atomic | aydf"dP@t8%ernately | anminated. 14. The information storage
device according to claim9, wherein the artificial lattice structure is a

| am nation iin 5 ich Co atom c | ayer d.a Pd atomc |ayer are
al t er nat el y 1Pami ngeag%omfgloﬁahgtpﬂ%&en%v%%ta&%l@mﬁ%% %@%H? dihg to
claim9, wheheirivhehdoHosepapatkheiohabeanidsibsnphphtadedi whtht at ebsastO

ei ther oxygen ion or nitragen ion .as the i.on. .
10yger:]Lt er oOxygen 0'1 n or n%rogen icen as the ion.
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